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Wild Turkey Management:
Accomplishments, Strategies and Opportunities

‘‘If facts are the seeds that later produce knowledge and wisdom, then the
emotions and the impressions of the senses are the fertile soil in which the

seeds must grow.’’

Rachel Carson

The Michigan Department of
Natural Resources, in coopera-
tion with many partners, hosted
the Ninth National Wild Turkey
Symposium in December 2005
in Grand Rapids, Michigan. In
addition to the scientific papers
presented at the symposium,
there was a rocket-net safety
training workshop and a field
trip to areas in southwestern
Michigan where wild turkey

restoration has been successful. The symposium was
held in conjunction with the 66th Midwest Fish and
Wildlife Conference.

The theme for the Ninth National Wild Turkey Sym-
posium was Wild Turkey Management: Accomplish-
ments, Strategies and Opportunities. Authors submit-
ted papers on a variety of topics associated with bi-
ology, ecology, behavior, conservation, research meth-
ods, and management for wild turkeys. Manuscripts,
which were peer-reviewed, contribute toward a greater
understanding of the wild turkey. Nearly 90 referees
contributed to the quality of the manuscripts contained
in these proceedings. Their expertise and ability to of-
fer a constructive critique were paramount to the suc-
cess of the review process. The professionalism of au-
thors and referees during proceedings development
was greatly appreciated by the editors.

The National Wild Turkey Symposia provide a venue
for researchers, biologists, and land managers to pre-
sent and share the results of their current research. The
symposia offer valuable opportunities for professionals
to discuss current topics, confer about challenges they
face, and reflect on successes that they have had re-
garding turkey management. The symposia are also
valuable settings for hunters and other conservationists
to learn more about wild turkeys and to interact with
individuals that have an obsession for this magnificent
bird.

The first symposium was held in Memphis, Tennessee,
in 1959. Since the first meeting, the symposium has
been hosted in Missouri (1970), Texas (1975), Arkan-
sas (1980), Iowa (1985), South Carolina (1990), South
Dakota (1995), and Georgia (2000). Michigan is the
northernmost state to hold this symposium to date.

With each consecutive symposium, the content of the
proceedings has expanded in depth and scope. This has
led to improved wild turkey management and has
helped us shift wild turkeys from a species of scarcity
to an animal of abundance.

The contributors to this symposium have a passion for
natural resources and wild turkeys. This passion is nur-
tured by their sense of awe for the wild turkey as they
strive to provide facts for the future. In a quest for
understanding, these scientists amass information in a
professional format as they continue to strengthen and
expand the foundation of our wisdom about these re-
markable birds.

Wildlife research and management are activities that
encourage individuals to learn more about themselves,
their outdoor surroundings, and the ways of their quar-
ry. Renowned turkey biologists know this better than
anyone. These resource professionals attempt to ‘‘think
like a turkey’’ in an effort to understand the behavior
and life requisites of their research samples. These bi-
ologists demonstrate patience as they sit motionless
awaiting birds to approach their rocket-net location. In
an effort to monitor wild turkeys, they work to im-
prove their woodsmanship skills and seek to blend
with their surroundings with chameleon-like conceal-
ment. They can visualize the presence of a turkey track
in hard-packed soil, or inspect a chromosome allele
under the concentrated light of a microscope. They
operate with a self-imposed code of scientific ethics
that rise above the most stringent of other wildlife ex-
ploration activities. These specialists crave the dynam-
ics of discussion that expand their knowledge about
natural resources and the wild turkeys they manage.
They strive to understand turkey language and the sub-
tle nuances of a cluck or yelp, and strain to hear a
distant gobble or a pulsing beep from a radio-telemetry
transmitter. These disciplined biologists know that
studying wild turkeys has a way of humbling the ex-
perienced professional and awakening a child’s sense
of wonder and amazement. They live to share this awe
and admiration with others while working to pursue
emerging issues that affect wild turkeys. I am indebted
to and salute these professionals for their contributions
to this symposium.

Many people contributed significant time and energy
to the success and quality of this symposium and sub-
sequent proceedings. My gratitude goes to each and



every one of them. Special thanks to co-editor Val
Frawley for her assistance. Val always gave more than
she was asked to give, and her grace and style are
admired by everyone around her. Val and I are in-
debted to our families (Brian, Seth and Shawn; Pat,
Chris and Tom) for their support during the sympo-
sium publication process. We also acknowledge the

encouragement and understanding of our supervisors
Michael Bailey and William Moritz. We hope that
these proceedings provide fertile soil for future gen-
erations to grow their passion for natural resource
stewardship.

C. Alan Stewart, Editor
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Symposium Welcome
Good Morning! It’s a great
morning for the wild turkey and
the many people who revere
and hunt this great game bird.
It’s great to be here at the ninth
symposium and a thrill for me
since I’ve been to every one
since I began employment with
the National Wild Turkey Fed-
eration (NWTF) 28 years ago.
First, on behalf of the NWTF’s
more than 500,000 members, I

want to thank the Michigan Department of Natural Re-
sources, headed up by Rebecca Humphries, for hosting
this conference. I would also like to give a special
thank you to Al Stewart, who has worked tirelessly to
pull all of the details together.

It’s your presence at this symposium, though, that is
the key to its success. Your work has been important
to restoring and managing wild turkeys and the Fed-
eration is proud to have supported these efforts. You
and your work have been, are, and always will be vital
to the future of the wild turkey. You have made a
difference.

We’ve made progress together. The NWTF, our vol-
unteers, and this country’s wildlife professionals have
set a standard for partnership excellence that could
serve as a model for all teams. We’ve pooled our re-
sources—money, manpower, and professional exper-
tise—and have accomplished more for wild turkeys
and other wildlife than was ever dreamed possible.
Since 1985, the Federation and its cooperators have
spent $224 million for the benefit of the wild turkey
and our hunting heritage. During that time, the NWTF
has contributed more than $3.5 million to research ef-
forts in 34 states, Mexico, and Guatemala. In the Fed-
eration’s early days, I know there was some concern
about the role we would play. However, 32 years later,
now that the dust has settled, we’re proud of how
you’ve worked with us, what our volunteers have con-
tributed, and what we’ve accomplished together.

Vern Ross, Pennsylvania Game Commission’s execu-
tive director, who will retire at the end of the year,
spoke last month at a turkey release about how the
Federation’s volunteers have helped the agency. He
shared information about the agency’s turkey manage-
ment efforts dating back to the infancy of the Game
Commission. He acknowledged that since the forma-
tion of the NWTF in the 1970s, the Federation has
been a major presence in Pennsylvania. He stated that
the NWTF has remained committed for decades to
help support the Game Commission’s wild turkey
management program, turkey hunting safety, habitat
improvement, and land acquisitions.

We’ve tried to be that kind of partner in all 50 states
and Canada. Thanks to the strength of these partner-

ships, we have been able to clear plenty of hurdles
since the early years of wild turkey restoration. Wheth-
er it was pulling together the Technical Committee to
improve cooperation and communications between the
agencies, developing the concept of replacement dol-
lars so agencies could be reimbursed for trapping
costs, or working with our forest industry partners to
provide turkey transport boxes—we’ve been with you,
every step of the way.

With restoration largely complete east of the Rockies
and nearly 7 million birds across North America, today
we’re working on many other projects with you: hab-
itat restoration, law enforcement efforts, hunter safety
education, expanding hunting opportunities, sharing
the outdoors with youth, women, and people with dis-
abilities and, of course, research. When we partner
with you, we bring more to the table than us. You
benefit from the relationships we’ve built with others,
whether it’s the U.S. Sportsmen’s Alliance, National
Assembly of Sportsmen’s Caucuses, National Shooting
Sports Foundation, or a multitude of federal, corporate
and industry partners.

Many times non-governmental organizations can do
things and say things that the agencies may not be able
to address. Organizations such as the National Wild
Turkey Federation can help with problem solving and
speak on behalf of our hunting traditions, wildlife, or
habitat management. When there’s an issue you can’t
jump into, there’s a good chance the Federation and
our partners can.

We’ve always supported the concept of science-based
management and championed funding that would ben-
efit your work. We have helped tell the story to the
media about your great accomplishments. A good ex-
ample of how we’re preaching OUTSIDE of the choir
is the wild turkey releases we do each year before
Thanksgiving. During this time, the media is looking
for a turkey story. By hosting a wild turkey release,
we give them a story they love and one we want to
tell—how hunters, wildlife professionals such as your-
self and our volunteers worked to restore populations.
Conservation and communications must have equal
footing. Some of the agencies we’ve worked with were
concerned at first about holding a release just for me-
dia purposes; however, that disappeared when they
saw the positive light shined on their work.

We have a great conference ahead of us. I’m excited
to hear what you have learned through your research.
As we kick off this symposium, I want to issue you a
challenge—reach out beyond the scientific community
and communicate your good work to the millions of
lay conservationists in North America. The papers
you’re presenting and the work you’ve embraced is of
tremendous value and interest to the non-scientific
members of the Federation and beyond. Many of you
are their heroes and this country’s hunters and conser-
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vationists want to fund and support you in even bigger
ways than they are presently doing. They want to un-
derstand what you do. It’s critical that we communi-
cate your achievements to them in a popular and
graphic way. It’s also important that we consider re-
search that will help us answer today’s pressing ques-
tions about the wild turkey and its management. I chal-
lenge you to communicate your efforts and achieve-
ments to those volunteers and chapters that helped you
achieve your goals. Encourage them to support your
continued work. Five years from now, it’s my hope

that our lay conservationists will be attending the tenth
symposium, giving them the knowledge, understand-
ing, and wisdom to raise even more dollars for your
quality research. Ultimately, we’re all winners and
your valuable research benefits this great natural re-
source—the wild turkey.

Thank you for answering the call.

Rob Keck, NWTF CEO
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Dedicated to the Memory of
George A. Wright

1943–2005

George A. Wright is the undisputed architect of Kentucky’s wild
turkey restoration, management and research program. He retired
from the Kentucky Department of Fish and Wildlife Resources
(KDFWR) in 2002 after 27 years. He suffered a massive heart
attack while turkey hunting with his wife in Mexico in March
2005 and died a few days later in a Nashville hospital. He was
62.

George A. Wright was born in Pensacola, Florida, and graduated
from Treadwell High School in Memphis in 1961. He served in
the U.S. Navy from 1961 through 1969. He received his B.S. in
Wildlife Management from Tennessee Technological University
in 1972, and his M.S. in Wildlife Management from Auburn
University in 1974.

He was employed by the KDFWR from 1974 through 2002 and
as the state’s first turkey program coordinator from 1978 through
2002.

George was hired by KDFWR in September 1974 to conduct a
raccoon study in east Kentucky. In 1978, requests from dedicated
turkey enthusiasts in western Kentucky resulted in George being
transferred to western Kentucky to spend full time on turkey
restoration.

He supervised modern-day turkey restoration efforts in Kentucky, which lasted from 1978 to 1998, and
watched the Kentucky turkey population grow from almost none to 230,000 birds. George used turkeys
trapped in Mississippi and turkeys obtained from Missouri through a river otter trade to build his own
supply source, transplanting them into prime locations with good natural habitat and with landowners
who promised to protect them. The transplants took root and soon he and other KDFWR employees
were trapping turkeys in state and transplanting them all over Kentucky.

After restoration efforts were essentially complete, George concentrated his efforts on understanding the
impacts of spring harvest on gobblers. George used his great turkey trapping skills to catch and put
radio transmitters on almost 600 gobblers over the course of 5 years in and around Caldwell County,
Kentucky.

Wild turkeys were George’s passion. If you ever sat in a turkey blind with him or hunted with him you
would know that George never stopped being ’torn up’ (George’s words) when wild turkeys came in to
the bait or in to the call. George worked very hard at his job and spent many long hours trying to trap
turkeys in the winter or trying to ‘‘make deals’’ with other states for animals that he could trade for
turkeys.

When spring or fall turkey season arrived, however, George worked just as hard at hunting turkeys. He
was one of the best turkey hunters on the planet, not because of his superior calling ability, but because
he just knew what turkeys were going to do even before the turkeys did.

George was presented the National Wild Turkey Federation’s Henry Mosby Award in 2002 for his work
with wild turkeys in Kentucky. The Mosby award is given only to those few biologists who have made
significant contributions to wild turkey restoration, research and/or management.

George Wright left this world too soon, but he left while doing what he loved most and with the person
he loved most. We should all be so lucky.
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HENRY S. MOSBY AWARD
presented to

Dr. James Earl Kennamer

As part of the Ninth National Wild Turkey Symposium, Dr.
James Earl Kennamer received the highly coveted Henry S. Mos-
by Award. Dr. Kennamer is the senior vice president for conser-
vation programs with the National Wild Turkey Federation
(NWTF). The Mosby Award is named for Dr. Henry S. Mosby,
whose research with wild turkeys in the early 1900s set the stan-
dard for their management. Dr. Mosby also helped found The
Wildlife Society and was the recipient of its highest honor—the
Aldo Leopold Award. The Mosby Award acknowledges individ-
uals who have dedicated their careers and lives to conservation
and wild turkeys.

‘‘This award recognizes an outstanding lifetime commitment to
wild turkey research and conservation,’’ said Dr. Bill Porter, pro-
fessor of wildlife ecology at the State University of New York,
Environmental Science and Forestry. ‘‘It is given to people who,
over a career, have made outstanding contributions regarding
wild turkeys, and we couldn’t think of a better person to receive
the award than Dr. Kennamer.’’

Dr. Kennamer came to the NWTF from a tenured professorship
at Auburn University in 1980. His leadership in wild turkey re-
search and management has garnered respect throughout the con-
servation community. Dr. Kennamer has been responsible for

providing input about wild turkey management by coordinating NWTF programs with state and federal
agencies, private organizations and companies throughout the United States, Canada and Mexico. Not
only has Dr. Kennamer led the NWTF’s conservation programs department, he has also edited, reviewed
and contributed to past National Wild Turkey Symposia.

‘‘We thought it only fitting Dr. Kennamer receive this honor,’’ said Al Stewart, upland game bird spe-
cialist with the Michigan Department of Natural Resources and co-chairman of the Ninth National Wild
Turkey Symposium. ‘‘We are proud to present this award to Dr. Kennamer because of his past involve-
ment in turkey symposia and his dedication to turkey management.’’

‘‘This award came as a great surprise,’’ Kennamer said. ‘‘I’m grateful to have had the opportunity over
my career to watch the advancement in wild turkey research and populations. I’ve seen great strides in
wild turkey populations and research throughout my career and I hope I continue to see progress. I
believe that participation in symposia such as this are important to the advancement of our knowledge
about wild turkeys.’’

Dr. Kennamer continues to represent the conservation community and to lead the NWTF’s conservation
programs. He was one of eight experts asked to testify before the U.S. Senate’s Subcommittee on
Forestry, Conservation and Rural Revitalization on the Review of Implementation of the Healthy Forest
Restoration Act of 2003. He was the only representative from a nonprofit conservation organization. In
pursuing his responsibilities, Dr. Kennamer has consistently demonstrated dependability, vigor, enthu-
siasm, and professional competence and integrity.
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Abstract: Changes in ecosystem function and human demography will present unique challenges and opportunities
to natural resource managers in the near future. The function of North American forest ecosystems has been
altered by introduced pathogens, loss of key species, and changed fire regimes. Management is required to sustain
ecosystem function and the abundance of wildlife we enjoy. Effective management will require an interdisciplinary
approach and unprecedented cooperation among management agencies. A wave of retirements will significantly
reduce senior staffing of all natural resource agencies by 2010. By 2050 the United States population will be
older, more urbanized, and more ethnically and racially diverse. Effective communication of resource needs and
policies will require understanding public attitudes. The North American model of conservation is characterized
by the wise consumptive use of wildlife. Conservation efforts would be severely weakened without the continued
support of hunters, anglers, and trappers, and public support for these activities. Current hunting traditions fail to
meet the social and ethical standards of the non-hunting majority. Natural resource professionals must lead in
creating a new hunting ethic that is both socially acceptable and capable of meeting ecosystem management goals.
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The restoration of wild turkeys (Meleagris gallo-
pavo) is a well-known story, having been told in both
the popular and technical literature. Changes in the
abundance and distribution of turkeys have been doc-
umented in past symposia, and Tapley et al. (this vol-
ume) describe the current status and distribution of tur-
keys at this Symposium. Lewis (2001) provided an
excellent history of the restoration process and the
technical advances that made restoration possible.
Lewis noted that in Missouri, the impetus for resto-
ration was a request made in 1952 by the Conservation
Federation of Missouri to the Department of Conser-
vation asking for immediate action to restore the wild
turkey. Hunters and conservation organizations played
a key role in turkey restoration, and their continued
support is essential for future management.

As turkey populations have expanded during the
past 50 years, so has our knowledge of their behavior,
biology, and population dynamics. Dickson (2001)
highlighted advances in research at the Eighth Nation-
al Wild Turkey Symposium. In his concluding remarks
about the challenges ahead, Dickson indicated that the
loss of understanding and support of wildlife manage-
ment and hunting from a public increasingly removed
from the land, both physically and philosophically,
would become more important than habitat loss for the
turkey’s future. I agree.

There is a sound scientific basis for protecting the
wild turkey and its habitat and providing a sustainable
harvest. The challenging issues will be social, politi-
cal, and economic changes driven by growth and de-
mographic changes in the human population. The most
likely biological challenges, climate change and intro-
duced species, are directly linked to human activity
and much less tractable than the issues the wildlife
profession faced in the past (Jenkins 2003).

In this paper I will take a broad view of the chal-
lenges and opportunities facing the wildlife profession. I
will start with a model of forest dynamics that provides
an ecological perspective for current management issues.
Then, I will describe demographic changes that are af-
fecting our profession and hunting. Finally, I will share
some thoughts about hunting and its future.

FOREST DYNAMICS:
PAST AND PRESENT

To put current management issues in context, it is
useful to examine changes that have occurred in North
American forests over the past 3 centuries. For con-
venience, I will use the eastern deciduous forest

1 Present address: Owl Run Farm, P.O. Box 187, Smithville,
WV 26178.
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(Braun 1950) as an example. Note, however, that the
factors that have most changed the eastern forest—loss
of habitat, loss of key endemic species, introduction
of foreign species and pathogens, and altered fire re-
gimes—affect all North American ecosystems, and
most ecosystems world-wide.

In 1700, North American forests were expansive.
Disturbance patterns varied by region and disturbance
factors included hurricanes, other storms with strong
winds and ice or snow, fire, beaver (Castor canaden-
sis), and death of individual canopy trees (Runkle
1990). Land clearing by Europeans was still confined
to the edges of this great forest. Fire was a strong
ecological force shaping tree species composition of
mixed hardwood, pine, and oak forests. Most of the
forest was mature, but young stands and early succes-
sional habitats were common, often occupying 10–
20% of the landscape.

The most common and widespread tree genera were
oak (Quercus), beech (Fagus), maple (Acer), basswood
(Tilia), hickory (Carya), ash (Fraxinus), elm (Ulmus),
birch (Betula), yellow poplar (Liriodendron), and chest-
nut (Castanea) (Braun 1950). Tree seeds were the most
abundant and energy-rich plant food available for wild-
life during the dormant season, and probably through
most of the year. Wildlife was abundant. These forests
supported the passenger pigeon (Ectopistes migratorius),
formerly one of the world’s most abundant birds (Bucher
1992). Pigeons fed primarily on beechnuts and acorns
and to a lesser extent on chestnuts (Schorger 1955). The
flocks nested in early spring, and successful breeding
was dependent on locating abundant mast crops that had
persisted over winter. John J. Audubon estimated the pi-
geon population at 1.1 billion and their daily mast con-
sumption at 8.7 million bushels (about 307,000 m3/day)
(Schorger 1955). The consumption figures cannot be ver-
ified, but considering the long list of mast-consuming
species in eastern forests, an enormous mast crop must
have been necessary to support pigeon populations
(Bucher 1992).

Predators were abundant and predation exerted a
top-down control of deer (Odocoileus spp.) and elk (Cer-
vus elaphus) populations. The suite of large predators
included humans, mountain lions (Puma concolor),
wolves (Canis spp.), black bears (Ursus americanus),
bobcats (Lynx rufus), and coyotes (Canis latrans). Be-
cause predation was a strong force, herbivorey was a
relatively weak force at the forest level and there was
little competition among herbivores for food. The forests
were self-sustaining through natural regeneration.

In 1700, the European population was confined to
the eastern seaboard, but the process of introducing
foreign species was well underway. The grasses and
weeds of England were introduced into the colonies
early in the 17th century and they spread rapidly. By
1700 blue grass (Poa L.) and white clover (Trifolium
repens L.) were considered indigenous (Edwards
1948). The rates of forest clearing and species intro-
ductions increased rapidly after 1700.

The most obvious landscape change between 1700
and 2005 is the reduction in forest area and the increase
in agricultural and developed lands. Several less obvious,

but equally important, changes have occurred in the re-
maining forest due to the introduction of pathogens, the
exclusion of fire, and the elimination of large predators.

Mast production potential has been reduced, primar-
ily by introduced pathogens. The chestnut blight fungus
(Cryphonectria parasitica) has eliminated American
chestnut as a dominant species throughout its 200 mil-
lion-acre range (Brewer 1995). American chestnut was
the most prolific and consistent of our nut-producing
trees. American beech has also been greatly reduced in
importance as a canopy tree due to introduced insects
and pathogens (Tubbs and Houston 1990).

Acorns and other seeds are still the most valuable
and energy-rich plant food available in the dormant sea-
son (Robbins 1993). Once oak forests reach seed-bearing
age, the supply of seeds usually exceeds that of browse
and forage (Liscinsky 1984). The annual acorn crop of-
ten exceeds 100 kilograms per hectare and can be as
large as 800 kilograms per hectare in good seed years
(Christisen and Kearby 1984, McShea and Schwede
1993). Where acorns and browse have been measured
on the same sites, mean annual acorn production has
been 3 to 10 times greater than browse production (Se-
gelquist and Green 1968, Rogers et al. 1990). On these
sites acorns accounted for more than 80% of the total
seed crop. It is only in years of complete mast failure
that forage abundance exceeds that of mast.

The suppression of fire in eastern forests has re-
sulted in the loss of early successional habitats, grass-
lands and savannas, and poor regeneration of oak on
mesic sites. On these sites oaks are being replaced by
more shade-tolerant species, and the prognosis for
maintaining oak as a dominant component is not good
(Healy et al. 1997, McShea and Healy 2002).

The elimination of wolves and mountain lions from
eastern forests has had profound, and largely unappre-
ciated, effects (Terborgh et al. 2001). Predation has be-
come a relatively weak ecological force while herbivory
has become a strong force. In 1700, predation controlled
deer numbers, but today, competition among deer for
food limits many deer populations. Whenever deer com-
pete for food, palatable plant species decline in abun-
dance and unpalatable ones increase, and plant species
composition and forest structure gradually change. When
competition for food is severe, stands cannot be regen-
erated, either naturally or with silvicultural techniques.
Mature stands cannot progress to an old-growth condi-
tion because the understory reinitiation phase is inter-
rupted by herbivory. Canopy trees that die are not re-
placed, and there is a gradual conversion of forest habitat
to openings dominated by ferns and other plants that are
unpalatable to deer. Habitat structure is simplified, bio-
diversity is reduced, and forest management is not sus-
tainable (Healy 1997).

There are two points that I would like you to retain
from this overview of past and current forest ecosystem
function. First, management is essential for maintaining
biodiversity and sustaining our forest ecosystems. Sec-
ond, interagency cooperation and interdisciplinary com-
munication will have to improve to accomplish the job.
For example, foresters have recognized a widespread
problem with oak regeneration for about 40 years. The
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profession has worked diligently to understand the eco-
logical factors influencing oak regeneration and to de-
velop silvicultural techniques to regenerate oak. Unfor-
tunately, the techniques that are most effective at regen-
erating oak, the clearcutting method of regeneration,
shelterwood regeneration, and shelterwood with burning,
are unacceptable to the public when done for timber
management. In my experience in Massachusetts, the
same techniques were acceptable when done for wildlife
management or ecosystem restoration. The difference
was in the message and perceived motivation of the man-
ager. The timber harvest message is narrow, and the mo-
tivation is perceived as selfish—profit at the expense of
nature. The wildlife message is more complex and in-
teresting, and the motive appears selfless—helping na-
ture.

I encourage all natural resource professionals to be
active, enthusiastic advocates of habitat management.
The natural history of wildlife species and ecological
relationships within communities can be used to sell hab-
itat management to most audiences. Advocate active land
management within your agency. Encourage private
landowners to take advantage of professional help and
state and federal programs available to them.

HUMAN DEMOGRAPHY AND
NATURAL RESOURCES

MANAGEMENT

Demographic changes will cause a large turnover
in the senior staffing of natural resource agencies by
2010, and may result in reduced public support for
wildlife management. All of the nation’s environmen-
tal and natural resource agencies are facing a crisis due
to an impending wave of retirements (Colker and Day
2004). For example, one-half of the Senior Executive
Service (SES) members at the Department of Interior
(DOI), USDA Forest Service, and Environmental Pro-
tection Agency (EPA) will retire by 2007. Within the
same period, DOI will lose 61% of its program man-
agers, the Forest Service will lose 81% of its ento-
mologists and 49% of its foresters, and EPA will lose
45% of its toxicologists and about 30% of its environ-
mental specialists.

This wave of retirements is an opportunity for a
new generation of leaders, but it will be a challenge
for the agencies to maintain core scientific and man-
agerial skills and to sustain public and political sup-
port. Unfortunately, if recent history holds, many po-
sitions will go unfilled due to budgetary constraints.

The same demographic changes will affect the
general population (Cohen 2003). By 2050, fertility in
the United States will have fallen to unprecedented
low levels, and the population will be older, more ur-
ban, and more racially and ethnically diverse. Al-
though global population will continue to increase be-
yond 2050, the populations of the rich countries, in-
cluding the United States, will have been declining for
20 years. Growth in the United States population will
come from international migration, so we will continue
to be a melting pot of cultures. Urbanization will con-

tinue, rising from 75% of population in 2000 to 83%
in 2030. The rural population peaked around 1950 and
has declined slowly since then. Slowly growing pop-
ulations have a high elderly dependency ratio—the ra-
tio of the number of people aged 65 and older to the
number of people aged 15 to 64. After 2010 the elderly
dependency ratio will increase sharply.

Family structure will change. The ties between
men and women based on parenthood and the ties be-
tween fathers and children are weakening. Non-marital
births increased as percentage of all births in the Unit-
ed States from 5.3% in 1960 to 33.0% in 1999. By
1994, about 40% of children in the United States did
not live with their biological father. Declining fertility
rates, by themselves, change family structure. In a pop-
ulation with one child per family, no children have
siblings. In the next generation, the children of those
children have no cousins, aunts, or uncles. Urbaniza-
tion and changes in family structure will make it more
difficult for people to have direct, personal contact
with living nature. It will also be more difficult to pass
hunting, angling, and trapping traditions and skills
along family social networks.

It is unclear how these changes in demography and
family structure will influence public support for con-
servation and wildlife management. Surveys of Amer-
ican attitudes towards scientific wildlife management
and human use of fish and wildlife reveal the follow-
ing relationships among demography and attitudes
(Duda and Young 1998). Disapproval of hunting in-
creased as population density of place of residence in-
creased. The likelihood to strongly approve of hunting
decreased as level of education increased. White
Americans were more likely than minority Americans
to approve of hunting. Americans who were raised in
single-parent households were less likely to strongly
approve and more likely to strongly disapprove of
hunting when compared with those who were raised
by two parents. Duda and Young (1998) emphasize
that public opinion is not fixed, and that resource man-
agers can develop appropriate messages if they iden-
tify core issues through research.

Contemplating these impending social changes
may be disquieting, until one thinks of the social mi-
lieu of the early 1900s from which today’s conserva-
tion movement emerged. Then, there were waves of
international immigration, migration to cities, disre-
gard for the environment, and overexploitation of
wildlife resources. Yet, dedicated individuals were able
to sell a conservation message. The demography and
social dynamics of the United States have never been
stable. Each generation of conservationists has faced
its own challenges and each generation has been better
equipped to understand the attitudes of our diverse
publics. I am confident that the current generation of
natural resource professionals will develop a conser-
vation message that is effective in the 21st century.

HUNTING AND THE
NORTH AMERICAN MODEL OF

CONSERVATION
Natural resource professionals need to define the

knowledge and skills that hunters will need in the 21st
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century. Current hunting traditions fail to meet the so-
cial and ethical standards of the non-hunting majority.
However, I cannot conceive of a future where wildlife
is abundant and biodiversity is protected without a vi-
brant hunting culture. The North American Model of
Conservation has produced an incredible abundance of
wildlife and it is characterized principally by a policy
of wise consumptive use (Mahoney 1998, Organ et al.
1998). Wildlife management, and conservation in gen-
eral, would be severely weakened without the econom-
ic and social support of hunters, anglers, and trappers
(Peterson 2004).

In a thoughtful review of the social legitimacy of
hunting, Peterson (2004) concludes that the three dom-
inant hunting ethics fail to justify hunting or place it
in a shared context with modern society. Peterson
(2004) suggests an alternative ethic that combines
Aldo Leopold’s vision of an expanding community
with traditional utilitarian and rights-based evaluations
of ethical criteria. Hunting will remain socially ac-
ceptable if it can be demonstrated that the ethics of
hunters and non-hunters broadly overlap, and that
hunting provides an array of social and economic ben-
efits to society. Many professionals have expressed ap-
prehension about the future of hunting and the North
American model of conservation in the face of declin-
ing trends in hunter participation and changing atti-
tudes among hunters, natural resource professionals,
and non-hunters (Hamilton and Organ 1998, Organ
and Fritzel 2000, Peyton 2000).

Non-governmental conservation organizations
(NGCOs), such as Ducks Unlimited, the National Wild
Turkey Federation, Rocky Mountain Elk Foundation,
and Ruffed Grouse Society, may hold the key to the
future of hunting. The popularity of turkey hunting
illustrates some of the advantages of collaboration
among NGCOs and state conservation agencies. At
this Symposium, Tapley et al. (this volume) report that
numbers of turkey hunters increased again during the
past five years. Beringer et al. (this volume) will show
how the Missouri Department of Conservation has
used youth turkey hunts to increase hunter recruitment
and retention. Despite declines in license sales and
rates of graduation from hunter education programs,
there is a large pool of people who have positive as-
sociations with hunting although they do not hunt
themselves (Enck et al. 2000). That fact is obvious at
NGCO social functions. Many people at these events
do not hunt, but do derive some social benefit from
hunting, and they provide social support for hunters
and financial and political support for conservation
agencies. NGCOs can advocate hunting and policies
that support hunting when wildlife agencies must re-
main value neutral.

Part of the need for a new hunting ethic arises from
a fundamental change in the mission of state and federal
conservation agencies. During the 1990s, the core mis-
sion of the USDA Forest Service changed from one of
multiple use, sustained yield management to the protec-
tion and enhancement of biodiversity (Thomas 2004).
That policy change came about unintentionally through
the interaction of the Endangered Species Act and other

federal legislation. The consequences of this policy
change have yet to be formally recognized by politicians,
professionals, or the public. I contend that all state nat-
ural resource agencies are now also in the business of
protecting biodiversity, and that ecosystem management
is the dominant paradigm. Many biologists will argue
this point. I see no alternative given the state of scientific
knowledge and the public expectation that resource agen-
cies protect all species within their jurisdiction. Today,
most hunting programs incorporate the concept of main-
taining populations in balance with the available habitat,
and many management programs are explicit in their
ecological goals.

Hunters have not been prepared for the agency
change from recreation provider to ecosystem man-
ager. There was little support among Pennsylvania
hunters for efforts to manage white-tailed deer to pro-
tect the ecological integrity of forests (Diefenbach et
al. 1997). Forty-four percent of hunters agreed that
antlerless permits should be reduced, and 19% be-
lieved they should be eliminated. A majority of hunt-
ers agreed that controlling deer populations was nec-
essary (87%) and that deer populations should be kept
in balance with natural food supplies (89%), but 57%
of hunters did not think that damage to Pennsylvania’s
forests by deer was a problem. Legally required har-
vest reporting rates by Pennsylvania deer hunters were
low (Rosenberry et al. 2004), and hunter behavior and
effort in the field appeared inadequate to manage deer
numbers (Stedman et al. 2004).

Natural resource professionals must define the
knowledge and skills that hunters need to meet our
changing mission. The American hunting ethic has not
kept pace with the growth in scientific knowledge and
management capabilities that have occurred in the past
50 years. State and federal agencies need to work with
NGCOs to promote a socially acceptable hunting ethic.
NGCO staff and other independent experts may be
more effective at promoting change than wildlife agen-
cy staff would be. My credibility with hunters seems
to be greater when I speak as a member of the West
Virginia Trappers Association than when I speak as a
Ph.D., USDA Forest Service biologist. State biologists
who work closely with NGCOs also gain stature and
credibility with hunters. There are tremendous oppor-
tunities to promote an acceptable hunting ethic if man-
agement agencies work with NGCOs and other inde-
pendent experts. But, professionals need to define the
new ethic and agree on the message.

Social and economic support from hunters, an-
glers, and trappers and their families and friends is
essential if the North American model of conservation
is to be carried into the 21st century. Hunter behavior
and attitudes need to change (Williams 2005). Amer-
ican hunters hold the key to public opinion on hunting.
Overall, public attitudes towards and opinion on hunt-
ing are being damaged because of poor hunter behav-
ior, rather than outside influences (Duda and Young
1998). I am optimistic that an acceptable hunting ethic
can emerge, especially when I consider the changes in
hunter behavior that occurred at the start of the last
century. A new hunting ethic will emerge only if pro-
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fessionals can decide what we expect hunters to con-
tribute and what hunters need to know within the con-
text of ecosystem management to enhance biodiversity.
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James Earl Kennamer
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Edgefield, SC 29824, USA

Thank you for your attention over the 3 days of
the symposium, and thank you, Al Stewart, for all your
hard work.

Earlier you heard Bob Eriksen say he’d missed the
first symposium because he was in the third grade at
the time. I, too, missed the first symposium, because I
was in the eleventh grade in 1959. However, my father,
who was an Extension Fish and Wildlife specialist in
Alabama, was there. Since then, I have been in atten-
dance at every symposium and have had one or more
papers in each one.

Al asked me to give the closing remarks for this
Ninth National Wild Turkey Symposium, which I con-
sider a real honor for me, but also a big challenge to
cover 3 days of papers and discuss in 20 minutes
where we came from and where I see us needing to
go in the future.

Before I go further, I want to challenge each of
you to think ahead. Will there be a Tenth National
Wild Turkey Symposium in 2010? Will there be a
need? I’m reminded of an article published in a British
medical journal that said we have reached the limit of
medical breakthroughs, with no more advance possi-
ble. The date I think was somewhere around 1640. So
yes, there will be a need for a tenth symposium, but
probably not in the sense we think. For example, can
we learn more about wild turkey productivity? The
answer is yes, but first we need to determine if that is
the best use of our money. A look at the history of
what we did in 1959 compared to 2005 may help give
us a perspective. In 1959, the wild turkey population
in this country was about 468,000 and the total harvest
was 66,000. The number of hunters was unknown, 8
states had a spring season, and 12 had a fall season.
Research priorities included life history, restoration,
population dynamics and management techniques. In
2005, the situation is vastly different. Today the wild
turkey population is about 7 million birds, and the har-
vest last year was 920,000—almost twice the total
population in 1959. In 2005, there were 2.8 million
turkey hunters, 49 states held a spring season, and 42
held a fall season. In addition, 4 Canadian provinces
held a spring season, and one had a fall season, too.
Priorities have changed as well. Today, our focus is on
the wild turkey’s expanding range into what was not
thought to be turkey habitat, on ‘‘overabundance’’ is-
sues, and on habitat loss and fragmentation. Today’s
technology has come a long way since 1959, too.
Who’d have thought then that we’d have radio collars
with transmitters that really work? Who could have
foreseen geographic information systems (GIS) and

data loggers, satellite images, computer modeling and
infrared surveillance cameras?

We have the tools, but tools alone are not enough.
Fortunately for the wild turkey, this relatively small
but very dedicated group of wildlife biologists contin-
ues to push the boundaries of knowledge about this
unique species. The papers presented at the Ninth Na-
tional Wild Turkey Symposium are a collection of the
latest and best research available on the wild turkey.
I’m honored to be able to provide the following brief
summary of the 46 manuscripts included in this pro-
ceedings. The manuscripts are divided among 5 cate-
gories, and many reflect new trends in turkey research,
while others address gaps in our knowledge in more
conventional areas.

Habitat Ecology

The 10 manuscripts that comprise the category on
wild turkey habitat range from research at the land-
scape level to specific ecosystems. Again, there is a
large component of research on western subspecies,
reflecting our need for more knowledge of these tur-
keys and their habitat use and requirements.

Fleming and Porter investigated the effect of land-
scape features and landscape fragmentation on dis-
persal patterns for a New York wild turkey population
and found that average dispersal cost was negatively
correlated with edge density of the landscape. In Ar-
kansas, Goetz and Porter used satellite imagery and
GIS technology to identify habitat characteristics that
allow assessment of the potential of landscapes to sup-
port wild turkey harvest. Wakeling developed models
to describe roosting, nesting, winter, and summer hab-
itat use on a landscape level for Merriam’s wild tur-
keys in Arizona. In Mississippi, Jones and coworkers
investigated the effects of red-cockaded woodpecker
management on wild turkey brood habitat. They report
that mature pine stands managed for woodpeckers
made good nesting habitat but were not used in pro-
portion to their occurrence for brood-rearing, and sug-
gest providing for interspersed brood-rearing habitat as
a mitigating technique. Jackson and colleagues inves-
tigated active forest management components as they
compared the results of silvicultural techniques includ-
ing prescribed burning and several thinning options.
They found increases in understory vegetation after
shelterwood and wildlife retention cuts, and enhanced
nesting and brooding cover after several techniques,
but determined that additional treatments were neces-
sary to increase herbaceous growth.
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Nest success comparisons between declining and
stable wild turkey populations by Randel and cowork-
ers showed no differences, failing to support the hy-
pothesis that low nest success was responsible for the
decline. However, Schapp and coworkers found sup-
porting evidence for the importance of spatial distri-
bution of nests.

Keegan and Crawford found that Rio Grande wild
turkey hens in southwestern Oregon selected nest sites
in regenerating mixed-conifer stands that were �10
years old. Nest sites were characterized by dense hor-
izontal screening, understory vegetation �20 cm tall,
and widespread low shrub cover. Roost site selection
may be very specific, too. In Kansas, Holdstock and
his associates found that Rio Grande wild turkey gob-
blers selected eastern cottonwoods over 70% of the
time, whereas display areas were categorized by low
visual obstruction and low shrub density. However,
Rio Grande wild turkeys will adapt to other tree spe-
cies for roost sites. Keegan and Crawford found a pref-
erence by Rio Grande wild turkeys for Douglas fir in
Oregon, comprising 77% of identified roost trees.

Turkeys on Their Northern Range

Turkey restoration and stocking has not only re-
stored populations in historic turkey range, but has
also resulted in range expansions to the north of pre-
viously occupied habitat. This expansion has resulted
in new hunting opportunities and, in some cases, new
management issues. The 7 manuscripts in this category
represent a full range of topics concerning northern
wild turkeys, ranging from bioenergetics to winter
roost activity.

Kimmel and Kruger, in Minnesota, reviewed re-
search on tolerance of wild turkeys for severe winter
weather conditions. In addition, they surveyed north-
ern state and provincial wildlife agency biologists,
finding that most agencies have successfully translo-
cated wild turkeys north of the ancestral limit. Primary
management concerns were weather, food availability,
and habitat limitations. Pekins investigated winter bio-
energetics of eastern wild turkeys in New Hampshire
and found that nutritional value of winter diets is in-
versely related to snow depth, with ground diets dom-
inated by acorns or corn of highest metabolizable en-
ergy. He also determined that the persistence and sta-
bility of many northern populations of wild turkeys
may depend on their use of supplemental food during
winter. Porter confirmed these finding as he explored
the ecology of wild turkeys in northern latitudes. He
also reported that spring weather conditions were more
important than winter to long-term fluctuations in pop-
ulation abundance and that forest cover in the region
was sufficient and agriculture proved to be a major
asset to wild turkeys because of the food it provided.
In Michigan, Chadwick determined that northern range
expansion by wild turkeys may also be as least par-
tially attributed to the alteration of Michigan’s native
habitats and to human activities that promote turkey
survival throughout the year.

In addition to the importance of food to winter

survival of wild turkeys, roost site selection may be
very important. Ermer and coworkers, in Minnesota,
found that selection of winter microhabitats that min-
imize heat loss from wind and radiation can potentially
reduce thermoregulatory energy requirements and in-
crease survival of wild turkeys. Wild turkeys were
found to use roost sites characterized by a higher can-
opy, larger diameter and stem density than adjacent
sites. Conifers were used for roost sites much more
than expected by their percentage of occurrence.

In South Dakota, Lehman and colleagues investi-
gated survival and cause-specific mortality for Merri-
am’s wild turkeys. They found lowest seasonal surviv-
al for females during the spring, with mammalian
predators accounting for the highest percentage of
mortality.

In Ontario, Bellamy and Pollard used knowledge
gained from an experimental assessment of habitat
suitability, and by overlaying the best available infor-
mation on historic distribution, factoring in land-use
change and a consideration of prevailing weather pat-
terns to define the spatial extent of their wild turkey
restoration program. They consider the Mixedwood
Plain Ecozone to represent a biologically suitable and
ecologically appropriate framework for wild turkey
program delivery in Ontario.

Managing Wild Turkey Populations

The 9 manuscripts that make up this category en-
compass a number of different directions for wild tur-
key research. Western subspecies continued to be cov-
ered, as they were in the previous categories. As res-
toration of the Gould’s wild turkey continues, new pro-
cedures and techniques have evolved, many due to the
complexities uniquely presented by the location of this
subspecies. Because most of these turkeys had to be
brought into the United States from Mexico, and kept
for 30 days in quarantine before release into the wild,
quarantine and recapture techniques had to be refined.
In their manuscript, Maddrey and Wakeling described
the process, which resulted in the eventual release of
over 85% of the captured turkeys. Disease testing dur-
ing the quarantine period made recapture of the tur-
keys necessary. Past recapture attempts resulted in
considerable stress and mortality for the turkeys. Dur-
ing this project, Bergman and coworkers successfully
used alpha-chloralose as a turkey sedative. Based on
this study and a review of published literature, they
recommended that alpha-chloralose be considered for
inclusion on the current Investigative New Animal
Drug label for alpha-chloralose.

In the last few years, more attention has turned to
census by remote camera. For the first time, this has
been tested on the Gould’s wild turkey. In southeastern
Arizona, Dubay and her coworkers used a combination
of telemetry and patagial markers in conjunction with
remote cameras to estimate the Huachuca Mountain
population. They found this method to be more precise
than ground surveys, but also more time-consuming.

For wild turkeys, subspecies identification has tra-
ditionally been dependent on morphological character-



Symposium Summary • Kennamer 9

istics, many of which are subjective in nature. With
the continued development of DNA analysis tech-
niques, we now have definitive methods to differenti-
ate the subspecies. Latch and associates described the
molecular markers available for wild turkeys, and re-
viewed their applications in wild turkey management.

Capture-related mortality has been an issue since
turkey trapping began, and Brunjes and his colleagues,
in a long-term and large-scale investigation of Rio
Grande wild turkeys in north Texas, have been unique-
ly situated to evaluate the problem. They report that
8.5% of the nearly 700 turkeys captured died �14 days
post capture, with male mortality � female mortality.
Additionally, afternoon captures caused more mortal-
ities than morning capture. Illegal kill has long been a
concern, too, especially in the East. Norman and his
associates in Virginia and West Virginia found average
illegal fall mortality for wild turkey females to be 5%.
Mast abundance influenced illegal mortality rates dur-
ing fall hunting seasons.

Public concerns about crop depredation by wild
turkeys is a growing issue. However, Humberg and his
coworkers in Indiana found that allegations of turkey
damage to corn and soybeans were unfounded; rac-
coons and white-tailed deer were the actual species
responsible for the damage.

Tapley and associates, continuing the wild turkey
status and distribution report begun in 1970 and up-
dated in each subsequent symposium, reported that
wild turkey population levels have increased by 1.2 to
1.4 million birds in the past 5 years. The North Amer-
ican population was estimated to be 6.6 to 6.9 million
birds in 2004, and the total harvest increased by 24%
in the last 5 years to over 900,000 birds. The number
of turkey hunters increased during the same period by
6% to more than 2.8 million. In order to secure these
population advances, a comprehensive North Ameri-
can wild turkey management plan is needed. Vance
and his associates worked closely with state, federal
and provincial wildlife agencies as well as NWTF re-
gional field staff to identify future priorities and gaps
in the long-term planning process for wild turkey man-
agement. Vance and his co-authors recommend that a
comprehensive plan identifying collaborative goals,
objectives and on-the-ground projects be formulated to
take this process to the next level. The paper delineates
a process that can be used to develop the North Amer-
ican Wild Turkey Management Plan.

Population Dynamics

This category of research is always a matter of
interest, because productivity drives wild turkey pop-
ulations. This is especially true for the western sub-
species, as 5 of the 10 manuscripts in this category
deal with Rio Grande wild turkeys. In Texas, Lusk and
coworkers used neural-network modeling to determine
that deviations from normal conditions best explained
annual fluctuations in wild turkey productivity. Also
in Texas, Petty and coworkers found increased poult
production following intensive feral hog removal. The
results from Schwertner and associates indicate that

poult production is more influenced by cumulative
weather effects over several months than by individual
rain-fall events and suggest that precipitation-induced
mortality does not substantially affect Rio Grande wild
turkey production in Texas.

In south-central Pennsylvania, concerns for a de-
clining population of wild turkeys prompted an inves-
tigation by Casalena and coworkers on the factors con-
tributing to this decline. They found low poult survival
and an unsustainable level of fall harvest, and rec-
ommended closing the fall turkey season until the pop-
ulation recovered.

New concerns about the possible effects of pre-
dation on wild turkey populations prompted a litera-
ture search on the subject by Hughes and coworkers.
The literature showed that while predators were the
most significant cause of wild turkey mortality, they
seldom limited population growth. Additionally, pred-
ator control was not found to be effective as a broad-
scale management tool, but could be useful in short-
term control of specific predators.

Most states use some method of determining or
predicting wild turkey reproduction; many states use
poult-hen counts as an index. Butler and his associates
compared poult-hen counts to reproductive parameters
derived from telemetry data in the Texas panhandle.
They report that poult-hen counts can index reproduc-
tion and recruitment at the local level, but that these
counts were unable to index either at an ecoregion
level. They suggest larger and evenly distributed sam-
ples from standardized and randomized surveys for re-
liable region-wide predictions.

Accurate methods of population estimation for
wild turkeys are lacking. Many methods have been
tried, but the accuracy of most is unknown. In Florida,
Nicholson and his colleagues used survey question-
naires with responses from over 600 individuals to
map the distribution and relative abundance of wild
turkeys in that state.

The results of several manuscripts in this category
may provide important restoration and management in-
formation. In east Texas, Whiting and associates, in-
vestigating a supplementary stocking of eastern wild
turkeys, found survival of the newly released turkeys
increased when their home range overlapped with pre-
viously stocked turkeys familiar with the habitat. For
Rio Grande wild turkeys in Texas, Phillips and his
coworkers report that dispersal patterns of yearling fe-
males may play an important role in connecting rela-
tively disjunct winter roost populations.

Warnke and Rolley investigated and summarized
recent wild turkey population dynamics research. They
identified several areas of needed research: compen-
satory mortality, acceptable harvest rates for females,
and weather-related variation in recruitment. They sug-
gest that a better understanding of factors that control
and regulate population growth will be important as
wild turkey management objectives evolve from pop-
ulation restoration to population control and sustained-
yield harvesting.



10 Symposium Summary

Harvest Management

As wild turkey populations and numbers of turkey
hunters continue to grow, management priorities have
shifted from restoration to harvest strategies and hunt-
er management. The 9 manuscripts in this category
clearly illustrate this shift in priorities. For example,
Backs, in Indiana, compared 4 years of half-day hunt-
ing to 2 years of all-day hunting. He found no differ-
ences in temporal distributions of harvest between the
2 season formats and very little difference in the per-
centage of adult gobblers in the harvest. Concerns
about hunt quality also prompted a survey of spring
turkey hunters by Dingman and her coworkers in Min-
nesota. They found that the most important factors de-
fining a quality hunt were the number of turkeys shot
at, number of turkeys seen in the field, and ease of
access to land for hunting. A similar survey in Ohio,
described by Swanson and colleagues, reported that a
majority of turkey hunters ranked high gobbling activ-
ity as the primary factor contributing greatly to their
enjoyment of the spring turkey hunting experience.
The composite Ohio spring turkey hunter was male,
49 years old, had a rural background, and a total
household income �$50,000.

There are growing concerns that gobbler harvest
levels in some states may have surpassed sustainable
levels. In fact, Wright and Vangilder found a human-
caused mortality level of 60% for adult gobblers in a
western Kentucky population, and they suggested this
level of harvest could not be sustained unless recruit-
ment remains high or hunting pressure declines. Hub-
bard and Vangilder found similar mortality rates for
adult gobblers in Missouri and observed that spring
turkey harvest on public land in the eastern Missouri
Ozarks is approaching a level that may result in a de-
cline in spring turkey hunting quality.

An unusual situation in Wyoming is described by
Zornes and Lanka. There, isolated populations of Mer-
riam’s wild turkey declined, some to the point of local
extirpation, with anecdotal evidence that the unusually
high percentage of males in the populations were out-
competing the females for winter food. Increased har-
vest pressure on males resulted in a female-biased pop-
ulation after 2 years. The authors suggested that in
situations where turkey habitat is limited, male harvest
should be increased when flock surveys result in a
male:female ratio �0.75:1.

Lehman and his associates, in the Black Hills re-
gion of South Dakota, studied gobbling of Merriam’s
turkeys in relation to nesting and hunting. They found
2 peaks of gobbling, one just after winter break-up of
the flocks and the other just before or during peak
incubation. In comparisons of hunted and non-hunted
populations during the spring hunting season, gobbling
behavior was reduced for the former.

Timing of spring seasons may have important
management implications. Whitaker and coworkers,
using data obtained from 34 states and provinces,
found that 25 states opened spring hunting �2 weeks
prior to the mean date of incubation initiation, and 18
of these also allowed fall either-sex hunting. This find-

ing is important because fall hunting mortality com-
bined with spring hunting during the pre-nesting pe-
riod can lead to additive and unsustainable levels of
female mortality.

Concerns about declining hunter numbers and
lower hunter recruitment rates prompted the Missouri
Department of Conservation to provide a 2-day youth
turkey hunt prior to the opening of the regular season.
Beringer and his colleagues investigated the effective-
ness of the youth season at promoting recruitment and
retention of hunters. They found that youth permit
sales increased, apparently as a result of the youth sea-
son. Also, during the 4-year period of the youth sea-
son, recruitment rates almost doubled compared to the
4-year period immediately prior to the inception of the
youth season.

Looking Ahead

As Bill Healy stated so succinctly in his paper in
these proceedings, for the future of wild turkey man-
agement we are presented with changes, opportunities
and challenges. In his essay, Healy provided a syn-
opsis of forest dynamics, both past and present, as well
as examinations of human demography, natural re-
source management, and the North American Model
of Conservation.

I feel we have reached a crossroads in North
America with wild turkey research and restoration. We
have to weigh the value of research vs. common sense
and the value of process vs. success. For example, in
one state we’ve spent years studying the genetics of
the turkey population to determine which subspecies
in the state is the best to trap and transfer. Meanwhile
that population has flourished, apparently with little
regard by the turkeys for genetics issues. At the same
time, wild turkeys continue to expand the northern
boundaries of their range, even though we biologists
for many years told hunters and the non-hunting public
that turkeys couldn’t live that far north. If we let them,
the turkeys will show us where they can live. We have
to be smart with our future research, learn from our
mistakes, and look ahead.

In looking ahead, one of the first things I see is
change in our profession itself. People like myself, Bill
Healy and Bill Porter are retiring or may soon retire
and the next generation of wildlife biologists will be
very different than the ones that brought us to the
dance. In the early days of our profession, every wild-
life student was a hunter, but that is not the case these
days, now most don’t hunt, and non-hunters are sure
to have a different perspective on wildlife management
than we did. In my generation of wildlife biologists,
population management was the focus, where now
many biologists put more emphasis on the individual,
and management strategies employed by these biolo-
gists will certainly be different as well. Native vs. non-
native issues have become increasingly important to
many, with little distinction between what is non-na-
tive and what is non-native and invasive. Population
status and locations of wildlife species as it was in
1492 has become the politically correct standard for
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many in our profession, which means these biologists
don’t want wild turkeys in many places where they
currently are located. State wildlife budgets are tight
and will get tighter, and incoming biologists will have
multi-species focus. In the future, I believe there will
be few, if any biologists, who will have the luxury to
dedicate their time solely to turkey management.

The 9 symposia have added greatly to our knowl-
edge of the wild turkey. If there is to be a symposium
in 2010, we now have to focus our efforts on areas
that will be very different from past activities and not
nearly as glamorous as tracking birds with radios or
turning them out of a box. We must identify the bar-
riers that may prevent us from managing turkeys in
the decades ahead, and we have to do whatever it takes
to maintain the public view of hunting as an acceptable
endeavor.

We have to do more landscape research with em-
phasis on how to manage habitats and populations on
a larger scale. We have more tools at our disposal than
ever before to do a better job in this area. We can use
GIS to overlay habitats, populations and opportunities
as we plan management for multiple species and ad-
dress major problems such as urban sprawl and de-
velopment of energy resources. Advances in satellite
technology now allow us to pinpoint locations of mon-
itored animals using lightweight GPS transmitters. It
is up to us to use the latest technology to meet future
challenges.

We need to protect critical habitats not only for
wild turkeys, but also for many other species that use
the landscape. We need to research innovative ap-
proaches to integrate habitat protection with urban de-
velopment. In addition, we need to maintain our hunt-
ing heritage in these urban settings. We must become
more creative at selling our story to the non-hunting
segment of the public. We must also become smarter
with our research directions as we tie turkey manage-
ment with management of non-game species such as
neo-tropical migrant songbirds and red-cockaded
woodpeckers.

We also need to look at ways to gather information
like economic data to justify to decision-makers the
importance of turkeys and turkey hunting to North
America. Along with this is a need to measure human
dimensions and to assess the opinions of the public on

wild turkeys in order to convince them of their bene-
fits. If we don’t, we will lose the gains we have made
with this magnificent bird over the last 5 decades be-
cause all the public will remember is that wild turkeys
are a nuisance and a detriment to the environment.

We must be prepared for the possibility of cata-
strophic disease. As mycoplasma was a concern in the
1990s, we now are faced with the possibility of wide-
spread effects from avian influenza, West Nile virus
and exotic Newcastle’s disease. While we have no ev-
idence these have ever been a problem in wild turkeys,
we must continue to use good science to assure the
agricultural community and the public that they aren’t
a problem.

Last, but perhaps most importantly, we must de-
velop a comprehensive management plan for wild tur-
keys. This plan will provide us with information to
justify turkey management, protect critical habitat, ac-
curately document population and harvest numbers
and help us direct our financial resources to critical
areas. As Vance stated in his presentation on the sub-
ject, there are many factors that support the need for
state plans and a coordinated national plan. It is vital
to the future of wild turkey management that state
plans and a national plan be created now.

We are at a crossroads with wild turkey manage-
ment and fortunately we have the tools, the people, the
passion, and the history to carry us into the next de-
cade. Let’s go do it!

James Earl Kennamer is currently the senior vice president for
conservation programs for the National Wild Turkey Federation.
He holds a B.S. in game management from Auburn University,
and M.S. and Ph.D. degrees in wildlife management from Mis-
sissippi State University.
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Abstract: Wild turkeys (Meleagris gallopavo) in North America made a significant recovery in the 20th century
due to the dedicated efforts of federal, state and provincial wildlife agencies. The changing status of this species
has resulted in a shifting of management needs. A survey of wild turkey biologists in 2004 yielded results
indicating that a North American Wild Turkey Management Plan is needed to assist agencies in coordinating their
efforts. This plan would act as a framework to allow jurisdictions to more readily share data, resources, and
expertise. The North American Wild Turkey Management Plan structure, timeline to collect data and coordinate
partners, and the planning and implementation process are delineated.
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Though no extensive censuses were undertaken
during the early settlement of North America by Eu-
ropeans, numerous first-hand reports mention seeing
flocks of hundreds of wild turkeys (Wright 1914a).
Many of these early reports describe the ease with
which turkeys could be harvested to provide a vital
source of sustenance for early European settlers and
pioneers. Reports from the 18th and 19th centuries doc-
umented that the decimation of flocks on roosts may
not have been uncommon while other reports discuss
the utilization of traps to capture entire flocks. This led
to the initial act of wild turkey conservation when
these traps were prohibited in Canada in the mid-1800s
(Wright 1914b).

By the early 1800s, observers in New England
were starting to notice the absence of wild turkeys in
areas where they once had been abundant (Wright
1915). This trend became more evident throughout the
eastern United States during the mid-1800s (Wright
1915), and by the late 1800s the wild turkey was con-

sidered extirpated from Massachusetts, and possibly
throughout New England (Slade 1888). In 1853 or
1854, the last wild turkeys in Iowa were thought to
have been killed (Sherman 1913).

By the early 1900s, wild turkey populations were
declining significantly throughout the United States
(Mosby and Handley 1943). In the 1930s, the com-
mitment to restore and manage wild turkey popula-
tions intensified. The Virginia Cooperative Wildlife
Research Unit initiated a research effort on turkey
propagation in 1935, and several other states started to
develop wild turkey research projects in the late 1930s
(Lewis 2001). The passage of the Federal Aid in Wild-
life Restoration (Pittman-Robertson) Act in 1937 fu-
eled this progression. Early restoration efforts were
centered on raising and releasing pen–raised birds.
These efforts were a disappointment since the pen-
raised birds were deprived of normal parental influ-

1 E-mail: svance@nwtf.net
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ences and thus never developed wild social behaviors.
The survival of these birds was very poor. The pen-
raised approach hampered the wild turkey comeback
for nearly two decades. It was not until the advent of
the cannon net that agencies were able to trap large
flocks of wild turkeys to relocate and populate new
habitats. The cannon net was a major factor in the wild
turkey restoration efforts, but research and manage-
ment played an important role in identifying and cre-
ating suitable habitat (Kennamer et al. 1992).

The comeback of the wild turkey in North Amer-
ica is arguably the greatest conservation success story
in history. In 2004, the population in the United States
and Canada was estimated at over 6.6 million wild
turkeys (Tapley et al. this volume). This increase is
primarily due to the success of state and provincial
restoration programs, improved habitat conditions, and
increased conservation efforts that have focused pri-
marily on population status assessment and harvest
regulation promulgation. Due to these historic and on-
going efforts, and the adaptability of the wild turkey,
the bulk of suitable habitat currently supports wild tur-
key populations. In 2004, an estimated 750 million
acres of habitat had viable populations of wild turkeys
while only 5 million acres (�1%) of suitable habitat
remained uninhabited (Tapley et al. this volume). Cur-
rently, habitat once considered marginal across North
America is being populated by the wild turkey.

These successes demonstrate the vital and chal-
lenging task of determining ‘‘where do we go from
here?’’ Currently there is no formal strategy in place
to coordinate efforts to ensure the perpetuation and
evolution of our wild turkey legacy. The value of co-
ordinated research efforts for wild turkey conservation
was recognized a decade ago (Weinstein et al. 1996),
including the need to develop standardized protocols
and metrics for data collection. As management pri-
orities for wild turkeys shift from the basic survival of
the species, a more holistic, international, broad-based
management strategy is needed to address evolving
contemporary issues including but not limited to:

1. Identifying future factors that will inhibit growth
and maintenance of wild turkey populations.

2. Identifying habitat projects and partnerships to
complement the North American Bird Conservation
Initiative (NABCI).

3. Identifying future research priorities across North
America.

4. Spatially representing the status of wild turkey pop-
ulations and potential habitat across North America.

5. Identifying strategies to increase hunter access, re-
cruitment, and retention.

These and many other factors support the need for
a coordinated plan to chart the future of turkey con-
servation into the 21st century. This brief introduction
is the impetus for the historic planning endeavor to
craft a North American Wild Turkey Management
Plan.

CURRENT STATUS
During the summer of 2004, members of the Na-

tional Wild Turkey Federation (NWTF) technical com-
mittee, composed of state and provincial biologists re-
sponsible for wild turkey programs in their respective
areas, were asked to provide information regarding the
status of wild turkeys and wild turkey management.
While 55% of respondents indicated that a turkey man-
agement plan existed for their jurisdiction, less than
half of those plans included habitat enhancement, hab-
itat protection, or hunter recruitment sections. Tech-
nical representatives identified impediments to estab-
lishing, maintaining, and expanding wild turkey pop-
ulations. Significant among these were the reduction
of agency budgets, urbanization, and a reduction of
forestry management. Traditionally, the conservation
ethic of sportsmen drove the interest in and funding
of restoration and management efforts. Recent declines
in the numbers of sportsman-conservationists, evident
in decreasing license sales to active hunters, imperil
agencies’ ability to continue or expand turkey man-
agement efforts. Respondents identified a number of
factors which are eroding this base of support, includ-
ing anti-hunting sentiment, privatization of hunting,
lack of access and opportunity, and the inability to
recruit young hunters.

Respondents described their state or provincial sta-
tus regarding wild turkey range mapping and popula-
tion estimation. The most popular estimation methods
were harvest and hunter surveys. Very few states used
direct census or observational indices to estimate pop-
ulations. The most important wild turkey research
needs identified included gobbler harvest and mortality
estimation, improving survey and census methods, and
research to measure the effect of specific habitat man-
agement practices on wild turkey populations. Other
research topics included improved habitat assessment
techniques, nuisance issues, winter habitat utilization,
the effects of wild turkeys on sensitive species, general
life science information in areas outside historic wild
turkey range, and ways to improve hunter access and
recruitment.

While many jurisdictions already participate with
conservation groups, other government agencies, and
tribal organizations in partnerships for wild turkey
management, a lack of breadth and diversity in these
efforts is noticeable in the survey results. Obvious
gaps also exist where some respondents indicated that
they lacked one or more type of partnering relation-
ship; a majority of respondents do not have working
relationships with Native American Reservations re-
garding wild turkey projects.

The Need for a Plan

The evolving challenges facing wild turkey man-
agers, and the desires voiced by these same profes-
sionals to provide a high level of stewardship for this
intrinsic North American resource, highlight the need
for coordinated planning into the future and the inher-
ent need for all interested groups to partner in assuring
the health and viability of the species for generations
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yet to come. Today, almost half of the jurisdictions
containing wild turkeys lack a turkey management
plan. Less than half of existing turkey plans incorpo-
rate habitat management or land protection consider-
ations though wild turkey biologists overwhelmingly
agreed that conservation easements, land acquisition,
and habitat improvement on federal and private lands
would provide a vital benefit to wild turkeys in their
respective areas.

Loss of habitat, inability to effectively identify
habitat, privatization of hunting, and lack of manage-
ment were all subjects that were identified as threats
to wild turkey populations and hunting. These simi-
larities of opinion and tactical planning deficiencies
clearly indicate a need for a facilitated effort to iden-
tify regional and local strategies to confront these
problems. By coordinating efforts across jurisdictional
and organizational boundaries, habitat tools can be ex-
tended for range-wide use, and management agencies
can gain access to both financial resources and the vital
human capital which conservation organizations pos-
sess.

There is an obvious need for a standardized meth-
od of habitat analysis and the development of a quan-
titative method to identify focus areas. Additionally,
most wild turkey programs do not have formal popu-
lation estimation or mapping procedures in place. De-
velopment of guidance on these issues would bring a
cohesive aspect to North American wild turkey man-
agement that currently does not exist.

A mid-scale Geographic Information System de-
picting wild turkey range, current and potential habitat,
restoration priorities and critical habitat protection ar-
eas will be an integral component of the plan. The
primary objective of this effort will be to provide a
North American perspective on wild turkey habitat
across political boundaries, depict baseline wild turkey
data, and provide an intuitive tool to plan and compare
habitat management and restoration efforts with im-
portant regional needs.

Across all boundaries, there is a lack of funding
and a subsequent shortage of personnel for managing
North America’s wildlife resources. This makes it im-
perative to look for every potential source of support
for wildlife programs and to identify long-term fund-
ing sources to ensure the continued success of this nat-
ural resource.

Several state and provincial programs are already
in the process of incorporating non-governmental or-
ganization (NGO) volunteers to census and survey
wild turkeys. With a majority of jurisdictions partner-
ing with multiple groups on wild turkey projects, it is
clear that many opportunities exist and are being cap-
italized upon. Agencies need to assess and fully utilize
their ability to partner with conservation volunteers to
aid in gathering needed data. While the potential and
inherent problems with this type of data collection are
well known, it may be vital to the initiation and main-
tenance of these important data collection procedures
on a continental scale. A plan to identify partnering
opportunities and maximize cooperation among groups
is vital to this process.

Finally, a study in Washington (Duda et al. 2004)
indicated that many hunters feel that access to private
lands is poor and has gotten worse over the past 5
years. This is especially significant because a majority
of these hunters hunted exclusively on private land and
86% hunted at least some time on private land. Im-
proved private land access and habitat protection
should be a primary consideration in conservation
projects and programs.

The Role of the Plan

The North American Wild Turkey Management
Plan will provide a framework to support long-term
habitat improvement efforts, localized population
restoration, conservation education, wild turkey re-
search, conservation easements, and land acquisition
projects. It must identify habitat protection and en-
hancement focus areas, recognize potential conser-
vation partnerships, improve hunting opportunities,
and formulate monitoring objectives. The completed
plan will be utilized by wildlife professionals
throughout North America to form habitat acquisi-
tion and management partnerships, gain support for
wild turkey programs, direct wildlife research, and
strategically plan landscape-based wildlife projects.
The plan is a working document that will be updated
as new information becomes available to better serve
those who use it.

The plan will build on the model developed in
existing, successful continental conservation efforts
like the North American Waterfowl Management Plan
(NAWMP) and the North American Bird Conservation
Initiative (NABCI). The Turkey Plan will provide a
defensible continental strategy with concrete goals and
objectives that can be supported by potential partners
and funding sources. The compilation of a fluid doc-
ument containing all of the necessary information for
the North American Wild Turkey Management Plan
will require a unified effort among all interested par-
ties. It is imperative that the goals, objectives and sub-
ject matter for the plan originate from a broad con-
stituency to ensure consolidation and guarantee accep-
tance across all boundaries.

The Role of the NWTF

The NWTF recognizes the need for a North Amer-
ican Wild Turkey Management Plan and is willing to
act as a coordinator to provide managers and research-
ers a framework and venue in which to complete this
planning effort. Involvement and input from all inter-
ested parties is critical to the success and acceptance
of the plan.

The federation is uniquely suited to this role as
it has worked with many states and provinces over
the past 20 years to assist with their wild turkey
planning efforts. Most recently, several states have
teamed with the NWTF to put together wild turkey
habitat suitability maps to help complete trap and
transplant efforts. Many states have also worked
with the federation to target strategic habitat areas
that benefit not only wild turkeys, but also native
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plants, threatened and endangered species, and neo-
tropical migrant birds.

This document outlines the steps necessary to
identify important aspects of the proposed North
American Wild Turkey Management Plan. The chal-
lenging task of compiling the plan will require input
from many sources. Fortunately, the NWTF Wild Tur-
key Technical Committee (wild turkey biologists from
every state and province) already exists and can act as
the core resource in the development of this plan. It is
from their expert knowledge of the issues within their
states and provinces that we hope to gain insight into
what is important for wild turkeys both regionally and
internationally.

The Role of Agencies

The planning process will require state, provincial
and federal agency personnel to provide insight and
recommendations for their respective agencies. This is
critical to ensure agency needs and concerns are ad-
dressed in the plan. This process will require buy-in
at all agency levels since its scope will cross jurisdic-
tions, but its implementation and function will occur
at the local level through existing and future partner-
ships. This input should reflect a compilation of state
goals and needs that will make substantial contribu-
tions toward the conservation of not just wild turkeys,
but all wildlife throughout North America.

NEXT STEPS
The following phases are necessary to ensure de-

velopment of a unified, flexible, and dynamic plan for
management and continued success of wild turkeys in
North America:

1. Phase I will be completed by NWTF regional bi-
ologists in partnership with state and provincial
Wild Turkey Technical Committee biologists.
NWTF biologists will collect background infor-
mation regarding the current status of wild turkey
programs and future priorities for habitat manage-
ment and protection on a state and provincial basis.
This will be general information and will provide
a foundation to build upon. This step will be
achieved primarily through a comprehensive ques-
tionnaire and personal interviews. The NWTF staff
will consolidate all pertinent information, goals, ob-
jectives, and timelines into a cohesive document.
Phase I will then be disseminated to all interested
and applicable parties. The projected completion
date for Phase I is 1 August 2007.

2. Phase II will include the development of online
tools to share technical expertise, research results,
geographic data, and management experience with
all committee members and turkey conservation
partners. This system will allow individuals to uti-
lize mapping tools and data to develop their own
plans and map products.

3. Phase III will coordinate coalitions to implement
and foster wildlife enhancement programs and proj-
ects with wild turkey components. Wild turkeys

will be integrated into other formal planning efforts
at the state (e.g., Wildlife Action Plans), regional
(e.g., Bird Conservation Regions, Joint Ventures),
national, or international (e.g., NABCI) level.

CONCLUSION
There are tremendous challenges facing wildlife

and wildlife managers across the continent. These
challenges include habitat degradation and conversion,
privatization of wildlife and hunting, locally over-
abundant wildlife populations, expanding lists of spe-
cies at risk, and the unending need for additional spe-
cies monitoring data, to the loss of rural traditions that
foster appreciation of wildlife. Our history of turkey
management and restoration demonstrate that we are
capable of rising to the challenges that we face in the
future. Through coordinated efforts across jurisdiction-
al boundaries, we can fully utilize our common re-
sources to assure the continued success of wild turkey
conservation. A plan can guide us in selecting popu-
lation goals; it can assist us in prioritizing land acqui-
sition and habitat management; it can enhance our
ability to seek out and acquire funding and leverage
existing funding across jurisdictional boundaries; and
it can provide us with a framework to establish and
maintain successful partnerships. It is for these reasons
that a North American Wild Turkey Management Plan
is of utmost importance.

We recognize and appreciate the tremendous ef-
forts that have been made by thousands of individuals
from state, provincial, and federal agencies and private
conservation organizations. This dedication and com-
mitment saved the wild turkey from the brink of ex-
tinction. An unrivaled effort of trap and transfer, reg-
ulatory enforcement, and land use changes has helped
make the wild turkey an overwhelming conservation
victory for North America.

Despite this success, it is our responsibility to look
to the future and set the stage for new wildlife success
stories. The North American Wild Turkey Manage-
ment Plan will present wildlife managers across the
continent with wild turkey management goals and the
actions needed to achieve them.
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Abstract: Wild turkey (Meleagris gallopavo) populations in North America have increased steadily in the past
50 years since restoration began in earnest. This increase is the result of intensified restoration efforts, improved
habitat conditions and increased protection. A North American survey of wild turkey populations was first pub-
lished in the 1959 Proceedings of the First Wild Turkey Symposium. Similar surveys have been made every 5
years since 1970 and the results published in all but one of the subsequent wild turkey symposia. In 2004, we
surveyed state and provincial wildlife agency biologists responsible for wild turkey programs to determine the
status of the bird in their jurisdiction. Based on the survey, we describe the current distribution of wild turkeys
in North America. We report population estimates by subspecies, compare current occupied range to that of 5
years ago, compare hunter numbers and harvest numbers with figures from 1999, and report on the status of each
state’s or province’s restoration program. Wild turkey populations have increased between 1.2–1.4 million birds
in the past 5 years, and in 2004 were estimated to be between 6.6–6.9 million birds. The total annual harvest
increased by 24% to 920,012, which included 730,541 birds taken during the 2004 spring hunting season. The
number of turkey hunters increased 6% in the past 5 years to more than 2.8 million.

Proceedings of the National Wild Turkey Symposium 9:21–31
Key words: distribution, harvest, hunters, Meleagris gallopavo, populations, range, restoration, wild turkey.

Table 2. States with largest wild turkey populations, 2004.

State Population

Missouri 600,000–800,000
Texas 600,500
Alabama 450,000
Mississippi 395,784
Wisconsin 350,000�
Georgia 350,000
Pennsylvania 342,000
Tennessee 270,000–300,000
New York 250,000
California 244,000–246,000
Iowa 200,000
Kentucky 200,000
Michigan 180,000
Arkansas 175,000
Ohio 170,000
Virginia 145,000
Oklahoma 140,000
North Carolina 130,000
South Carolina 120,000
Illinois 120,000a

a Tapley et al. (2001a).

Table 1. Estimates of wild turkey populations by subspecies,
1999 and 2004.

Subspecies 1999a 2004

Eastern 4,213,862–4,231,862 5,131,384–5,389,384
Florida 80,000 80,000–100,000
Rio Grande 742,800 1,022,700–1,025,700
Merriam’s 242,300–246,300 334,460–344,460
Gould’s 350–500 650–800
Hybrid 181,100 116,600–117,800

Total 5,460,412–5,482,562 6,685,794–6,978,144

a Tapley et al. (2001a).

In 1941, there was serious doubt that the wild tur-
key would remain a game species in the United States
because populations were on the decline throughout
most of their range (Blakey 1941). Regional extirpa-
tion and severe population declines through habitat de-
struction and subsistence hunting caused some people
to wonder if the species could survive at all (Davis
1949). As tenant farms and harvested forests of the
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Table 3. Estimates of wild turkey populations by state and province, 1999 and 2004.

State/province Subspecies

Population estimate

1999a 2004
Percent
change

United States:
Alabama Eastern 350,000 450,000 �29
Arizona Merriam’s 20,000 20,000 0

Gould’s 150–300 500 N/Ab

Arkansas Eastern 153,000 175,000 �14
Hybrid 2,000 N/A N/A

California Eastern 100 N/A N/A
Rio Grande 600 242,000c �40,233
Merriam’s 400 2,000–4,000 N/A
Hybrid 100,200 N/A N/A

Colorado Rio Grande 4,000 2,000–3,000 N/A
Merriam’s 18,000 20,000–22,000 N/A

Connecticut Eastern 25,000–35,000 40,000 N/A
Delaware Eastern 3,000 3,500 �17
Florida Florida 80,000 80,000–100,000 N/A

Eastern 20,000 20,000–25,000 N/A
Georgia Eastern 400,000 350,000 �13
Hawaii Rio Grande 33,000 33,000a 0
Idaho Eastern 500 Unknown N/A

Rio Grande 3,000 500 �83
Merriam’s 21,000 30,000 �43
Hybrid 5,500 Unknown N/A

Illinois Eastern 120,000 120,000a 0
Indiana Eastern 70,000 90,000–100,000 N/A
Iowa Eastern 130,000 200,000 �54
Kansas Eastern 20,000 N/A N/A

Rio Grande 5,000 N/A N/A
Hybrid 40,000 N/A N/A

Kentucky Eastern 150,000 200,000 �33
Louisiana Eastern 65,000 75,000 �15
Maine Eastern 10,000 25,000� �150
Maryland Eastern 28,000–32,000 30,000–35,000 N/A
Massachusetts Eastern �15,000 25,000–28,000 N/A
Michigan Eastern 135,000 180,000 �33
Minnesota Eastern 35,000 60,000 �71
Mississippi Eastern 300,000 395,784 �32
Missouri Eastern 450,000 600,000–800,000 N/A
Montana Eastern �5,000 �5,000 0

Merriam’s 80,000 80,000 0
Nebraska Eastern 50 N/A N/A

Rio Grande �100 N/A N/A
Merriam’s 10,000 20,000 �100
Hybrid 25,000 60,000 �140

Nevada Rio Grande 3,500 1,200 �66
Merriam’s 100 60 �40

New Hampshire Eastern 15,000 28,000 �87
New Jersey Eastern 18,000–22,000 23,000 N/A
New Mexico Rio Grande 5,000 N/A N/A

Merriam’s 25,000 25,000–30,000 N/A
Gould’s 200 150–300 N/A
Hybrids 0 300–500 N/A

New York Eastern 250,000 250,000 0
North Carolina Eastern 100,000 130,000 �30
North Dakota Eastern 10,000 10,000a 0

Merriam’s 1,200 1,200a 0
Hybrid 800 800a 0

Ohio Eastern 146,000 170,000 �16
Oklahoma Eastern 15,000 30,000 �100

Rio Grande 70,000 110,000 �57
Oregon Rio Grande 25,000 25,000–27,000 N/A

Merriam’s N/A N/A N/A
Hybrid 2,000 2,000–3,000 N/A

Pennsylvania Eastern �300,000 342,000 �14
Rhode Island Eastern 4,000 6,000 �50
South Carolina Eastern 100,000 120,000 �20
South Dakota Eastern 2,000 2,000 0

Rio Grande 2,000 2,000a 0
Merriam’s 36,000 20,000 �44
Hybrid 1,000 30,000 �2,900

Tennessee Eastern 160,000 270,000–300,000 N/A
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Table 3. Continued.

State/province Subspecies

Population estimate

1999a 2004
Percent
change

Texas Eastern 5,012 15,000 �199
Rio Grande 573,500 585,000 �2
Merriam’s 500 500 0

Utah Rio Grande 5,500 15,000 �173
Merriam’s 2,500 3,500 �40

Vermont Eastern 30,000 35,000–40,000 N/A
Virginia Eastern 127,000 145,000 �14
Washington Eastern 3,000 1,000 �67

Rio Grande 12,000 5,000 �58
Merriam’s 15,000 40,000 �167

West Virginia Eastern 120,000 105,000 �13
Wisconsin Eastern 300,000� 350,000� �17
Wyoming Rio Grande 600 2,000 �233

Merriam’s 10,000–12,000 67,000 N/A
Hybrid 1,000 16,500 �1,550

Canada:
Alberta Merriam’s 600 1,200 �100
Brit. Columbia Merriam’s 2,000–4,000 4,000–5,000 N/A
Manitoba Hybrid 3,500 7,000 �100
Nova Scotia Eastern �100d 0 0
Ontario Eastern 24,000 55,000 �129
Quebec Eastern �100 100 0
Saskatchewan Hybrid �100 Unknown N/A

Total 5,460,412–5,482,562 6,685,794–6,978,144

a Tapley et al. (2001a).
b N/A � not available.
c California Department of Fish and Game stated as Rio Grande turkeys that may contain some hybrids.
d Pen-raised birds, from personal communication with Nova Scotia Department of Natural Resources 2003.

1930s began to revert back to suitable habitat, the
stage was set for the comeback of the wild turkey
(Kennamer et al. 1992). Mosby (1959) reported the
first indication of positive change since the early 1940s
at the First National Wild Turkey Symposium.

Wild turkey trap and transfer programs initiated by
state wildlife agencies in the 1950s have increased
populations and occupied range substantially in areas
where wild turkeys had been extirpated, and they es-
tablished huntable populations in several states and
Canadian provinces (Mosby 1959, 1973, 1975; Bailey
1980; Kennamer 1986). During the past 50 years, state
and provincial restoration programs have been largely
responsible for the reestablishment and expansion of
the species in North America. Wild turkeys now occur
in all states, except Alaska. Six of 13 Canadian prov-
inces also have wild turkey populations.

Here we describe the current distribution of birds
in the United States and Canada. We report estimates
of wild turkey populations of each subspecies and their
current range, and compare these to that of 5 years
ago. We also report hunter numbers and harvest num-
bers for the fall of 2003 and the spring of 2004, and
document the status of each state or province’s resto-
ration program.

METHODS
Questionnaires were sent out during the fall of

2004 to members of the National Wild Turkey Fed-
eration (NWTF) Technical Committee, which is com-
posed of state and provincial wildlife biologists re-

sponsible for the wild turkey programs in their re-
spective states and provinces. A state map delineated
with county lines was provided to Technical Commit-
tee members to outline wild turkey range and densities
to the county level. Surveys also were sent to the wild-
life agencies of the Canadian provinces and Central
American countries not represented on the Technical
Committee including Alberta, British Columbia, Man-
itoba, New Brunswick, Nova Scotia, Quebec, Sas-
katchewan, Belize, Guatemala, and Mexico. Some data
were obtained from Alberta, British Columbia, Mani-
toba, Nova Scotia, Quebec, Saskatchewan, and Mexico
(range map). However, data from New Brunswick was
unavailable. We were unable to obtain consistent and
accurate data on the Rio Grande (M. g. intermedia)
and Gould’s (M. g. mexicana) populations of wild tur-
keys in Mexico and the Ocellated turkey (M. ocellata)
in Belize and Guatemala, so information from Central
America is not included in the text or tables. However,
an approximate range map for Central America is in-
cluded.

Population and range estimates provided here were
based on the most accurate information available at
the time of the survey. Variation existed among states
and provinces in the methods used to collect popula-
tion data and identify range. Some of this variation
was evident in inconsistencies in range estimates
across state boundaries. However, we believe the pop-
ulation and range estimates are the best available given
the technical limitations of estimating wild turkey den-
sities and range.
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Fig. 1. Distribution range of the wild turkey by subspecies.

RESULTS
Population Estimates by Subspecies

The eastern wild turkey subspecies (M. g. silves-
tris) is the most common and is estimated between
5.1–5.3 million, an increase of approximately 1 million
birds from 1999 to 2004 (Table 1). The Rio Grande
subspecies is estimated to number over 1 million birds,
and the Merriam’s (M. g. merriami) more than
334,000. The Florida subspecies (M. g. osceola) is es-
timated to number more than 80,000 birds, and the
Gould’s over 650. Some states delineated hybrid pop-
ulations, and these are estimated at more than 116,000
birds.

Missouri had the largest wild turkey population
with approximately 600,000 to 800,000 birds. Texas
followed with a population of 600,500 birds, followed
in descending order by Alabama, 450,000; Mississippi,
395,784; Wisconsin, 350,000�; Georgia, 350,000; and
Pennsylvania, 342,000 (Table 2). Nevada (1,260) and
Delaware (3,500) had the lowest population estimates
in the United States (Table 3).

Distribution

Wild turkeys now range throughout much of North
America (Figure 1). More than 3,041,009 km2 of hab-
itat was inhabited by wild turkeys (Table 4) in 2004
as compared to 2,349,764 km2 in 1999 (Tapley et al.
2001a). About 20,195 km2 of suitable habitat is cur-
rently being stocked. Ohio (7,770 km2) contained the
largest yet unoccupied habitat followed by Arizona,
South Dakota, and Ontario all with (2,590 km2).

Restoration

The status of 2004 restoration programs indicated
that 5 states (Maine, Nevada, Oregon, South Dakota,
and Wyoming) and Ontario finished in 2005, and 1
state (Minnesota) will finish within the next 5 years
(Table 5). Alabama plans to do follow up stocking
until 2010, and Arizona’s Gould’s restoration should
be completed in 2010. Four states (Colorado, Hawaii,
South Carolina, and Utah) listed completion dates as
unknown.
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Table 4. Estimated occupied range by wild turkeys, 1999 and 2004, and range remaining to be stocked.

State/province

1999a

km2 mi2

2004

km2 mi2

Area to be stocked

km2 mi2

United States:
Alabama 98,420 38,000 101,010 39,000 259 100
Arizona 21,238 11,624b 30,754 11,874b 2,590 1,000
Arkansas 113,313 43,750 89,031 34,375 0 0
California 19,425 7,500 75,545 29,168 N/Ac N/A
Colorado 45,714 17,650 49,210 19,000 N/A N/A
Connecticut 9,466 3,655 9,420 3,637 0 0
Delaware 2,072 800 3,885 1,500 0 0
Florida 64,750 25,000 101,010 39,000 0 0
Georgia 93,240 36,000 102,587 39,609 0 0
Hawaii 4,271 1,649 4,271a 1,649a 0 0
Idaho 33,670 13,000 38,721 14,950 0 0
Illinois 20,202 7,800 N/A N/A N/A N/A
Indiana 75,520 28,000 93,240 36,000 0 0
Iowa 8,904 3,438 9,992 3,858 0 0
Kansas N/A N/A N/A N/A N/A N/A
Kentucky 101,010 39,000 78,032 30,128 0 0
Louisiana 55,685 21,500 45,765 17,670 N/A N/A
Maine 13,675 5,280 18,907 7,300 Unknown Unknown
Maryland 9,065 3,500 14,245 5,500 0 0
Massachusetts 12,497 4,825 12,497 4,825 0 0
Michigan 110,171 42,537 115,359 44,540 0 0
Minnesota 113,960 44,000 113,960 44,000 N/A N/A
Mississippi 75,110 29,000 112,898 43,590 0 0
Missouri N/A N/A 55,716 21,512 N/A N/A
Montana 64,750 25,000 56,980 22,000 No estimate No estimate
Nebraska 26 10 197,410 76,220 0 0
Nevada 427 165 2,598 1,003 648 250
New Hampshire 20,720 8,000 22,015 8,500 0 0
New Jersey 5,957 2,300 5,957 2,300 N/A N/A
New Mexico 78,658 30,370 93,240 36,000 Unknown Unknown
New York N/A N/A 124,320 48,000 N/A N/A
North Carolina 93,240 36,000 80,290 31,000 130 �50
North Dakota 19,684 7,600 10,231 3,950 0 0
Ohio 50,647 19,555 58,275 22,500 7,770 3,000
Oklahoma Unknown Unknown N/A N/A 0 0
Oregon 61,124 23,600 89,233 34,453 N/A N/A
Pennsylvania 67,962 26,240 117,332 45,302 0 0
Rhode Island 1,295 500 1,295 500 N/A N/A
South Carolina 47,915 18,500 48,174 18,600 1,036 �400
South Dakota 27,713 10,700 54,779 21,150 2,590 1,000
Tennessee 98,420 38,000 103,600 40,000 0 0
Texas 337,995 130,500 385,825 148,967 0 0
Utah Unknown Unknown N/A N/A N/A N/A
Vermont 18,130 7,000 22,015 8,500 0 0
Virginia 62,160 24,000 64,623 24,951 0 0
Washington Unknown Unknown N/A N/A N/A N/A
West Virginia 59,283 22,889 62,937 24,300 0 0
Wisconsin 90,650 35,000 N/A N/A N/A N/A
Wyoming 10,360 4,000 42,872 16,553 2,582 997

Canada:
Alberta 1,900 734 1,813 700 N/A N/A
Brit. Columbia Unknown Unknown N/A N/A N/A N/A
Manitoba Unknown Unknown 31,080 12,000 N/A N/A
Nova Scotia N/A N/A N/A N/A N/A N/A
Ontario 29,340 11,328 88,060 34,000 2,590 1,000
Quebec Unknown Unknown N/A N/A N/A N/A
Saskatchewan 30 10 N/A N/A N/A N/A

Total 2,349,764d 909,509d 3,041,009 1,174,134 20,195 7,797

a Tapley et al. (2001a).
b Includes White Mountain Apache Reservation.
c N/A � not available.
d Total occupied range corrected after publication of 8th National Wild Turkey Symposium.
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Table 5. Status of wild turkey restoration programs by state and province, 2004.

State/province Year begun
Year ended/

expected completion
No. release
sites to date

No. birds
moved to date Source of birds

United States:
Alabama 1943 follow ups until 2010 133 1,891 In state
Arizona 1939 Merriam’s 1993a N/Ab 633 In state

1983 Gould’s 2010 25 310 In state and Mexico
Arkansas 1932 Game farm stock faileda

1950a 2003 450 7,200 In state and Mississippi, Missouri,
North Dakota, Texas

California 1928 Game farm stock faileda

1959 2001 300 5,000c In state and Idaho, Kansas, South
Dakota, Washington, Wyoming

Colorado 1980 Unknown 55 2,700� In state and Kansas, Oklahoma, Texas
Connecticut 1975 1992 14 356 In state and New York
Delaware 1984 1999 12 300 New Jersey, New York, Pennsylvania,

South Carolina, Vermont, Virginia
Florida 1949 1969 3� 6,185 In state
Georgia 1973 1996 400� 4,845� In state
Hawaii Unknown Unknown 2 50 In state
Idaho 1925 1946 Game farm stock faileda

1961 2001–2002 205 5,074 In state and British Columbia,
California, Colorado, Kansas, New
Brunswick, New Mexico,
Pennsylvania, Oklahoma, Oregon,
South Dakota, Texas, Washington,
Wyoming

Illinois 1958 2000 273 4,669 In state and Arkansas, Iowa,
Mississippi, Missouri, New Jersey,
West Virginia

Indiana 1956 1999 185 2,795 In state and Illinois, Iowa, Kentucky,
Missouri

Iowa 1966 1990 260 3,583 In state and Missouri, North Dakota
Kansas 1962 1990a 105 (counties) 235 In state and Missouri, Oklahoma, Texas
Kentucky 1978 1997 433 6,785 In state and Arkansas, Florida, Illinois,

Iowa, Mississippi, Missouri,
Pennsylvania, South Carolina,
Tennessee, Virginia, Wisconsin

Louisiana 1962 2002 230 3,814 In state and Alabama, Arkansas,
Connecticut, Florida, Iowa,
Mississippi, Missouri, South
Carolina, Wisconsin

Maine 1977 2005 55 862 In state and Connecticut, Vermont
Maryland 1966 1997 71 1,306 In state and Florida, Pennsylvania,

South Carolina, Virginia
Massachusetts 1972 1996 27 598 In state and New York
Michigan 1954 2000–2001 135 4,248d In and out of state
Minnesota 1926 Game farm stock failed

1976 2007 190 4,300 In state and Arkansas, Illinois,
Missouri, New York, Oklahoma,
Wisconsin

Mississippi 1934 Game farm stocked failed
1940 2000 272 2,948 In state

Missouri 1954 1979 91 2,400 In state
Montana 1950s 91 2,686 In state
Nebraska 1959 Late 1980s 120 1,700 In state and South Dakota, Texas,

Wyoming
Nevada 1962 1963 Arizona and South Dakota

1986 2005 18� 1,531� In state and California, Idaho, Texas
New Hampshire 1969 1970 West Virginia stock failed

1975 1995 16 344 In state and New York, West Virginia
New Jersey 1977 2000 41� 1,600 Alabama, Arkansas, Georgia, New

York, South Carolina, Vermont
New Mexico late 1920s,

early 1930s
82� 1,465� In state and Oklahoma, Texas

New York 1960 1994 Unknown 1,400 In state
North Carolina 1970 2000 350 6,000 In state and Alabama, Arkansas,

Connecticut, Iowa, Michigan,
Pennsylvania, South Carolina,
Virginia, West Virginia, Wisconsin

North Dakota Birds are only trapped in problem
areas and moved for nuisance
controla
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Table 5. Continued.

State/province Year begun
Year ended/

expected completion
No. release
sites to date

No. birds
moved to date Source of birds

Ohio 1956/2000e 1997 238 4,804 In state and Alabama, Arkansas,
Florida, Kentucky, Missouri, Texas,
West Virginia

Oklahoma 1956 1997 1,000 10,000 In state and Arkansas, Missouri, Texas
Oregon 1920sa 1930sa Game farm stock faileda

1961 2005 584 9,634 In state and Arizona, California,
Colorado, Kansas, Montana,
Nebraska, New Mexico, Oklahoma,
Texas

Pennsylvania 1956 2003 47 3,573 In state
Rhode Island 1980 1998 7 137 New York, Pennsylvania, Vermont
South Carolina 1951 1958a Unknown 328 In state

1976 Unknown 205 3,562 In state
South Dakota 1948 1970sMf/

60sRGg/
2005Eh

200 2,000 In state and Colorado, Iowa, Kentucky,
Missouri, New Mexico, Oklahoma,
Texas

Tennessee 1935 1949 Game farm stock failed
1951 2000 682 31,220 In state and Florida, Missouri

Texas 1924
1979

1996c

1999g

Unknown
319g

Unknown
7,091g

In state and Alabama, Connecticut,
Florida, Georgia, Iowa, Louisiana,
Mississippi, Missouri, Oklahoma,
South Carolina, Wisconsin, West
Virginia

Utah 1925/1952a Unknown In state and out of statea

1989 Unknown 52 N/A In state and Colorado, Kansas,
Oklahoma, South Dakota, Texas,
Utah, Wyoming

Vermont 1969 1994 18 620 New York
Virginia 1929 Game farm stock failed

1955 1993 25 925 In state
Washington 1960 1964 N/A N/A Arizona, Colorado, New Mexico

1984 1990a 125–150 3,000 In state and Iowa, Missouri, Oklahoma,
Pennsylvania, South Dakota, Texas

West Virginia 1950 1989 62 2,278 In state
Wisconsin 1976 1993a 80–100 4,364� In state and Missouri
Wyoming 1935 2005 70 5,000 In state and New Mexico, Oklahoma,

Texas

Canada:
Ontario 1984 2005 275 4,400 In province and Iowa, Michigan,

Missouri, New Jersey, New York,
Tennessee, Vermont

a Kennamer and Kennamer (1996).
b N/A � not available.
c Since 1959.
d Since 1983.
e Reopened to fill in 10 western counties.
f Merriam’s subspecies.
g Rio Grande subspecies.
h Eastern subspecies.

Harvest

The 2004 harvest was estimated to be more than
730,000 birds in the spring and over 189,000 in the
fall (Table 6). The total harvest of 920,012 birds rep-
resented a 24% increase from 1999. During the spring,
Missouri accounted for the largest harvest with 60,744
birds taken, followed by Alabama with 57,100. Alberta
and Hawaii recorded the lowest harvest with 15 and
56 birds, respectively. Between 1999 and 2004, the
spring harvest increased for 39 states and 2 provinces,
and decreased for 8 states. Maine had the highest
spring harvest increase (444%).

Forty-two states held a fall season in 2003. The
largest fall harvests occurred in Texas with 36,000
birds and Pennsylvania with 31,100 birds taken. Mas-

sachusetts and Nevada recorded the smallest harvests
with 111 and 31, respectively. Between 1999 and
2004, the fall harvest increased in 27 states and de-
creased in 9 states. Idaho had the largest increase
(1,820%). Maine and North Carolina were the latest
states to institute fall seasons between 1999 and 2004,
leaving 7 states and 3 provinces that had spring sea-
sons with no fall seasons.

Hunter Numbers

The total number of wild turkey hunters during the
fall 2003 and spring 2004 hunting seasons were esti-
mated to number 2.8 million compared to 2.6 million
in 1999. This is a 6% increase (Table 7).

Spring 2004 hunters totaled 2,019,090 with Penn-
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Table 6. Number of wild turkeys harvested in spring and fall hunting seasons by state and province, 1998–1999 and 2003–2004.

State/province

1998–1999a

Fall (1998) Spring (1999) Total

2003–2004

Fall (2003) Spring (2004) Total

Percent change

Fall Spring Total

United States:
Alabama 5,100b 51,800c 56,900 5,500d 57,100e 62,600 �8 �10 �10
Arizona 516 760 1,276 893 811 1,704 �73 �7 �34
Arkansas 199 15,571 15,770 1,316 16,993 18,309 �561 �9 �16
California 5,165 5,798 10,963 5,823 19,125e 24,948 �13 �230 �128
Colorado 539 1,445 1,984 690 1,960e 2,650 �28 �36 �34
Connecticut 148 1,910 2,058 134 2,081 2,215 �9 �9 �8
Delaware NSf 99 99 NS 108 108 NS �9 �9
Florida 12,112b 23,419c 35,531 3,850d 15,500e 19,350 �68 �34 �46
Georgia NS 29,168 29,168 NS 24,000 24,000 NS �18 �18
Hawaii 156 317 473 N/Ag 56 56 N/A �82 �88
Idaho 100 5,500 5,600 1,920 4,310e 6,230 �1,820 �22 �11
Illinois 1,502 10,076 11,578 N/A N/A N/A N/A N/A N/A
Indiana NS 6,548 6,548 NS 10,765 10,765 NS �64 �64
Iowa 3,468 18,290 21,758 8,559 25,504 34,063 �147 �39 �57
Kansas 1,755b 16,954c 18,709 5,468d 29,868h 35,336 �212 �76 �89
Kentucky 1,725 17,500c 19,225 2,781 26,963 29,744 �61 �54 �55
Louisiana NS 4,000c 4,000 NS 9,000e 9,000 NS �125 �125
Maine NS 890 890 246 4,839 5,085 N/A �444 �471
Maryland 300 2,650 2,950 163 2,760 2,923 �46 �4 �1
Massachusetts 270 2,363 2,633 111 2,068 2,179 �59 �12 �17
Michigan 6,427 24,973 31,400 5,000 37,580 42,580 �22 �50 �36
Minnesota 828 5,132 5,960 889 8,434 9,323 �7 �64 �56
Mississippi 791 32,017c 32,808 1,827d 40,125e 41,952 �131 �25 �28
Missouri 15,343 50,299 65,642 13,249 60,744 73,993 �14 �21 �13
Montana 1,350 1,100 2,450 N/A N/A N/A N/A N/A N/A
Nebraska 3,020 6,200 9,220 3,300 12,860 16,160 �9 �107 �75
Nevada 25 120 145 31 93 124 �24 �23 �14
New Hampshire 200 1,500 1,700 270 2,700 2,970 �35 �80 �75
New Jersey 157 2,560 2,717 179 3,073 3,252 �14 �20 �20
New Mexico 157 1,216 1,373 149 663 812 �5 �45 �41
New York 15,000 25,000 40,000 15,800 26,300 42,100 �5 �5 �5
North Carolina NS 5,340 5,340 181 8,846 9,027 N/A �66 �69
North Dakota 2,114 1,173 3,287 4,410 2,532 6,942 �109 �116 �111
Ohio 1,250 14,419 15,669 2,060 16,927 18,987 �65 �17 �21
Oklahoma 4,800 20,000 24,800 7,000 40,000 47,000 �46 �100 �90
Oregon 113 2,621c 2,734 755 4,093e 4,848 �568 �56 �77
Pennsylvania 33,628 36,900 70,528 31,100 41,000 72,100 �8 �11 �2
Rhode Island NS 147 147 NS 220 220 NS �50 �50
South Carolina NS 11,261 11,261 NS 12,950 12,950 NS �15 �15
South Dakota 2,730 3,675 6,405 3,200 5,500 8,700 �17 �50 �36
Tennessee 450 16,511 16,961 2,393 33,560 35,953 �432 �103 �112
Texas 33,369 24,706 58,075 36,000 27,100 63,100 �8 �10 �9
Utah NS 400 400 NS 703 703 NS �76 �76
Vermont 538 3,126 3,664 1,049 3,925 4,974 �95 �26 �36
Virginia 8,802 12,762 21,564 6,556 14,338 20,894 �26 �12 �3
Washington N/A 973 973 630 3,837 4,467 N/A �294 �359
West Virginia 1,678 11,175 12,853 1,841 10,519 12,360 �10 �6 �4
Wisconsin 9,000 30,000 39,000 12,466 47,477 59,943 �39 �58 �54
Wyoming 720 1,420 2,140 1,682 2,370e 4,052 �134 �67 �89

Canada:
Alberta NS 9 9 NS 15e 15 NS �67 �67
Brit. Columbia NS 100 100 NS N/A N/A NS N/A NS
Manitoba 50 250 300 N/A N/A N/A N/A N/A N/A
Ontario NS 1,934 1,934 NS 8,246 8,246 NS �326 �326

Total 175,595 564,077 739,672 189,471 730,541 920,012 �8 �30 �24

a Tapley et al. (2001b).
b Fall of 1997.
c Spring of 1998.
d Fall of 2002.
e Spring of 2003.
f NS � no season.
g N/A � not available.
h Spring of 2002.
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Table 7. Number of wild turkey hunters by state and province, 1998–1999 and 2003–2004.

State/province

1998–1999a

Fall (1998) Spring (1999) Totalb

2003–2004

Fall (2003) Spring (2004) Totalb

Percent change

Fall Spring Totalb

United States:
Alabama 5,100 51,800 56,900 5,500c 59,800d 65,300 �8 �15 �15
Arizona 4,225 4,700 8,925 4,750 5,300 10,050 �12 �13 �13
Arkansas N/Ae 65,000 65,000 N/A 75,000 75,000 N/A �15 �15
California 7,637 11,270 18,907 11,892 24,949 36,841 �56 �121 �95
Colorado 2,025 6,550 8,575 1,150 10,300d 11,450 �43 �57 �34
Connecticut 3,750 6,700 10,450 3,300 7,600 10,900 �12 �13 �4
Delaware NSf 1,125 1,125 NS 1,300 1,300 NS �16 �16
Florida 25,276 29,316 54,592 N/A 23,600d 23,600 N/A �19 �57
Georgia NS 40,510 40,510 NS 36,800 36,800 NS �9 �9
Hawaii N/A 350 350 500 200 700 N/A �43 �100
Idaho 450 13,000 13,450 4,584 18,232 22,816 �919 �40 �70
Illinois 17,850 40,600 58,450 N/A N/A N/A N/A N/A N/A
Indiana NS 25,581 25,581 NS 40,350 40,350 NS �58 �58
Iowa 9,000 48,000 57,000 13,566 50,846 64,412 �51 �6 �13
Kansas 4,700 23,000 27,700 6,700 53,000 59,700 �43 �130 �116
Kentucky 8,050 55,000 63,050 22,375 87,614 109,989 �178 �59 �74
Louisiana NS 13,140 13,140 NS 26,500 26,500 NS �102 �102
Maine NS 3,700 3,700 2,000 15,600 17,600 N/A �322 �376
Maryland 5,000 17,000 22,000 3,660 13,300 16,960 �27 �22 �23
Massachusetts 12,787 13,712 26,499 14,230 13,912 28,142 �11 �1 �6
Michigan 28,925 66,790 95,715 20,100 111,000 131,100 �31 �66 �37
Minnesota 2,750 16,600 19,350 2,977 27,600 30,577 �8 �66 �58
Mississippi 2,500 46,000 48,500 3,778 46,640 50,418 �51 �1 �4
Missouri 32,593 109,663 142,256 30,500 140,000 170,500 �6 �28 �20
Montana 3,500 2,500 6,000 9,942 10,418 20,360 �184 �317 �239
Nebraska 5,370 14,000 19,370 7,500 24,000 31,500 �40 �71 �63
Nevada 50 210 260 116 308 424 �132 �47 �63
New Hampshire 3,300 10,900 14,200 6,700 17,755 24,455 �103 �63 �72
New Jersey 2,500 13,750 16,250 3,100 11,550 14,650 �24 �16 �10
New Mexico 752 6,957 7,709 1,200 12,000 13,200 �60 �72 �71
New York 96,000 105,000 201,000 80,000 100,000 180,000 �17 �5 �10
North Carolina NS N/A N/A N/A 42,000 42,000 N/A N/A N/A
North Dakota 3,141 1,835 4,976 6,886 4,497 11,383 �119 �145 �129
Ohio 9,000 55,000 64,000 26,484 68,975 95,459 �194 �25 �49
Oklahoma 16,500 48,000 64,500 28,000 78,000 106,000 �70 �63 �64
Oregon 366 10,263 10,629 2,675 14,700 17,375 �631 �43 �63
Pennsylvania 249,937 233,287 483,224 211,965 246,821d 458,786 �15 �6 �5
Rhode Island NS 1,100 1,100 NS 1,600 1,600 NS �45 �45
South Carolina NS 37,000 37,000 NS 47,674 47,674 NS �29 �29
South Dakota 3,550 9,100 12,650 4,200 12,200 16,400 �18 �34 �30
Tennessee 4,010 53,500 57,510 15,650 95,258 110,908 �290 �78 �93
Texas 83,171 121,840 205,011 94,118 64,391 158,509 �13 �47 �23
Utah NS 3,830 3,830 NS 1,324 1,324 NS �65 �65
Vermont 1,900 9,500 11,400 16,300 14,000 30,300 �758 �47 �166
Virginia 86,005 68,824 154,829 64,000 61,000 125,000 �26 �11 �19
Washington 150 7,500 7,650 2,000 15,800 17,800 �1,233 �111 �133
West Virginia 32,000 140,000 172,000 N/A N/A N/A N/A N/A N/A
Wisconsin 80,300 132,000 212,300 76,630 158,600 235,230 �5 �20 �11
Wyoming 1,200 2,595 3,795 2,313 4,831c 7,144 �93 �86 �88

Canada:
Alberta NS 50 50 NS 45 45 NS �10 �10
Brit. Columbia NS 225 225 NS N/A N/A NS N/A N/A
Manitoba N/A 450 450 200 700d 900 N/A �56 �100
Ontario NS 7,925 7,925 NS 21,200 21,200 NS �168 �168

Total 855,320 1,806,248 2,661,568 811,541 2,019,090 2,830,631 �5 �12 �6

a Tapley et al. (2001b).
b Total was sum of fall and spring hunters. This total overestimates number of hunters because hunters may participate in both seasons.
c Fall of 2002.
d Spring of 2003.
e N/A � not available.
f NS � no season.

sylvania (246,821) and Wisconsin (158,600) having
the most hunters. Alberta (45) and Hawaii (200) re-
ported the fewest hunters. Between 1999 and 2004,
spring hunter numbers increased for 37 states and 2

provinces, and decreased for 9 states and 1 province.
Maine had the largest increase (322%).

Fall turkey hunters numbered 811,541 for the fall
2003 hunting season. Pennsylvania and Texas reported
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the highest number of fall hunters, with 211,965 and
94,118, respectively. Nevada (116) and Manitoba
(200) had the fewest fall hunters. Between 1999 and
2004, fall turkey hunter numbers increased in 26 states
and decreased in 9 states. Washington had the largest
increase of 1,233%.

DISCUSSION

Since restoration began, the wild turkey has made
a remarkable comeback and has increased its numbers
to a population estimated between 6.6–6.9 million
birds. The 49 states with wild turkey populations all
have a spring season and 42 states have a fall season.
Maine and North Carolina instituted a fall season with-
in the past 5 years. Four of the 6 Canadian provinces
with wild turkeys also have a spring season and 1 has
a fall season.

In comparing 1999 population data to 2004 pop-
ulation data, the increase of between 1.2–1.4 million
(22–27%) wild turkeys in the past 5 years was similar
to the increase recorded for the previous 5-year period
between 1994 and 1999 (1.3 million). The overall oc-
cupied range increased 29% because of more wild tur-
keys being restored to unoccupied habitat, and existing
populations expanding normally into adjacent unoc-
cupied habitat. This large increase in occupied range
also was the result of better data collection in several
key states.

The total harvest also increased 24%, while the
total number of hunters only increased 6%. This 6%
increase in hunter numbers was considerably less than
the increase recorded during the previous 5-year pe-
riod (21%).

The turkey hunter of the 21st century is experienc-
ing rapidly expanding turkey populations, additional
occupied range, and increased overall harvest while
the growth in overall hunter numbers has slowed. It is
anticipated that these trends will continue for the fore-
seeable future as wild turkeys continue to fill unoc-
cupied habitat and expand into marginal habitats.

ACKNOWLEDGMENTS

We sincerely thank the following members of the
NWTF Technical Committee who provided the re-
spective state/province information: R. Eakes and S.
Barnett, Alabama; B. Wakeling, Arizona; B. McAnally
and B. Carner, Arkansas; T. Blakenship and S. Gard-
ner, California; E. Gorman, Colorado; H. Kilpatrick
and M. Gregonis, Connecticut; K. Reynolds, Delewa-
re; L. Perrin, Florida; B. Fletcher and H. Barnhill,
Georgia; J. Polhemus, Hawaii; D. Kemner, Idaho; S.
Backs and J. Olson, Indiana; T. Little and T. Gosselink,
Iowa; R. Applegate and M. Mitchner, Kansas; J. Lane,

Kentucky; F. Kimmel, Louisiana; P. Bozenhard and A.
Weik, Maine; B. Long, Maryland; J. Cardoza, Mas-
sachusetts; A. Stewart and D. Luukkonen, Michigan;
D. Kimmel and G. Nelson, Minnesota; R. Seiss and J.
Austin, Mississippi; J. Beringer and E. Gallagher, Mis-
souri; R. Northrup and D. Tribby, Montana; A. Harden
and K. Hams, Nebraska; C. Mortimore, Nevada; M.
Ellingwood and T. Walski, New Hampshire; T. Mc-
Bride, New Jersey; L. Kamees, New Mexico; B. San-
ford, New York; M. Seamster and S. Osborne, North
Carolina; S. Kohn, North Dakota; D. Swanson, Ohio;
R. Smith and J. Waymire, Oklahoma; D. Reid and M.
Malhiot, Ontario, Canada; S. Denney and D. Budeau,
Oregon; M. Casalena and B. Boyd, Pennsylvania; B.
Tefft, Rhode Island; D. Baumann, South Carolina; T.
Benzon, South Dakota; R. Huskey, Tennessee; S.
DeMaso and T. W. Schwertner, Texas; D. Mitchell,
Utah; D. Blodgett, Vermont; G. Norman, Virginia; M.
Cope, Washington; J. Pack and C. Taylor, West Vir-
ginia; A. Mezera, Wisconsin; J. Emmerich and B. Lan-
ka, Wyoming.

LITERATURE CITED

Bailey, R. W. 1980. The wild turkey status and outlook in 1979.
Proceedings of the National Wild Turkey Symposium 4:
1–9.

Blakey, H. L. 1941. Status and management of the eastern wild
turkey. American Wildlife 2:139–142.

Davis, H. E. 1949. The American wild turkey. Small-Arms Tech-
nical, Georgetown, South Carolina, USA.

Kennamer, J. E., editor. 1986. Guide to the American wild tur-
key. National Wild Turkey Federation, Edgefield, South
Carolina, USA.

, and M. C. Kennamer. 1996. Status and distribution of
the wild turkey in 1994. Proceedings of the National Wild
Turkey Symposium 7:203–211.

, , and R. Brenneman. 1992. History. Pages 6–17
in J. G. Dickson, editor. The wild turkey: biology and man-
agement. Stackpole Books, Mechanicsburg, Pennsylvania,
USA.

Mosby, H. S. 1959. General status of the wild turkey and its
management in the United States. Proceedings of the Na-
tional Wild Turkey Symposium 1:1–11.

. 1973. The changed status of the wild turkey over the
past three decades. Pages 71–76 in G. C. Sanderson and
H. C. Schultz, editors. Wild turkey management: current
problems and programs. The Missouri Chapter of the Wild-
life Society and University of Missouri Press, Columbia,
Missouri, USA.

. 1975. The status of the wild turkey in 1974. Proceedings
of the National Wild Turkey Symposium 3:22–26.

Tapley, J. L., R. K. Abernethy, and J. E. Kennamer. 2001a. Sta-
tus and distribution of the wild turkey in 1999. Proceedings
of the National Wild Turkey Symposium 8:15–22.

, W. M. Healy, R. K. Abernethy, and J. E. Kennamer.
2001b. Status of wild turkey hunting in North America.
Proceedings of the National Wild Turkey Symposium 8:
257–267.



Status of Wild Turkey in 2004 • Tapley et al. 31

Jennifer Tapley is currently a wildlife biologist for the National
Wild Turkey Federation. She earned a B.S. in wildlife and fish-
eries ecology and a minor in journalism from Oklahoma State
University. Robert Abernethey is currently the director for agen-
cy programs for the National Wild Turkey Federation. He earned
his B.S. in wildlife biology from North Carolina State University
and a M.S. in wetlands ecology from Louisiana State University.

James Earl Kennamer is currently the senior vice president for
conservation programs for the National Wild Turkey Federation.
He holds a B.S. in game management from Auburn University,
and M.S. and Ph.D. degrees in wildlife management from Mis-
sissippi State University.



 

 
 
 

 

This page has been  
intentionally left blank. 



33

THE USE OF
MOLECULAR MARKERS
IN WILD TURKEY
MANAGEMENT

Emily K. Latch1

Department of Forestry and Natural Resources,
715 W. State Street, Purdue University,

W. Lafayette, IN 47907, USA

Karen E. Mock
Department of Fisheries and Wildlife,

5230 Old Main Hill, Utah State University,
Logan, UT 84322, USA

Olin E. Rhodes, Jr.
Department of Forestry and Natural Resources,

195 Marstellar Street, Purdue University,
W. Lafayette, IN 47907, USA

Abstract: A variety of genetic markers now are available for use in the management and conservation of wildlife
species. In the wild turkey (Meleagris gallopavo), these markers have been used to address questions at levels
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Genetic markers have become a standard tool in
the management and conservation of wildlife species,
enabling scientists to address wildlife management
questions at levels of biological resolution that previ-
ously had been unattainable with traditional tech-
niques. When integrated with information from disci-
plines such as ecology, morphology, or paleontology,
genetic data allow us to better understand evolutionary
and demographic phenomema such as population
structure (Sarre 1995, Sinclair et al. 1996, Kyle et al.
2000), dispersal rates (Beheler 2001, Richardson et al.
2002, van Hooft et al. 2003, Zenger et al. 2003), pop-
ulation bottlenecks and range expansion (Rogers and
Harpending 1992, Rogers 1995, Luikart et al. 1998),
cryptic behavioral and social patterns (van Staaden et
al. 1996, DeWoody et al. 1998, Piertney et al. 1999,
Zenuto et al. 1999, Storz et al. 2001), parentage
(DeWoody et al. 2000, Beheler et al. 2003, Carew et
al. 2003, Sinclair et al. 2003, Stapley et al. 2003), hy-
bridization (Adams et al. 2003), taxonomic status
(Miththapala et al. 1996, Stephen et al. 2005a), and
individual identity (Cronin 1991, Guglich et al. 1994,
Boyd et al. 2001, Manel et al. 2002). It has become
apparent that the tools of modern molecular biology
hold great value for the field of wildlife management.

However, it also is clear that the selection of the most
appropriate class of genetic markers, both in terms of
inheritance patterns and rates of evolution, is important
if these tools are to be applied successfully at varying
scales of biological organization.

In the wild turkey, a number of different types of
molecular markers have been developed. These tools
have been used in a variety of different applications
to address management-oriented concerns at scales
ranging from the subspecies to the flock. Molecular
markers also have been used to investigate evolution-
ary relationships among subspecies and populations.
In this paper, we will provide a brief review of the
molecular tools that are available for use in wild tur-
keys, and summarize the management-related research
that has been or is being conducted using these tools.

MOLECULAR MARKERS AVAILABLE
FOR WILD TURKEYS

Allozymes

Allozymes are alternate (allelic) forms of nuclear
DNA-encoded enzymes. Mutations in the DNA se-

1 E-mail: latche@purdue.edu
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quence coding for an enzyme can induce changes in
its protein structure. These differences in protein struc-
ture are detectable by starch-gel electrophoresis, which
separates the enzyme alleles based on size, shape, and
electrical charge. Early studies of allozyme variation
among populations, beginning with a series of papers
in 1966, revealed a surprising amount of genetic var-
iability in natural populations (Harris 1966, Hubby and
Lewontin 1966, Johnson et al. 1966). Allozyme mark-
ers have proven to be useful for applications ranging
from characterizing broad-scale variation across a spe-
cies range to investigating local mating patterns
(Rhodes et al. 1993, Pope 1998, Lode 2001, Gabor
and Nice 2004). Analysis of allozyme markers is rel-
atively inexpensive, and the markers are codominant,
meaning that all variants at a locus can be visualized.
However, the utility of allozyme markers is limited by
low levels of polymorphism, resulting from the fact
that allozyme analysis detects only a subset of the total
variation (that which affects the migration of the en-
zyme through a gel). Most enzymes are not polymor-
phic (e.g., average of 23% polymorphism for 551 spe-
cies of vertebrates), and polymorphic loci rarely have
more than 3 alleles (Nevo et al. 1983). Thus, the rel-
atively low expense and ease of data collection often
are offset by the large number of allozyme loci typi-
cally needed to adequately assess genetic variability in
a sample. Additionally, because allozymes are ex-
pressed genes, they are subject to selection, and pat-
terns of population variation may not always reflect
the neutral processes assumed to drive divergence and
gene flow (Eanes 1999).

Twenty-eight allozyme loci have been optimized
for surveys of genetic diversity in wild turkeys (Stan-
gel et al. 1992). Although subsequent studies screened
all 28 loci, they typically found only 4–5 loci that
exhibited polymorphism among the groups of interest
(Leberg 1991, Leberg et al. 1994, Rhodes et al. 1995,
Boone and Rhodes 1996). Although turkeys exhibit
slightly fewer polymorphic loci than the average for
vertebrate species, they are well within the range of
values described for bird species (Nevo et al. 1983).
Despite reduced genetic variability in comparison to
DNA-based markers, allozymes are still valuable tools
for subspecies- and population-level applications in the
wild turkey (Leberg 1991, Stangel et al. 1992, Leberg
et al. 1994, Rhodes et al. 1995, Boone and Rhodes
1996).

DNA-based Markers

Nuclear DNA

In recent decades we have witnessed a shift from
protein-based (allozyme) to DNA-based marker sys-
tems for estimation of genetic parameters in wildlife
species. DNA-based markers not only reveal more ge-
netic variation than their allozyme predecessors, but
also allow investigators to choose among sets of loci
with different patterns of inheritance (nuclear versus
mitochondrial DNA) or evolutionary constraints (cod-
ing versus noncoding regions of the genome; Mitton

1994). Nuclear loci represent DNA inherited from both
parents, and therefore can be useful for questions fo-
cused at almost any biological scale, from establishing
relatedness among individuals to discernment of spe-
cies (Sinclair et al. 2003, Verma and Singh 2003, Wil-
liams et al. 2003a). In particular, highly polymorphic
nuclear markers, often associated with noncoding re-
gions of the genome, are essential for studies in which
individuals must be unambiguously identified (i.e.,
parentage studies or assignment of unknown individ-
uals to a population of origin; Anderson et al. 2002,
Manel et al. 2002, DeYoung et al. 2003). However, the
abundant polymorphisms that make highly variable
nuclear markers attractive for applications at the in-
dividual level can, in some cases, obscure patterns of
differentiation at higher taxonomic levels (e.g., spe-
cies; Hedrick 1999).

Microsatellites.—Nuclear microsatellites are short
segments of noncoding DNA (typically 2–4 base pairs
in length) which are tandemly repeated many times.
Microsatellite loci tend to mutate by adding and sub-
tracting these segments, so allelic variation is generally
in the form of length, which is easily detectable using
electrophoresis. Microsatellite length polymorphisms
can be abundant within and among populations, and it
is thought that slippage during DNA replication plays
a major role in generating length variation among al-
leles (Levinson and Gutman 1987, Jeffreys et al. 1991,
Schlötterer and Tautz 1992). Suites of highly poly-
morphic microsatellite loci can provide tremendous
discriminatory power, allowing for the unique identi-
fication of individuals within populations and the ex-
clusion of individuals as potential parents of offspring.
The highly polymorphic nature of microsatellite loci
also means that they can be prone to a phenomemon
termed homoplasy, where convergent mutations in dif-
ferent lineages have led to the same allele. Thus, al-
leles that are alike may not represent common ances-
try, resulting in inferred relationships among groups
that may not accurately represent evolutionary histo-
ries. The potentially confounding effects of homoplasy
often can be alleviated by analyzing many microsat-
ellite loci.

Microsatellite markers are relatively inexpensive
to analyze, and are available for countless species in
virtually every major taxonomic group. Furthermore,
microsatellites developed for one species often can be
used in related taxa (Frankham et al. 2002), further
reducing the time and expense of their development
for newly studied species.

Currently, 24 microsatellite loci have been opti-
mized for use in wild turkeys. Eighteen of these loci
originally were developed for domestic turkeys (Don-
oghue et al. 1999, Huang et al. 1999, Reed et al. 2000),
but proved to be polymorphic in wild turkeys with
modifications (Shen 1999, Latch 2004). The remaining
6 loci were developed by screening microsatellite re-
peats found in wild and domestic turkey DNA se-
quences (Latch et al. 2002). Robust subsets of these
24 loci have been used for numerous studies of wild
turkey ecology and taxonomy (Mock et al. 2001, 2002,
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2004; Latch 2004; Krakauer 2005; Latch and Rhodes
2005, 2006; Latch et al. 2006a,b). Numerous addition-
al microsatellite loci have been developed for domestic
turkeys but have not been thoroughly screened for
polymorphism in wild turkeys (e.g., Reed et al. 2000,
2002, 2003). Given the previous success of domestic
turkey markers in their wild relatives (Shen 1999,
Latch 2004, Krakauer 2005), this represents a potential
reservoir of microsatellite loci for future applications.
In the wild turkey, the utility of nuclear microsatellites
has been shown for elucidating genetic structure
among turkey populations and identifying individual
animals (i.e., Latch and Rhodes 2005, Latch et al.
2006b).

Amplified Fragment Length Polymorphisms
(AFLPs).—Amplified fragment length polymorphism
(AFLP) is another type of nuclear DNA-based marker
system available for rapid screening of genetic diver-
sity among individuals (Vos et al. 1995, Mueller and
Wolfenbarger 1999). AFLP polymorphisms result
from differences in restriction fragment lengths caused
by single base mutations, insertions, or deletions that
create or destroy restriction enzyme recognition sites.
AFLP methods involve the detection of these sites by
polymerase chain reaction (PCR) amplification and
electrophoresis. Because AFLP methods can generate
hundreds of genome-wide polymorphic markers with-
out any prior sequence knowledge, AFLPs can be a
powerful, low-cost tool for use in systematics and pop-
ulation genetics, as well as for generating ‘‘DNA fin-
gerprints’’ for individual identification and studies of
kinship (Escaravage et al. 1998, Mueller and Wolfen-
barger 1999, Whitehead et al. 2003). The primary lim-
itation associated with AFLP markers is that they are
a dominant marker system, requiring the assumption
of Hardy-Weinberg equilibrium for the estimation of
allele frequencies in populations. In addition, AFLP
profiles can be sensitive to varying laboratory condi-
tions, rendering them difficult to replicate over long
periods of time in different laboratories.

AFLP protocols have been optimized in wild tur-
key, and these markers have been used effectively to
resolve evolutionary relationships among subspecies
and to determine the subspecies of origin of a given
population (Mock et al. 2001, 2002). Because of the
large number of polymorphic AFLP loci in wild tur-
key, this marker system may also prove to be infor-
mative for fine-scale questions at the population, flock,
or individual level.

Mitochondrial DNA

In contrast to the nuclear genome, mitochondrial
DNA (mtDNA) is cytoplasmically inherited, and thus
is derived almost exclusively from maternal lineages.
Although the mtDNA of any individual can be unique,
the highly conserved nature of homologous functional
genes across a wide variety of organisms allows for
direct comparisons of mtDNA sequences at many dif-
ferent taxonomic scales. Thus, mitochondrial markers,
particularly those representing coding regions of the
genome, are particularly valuable for questions per-

taining to higher level systematics and phylogenetics
(Saetre et al. 2001, Abbott and Double 2003). Because
mitochondrial sequences are generally nonrecombin-
ing, molecular clocks can be used to estimate diver-
gence times of various taxa. In addition, because of
their mode of inheritance, mitochondrial markers as-
sociated with maternal lineages are also useful for
questions focused on population establishment, social
structure, and hybridization (Zink and Dittmann 1993,
Pilgrim et al. 1998, Boyce et al. 1999, Adams et al.
2003). However, despite relatively high levels of poly-
morphism at certain hypervariable regions of the mi-
tochondrial genome, mtDNA markers may not possess
sufficient variability for individual identification. This
low variability can be a major limitation for the use
of mtDNA markers in population-level studies.

Control Region.—The most variable portions in
the mitochondrial genome are within the control re-
gion (D-loop), a noncoding region. Control region se-
quences frequently are the mitochondrial marker of
choice for assessing patterns of genetic differentiation
below the species level. In many investigations, nucle-
ar markers are combined with control region data to
characterize differences in patterns of genetic differ-
entiation between the sexes (Scribner et al. 2001, John-
son et al. 2003, Zenger et al. 2003) and to provide a
temporal framework for phylogenetic reconstruction.
Two sets of PCR primers have been developed to am-
plify the control region in wild turkeys. One set am-
plifies a product of approximately 1,300 base pairs
(Mock et al. 2001, 2002), and the other set amplifies
a smaller product of about 500 base pairs (Latch 2004,
Latch et al. 2006b). In wild turkeys, control region
sequences exhibit substantial variability at the subspe-
cies and population levels. Questions concerning sex-
specific processes, such as sex-biased dispersal and in-
trogression, will benefit from the use of maternally in-
herited markers such as the control region (e.g., Latch
et al. 2006b).

Cytochrome b.—The mitochondrial cytochrome b
gene is a relatively large mitochondrial gene that codes
for a protein that has been well studied with respect
to structure and function (Howell and Gilbert 1988,
Tron et al. 1991, Crozier and Crozier 1992). This gene
as a whole evolves relatively slowly and therefore is
fairly conserved across taxonomic groups, although
the third codon positions within the gene can show
higher levels of polymorphism than first or second po-
sitions. Because of the conserved nature of this gene,
sequence polymorphisms at the DNA and amino acid
level often provide information at higher levels of bi-
ological organization (e.g., species, subspecies) than
might be achieved for more rapidly evolving markers
such as microsatellites. Although cytochrome b has
most often been used to describe genetic relationships
between subspecies, species, or genera, it may some-
times be suitable for analyses at lower levels of bio-
logical organization (i.e., among populations; Wenink
et al. 1993). Cytochrome b DNA amplification and
sequencing methods have been developed in wild tur-
keys, yielding high-quality sequence data from a 500
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base pair portion of the cytochrome b gene (Latch
2004, Latch et al. 2006a). Although there is not a sub-
stantial amount of diversity in this region, pilot studies
suggest that cytochrome b sequences may be practical
for comparisons among eastern (eastern [M. g. silves-
tris], Florida [M. g. osceola], and Rio Grande [M. g.
intermedia]) and western (Merriam’s [M. g. merriami]
and Gould’s [M. g. mexicano]) subspecies of the wild
turkey (Latch 2004).

APPLICATIONS IN WILD TURKEY
MANAGEMENT

Subspecies-level Applications

Subspecies Delineation in Naturally-occurring
Populations

Subspecies are taxonomic units thought to repre-
sent evolutionary lineages below the species level.
There is broad agreement among biologists that ge-
netic variation below the species level could be im-
portant for the evolutionary flexibility of the species
(Mitton and Grant 1984, Allendorf and Leary 1986).
In the wild turkey, subspecies designations coincide
with broad geographic/ecotypic regions and are pre-
sumed to represent units with some degree of common
ancestry and local adaptation, which has been
achieved over many thousands of years of evolution-
ary experience. Subspecies boundaries are an impor-
tant management concept, because translocations of
birds from one area to another may lead to the genetic
‘‘swamping’’ of locally adapted populations. Because
translocation is one of the most widely used manage-
ment practices for the wild turkey, understanding of
historical relationships among subspecies is critical to
the selection of appropriate source stock for translo-
cations.

Mock et al. (2002) used a combination of DNA-
based markers, both nuclear (AFLPs and microsatel-
lites) and mitochondrial (control region DNA sequenc-
es), to characterize historical patterns of genetic diver-
sity in relict wild turkey populations from each of the
5 recognized subspecies, and to assess the genetic va-
lidity of current subspecies designations (see range
map available at http://www.nwtf.org/images/range�
map�large.jpg or in Tapley et al. this volume). All 3
marker types showed less genetic diversity in the
Gould’s subspecies than in the other subspecies. Re-
lationships among subspecies suggested by AFLP and
control region data corroborated our understanding of
historical habitat continuity. Microsatellite data sug-
gested somewhat different evolutionary relationships
among the subspecies. Mock et al. (2002) suggested
that the relatively small number of microsatellite loci
and the weak statistical support for the groupings may
have led to the alternate pattern; however, adding 9
additional microsatellite loci and screening a subset of
the samples used in Mock et al. (2002) did not change
the inferred relationships among subspecies (Latch
2004). Differences in the evolutionary relationships
among groups inferred by different marker systems are

not uncommon. Marker-related phenomena such as ho-
moplasy can confound estimates of divergence times
and relationships among groups, particularly at higher
levels of biological organization. However, the inabil-
ity of microsatellite markers to correctly resolve evo-
lutionary relationships among wild turkey subspecies
does not preclude their use at the subspecies level for
classification purposes (see Subspecies identification
and hybridization in translocated populations section
below).

Latch (2004) performed a preliminary assessment
of the utility of cytochrome b gene sequences for re-
creating the evolutionary relationships among wild tur-
key subspecies. These data indicate that although the
differences between eastern (eastern, Florida, and Rio
Grande) and western turkeys (Merriam’s and Gould’s)
are substantial, the relatively slow rate of evolution
within the cytochrome b gene has resulted in little or
no structuring among subspecies within these broad
regional groups.

Subspecies Identification and Hybridization in
Translocated Populations

Although translocations have been a critical com-
ponent of the successful restoration and expansion of
wild turkey in North America (Kennamer and Ken-
namer 1996), the genetic implications of these trans-
locations are poorly understood. Programs to reintro-
duce turkeys into previously occupied habitats, or to
introduce them outside their historical range, often
have not considered traditional species or subspecies
ranges. Such programs threaten to disrupt historical
patterns of genetic diversity and gene flow, which po-
tentially could lead to irretrievable loss of genetic rec-
ords of populations (Avise 2004), increased homoge-
nization of subspecies and the loss of unique, locally
adapted forms, not to mention forced extinctions of
native populations (Avise 2004). Furthermore, some of
these programs have led to situations in which multiple
subspecies or variants now co-occur in regions where
no such associations historically existed. Such situa-
tions have immediate implications for local hybridiza-
tion between subspecies, and also mean that the best
source stock for a translocation may no longer be that
which is geographically closest. Before evolutionarily
significant trajectories within the subspecies are com-
pletely eroded by human-mediated movements, it is
important to understand their historical and contem-
porary distributions as well as the underlying genetic
basis for differentiation among them.

DNA-based markers, including microsatellites,
AFLPs, and mitochondrial control region sequences,
can be used to determine the origin of an individual
bird that has been translocated or that has migrated
from one region to another (Paetkau et al. 1995, Ran-
nala and Mountain 1997, Cornuet et al. 1999, Pritchard
et al. 2000). Microsatellites are particularly promising
for this application, because of their high level of poly-
morphism, their codominance, and the replicability of
data within and among laboratories.

In southeastern Arizona, wild turkey managers
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were concerned that efforts to reintroduce the Gould’s
subspecies into its historical range had been impeded
by previous reintroductions of Merriam’s turkeys into
the area. Mock et al. (2001) used molecular markers
to determine whether the turkeys currently inhabiting
the Huachuca Mountains in southeastern Arizona were
descended from the Gould’s turkeys translocated there
in the 1980s, or if interbreeding had occurred with
descendents of Merriam’s turkeys introduced to the
area in 1950. Given the utility of these markers for
distinguishing wild turkey subspecies (i.e., Mock et al.
2002), the authors used a combination of AFLPs, mi-
crosatellites, and control region sequences. They found
that turkeys in the Huachuca Mountains consistently
grouped with reference individuals from the Gould’s
subspecies (from Mexico) rather than with reference
Merriam’s turkeys from central Arizona (Mock et al.
2001). Thus, these data strongly indicated that the wild
turkey population in the Huachuca Mountains was de-
scended from the translocations of Gould’s turkeys
made in the 1980s, and showed no evidence of inter-
breeding with the Merriam’s subspecies. Each of these
3 markers performed extremely well in this study, pro-
viding managers with several cost-efficient methods
for distinguishing Merriam’s and Gould’s subspecies.

In Kansas, extensive translocation efforts have
confounded subspecies distributions throughout the
state. Today, 3 subspecies of wild turkey are believed
to co-occur in Kansas—eastern, Rio Grande, and Mer-
riam’s. Given the likely disruption of historical sub-
species structure within the state, and the inability of
morphological methods to unambiguously resolve the
subspecific status of turkeys, DNA-based methods
were used to address these concerns. Microsatellites
(Latch et al. 2006a) and control region and cyto-
chrome b sequences (Latch 2004) were employed to
characterize the genetic variability of wild turkey pop-
ulations throughout Kansas, in an effort to clarify the
current distribution of pure and mixed turkey subspe-
cies. These molecular data were able to delineate sub-
species boundaries and detect zones of hybridization
between them. Furthermore, these data clearly indi-
cated areas in which undocumented translocations sig-
nificantly impacted the subspecific composition of tur-
keys in particular regions.

In the Davis Mountains of Texas and within near-
by Rio Grande turkey populations, Latch et al. (2006b)
assessed the subspecific status and degree of hybrid-
ization of individuals within an introduced population
of Merriam’s turkeys. Data from the Merriam’s source
population in New Mexico was used as a baseline ref-
erence for the genetic characteristics of the Merriam’s
subspecies. Nineteen years following the introduction
event, microsatellite data indicated that the genetic in-
tegrity of the introduced population of Merriam’s tur-
keys in the Davis Mountains Preserve has been eroded
by both immigration from and hybridization with near-
by Rio Grande populations. Data from the mitochon-
drial control region allowed for further characteriza-
tion of parental contributions to hybrid individuals,
and indicated that most hybrids were the result of im-

migrant Rio Grande males mating with resident Mer-
riam’s females.

Domestic Introgression

Early in the history of wild turkey translocation
programs, managers considered the potential utility of
game-farm or domestic turkeys as source stock for
translocations into the wild. One concern was that the
long history of artificial selection in non-wild stock
had left these turkeys with insufficient genetic diver-
sity for success in the wild. In 1985, Stangel et al.
(1992) initiated a survey to characterize levels of ge-
netic diversity in eastern wild turkeys, game-farm tur-
keys, and domestic turkeys. Using allozyme markers,
the authors found significant differences in the distri-
bution of allele frequencies among the 3 groups. Wild
turkeys exhibited levels of genetic diversity compara-
ble to that of other native game birds, whereas do-
mestic turkeys possessed significantly less genetic di-
versity than wild or game farm turkeys. Game-farm
turkeys exhibited a large range in genetic variability,
likely due to the wide variety of different breeding
strategies used by game farmers and the many differ-
ent types of farms sampled for this study (Stangel et
al. 1992). The authors did not find sufficient allozyme
differentiation among wild, game-farm, and domestic
turkeys to permit identification of domestic introgres-
sion in wild stock. However, a project is currently un-
derway to screen a variety of DNA-based markers to
assess their utility for the differentiation of wild tur-
keys from domestic breeds. A higher level of vari-
ability in DNA-based markers as compared to allo-
zyme markers increases the probability of finding
ways to detect domestic introgression into wild turkey
stock.

Population-level Applications

Genetic Bottlenecks/Founder Effects

Genetic bottlenecks, resulting in a loss of genetic
diversity, can occur as a result of genetic drift when a
population is reduced in size for many generations
(Nei et al. 1975). Founder effects, a related phenom-
enon, refer to the change in allelic composition when
a small subset of one population is used to establish a
new population, leading to allele frequencies that dif-
fer from those of the original population. In both phe-
nomena, the effect is more pronounced when the bot-
tlenecked or founding population is small (Baker and
Moeed 1987, Merila et al. 1996, Mock et al. 2004).
Populations established via translocation programs are
at risk for diversity losses and changes in allelic com-
position as a result of both processes. A number of
empirical studies have demonstrated significant reduc-
tions of genetic variability in translocated wildlife pop-
ulations relative to their sources (Fitzsimmons et al.
1997, Williams et al. 2000, Williams et al. 2002,
2003b). Translocated populations also may exhibit
shifts in allele frequency distributions relative to their
source (Fitzsimmons et al. 1997, Luikart et al. 1998,
Rowe et al. 1998, Williams et al. 2000), relative to
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other native populations (Baker and Moeed 1987,
Perez et al. 1998, Stephen et al. 2005b), or relative to
theoretical expectations (Scribner and Stuwe 1994,
Fitzsimmons et al. 1997). Many, if not most, extant
wild turkey populations have been established as a re-
sult of translocation, both within and beyond historical
range boundaries. As a result the loss of genetic di-
versity in populations and shifts in allelic frequency
distributions are potentially very serious issues in wild
turkey management.

Leberg (1991) used allozyme markers to deter-
mine if populations of wild turkeys established as a
result of translocations had higher levels of genetic
differentiation among populations than turkeys that
have not experienced founder events. Although the to-
tal amount of genetic differentiation he found was low,
likely due to the time of sample collection (see Social
and Behavioral Dynamics section below) and the low
variability of allozymes, it nonetheless was evident
that reintroduced wild turkey populations exhibited
higher levels of genetic differentiation among popu-
lations (presumably due to genetic drift occurring in-
dependently among populations) than did relict pop-
ulations that had not experienced severe reductions in
size.

Ten years later, Mock et al. (2001) used microsat-
ellite, control region, and AFLP data to detect reduced
genetic diversity in a reintroduced population of
Gould’s turkeys in the Huachuca Mountains of south-
eastern Arizona compared to relict Gould’s turkey pop-
ulations in Mexico. Thus, Mock et al. (2001) recom-
mended that although this population is stable, it may
benefit from supplementation of turkeys from the more
diverse relict populations.

Mock et al. (2004) assessed the genetic impact of
3 well-documented translocation events in the Merri-
am’s subspecies, each occurring approximately 50
years ago. These translocations differed in the number
of source individuals used, the number of trapping
sites used to capture source individuals, and the size
of the habitat into which founders were established.
Microsatellite data indicated that all 3 translocations
exhibited reduced genetic diversity relative to their
founding populations, including 1 translocated popu-
lation that is now very large and robust. Unfortunately,
these results suggest that losses in genetic diversity are
a common consequence of translocations, even under
the best of circumstances. On the basis of their find-
ings, Mock et al. (2004) recommended particular cau-
tion in the practice of ‘‘serial translocations’’, where
translocated populations become the source for further
translocation.

Gene Flow Among Local Populations

At a regional scale, if populations within a region
exchange migrants (gene flow), the potential negative
effects associated with genetic drift and low population
sizes may be alleviated (Wright 1978, Allendorf 1983).
Furthermore, the evolution of newly established pop-
ulations is not limited by the genetic contribution of
founders if gene flow among regional populations is

possible. However, if dispersal among populations is
low, genetic similarities between a reintroduced pop-
ulation and its source may persist.

Allozyme, microsatellite, and control region data
have been used to characterize interactions among re-
introduced populations and between reintroduced and
native populations (Leberg et al. 1994, Latch and
Rhodes 2005). Leberg et al. (1994) utilized allozymes
to determine whether the genetic similarities among
populations were more affected by geographic prox-
imity or by shared reintroduction histories. The authors
found that reintroduced populations from common
sources were more similar than expected given their
geographic proximity, even decades after the reintro-
duction events. Therefore, it seems that although dis-
persal likely has occurred, it has not resulted in a de-
tectable relationship between genetic and geographic
distance, as would be expected in naturally occurring
populations. These results also suggested that while
founders make genetic contributions to the populations
into which they are released, they may have a minimal
effect on nearby populations (although the reverse is
not necessarily true; see Subspecies identification and
hybridization in translocated populations section
above).

Latch and Rhodes (2005a) also used microsatellite
and control region sequences to demonstrate that the
genetic relationships between reintroduced populations
and their sources are not quickly eroded by dispersal
from nearby populations, corroborating the findings of
Leberg et al. (1994). Taking advantage of well-docu-
mented reintroduction histories of turkey populations
in Indiana, the authors assessed the degree to which
gene flow among reintroduced populations has ob-
scured genetic signatures left by the founding events.
Effects were measured in regions characterized by
high habitat continuity and a high potential for dis-
persal among populations and as well as in regions
where the opportunity for dispersal among populations
was reduced due to the low density of turkey popu-
lations. The genetic signatures left by reintroduction
events were strongly evident in most populations, even
after several decades. Latch and Rhodes (2005a) fur-
ther showed that the density of populations in a region
did not significantly affect these relationships. For
each of the reintroduced populations, the authors were
able to identify the magnitude of the effect of dispers-
ers, as well as their most likely population of origin.
Despite a few cases in which the apparent presence of
individuals from prior reintroductions significantly im-
pacted the genetic structure of populations, the results
of this study indicated an overall paucity of gene flow
among reintroduced populations in Indiana, even
where the opportunity for dispersal appeared high.

Social and Behavioral Dynamics

The underlying social organization of most wild
species often can be difficult to resolve (Sugg et al.
1996). The social structure, mating tactics, and move-
ment behaviors of a species ultimately sculpt the tem-
poral and spatial patterns of genetic structure that it
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exhibits (Chesser 1991a, Chesser 1991b, Chesser et al.
1993). Therefore, examination of fine-scaled genetic
structure in wild species can in turn lead to a clearer
understanding of social and behavioral dynamics. In
the wild turkey, interpreting patterns of genetic struc-
ture within localized regions may provide insight into
the social organization of wintering flocks, interactions
among flocks, and the mechanisms involved in the dis-
sociation of flocks in the spring.

Leberg (1991) found that within regions, almost
none of the allozyme variability he found in wild tur-
keys was accounted for by differences among sam-
pling localities. However, the opposite result was
found in Kansas, where allozymes revealed significant
genetic variability among wintering flocks (Rhodes et
al. 1995). Boone and Rhodes (1996) also found sig-
nificant allozyme differentiation between two winter
flocks in South Carolina. Latch and Rhodes (2005b)
used microsatellites, control region sequences, and
previously-collected allozyme data (Boone and
Rhodes 1996) to investigate the reason for this di-
chotomy regarding genetic differentiation at a local
scale. It appears that timing and method of sample
collection are responsible for the discrepancy between
estimates of local genetic structure. Leberg (1991) uti-
lized samples from male turkeys collected during the
spring, whereas Rhodes et al. (1995) and Boone and
Rhodes (1996) used samples from both sexes of tur-
keys collected during winter trapping activities. In
winter, samples are collected from discrete flocks, and
thus genetic differentiation can be detected among
them (Rhodes et al. 1995, Boone and Rhodes 1996,
Latch and Rhodes 2005b). However, flocks dissociate
in the spring; thus, spring-collected samples from a
given geographic location contain turkeys from mul-
tiple flocks and do not exhibit local genetic structure
(Leberg 1991, Latch and Rhodes 2005b). These results
emphasize the need to interpret genetic data in light of
the social organization of the species at the time of
sample collection. These studies also have demonstrat-
ed the utility of molecular markers, both protein- and
DNA-based, for investigating small scale genetic
structure.

Very recently, microsatellite loci have been used
to investigate kin selection and cooperative courtship
in the wild turkey (Krakauer 2005). He used genetic
data to estimate relatedness among individuals in a
flock, and combined with data on reproductive success
was able to demonstrate that the indirect fitness ben-
efits obtained by non-breeding subordinate males off-
set the cost of helping. It is rare that a long-standing
controversial theory such as kin selection can be con-
firmed, but this certainly is an example of where in-
credible progress can be made when the appropriate
molecular tool is applied to a species in which the
biology is well understood.

Individual-level Applications

Identification of individual animals has a multitude
of potential applications for wildlife forensics: assign-
ment of population or subspecies origin, studies of dis-

persal and migration, and detection of hybridization
and introgression (Manel et al. 2002, Randi and Luc-
chini 2002, Cegelski et al. 2003, Haig et al. 2004, Mc-
Loughlin et al. 2004). Cases of poaching also could
benefit from individual identification, where individual
animals may be classified by location of harvest.

Additionally, mark-recapture studies based on in-
dividual molecular-based identification could be a
valuable non-invasive method for estimating popula-
tion sizes in managed populations (Mowat et al. 2002,
Wilson et al. 2003). At a local scale, individual iden-
tification and measures of relatedness among individ-
uals can be used to characterize family groups in wild-
life studies, providing insight into behaviors such as
paternity and mate choice (Okada and Tamate 2000,
Kerth et al. 2002, Nievergelt et al. 2002).

Microsatellite loci are currently the marker of
choice for identifying individual turkeys. High levels
of polymorphism in microsatellites mean that this
marker type is generally associated with lower prob-
abilities of identity (the probability that two randomly
chosen individuals will have the same multilocus ge-
notype) than other marker types. Using 10 of the mi-
crosatellite loci most commonly used in turkeys, we
can achieve an overall probability of identity of 3.5 �
10�14, almost ensuring that species-wide, no two tur-
keys will share a multilocus genotype (Latch 2004).
This attests to the tremendous power of multilocus mi-
crosatellite genotypes in individual identification.
Highly variable microsatellites have been used suc-
cessfully to assign individual turkeys to a population
or subspecies (Latch and Rhodes 2005, Latch et al.
2006b) and to identify migrant individuals into a re-
cently established population (Latch et al. 2006b). As-
signment tests using the available set of microsatellite
loci proved to be extremely useful for detecting and
characterizing hybridization between wild turkey sub-
species (Latch et al. 2006a, b). Ongoing research will
determine the utility of these markers for detecting in-
trogression of domestic genes into wild stock and for
providing evidence in poaching cases.

CONCLUSIONS

A suite of molecular markers has been optimized
for use in the wild turkey, representing an array of
marker systems (protein- and DNA-based markers), in-
heritance patterns (biparental and maternal), and mu-
tation rates. The body of existing research using mo-
lecular markers in the wild turkey illustrates their pow-
er for applications ranging from the subspecies-level
to the individual-level, and for questions ranging from
species evolution to forensics.

Highly variable markers such as nuclear microsat-
ellites are particularly useful for elucidating genetic
structure among turkey populations, and even for iden-
tifying individual birds. Maternally-inherited mito-
chondrial DNA markers such as cytochrome b and
control region sequences exhibit less variability among
individuals, but may be indispensable in questions re-
garding hybridization, sex-biased dispersal, and female
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lineage establishment. Low levels of genetic variability
in allozymes have not precluded their use in the wild
turkey; however, high levels of variability in DNA-
based markers make them ideal candidates for studies
of genetic variation in wild turkeys. Fortunately, sev-
eral studies, including one in the wild turkey, have
shown that allozyme data corroborates with data ob-
tained from DNA-based markers (Spruell et al. 2003,
Zhou et al. 2003, King and Eackles 2004, Latch 2004).

It has become apparent that the tools of modern
molecular biology hold great value for wild turkey
management. It also is clear that decisions pertaining
to the selection of genetic markers, both in terms of
inheritance patterns and rates of evolution, are impor-
tant if these tools are to be applied successfully at
varying scales of biological organization. In the wild
turkey, appropriate utilization of molecular tools has
led to a better understanding of the evolutionary his-
tory of turkeys, their behavior, and their population
dynamics, which in turn can be used to manage pop-
ulations to optimize growth and long-term stability.
Similarly, genetic evaluations of previous transloca-
tions have advanced our understanding of founder
events and post-translocation processes within and
among populations.

The future of wild turkey management looks
bright. The application of molecular tools will contin-
ue to advance our understanding of wild turkey biol-
ogy and ecology, thereby improving our ability to ef-
fectively manage this species. Recent advances in our
ability to determine the genetic composition (subspe-
cies status) of individual animals, or even entire re-
gions, have profound implications for the future of
wild turkey management. We are now able to objec-
tively determine what subspecies exist in what areas,
and if turkeys in that area show evidence of hybrid-
ization with another subspecies. Another area of wild
turkey management likely to show incredible growth
is the prosecution of poaching cases. The ability of
molecular tools to enable identification of individual
animals and analysis methodology to assign individu-
als to a population of origin means that in many in-
stances, poached animals can be objectively identified
with confidence. Molecular tools may also advance our
understanding of wild turkey biology, particularly at a
local scale. We should be able to determine the genetic
relationships among individuals within flocks, and
such data could be combined with radio-telemetry data
to better understand the movements and associations
of turkeys within a flock throughout the year. It is an
exciting time to be involved in wild turkey manage-
ment, and we feel that molecular tools offer a unique
perspective by which we can optimize wild turkey
translocation strategies and management programs to
ensure the future of this species.
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Abstract: We evaluated population estimation techniques for Gould’s turkeys (Meleagris gallopavo mexicana) in
southeastern Arizona. The Huachuca Mountain population of Gould’s turkeys could be used as a source to further
restoration efforts, but due to its unknown population size, we had concerns regarding overexploiting a limited
population. Because these turkeys are limited in range within the United States and occupy isolated mountain
ranges in Arizona (i.e., closed population), these Gould’s turkeys provide a unique opportunity to compare and
contrast techniques for estimating population size. Our study population in the Huachuca Mountains, Arizona,
was reestablished following extirpation with the release of 9 and 12 turkeys in 1983 and 1987, respectively. We
baited and trapped Gould’s turkeys during winter 2000, 2001, and 2002 and affixed each bird with a radiotag and
patagial wing markers. We used photographs taken with remotely activated cameras in 5 canyons in March and
April 2002 as remarks. We used the joint hypergeometric maximum likelihood estimator from the NOREMARK
computer program to estimate population size using number of known marked birds in the population and number
of marked and unmarked birds photographed during each sampling period. We then extrapolated this estimate
from 5 canyons to the entire mountain range and compared this estimate to that from a walking survey. Estimates
included 84 (95% CI � 80–91) for the area within the 5 canyons sampled, 286 (range � 272–306) when the
estimate was extrapolated to the entire mountain range, and 203 (range � 110–296) for the ground survey. The
photographic technique yielded more precise estimates than the ground survey, but the photographic method
required approximately twice as many hours to conduct. Decisions on methods selected for future surveys should
be based on management requirements.

Proceedings of the National Wild Turkey Symposium 9:45–50
Key words: Arizona, Gould’s turkey, mark-resight, Meleagris gallopavo mexicana, NOREMARK, population
estimation, remotely activated cameras, surveys.
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Estimating population size for turkeys is problem-
atic, yet important in some locales. Gould’s turkey res-
toration efforts are ongoing in Arizona. In the United
States, Gould’s turkeys currently inhabit the Animas
and San Luis Mountains of New Mexico, the Pelon-
cillo Mountains of New Mexico and Arizona, and the
Huachuca and Chiricahua Mountains of Arizona. The
Gould’s turkey subspecies is classified as endangered
by the State of New Mexico, but no such classification
has been determined in Arizona. Nevertheless, deci-
sions regarding when the appropriate time to use an
individual Gould’s turkey population as a source for
transplants is an important consideration for agencies
in Arizona, New Mexico, and Mexico. Population es-
timates of the source population play an important role
in this decision.

In 1983 and 1987, the Arizona Game and Fish
Department (AGFD) acquired Gould’s turkeys from
Chihuahua, Mexico and reintroduced the birds into the
Fort Huachuca Army Garrison Base in the Huachuca
Mountains in southeastern Arizona. Nine birds were
released in 1983 and 12 were released in 1987 (Bre-
land 1988). The population has increased dramatically
since the 1980s, and limited hunting opportunities
have been authorized by the Arizona Game and Fish
Commission. The current goal is to reestablish Gould’s
turkeys into several mountain ranges in southeastern
Arizona, potentially using the Huachuca Mountains
population as a source (Heffelfinger et al. 2000). Cur-
rently, the number of Gould’s turkeys in the Huachuca
Mountains is unquantified and large-scale removal of
birds as transplant stock may excessively exploit the
turkey population without a reliable population esti-
mate.

Accurate population estimates for turkeys are dif-
ficult to derive. A single, validated, widely acceptable
survey method has not been developed (Welsh and
Kimmel 1990, Cobb et al. 2000). Observation counts,
call counts, roost surveys, and harvest information
have been used as indices of population trends (Welsh
and Kimmel 1990, York 1991, Cobb et al. 2000).
However, Shaw (1973) found that some surveys had
limited power to detect changes in populations. Buck-
land Jolly-Seber mark-recapture, mark-resight surveys,
and bait station counts have been used to estimate tur-
key populations (Lint et al. 1995a, Cobb et al. 2000).
Often, several methods are used in conjunction to de-
termine overall population trends (York 1991, Zornes
1993). Cobb et al. (2000) evaluated several models to
estimate Eastern turkey (M. g. silvestris) populations
in Florida and recommended mark-resight techniques
using remotely activated cameras for management lev-
el monitoring.

Objectives of our study were to (1) determine if a
remotely-activated camera system is a feasible method
to monitor Gould’s turkey populations in southeastern
Arizona, (2) compare the remote camera system to an
existing annual walking survey system for population

1 Present address: College of Natural Resources, University
of Wisconsin-Stevens Point, Stevens Point, WI 54481, USA.

2 E-mail: sdubay@uwsp.edu

estimation, and (3) calculate a population estimate for
Gould’s turkeys in the Huachuca Mountains.

STUDY AREA
We studied Gould’s turkeys in the Huachuca

Mountains (289 km2), located primarily in the Coro-
nado National Forest of southeastern Arizona (110�20�
W, 31�25� N). A prominent sky island mountain range,
the long axis of the Huachuca Mountains is oriented
northwest to southeast and is adjacent to the northern
border of Mexico. Rugged peaks and deep canyons
with sloping foothills and wide bajadas characterize
topography of the mountain range. Elevation varies
from 1,400 m in the surrounding foothills to over
2,800 m at Miller and Carr peaks.

The Huachuca Mountains are among the most me-
sic mountain ranges in Arizona. Average annual pre-
cipitation was 46 cm with seasonal peaks in winter and
late summer. At Canelo Hills adjacent to the Huachuca
Mountains, average maximum temperature was 32.4�C
in June and average minimum temperature was �3.3�C
in January (Western Regional Climate Center records
for Canelo, Arizona, USA). The geologic and hydro-
logic characteristics of the range supported many
springs. Many canyons, including Huachuca, Garden,
Ramsey, Miller, Scotia, and Sunnyside, contained
yearlong water.

The Huachuca Mountains contained a complex ar-
ray of vegetation associations. Warm season perennial
grasses, including grama (Bouteloua spp.), and three-
awn (Aristida spp.), interspersed with honey mesquite
(Prosopis juliflora), occupied elevations up to 1,525
m. Madrean evergreen woodlands (Brown 1994), char-
acterized by evergreen oaks (Quercus emoryi, Q. ob-
longifolia, Q. arizonica, Q. toumeyi), junipers (Juni-
perus deppeana and J. monosperma), and pinyon pine
(Pinus discolor) occurred at moderate elevations of
1,525 m to 2,135 m. Montane riparian forests (Brown
1994) of Arizona sycamore (Platanus wrightii), Ari-
zona ash (Fraxinus velutina), Fremont cottonwood
(Populus fremontii), and willow (Salix sp.) predomi-
nated in canyon bottoms and along drainages. Madrean
montane conifer forests (Brown 1994) with variable
compositions of several pine species including Pon-
derosa pine (P. ponderosa), Apache pine (P. engel-
mannii), Chihuahua pine (P. leiophylla), and south-
western white pine (P. strobiformis) and Gambel oak
(Q. gambelii), quaking aspen (Populus tremuloides),
and Douglas fir (Pseudotsuga menziesii) occupied in-
terior portions of the range above 2,135 m. Land own-
ership consisted of private, state trust, military (Fort
Huachuca), and U. S. Forest Service (USFS) lands.
Partial paved access to the range occurred at Huachu-
ca, Garden, Ramsey, Carr, and Miller canyons. Other
access was limited to primitive roads and an extensive
network of foot trails.

METHODS
Turkey Capture

We captured Gould’s turkeys during February
2000, and November–March of 2000–2001 and 2001–
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Table 1. Number of Gould’s turkeys captured and marked by
canyon in the Huachuca Mountains, southeastern Arizona,
2000–2002.

Capture site
Patagial tag

color

Total captured (years)

Male Female Total

Huachuca Canyon Beige 7 (2001,
2002)

7

Ramsey Canyon Green 5 (2002) 5
Sawmill Canyon White 5 (2002) 9

Red/White 4 (2002)
Sunnyside Canyon Red/White 5 (2001) 1 (2001) 6

Total 19 8 27

2002. During summer and fall of 2001, bait stations
baited with cracked corn were placed at 10 sites in the
Huachuca Mountains to attract Gould’s turkeys at mul-
tiple sites for winter trapping. Baiting was initially ac-
complished manually, but we switched to a 115-L tri-
pod game feeder (Moultrie Feeders, Alabaster, Ala-
bama, USA). Use of feeders required less maintenance
visits to bait sites, provided feed on a regular schedule,
and attracted and held Gould’s turkeys at bait sites.

Gould’s turkeys were captured using rocket nets
(Bailey et al. 1980), marked with patagial wing
streamers, fitted with backpack style radiotags (Wak-
eling 1991), and released on site. We obtained aerial
telemetry locations at least once per month from No-
vember 2000–March 2002 (Nelson and Fuller 1994),
and 2 locations were obtained during the photographic
period (20 Mar–17 Apr) in order to determine if deaths
occurred during the sampling period. A Global Posi-
tioning System in the aircraft recorded locations once
an individual was found (Carrel et al. 1997). Motion-
sensing monitors within transmitters doubled the pulse
rate after a period of inactivity of approximately 12
hours to indicate possible mortality. Color-coded,
numbered, patagial wing streamers (5.1 cm � 20.3 cm)
allowed visual field identification (Table 1).

Photography

We used remotely activated infrared-triggered
camera systems (TrailMaster� TM 1500 active infra-
red monitors with TM35-1 camera kits, Goodson and
Associates, Lenexa, Kansas, USA) to photograph
Gould’s turkeys at 5 bait stations in different canyons
of the Huachuca Mountains from 20 March–17 April
2002. We used photographic settings as described by
Cobb et al. (1995). Receivers and cameras recorded
time and date when each photograph was taken. Feed-
ers were operating for several months prior to photo-
graphic data collection.

Infrared transmission boxes and receivers were
mounted on blocks of wood approximately 33 cm
above the ground. Cameras were mounted at varying
heights on nearby trees to cover approximately 15 m
on either side of each bait station in the field of view.
A unique number was assigned to each bait station and
these numbers were present in all photographs for
identification. Camera delay between photographs
(minimum time between pictures) was 10 minutes.

Color print film was replaced as needed, usually

every 3–4 days. Individual groups of Gould’s turkeys
visiting each bait station were easily distinguished us-
ing the date and time feature on photographs. Photo-
graphs showed that turkeys rarely moved among bait
sites with cameras during short intervals. As a result,
sampling events consisted of 2 consecutive days of
photographs. The next sampling event began 24 hours
after the first sampling event ended. We enumerated
the number of marked and unmarked birds in each
group during each sampling period. Because we had
access to only 4 camera systems, 4 of 5 bait stations
were photographed at any 1 time, and combined num-
ber of marked and unmarked birds photographed at all
bait stations was used in the estimation process.

Walking Survey

A walking survey was conducted on 19–23 April
2002 (J. Millican, AGFD, unpublished data). This sur-
vey had been conducted for over 10 years and was
used to determine population trends prior to the pho-
tographic survey method. Routes on USFS trails,
maintained roads, and primitive roads within the
mountain range were extensive. Routes were typically
walked during calm weather at sunrise or prior to sun-
set, usually taking 2 hours to complete. Volunteers and
AGFD employees walked routes while imitating fe-
male turkeys with slate, reed, or box calls. If a Gould’s
turkey responded to the call, all birds were located,
counted, and sex, age, and color of the patagial stream-
ers on marked birds were noted. We used a Lincoln-
Peterson population estimate calculated from total
number of Gould’s turkeys observed and number of
Gould’s turkeys observed with patagial streamers on
all routes (Lancia et al. 1994). We then compared ap-
proximate number of labor hours necessary to estimate
population numbers via photographic and walking sur-
vey methods.

Population Estimates from Photographic Method

The NOREMARK computer program (White
1996) was used to estimate population size using
mark-resight data recorded by cameras. We used the
joint hypergeometric maximum likelihood estimator
because the population was geographically closed
within a sky island mountain range, number of marked
birds in the population was known, and each animal
had an equal chance of being sighted or photographed
during sampling periods (White 1996). We did pho-
tograph 23 of 27 marked birds during 1 sampling
event, so we felt that birds had an equal chance of
being photographed during sampling.

Because radiotelemetry locations indicated that the
turkeys we sampled photographically did not leave the
5 canyons during winter, we assumed that the popu-
lation estimate was representative of turkeys that oc-
cupied that habitat. We assumed that plotting compos-
ite minimum convex polygons of January to April
home ranges could approximate the habitat occupied
by this population. After calculating a population es-
timate for this area, we expanded the estimate to the
remainder of the mountain range using a habitat suit-
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Table 2. Population estimates generated from photographing
Gould’s turkeys at 5 bait stations in the Huachuca Mountains,
Arizona, from 20 March 2002 to 17 April 2002. The final estimate
is derived from the 8 sampling occasion estimates.

Occasion
Total

marked
Marked

seen

Un-
marked

seen

Lincoln-
Peterson
Estimate 95% CI

1 27 19 20 55.0 45.9–64.1
2 27 6 23 119.0 55.9–182.1
3 27 18 31 72.7 58.3–87.1
4 27 9 21 85.8 52.0–119.6
5 27 23 52 87.7 76.8–98.5
6 27 8 23 98.6 55.5–141.6
7 27 8 10 58.1 36.2–80.0
8 27 15 30 79.5 59.3–99.7

Estimate 84 80.0–91.0

Table 3. Costs (in hours) needed to calculate mark-recapture population estimate for Gould’s turkeys using remote cameras when
compared to the estimate using spring walking survey results.

Task Time for survey
Survey
hours Time for cameras

Camera
hours

Set up routes, sites 1 person, 10 hrs a week, 6 months 240 1 person, 1 week 40
Walk survey routesa 41 people, 2 hours 82 None 0
Pre-baiting for trapping None 0 1 person, 2 days a week, 4 weeks 64
Trapping 3 people, 2 days per event, 8 events 364 3 people, 2 days per event, 8 events 364
Baiting between capture

and photographs None 0 1 person, 2 days a week, 4 months 256
Set up of cameras None 0 1 person, 1 day per site 40
Trial run for cameras None 0 1 person, 1 week 40
Change film None 0 1 person, change film every 3 days 56
Project administration 1 person, 20 hrs a week, 3 weeks 60 1 person, 10 hrs per week, 1 year 520
Data management 1 person, 10 hrs a week, 1 week 10 1 person, 20 hrs a week, 3 weeks 60
Telemetry flights 2 people, 4 hrs per month, 12 months 96 2 people, 4 hrs per month, 12 months

plus 3 flights
120

Total 852 1560

a Only includes actual time conducting surveys and does not include travel time to site.

ability model derived from habitat use by previously
radiotagged turkeys (Wakeling et al. 2001). This model
correctly predicted 67% of Gould’s turkey use loca-
tions in the Huachuca Mountains. We assumed that
habitat quality correlated with turkey density, and
therefore multiplied mean habitat quality by area to
determine correction factors to expand the population
estimate to the Huachuca Mountains.

RESULTS
During 2000–2001, Gould’s turkeys were trapped

at 3 sites, and during 2001–2002, birds were trapped
at 4 sites. During the 2002 photographic sampling pe-
riod, Gould’s turkeys used stations at 5 canyons reg-
ularly, but anecdotal data showed that birds were pre-
sent in at least 3 other canyons in the mountain range
as well. At time of photographic sampling, 27 Gould’s
turkeys were marked, and birds remained in canyons
where they were trapped.

Eight separate photographic sampling occasions
were included in the mark-resight estimate (Table 2).
The population estimate from the 5 photographed can-
yons was 84 birds (95% CI � 81–90), with as many
as 23 of 27 marked birds being photographed in a
sampling period.

The composite minimum convex polygon home-
range area of marked birds in winter 2002 yielded 65.9
km2 as occupied area. Mean habitat suitability within
the minimum convex home range was 0.572 (scale of
0–1). The Huachuca Mountains encompassed 289 km2

with a mean habitat suitability of 0.444. The expanded
estimate of Gould’s turkey in the area was 286 turkeys
(range � 272–306).

For the walking survey, 72 Gould’s turkeys were
seen on 41 walking routes and 9 were marked. A sim-
ple Lincoln-Peterson calculation estimated 203 birds
(95% CI � 110–296). The photographic method re-
quired approximately twice as many labor hours as the
walking survey method (Table 3).

DISCUSSION

Cobb et al. (2000) recommended use of remote
cameras for mark-recapture estimates of turkeys. We
found that remotely activated cameras were able to
detect marked and unmarked birds for a relatively
closed population of Gould’s turkeys. Furthermore,
population estimates generated using the camera sys-
tem and habitat model were precise. Because actual
size of the population was unknown, we could not es-
timate bias.

Lint et al. (1995b) evaluated population indices for
turkeys using a 9-year data set in Mississippi. They
compared population estimates from a Buckland mod-
ified Jolly-Seber mark-recapture model to indices of
spring gobbler harvest, spring harvest/hunter effort,
and gobblers heard in call counts per day. Each index
was compared to the population estimate using linear
regression, and harvested gobbler numbers and har-
vest/effort were positively correlated with the popu-
lation estimate, likely due to the fact that data from
the harvest were used in the Buckland estimator. Pop-
ulation estimates that incorporated data from harvested
gobblers via the Buckland model were precise (i.e., SE
� 123 � 22, SE � 98 � 12), and were correlated with
indices. Harvest numbers were integral in developing
these correlations, but a hunt season was not initiated
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until 2002 in the Huachuca Mountains, and only 2
permits were issued, so we could not compare our pop-
ulation estimates to harvest numbers.

We were able to compare our estimate of 286 tur-
keys (95% CI � 272–306) to an estimate from a
ground survey of marked and unmarked birds on 19–
23 April 2002 (203 birds, 95% CI � 110–296). The
estimate from the ground survey was not nearly as
precise as those generated from our expanded estimate,
and the confidence interval encompassed our estimated
number. The ground survey routes did not cover the
entire mountain range, and birds have been seen in
areas that routes did not cover. Therefore, we believe
that using estimates from photographs applied to suit-
able habitat in the Huachuca Mountains was valid.

The remote camera method was approximately
twice as costly in labor hours than the spring walking
survey (Table 3). Time needed to develop and imple-
ment the habitat model was not included because not
all projects would use this method of extrapolation.
The number of hours needed to walk survey routes
will also vary with travel time to the study site, num-
bers of volunteers used, and number of days needed
to walk all routes. In addition, camera equipment and
film cost in excess of $2,500, but this is a one-time
cost. Both spring survey where turkeys are viewed and
remote cameras seem to be viable options for popu-
lation estimation of turkey populations, and the deci-
sion to use either method will depend upon time con-
straints, budget, and management needs in the area.
Because Gould’s turkeys are rare and difficult to ob-
tain, we believe that the added cost needed to achieve
precise estimates was justified in this reestablishment
effort. Such costs may not be justified in other situa-
tions.

Precise population estimates were needed because
Gould’s turkeys from the Huachuca Mountains are a
potential source population for future transplants. Ob-
taining a population estimate for Gould’s turkeys in
the Huachuca Mountains was identified as an objective
in the Southeastern Arizona Turkey Management Plan
(Heffelfinger et al. 2000). International transplant ef-
forts are more complex than within state transplants;
therefore, using Gould’s turkeys from the Huachuca
Mountains as a source population for transplants is
ideal. Heffelfinger et al. (2000) outlined guidelines for
source turkey populations. They recommend that
source populations contain at least 50 individuals, the
population should be increasing, no more than 10% of
the hens and 30% of the gobblers in the population
should be removed, and to use the most conservative
estimate to determine total numbers of birds to be used
in a transplant. Using these criteria, our estimates were
valuable because they identified the Huachuca Moun-
tain Gould’s turkey population as sufficient to supply
subsequent transplant activity.

The remote camera method may not be ideal for
turkey populations that are not geographically closed,
or in situations where turkeys are not attracted to bait
sites so that large numbers of birds can be captured.
However, calculating a mark-resight estimate with re-
mote cameras on a subsample of sites and applying

that estimate to known turkey habitat could be feasible
where habitat is contiguous. In addition, the Buckland
Jolly-Seber method could be considered as a tool for
population estimation of hunted populations of turkeys
(Lint et al. 1995b). For a small Gould’s turkey popu-
lation, the remote camera method with extrapolation
to the remaining habitat yielded precise population es-
timates.
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Abstract: Alpha-chloralose (AC) has been used as an anesthetic since 1897 to capture or sedate wildlife, including
waterfowl, wood-pigeon (Columba palumbus), and black bear (Ursus americana). The first use of AC in the
United States was for the capture of house sparrows (Passer domesticus), red-winged blackbirds (Agelaius phoen-
iceus), and wild turkeys (Meleagris gallopavo) in 1964. Prior to the 1990s, AC was not registered by the Food
and Drug Administration (FDA) for use as an immobilizing agent in the United States for wild animals that might
be used for human consumption. In 1992, the FDA granted the US Department of Agriculture (USDA), Animal
and Plant Health Inspection Service (APHIS), Wildlife Services (WS) an Investigative New Animal Drug for AC
to capture waterfowl, American coots (Fulica americana), and pigeons (rock doves, Columba livia). During the
late 1990s, ravens (Corvus corax) were added the species list on which AC could be used. In 2004, the FDA
authorized the addition of sandhill cranes (Grus canadensis) to the list. Knowing that AC had been used on
turkeys, the Arizona Game and Fish Department requested WS assistance in reintroducing Gould’s turkeys (Me-
leagris gallopavo mexicana) to southeastern Arizona. To reduce stress on the birds during handling and testing,
we sedated turkeys at the rate of 2.04 g of AC per 1 cup of cracked corn for up to 3 turkeys. In 2003 and 2004,
wild turkeys were sedated during quarantine trials, fully recovered from the sedation and were available for
relocation. Based on these data and a review of the published literature, we recommend that AC should be
considered for future sedations of wild turkeys and that wild turkeys be considered for inclusion on the current
Investigative New Animal Drug (INAD) label for AC.

Proceedings of the National Wild Turkey Symposium 9:51–57
Key words: alpha-chloralose, anesthesia, Arizona, chloralose, drug, Gould’s wild turkey, Meleagris gallopavo
mexicana, narcosis, reintroduction, sedation.

Many techniques have been used to capture wild
turkeys for management purposes during all stages of
the life cycle. Oral drugs have been used successfully,
yet clinical trials and FDA approval is lacking for
some types. Alpha-chloralose (C8H11Cl3O6 is a chloral

derivative of glucose, which depresses the cortical cen-
ters of the brain but does not affect the medulla (Borg
1955). Alpha-chloralose has been used in laboratory

1 E-mail: David.L.Bergman@aphis.usda.gov
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animals since 1897 (Balis and Monroe 1964), and has
been used to capture free-ranging wildlife species
since 1966 (Williams 1966).

From the 1960s through the mid-1990s, AC was
used as a capture technique, but had not been approved
for use as a capture agent in the United States by the
FDA (Belant et al. 1999). The FDA, Center for Vet-
erinary Medicine, Office of New Animal Drug Eval-
uation’s website (http://www.fda.gov/cvm/aboutona.
htm) states the following: ‘‘major responsibility is to
review information submitted by drug sponsors who
desire to obtain approval to manufacture and market
animal drugs. A new animal drug is deemed unsafe
unless there is an approved new animal drug applica-
tion. Virtually all animal drugs are ‘‘new animal
drugs’’ within the meaning of the term in the Federal
Food, Drug, and Cosmetic Act’’ (21 U.S.C. 301).
There are 2 main processes involved in regulating the
interstate shipment of animal drug products. The first
process, the INAD exemption, involves the interstate
shipment of experimental drugs used for testing in an-
imals. This testing may require drugs be given to an-
imals that will later be used to produce human food
products. The FDA must ensure that food products de-
rived from these experimental animals will be safe for
human consumption. The second process is the New
Animal Drug Application (NADA) review. It includes
the evaluation of data regarding an animal drug’s safe-
ty to the target animal and to humans who might con-
sume products from the treated animal; the review also
evaluates effectiveness for the purposes claimed. To
be legally marketed, a new animal drug product must
be approved under a NADA.

In 1992, WS received approval from the FDA to
use AC under an INAD (Woronecki et al. 1990, Wo-
ronecki et al. 1992). Currently, AC is approved for use
on waterfowl, coots, pigeons, ravens, and sandhill
cranes.

The stated objective of Arizona Game and Fish
Department’s (AGFD) Wildlife Management Strategic
Plan was to maintain the range of all subspecies of
turkey in Arizona by repopulating historical range
through transplants, with emphasis on the reintroduc-
tion of Gould’s turkey (Arizona Game and Fish De-
partment 2001). Arizona Game and Fish Department
and the National Wild Turkey Federation (NWTF) ap-
proached WS for assistance in the reestablishment of
the Gould’s turkey, because WS held the only INAD
for AC in the United States, AC had been used suc-
cessfully on wild turkeys in the past, and there was a
critical need to minimize handling stress on the newly
acquired birds.

Initial efforts to reestablish Gould’s turkey oc-
curred during 1983 and 1987 (Breland 1988). In 1983
and 1987, Gould’s turkey were captured near Nuevas
Casas Grandes, Chihuahua, Mexico, transported to the
United States, and held in mandatory quarantine as
stipulated by the USDA APHIS Veterinary Services
(VS). Approximately 60% of both groups died while
in the 30-day quarantine prior to the release in the
Huachuca Mountains of Arizona (Breland 1988). Dur-
ing the winter of 1994 and 1997, Gould’s turkeys were

captured near Yecora, Sonora, Mexico, and free re-
leased (non quarantine) into the Galiuro Mountains of
Arizona (Wakeling 1998). This effort failed due to
poor habitat suitability, as well as poor reproductive
performance, high predator density, poor climatic con-
ditions, high initial mortality due to handling related
stress (Wakeling et al. 2001), and possibly, capture
myopathy. Capture myopathy, also known as exertion-
al myopathy, is a non-infectious disease characterized
by skeletal and cardiac muscle necrosis and severe
metabolic disturbance following extreme exertion,
struggle, or stress (Williams and Thorne 1996). Cap-
ture myopathy has not been extensively diagnosed in
avian species, but it has been diagnosed previously in
wild turkeys (Spraker et al. 1987).

Arizona Game and Fish Department, in coopera-
tion with NWTF and the Republic of Mexico, im-
ported Gould’s turkeys from Mexico to be held in a
quarantine facility prior to release during 2003 and
2004. Our objective was to use AC to reduce stress
and minimize or eliminate losses of Gould’s turkeys
due to handling. Ultimately, the goal was to obtain
adequate data, including a literature review, unpub-
lished studies, and research data collected under an
amendment to the INAD to petition FDA to add tur-
keys to the list of approved species specified under the
INAD.

STUDY AREA
We studied the effects of AC on Gould’s turkeys

in a VS approved quarantine facility (Maddrey and
Wakeling this volume) in the Chiricahua Mountains
located in Cochise County, Arizona, USA. The USDA
requires that all poultry entering the United States
from a foreign country be shipped under a USDA im-
port permit and be quarantined for a minimum of 30
days at a USDA Animal Import Center. The USDA
defines wild turkeys as poultry; wild turkeys are con-
sequently subject to the import requirements for poul-
try. Due to the quality of the new facility, Arizona was
granted permission to transport the turkeys directly to
the new facility instead of one of the import facilities
in New York, Florida, or California.

METHODS
AC Use

A formal request had to be made to the FDA to
use AC on Gould’s turkeys because they were a spe-
cies of wildlife that was not covered by the INAD. All
use of AC occurred within the AGFD facility. Prior to
anesthetizing Gould’s turkeys, food and water were re-
moved to ensure the birds would readily feed on the
treated cracked corn, and to remove potential drown-
ing sources while the turkeys were narcotized. Turkeys
were anesthetized with either 2.04 g of AC per cup of
cracked corn and 10 ml of corn oil or 2.04 g of AC
per 648 g of cracked corn and 20 ml of corn oil, not
to exceed 180-mg/kg body weight. Locally purchased
cracked corn was sifted to remove dust and chaff. The
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Table 1. Dose response data for Gould’s wild turkeys treated with alpha-chloralose laced cracked corn during 2003 and 2004 in a
quarantine facility in the Chiricahua Mountains, Arizona, USA.

Date
Amount of

cracked corn

Amount
of AC

(g)

Amount
of corn oil

(mL)

Number of
Gould’s
turkeys
feeding

Time baits
placed

(hr)

Time of first
feeding

(hr)

Time of first
capture

(hr)
Number
captured

Number
recovered

4 Apr 2003 3240 g 8.77 100 22 1500 1512 NA 0 NA
4 Apr 2003 2592 g 7.14 80 18 1505 1518 NA 0 NA
5 Apr 2003 7 cups 14.28 70 22 0935 0937 1356 22 22
5 Apr 2003 5 cups 10.20 50 18 0901 0903 1252 18 18
30 Mar 2004 7 cups 14.28 70 20 0905 0921 1545 20 20
30 Mar 2004 8 cups 16.32 80 22 0905 0912 1500 22 22
20 Apr 2004 7 cups 14.28 70 20 Not required Not required Not required 20 20
20 Apr 2004 8 cups 16.32 80 24 Not required Not required Not required 24 24

required quantity of cleaned cracked corn was placed
in a clear sealable storage bag. Pre-packaged AC in
the amount of 2.04 g was added to the bag and shaken
to distribute, followed by corn oil. The corn oil aided
adherence of the AC to the corn. Each bag was used
to sedate up to 3 turkeys. One bag of treated corn was
used per bait pile, with piles spaced 1–3 m apart. Tur-
keys were monitored for signs of anesthesia based on
symptoms as described by Williams et al. (1973a).
While under anesthesia, turkeys were radio-collared,
patagial tagged, and cloacal swabs were taken for Ex-
otic Newcastle Disease and avian influenza. Turkeys
were held in NWTF weatherproof cardboard boxes un-
til recovery.

Literature Review

Literature searches were conducted on 11 databas-
es to find published and unpublished reports of AC
use on wild turkeys. Databases searched were AGRI-
COLA, Biological Sciences, CAB abstracts, CRIS,
Google, Forest Service Research Publications, Pro-
ceedings of the National Wild Turkey Symposia,
PubMed, Searchable Ornithological Research Archive,
TEOMA, Wildlife Ecology and Studies Worldwide,
and Zoological Record. Literature found was used to
glean pertinent and potential registration data and
build a bibliography to justify future use and registra-
tion submissions.

RESULTS

AC Use

The FDA required that the appropriate documen-
tation of National Environmental Policy Act be com-
pleted prior to granting approval to use an INAD on
a species for which it is not labeled (e.g., Gould’s tur-
keys). WS used Categorical Exclusions to document
relevant environmental effects. In addition, WS had to
assure FDA that the turkeys would not be hunted for
food for at least 30 days after treatment; this was ac-
complished because Gould’s turkeys are a protected
species in the Chiricahua Mountains. FDA granted ap-
proval to use AC on Gould’s turkeys in Arizona on 13
March 2003.

Forty turkeys were treated with AC on 4 April

2003 (Table 1). At the previously stated dosing regi-
mens, all turkeys received adequate doses to facilitate
capture with minimal stress to the animal. A second
capture operation occurred on 5 April 2003 using 2.04
g per cup of cracked corn (Table 1). For operational
purposes, all birds were assumed to weigh approxi-
mately 4.0 kg. Forty birds were treated, captured, and
all survived. Within 23 min of the first feeding of
group 1 (22 turkeys), 4 turkeys were showing signs of
heavy sedation or mild narcosis. After 93 min, 14 tur-
keys showed signs of moderate narcosis or shallow
anesthesia, 4 showed signs of heavy sedation or mild
narcosis, and 4 showed no signs or light sedation. Af-
ter 4 hr and 10 min, turkeys were hand captured and
placed in NWTF boxes. Two females had to be hand
netted. In group 2 (18 turkeys), within 57 min, 8 tur-
keys showed signs of heavy sedation or mild narcosis,
4 showed signs of moderate narcosis or shallow an-
esthesia, and 6 showed no signs or light anesthesia.
After 4 hr, 11 turkeys were captured and placed in
boxes. After 5 hr and 19 min, 1 additional turkey was
sedated and 6 females had to be hand netted.

On 30 March 2004, the second set of captured
turkeys was baited using the same dosing regimen (Ta-
ble 1). Group 1 was baited at 0905 hr, and the first
female showed signs of light sedation after 40 min.
The first female reached moderate narcosis within 65
min of feeding. After 3.5 hr, only 5 turkeys had
reached narcosis. After 5 hr and 15 min, 10 turkeys
had reached narcosis and 10 had to be captured with
a net. In group 2, feeding on the bait began 25 min
after placement in the room. One female showed signs
of heavy sedation or mild narcosis after 30 min. One
female showed signs of moderate narcosis 80 min after
feeding. At 5.5 hr after feeding, captures were begun.
Twenty-one turkeys were in moderate narcosis to an-
esthesia. Three birds were in mild narcosis and 2 never
fed. At 0645 hr the next morning, 5 were still in an-
esthesia, 3 were in mild narcosis, and 44 were under
light sedation or recovered.

During the third baiting, times of feeding and
symptoms of recovery were not noted due to changes
in forms and the required information needed for the
FDA (Table 1). All 44 turkeys fully recovered, and
none were lost due to drugging. Turkeys captured dur-
ing baiting 1 and 2 were outfitted with radio-collars
and patagial tags.
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Table 2. Published reports of use of alpha-chloralose to anesthetize wild turkeys through 2004 as found through online searches.

Citation

Recommended AC
dosage (g) per cup

of cracked corn Sample size State of use
Mortality

(%)

Post capture
observation

(hr)

Williams 1966 2 260 Florida Not noted 24–120
Williams et al. 1966 2 592 Florida 8.9 Not noted
Williams et al. 1968a 2 35 Florida Not noted Not noted
Williams et al. 1968b 2 26 Florida 0 72
Speake et al. 1969 2 98 Alabama 0 Not noted
Barwick et al. 1970 2 Not noted Florida Not noted Not noted
Gardner 1972 2 115 w/3 methods Alabama Not noted Not noted
Austin et al. 1973 2 1712 Florida 9.0 Not noted
Barwick and Speake 1973 2 105 Alabama Not noted 24–36
Hillestad 1973 2 15 Alabama Not noted Not noted
Williams et al. 1973a 2 1600 Florida 9.0 20–40
Williams et al. 1973b 2 56 Florida Not noted Not noted
Windham 1973 2 4 Texas 25 29
Speake et al. 1975 2 105 w/3 methods Alabama, Kentucky Not noted Not noted
Donahue 1978;

Donahue et al. 1982
2 25 (AL 2, GA/FL 21,

PA 2)
Alabama, Georgia/Florida,

Pennsylvania
0 Not noted

Everett et al. 1980 2 89 w/2 methods Alabama Not noted Not noted
Hopkins et al. 1980 2 233 w/2 methods Mississippi Not noted Not noted
Kennamer et al. 1980 2 32 w/2 methods Alabama Not noted Not noted
Speake 1980 2 298 w/2 methods Alabama Not noted Not noted
Exum et al. 1985 2 12 Alabama Not noted Not noted
Holbrook and Vaughan 1985 2 30 adult/sub adult,

26 poults
Virginia 5 50.4 adult,

26.4 poult
Metzler and Speake 1985 2 Not noted Alabama Not noted Not noted
Speake et al. 1985 2 Not noted Alabama Not noted Not noted
Anonymous 1988 Not noted 88 Georgia Not noted Not noted
McDougal et al. 1990 2 64 w/2 methods Virginia Not noted Not noted
Seiss et al. 1990 2 38 w/2 methods Mississippi Not noted Not noted
Sisson et al. 1990 2 37 Georgia Not noted Not noted
Sisson and Speake 1991 2 26 Georgia Not noted Not noted
Lint et al. 1995 Not noted 88 Mississippi Not noted Not noted
Peoples et al. 1995 2 67 Georgia/Florida Not noted Not noted
Miller et al. 1996 2 w/2 methods Mississippi Not noted Not noted
Rumble and Anderson 1996 2 111 w/3 methods South Dakota Not noted Not noted
Lovell et al. 1997 Not noted Not noted Mississippi Not noted Not noted
Hubbard et al. 2001 2 Not noted Iowa Not noted Not noted

Turkeys fed according to pecking order. The larg-
est males were first to feed followed by young males,
females, and finally, subadult females. Each turkey re-
acted differently to the effects depending on the
amount of bait consumed, movements and activities of
other turkeys, and sounds external to the quarantine
rooms. Some turkeys regressed from Stage II (mild
narcosis) or III (moderate narcosis) back to Stage I
(light sedation) after other turkeys or external sounds
disturbed them.

During the study, 126 captures of 84 unique tur-
keys were made with AC over 3 capture events. We
experienced no capture myopathy, morbidity, or mor-
tality in our study.

Literature Review

Databases searched contained reports that dated
back to the 15th century with the majority of records
having been published since 1884. Search terms used
were turkey, wild turkey, chloralose, and turkey plus
chloralose.

We found 35 publications that referenced the use
of AC on wild turkeys (Table 2) The first use of AC
on wild turkeys was in Florida during 1966 (Williams
1966), which was also the state with the most publi-

cations on AC use in turkeys. Nine additional states
(Alabama, Georgia, Iowa, Kentucky, Pennsylvania,
Mississippi, South Dakota, Texas, and Virginia) were
found to have used AC on wild turkeys. Subspecies of
turkeys listed were Merriam’s (M. g. merriami), Rio
Grande (M. g. intermidia), Osceola (M. g. Osceola),
and Eastern (M. g. silvestris). No mention was made
of the use of AC on Gould’s turkeys. The last cited
use of AC on wild turkeys was in March 1995 in Iowa
(Hubbard et al. 2001). The primary papers being ref-
erenced as providing direction on the use of AC in
wild turkeys were Williams (1966), Williams et al.
(1966), and Williams et al. (1973a).

DISCUSSION

For almost 30 years, AC was one of the most com-
monly used tools to capture wild turkeys in the United
States (Table 2). Anecdotally, AC had been used an-
nually by many states for capture, research, and man-
agement of wild turkeys (B. Maddrey, National Wild
Turkey Federation, personal communication). Many of
these states may have data within their historical files
that could be used to further registration purposes.

Following the protocol initially set by Williams
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(1966) and within the guidelines set by FDA, AC is a
safe and effective tool for anesthetizing wild turkeys.
Gould’s turkeys fed according to pecking order on the
piles of baits which had enough AC for up to 3 turkeys
per bait pile. The largest males were first to feed fol-
lowed by young males, adult females, and subadult
females. We speculate that by feeding in this order,
turkeys self regulated the AC dosage by the largest
bird ingesting the largest share of treated bait and the
smallest bird ingesting the least amount of treated bait
(i.e., correlating bait intake to body size).

Our results agree with Williams (1966) in that dos-
ages below 2 g AC per cup of cracked corn were in-
effective in sedating Gould’s turkeys. Turkeys should
be maintained in a warm and dry condition during
anesthesia. Williams et al. (1966) found that wild tur-
key body temperatures rise sharply to as high as 42�C
and then gradually decline for several hours to as low
as 34�C. If the air temperature drops below freezing,
anesthetized turkeys can succumb to hypothermia. In
addition, water sources should not be present to pre-
vent drowning (Williams 1966). The majority of
Gould’s turkey reacted similarly to turkeys in Florida,
which took 1.5 hours to reach narcosis and 2–3 hr to
reach a state of anesthesia (Williams 1966). Our ex-
perience with AC in this study addressed many con-
cerns regarding losses of Gould’s turkeys due to han-
dling identified by Breland (1988), Wakeling (1998),
and Wakeling et al. (2001). We also hypothesize that
the use of AC may actually alleviate stress in wild
turkeys as suggested by Donahue et al. (1982).

MANAGEMENT IMPLICATIONS
Alpha chloralose continues to be a viable and im-

portant tool in the conservation and restoration of tur-
keys. Based on our study, limited published literature,
and the potential for additional information in the ar-
chives of agencies and organizations, we recommend
that WS continue to collect data on AC and petition
FDA to add turkeys to the current INAD-6602.
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Abstract: Perceptions of agricultural producers concerning crop depredation may influence wildlife management
decisions. We quantified the amount, type, and temporal pattern of damage to corn (Zea maize) and soybeans
(Glycine max) by wild turkey (Meleagris gallopavo), white-tailed deer (Odocoileus virginianus), raccoons (Pro-
cyon lotor), and other vertebrates in the agricultural region of northcentral Indiana. Using stratified random sam-
pling, we conducted depredation surveys of 160 fields (100 corn and 60 soybean) ranging in size from 1 to 125
ha from May through October in 2003 and 2004. We recorded 582,515 depredation events (73,100 to corn and
509,415 to soybeans). We defined a ‘‘depredation event’’ as any damage to a single plant caused by wildlife.
Raccoons and white-tailed deer were responsible for �97% of the damage to corn (87% and 10%, respectively),
whereas white-tailed deer (61%) and groundhogs (Marmota monax; 38%) were responsible for nearly all damage
to soybean plants. Small rodents, birds, canids, and all other vertebrates had very little effect on corn and soybean
production in our study area. Although turkeys were relatively common on the study area and turkey sign was
evident in several fields, no depredation events were attributed to wild turkey. We assessed landowner perceptions
concerning crop depredation by wildlife with mail and telephone surveys. Seventy-eight percent of landowners
reported having �1 crop type damaged by wildlife within the previous 12 months; however, their perceptions
regarding the species responsible for monetary losses to corn and soybeans did not correspond closely with our
field survey data.

Proceedings of the National Wild Turkey Symposium 9:59–65
Key words: corn, crop, damage, depredation, Indiana, perceptions, raccoon, soybeans, white-tailed deer, wild
turkey.

Agricultural damage by wildlife species in the
U.S. is substantial, widespread, and is a serious con-
cern to many agricultural producers. Conover (2002)
estimated wildlife-related, economic losses to agricul-
tural producers (farmers and ranchers) currently ex-
ceed 4.5 billion dollars annually in the U.S. Results of

nationwide surveys conducted in 1993 and 1994 in-
dicated 80% of farmers and ranchers suffered wildlife
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damage in the prior year, and 53% suffered damage
exceeding their tolerance (Conover 1998).

Data from agriculture and wildlife professionals
indicate wildlife damage to field crops has increased
significantly in recent years. Based on producer esti-
mates, wildlife-caused losses to field crops increased
from $237 million in 1989 to $316 million in 1994
(Wywialowski 1994, 1997). From 1957 to 1987, the
percentage of wildlife agencies reporting damage to
crops by deer increased from 83% to 100% and rac-
coon damage increased from 10% to 94% (McDowell
and Pillsbury 1959, Conover and Decker 1991).

Crop damage by deer and raccoons is probably the
most recognized and widespread (Conover and Decker
1991; Craven and Hygnstrom 1994; Wywialowski
1994, 1997; Conover 1998, 2002). While no estimates
exist of nationwide annual crop losses due to deer,
information is available for some states. Estimates of
crop damage in a non-hunted setting (Gettysburg Na-
tional Military Park and the Eisenhower National His-
toric Site) in Pennsylvania from 1986 and 1987 indi-
cated white-tailed deer reduced yields of field corn an
average of 20% (19 bushels/ha) (Vecellio et al. 1994).
In the 10 top corn-producing states, deer-specific loss-
es averaged 0.87 bushels/ha, representing 0.23% of the
10-state harvest of corn for grain in 1993 (Wywia-
lowski 1996). Crop damage by raccoons also has be-
come a serious concern of agricultural producers, with
25% of producers reporting raccoon damage (second
only to deer) (Conover 1998, 2002).

Several other wildlife species are commonly re-
sponsible or perceived to be responsible for substantial
damage to field crops. Groundhogs often damage soy-
bean plants around their burrows (Loven 2000). In
some parts of North America, blackbirds (Icteridae)
cause extensive damage to agricultural crops, espe-
cially sunflowers (Helianthus spp.) (Conover 2002).
Although generally rare, cases of crop depredation by
wild turkeys also have been reported (Gabrey et al.
1993, Paisley et al. 1995, Payer and Craven 1995,
Swanson et al. 2001).

The restoration of wild turkeys in North America
is generally considered one of the greatest wildlife
management successes. Agricultural landscapes once
thought to contain insufficient habitat for wild turkey
have proven productive (Dickson 1992). However,
with the increased presence of wild turkey in agricul-
tural regions, the number of perceived conflicts be-
tween wild turkey and agricultural producers over crop
damage has increased (Payer and Craven 1995). Al-
though wild turkey may potentially damage agricul-
tural crops, research has shown most cases of turkey
depredation result in minimal damage or are actually
caused by other wildlife species (Gabrey et al. 1993,
Paisley et al. 1996, Swanson et al. 2001, Tefft et al.
2005). The misidentification of crop damage by wild
turkey most likely stems from their diurnal nature and
coincidental presence in fields already damaged.

While most landowners hold a generally favorable
view of wildlife on agricultural lands (Pomeratz et al.
1986, Siemer and Decker 1991), many agricultural
producers complain of excessive and intolerable wild-

life damage to their crops (Brown et al. 1978, Brown
and Decker 1979). Agriculture and wildlife profes-
sionals in the U.S. also view wildlife damage as a
widespread problem (Conover and Decker 1991). Be-
cause of the potential economic losses to agricultural
producers, the priorities of wildlife agencies in agri-
cultural regions often are influenced by the perceptions
of agricultural producers toward crop damage. An im-
proved understanding of factors underlying crop dep-
redation and the development of strategies to reduce
crop losses by wildlife would not only decrease neg-
ative agricultural impacts, but also improve public per-
ceptions about wildlife.

In August 2002 we began a study to quantify the
amount and type of crop damage caused by vertebrate
wildlife species in crop fields (corn and soybean) in
northcentral Indiana. Our long term objective is to de-
velop spatially explicit models to predict probabilities of
species-specific crop depredation in corn and soybean
fields with respect to landscape features. In this paper,
we document the amount of crop damage, the species
responsible, timing of depredation, and preliminary re-
sults of a survey to evaluate attitudes of producers re-
garding wildlife depredation to corn and soybeans.

STUDY AREA
We selected a 1165-km2 study area within the Up-

per Wabash River Basin (UWB) of northcentral Indi-
ana encompassing portions of Grant, Huntington, Mi-
ami, and Wabash counties. Agriculture was the dom-
inant land use type (88%), primarily row crops of corn
and soybeans interspersed with small fields of hay and
small grains. Agricultural field size averaged 17 ha
(range � 1–130 ha) and �75% of fields were 24 ha
or less in size. Woodlands occurred primarily as inter-
spersed woodlots (mostly �16 ha) or as forested cor-
ridors along the rivers. Elevation averaged 243 m
above sea level and topography was flat with gently
rolling river drainages.

METHODS
Field Sampling

We constructed a Geographic Information System
to categorize land use and classify individual agricul-
tural fields by size and crop type. We assigned a sam-
ple of fields representing the distribution of field sizes
in the study area to 1 of 3 categories: �12 ha, 12–24
ha, or �24 ha. We surveyed 82 fields (n � 53 corn
fields; n � 29 bean fields) in 2003 and 78 fields (n �
47 corn fields; n � 31 bean fields) in 2004 for evi-
dence of wildlife crop depredation.

After plant emergence, we established edge and
interior transects in each field using hand-held Global
Positioning Satellite (GPS) receivers and survey flags.
All transects ran parallel with the fields’ row plantings
and transects continued through the end cross rows to
the ends of the fields. We established 2-edge transects
within 15 m of the edges of each field; transects fol-
lowed curvatures of field edges. We spaced interior
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Fig. 1. Number of soybean plants damaged by wildlife species
in northcentral Indiana during the 2003 and 2004 growing sea-
sons. We surveyed 29 fields in 2003 and 31 fields in 2004 be-
tween May and September of each year.

field transects (2 for �12 ha, 4 for 12–24 ha, and 6
for �24 ha fields) equidistantly within the remainder
of the fields. Most fields had 4 definable edges, of
which we surveyed only the 2 edges that ran parallel
to the entire field row planting orientation (e.g., north-
south orientation, east-west orientation). Some irreg-
ularly shaped fields had more than 4 edges. For fields
with �4 edges, we surveyed the 2 major edges that
ran parallel to entire field planting orientation and any
other edge of the same orientation that was greater
than one-quarter the length of the field in the direction
being surveyed. Wildlife biologists (Indiana Depart-
ment of Natural Resources and Purdue University
Wildlife Extension), experienced in assessing various
types of crop damage, trained our technicians on tech-
niques to determine wildlife species responsible for
damage and the age of corn and soybean plants.

Technicians walked field transects and surveyed
each field approximately once per month from plant
emergence until harvest. Survey crews of 2 technicians
walked in tandem along transects and documented all
plants that exhibited any sign of wildlife-caused dam-
aged visible from transects (i.e., variable-width tran-
sects). At each plant damage location, crews recorded
the number of plants damaged, wildlife species respon-
sible, amount of leaf area damaged, amount of seed dam-
age, height of damage, growth stage of plant at the time
of damage, and remaining yield. At locations where �20
plants were damaged we collected data for each dam-
aged plant, and in areas where �20 plants were damaged
we collected data on 20 randomly-selected damaged
plants. All documented damage was marked clearly with
paint to avoid recounting during subsequent surveys. In
addition to collecting plant damage characteristics, we
recorded UTM coordinates using hand-held GPS units
at the epicenter of each location where we collected dam-
age information. We defined a ‘‘depredation event’’ as
any previously unrecorded damage to a single plant
caused by wildlife.

Crop Producer Surveys

In December 2003 we mailed a survey to produc-
ers who grew a total of 20–320 ha of corn and soy-
beans according to Indiana National Agricultural Sta-
tistics Service records. We mailed surveys to all pro-
ducers meeting this criteria (n � 848) in 4 counties
within our study area (Grant, Huntington, Miami, Wa-
bash) and a random sample (n � 625) of producers
meeting the criteria in the remaining 7 counties located
entirely within the UWB (Carroll, Cass, Fulton, How-
ard, Tippecanoe, Wells, Whitley). The survey included
questions regarding the severity of crop depredation
on the landowner’s property, the wildlife species per-
ceived to be responsible, the landowner’s annual eco-
nomic losses from wildlife crop depredation, and the
landowner’s general attitudes towards wildlife. We
separated responses pertaining to corn and soybean for
statistical analyses. To check for non-respondent bias,
we conducted a telephone survey of a random sample
of non-respondents (n � 154) from 13–26 January
2004. We used a chi-square goodness of fit test to test

for differences in responses between mail and tele-
phone surveys (Zar 1996). We weighted responses that
differed (P � 0.05) between the groups based on the
sample size (i.e., n � 388 for mail and n � 1,091 for
telephone).

RESULTS
Field Sampling

We documented a total of 582,515 depredation
events in 149 of 160 fields surveyed over the 2 growing
seasons. We recorded no wildlife damage in 5 corn fields
and 6 soybean fields. Overall, soybean plants were dam-
aged more often than corn plants (509,415 and 73,100,
respectively), despite a greater sampling effort in corn (n
� 100) than in soybean fields (n � 60).

Our surveys in soybean fields yielded 131,556 dep-
redation events in 2003 and 377,859 depredation events
in 2004. The average number of soybean plants damaged
per field was 8,490 (SD � 23,708) and the maximum
number of plants damaged in a single field was 162,453.
White-tailed deer (61%) and groundhogs (38%) were
most often responsible for damage to soybean plants.
Eastern cottontails (Sylvilagus floridana), raccoons, small
rodents (e.g., fox squirrel [Sciurus niger], thirteen-lined
ground squirrel [Spermophilus tridecemlineatus], Eastern
chipmunk [Tamias striatus]), and unidentified species
combined were responsible for less than 2% of the total
damage to soybean plants (Figure 1). We detected no
wild turkey damage to soybeans.

Our surveys in corn fields yielded 24,623 depre-
dation events in 2003 and 48,477 depredation events
in 2004. The average number of corn plants damaged
per field was 731 (SD � 1,440) and the maximum
number of plants damaged in a single field was 8,357.
Raccoons and white-tailed deer were responsible for
�97% of the damage to corn (87% and 10%, respec-
tively). Small mammals (e.g., eastern cottontail, fox
squirrel, thirteen-lined ground squirrel, chipmunk),
beaver (Castor canadensis), birds, and other wildlife
had little effect on field corn in our study area (Figure
2). We detected no wild turkey damage to corn.
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Fig. 2. Number of corn plants damaged by wildlife species in
northcentral Indiana during the 2003 and 2004 growing seasons.
We surveyed 53 fields in 2003 and 47 fields in 2004 between
May and October of each year. Fig. 4. Percent of agricultural producers (n � 529) reporting

corn and soybean damage by wildlife in northcentral Indiana in
2003. The top 5 species for each crop type reported are shown.

Fig. 3. Number of corn plants in 100 fields surveyed in north-
central Indiana in 2003 and 2004 damaged by wildlife relative
to corn plant development. Vegetative stages (VE, V1, V2, . . . ,
Vn); tassel stage (VT); reproductive stages: silking (R1), blister
(R2), milk (R3), dough (R4), dent (R5), and maturity (R6) (Rit-
chie et al. 1997).

Fig. 5. Mean reported monetary losses attributed to wildlife re-
ported by agricultural producers (n � 529) to corn and soybean
by wildlife in northcentral Indiana in 2003. The top 5 species for
each crop type reported are shown.

Our 2 years of crop depredation surveys revealed
strikingly different temporal patterns of corn depreda-
tion by white-tailed deer and raccoons (Figure 3). Deer
damaged corn steadily from plant emergence (May)
through harvest (Oct). Conversely, raccoons damaged
corn only rarely until the beginning of the reproductive
stage (early to mid-Jun), but subsequently exhibited
substantial depredation through harvest (Oct).

Crop Producer Surveys

Of the 1,500 mail surveys sent to crop producers,
396 (26%) were returned; of these, 388 were usable.
For the call-back surveys, 141 of 154 were usable.
Seventy-eight percent of producers reported having �1
crop type damaged by wildlife within the previous 12
months. Eleven percent reported deer damage to soy-
beans within the previous 12 months, and less than
2% of producers reported damage to soybeans by rac-
coons, squirrels, or Canada geese (Branta canadensis).
Twenty-three percent of producers surveyed reported
deer damage to corn, and 12% reported raccoon dam-

age to corn. Less than 3% of producers reported dam-
age to corn by groundhogs, squirrels, or Canada geese
(Figure 4).

Average reported damage by wildlife ranged from
$105-$585 and $39-$479 to corn and soybeans, re-
spectively (Figure 5). Respondents indicated crop val-
ue losses in corn of 2.1% for deer and 2.2% for rac-
coon. In soybeans, crop value losses to deer and
groundhogs were 2.8% and 1.7%, respectively. Total
reported losses by respondents were highest for deer
and raccoon in corn, and deer and groundhog in soy-
beans (Figure 6).

Regarding crop producers’ general attitudes to-
wards wildlife, groundhogs were most disliked and
considered a nuisance species by 85% of those sur-
veyed. Raccoons had the second highest nuisance rat-
ing at 54%, and deer were considered a nuisance spe-
cies by 21% of producers surveyed. Wild turkey were
considered a nuisance by only 2% of the respondents
although a relatively large percentage (16%) were un-
sure about their feelings towards wild turkey; less than
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Fig. 6. Total reported monetary losses attributed to wildlife by
agricultural producers (n � 529) in northcentral Indiana in 2003.
The top 5 species for each crop type reported are shown.

2% of respondents indicated the same for deer, rac-
coon, or groundhog.

DISCUSSION
Crop depredation by wildlife is a substantial con-

cern to most agricultural producers in northcentral In-
diana. Although our field surveys indicated most fields
incurred only light to moderate damage, the fields ex-
hibited a high variance in levels of depredation. For
example, we found no wildlife damage in 11 of 160
surveyed fields; conversely, we recorded a maximum
of 162,453 damaged plants in 1 soybean field and
8,357 damaged plants in 1 corn field. The potential for
severe wildlife damage to field crops varies greatly and
potentially depends on factors such as animal densities
across habitat mosaics and landscape-level habitat fea-
tures.

Of the 160 crop fields we surveyed, 149 (93%)
incurred some degree of wildlife depredation, which
corresponded reasonably with landowner perceptions;
our survey indicated 78% of agricultural producers re-
ported having �1 crop type damaged by wildlife with-
in the previous 12 months. Likewise, Conover (1998)
reported 80% of farmers and ranchers nation-wide suf-
fered wildlife damage during the year prior to 1993 or
1994.

Soybeans were damaged most often by deer (61%)
and groundhogs (38%). Although most soybean dam-
age by deer was only light browsing (which rarely
affects yield adversely; Garrison and Lewis 1987),
groundhog damage was more extensive and concen-
trated (i.e., near the burrow), resulting in reduced plant
height or reduced bean production. The potential for
groundhog damage to limit soybean harvest yields in
the UWB may be substantial, depending on field size
and the number of groundhogs present.

Perceptions of crop producers regarding species-
specific damage to soybeans were similar to our find-
ings. However, crop producers cited deer as the species
most often responsible for damage to corn, when in

reality, deer depredation to corn in our study area was
minimal compared to raccoon depredation. Raccoon
depredation may be more problematic to producers
who grow corn in the UWB than in corn-producing
regions of the U.S. in general. For example, Kelley et
al. (1982) described raccoon depredation to corn fields
in Ohio as negligible on a state-wide basis, and in
Pennsylvania, Tzilkowski et al. (2002) reported that
deer were responsible for most damage to corn.

Throughout the Midwest, raccoon populations
have increased over the past 100 years (Lehman 1977),
and are currently at or near record population levels
in Indiana (Plowman 2003). Increases in raccoon
abundance are due primarily to the conversion of na-
tive forest and prairie to agriculture (Page et al. 2001)
and decreases in fur prices (Gehrt et al. 2002). Differ-
ences in depredation levels by raccoons between our
study and previous studies (e.g., Kelley et al. 1982,
Garrison and Lewis 1987) may be caused by regional
differences in raccoon population sizes or the misiden-
tification of raccoon damage as deer damage in pre-
vious studies. Annual fluctuations in raccoon popula-
tion numbers or distributions as well as the availability
of alternative food sources may have accounted for the
differences observed in damage levels to corn between
years in our study area (19,031 plants in 2003; 44,774
plants in 2004).

Crop producers’ perceptions regarding monetary
losses did not correspond closely to our field data. For
example, producers reported deer were responsible for
an average of $585 damage within the previous 12
months in all corn fields on their property; whereas
only $283 was attributed to raccoon. These reported
figures were unlikely to approach reality, given the
proportionally high amount of damage our data attri-
buted to raccoon compared to deer. When expressed
as a percentage of total damage in corn fields, respon-
dents attributed 82% of damage to deer and 15% to
raccoon, which again was contradictory to our field
data. However, when asked to describe the damage to
corn in terms of percent value of crop lost, the same
group attributed a 7.7% loss to raccoon and a 2.3%
loss to deer, which was more in line with our field data
that indicated more raccoon damage than deer damage
in corn fields. Thus, producers we surveyed seem
much more adept at expressing damage as a function
of percent crop damaged as opposed to actual dollar
amounts.

Our surveys of 160 agricultural fields yielded no
cases of crop depredation by wild turkey. Turkey sign
was evident in several fields and turkeys often were
observed in fields we surveyed. Because of their rel-
ative conspicuousness, the wild turkey is commonly
perceived as a species that damages crops (Payer and
Craven 1995, Swanson et al. 2001). Studies of crop
use by wild turkey in several midwestern states (Ga-
brey et al. 1993, Paisley et al. 1995, Payer and Craven
1995, Swanson et al. 2001) documented only trivial
damage by wild turkeys to agricultural crops. Our
study supports previous research and suggests that the
occurrence of crop depredation by wild turkey is very
low, even though they often occupy agricultural lands
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throughout the year. Future work in the area of crop
depredation should consider the beneficial aspects of
wild turkey in agricultural landscapes.

Proper identification of species responsible for
damage is vitally important so landowners and pro-
ducers can implement the correct management strate-
gies. Determining the amount and cause of species-
specific damage to field crops can be difficult, espe-
cially for untrained individuals. Our study demon-
strates the need to improve education and training in
identifying wildlife damage to agricultural crops. Ac-
curate assessment of wildlife damage by producers is
important because those experiencing damage may be
less likely to encourage wildlife use of their properties
(Conover 1998).
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Abstract: State wildlife agencies recognize illegal kill of eastern wild turkeys (Meleagris gallopavo silvestris)
occurs but the extent of losses are often unknown. As part of a 5-year cooperative study of population dynamics
of female wild turkeys in our region, we radio-tagged 1,032 females from 3 separate areas to determine survival
and sources of mortality including known illegal and potential illegal deaths. Fall turkey seasons and other big
and small game seasons varied between our states and we sought to identify potential patterns of illegal kill related
to different fall turkey hunting seasons. Annual and fall-winter mortality rates from known illegal deaths were not
significantly different among our study areas. Known illegal mortality rate in the fall-winter period, averaged for
the 3 study sites over 5 years, was 0.05. Patterns of illegal mortality during the fall hunting seasons were similar
among our study sites. We used a model selection procedure to determine that mast abundance influenced illegal
mortality rates during the fall hunting seasons. Law enforcement agencies may improve effectiveness in appre-
hension of turkey poachers by timing enforcement efforts to coincide with patterns of illegal kills, particularly
during years of mast failures. We recommend several changes in outreach to hunters, which may reduce illegal
killing of hens.

Proceedings of the National Wild Turkey Symposium 9:67–73
Key words: acorns, female illegal mortality, female wild turkey, law enforcement, Meleagris gallopavo silvestris,
Virginia, West Virginia.

Poaching of wild turkeys has been recognized as
a potential factor that could impact population dynam-
ics (Wright and Speake 1975, Fleming and Speake
1976, Williams and Austin 1988, Little et al. 1990,
Vangilder and Kurzejeski 1995, Davis et al. 1995,
Miller et al. 1997, Alpizara-Jara et al. 2001). Illegal
mortality rates are difficult to determine and monitor
so state wildlife agencies are often left to assume
poaching levels are not significant and do not limit
wild turkey population levels.

As part of a 5-year cooperative population dy-
anamics study in Virginia and West Virginia, we in-
vestigated illegal mortality rates to assess potential im-
pacts on populations. We also examined several vari-
ables that we thought might influence poaching in-
cluding the extent of fall turkey hunting seasons and

the availability of mast (acorn) crops. The availability
of acorns has been found to influence fall harvests
(Norman and Steffen 2003, Ryan et al. 2004) and legal
hunting mortality rates (Steffen et al. 2002), thus the
same effect could be expected with poaching.

STUDY AREA

The study was conducted in 3 geographic regions
of western Virginia and West Virginia from September
1989 to August 1994 (Figure 1). Study area names
were adopted from Pack et al. (1999) to be consistent.
The Virginia region (Area 1–2; 21,709 km2) was in

1 E-mail: gnorman@dgif.state.va.us
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Fig. 1. Virginia and West Virginia study areas in female wild
turkey survival study from 1989–1994.

the Allegheny Mountain Range of the Ridge and Val-
ley Province and had 8- or 9-week fall either-sex hunt-
ing seasons. Fourteen counties (16,837 km2) in eastern
West Virginia’s Potomac Plateau and Ridge and Valley
Regions had a 4-week fall either-sex hunting season
(Area 3). The remaining area of western West Virginia
(Area 4; 30,386 km2) had no fall hunting. Regions
were mostly forested (Area 1–2: 66%, Area 3: 77%,
Area 4: 77%). Spring gobbler seasons were 4 weeks
long in West Virginia and 5 weeks long in Virginia
(Norman et al. 2001). Primary forest types included
oak (Quercus spp.), oak-hickory (Carya spp.), oak-
pine (Pinus spp.), yellow poplar (Liriodendron tulipi-
fera), and northern hardwood (beech, Fagus grandi-
folia; cherry, Prunus spp.; and maple, Acer spp.).

METHODS
We captured wild turkeys throughout each region

at 47 different trapping areas during fall (Sep–Nov)
and winter (Jan–Apr) 1989–1994. We captured the
birds at baited sites with rocket- or mortar-propelled
nets. We weighed females and fitted them with trans-
mitters, and released them at the capture location (Nor-
man et al. 1997, Pack et al. 1999). We used transmit-
ters (Advanced Telemetry Systems, Isanti, Minnesota,
USA; Telonics, Mesa, Arizona, USA) that were
equipped with an 8-hr mercury switch to indicate in-
activity or potential mortality. We determined the
birds’ sex and age by examining their leg length, pri-
mary molt pattern (Healy and Nenno 1980), and feath-
er coloration (Pelham and Dickson 1992).

We located the transmitter-equipped hens by tri-
angulation 1–3 times per week throughout the year. We
used airplanes to search for transmitters that could not
be located during ground searches. Carcasses were re-
covered when mortality signals were detected to de-
termine causes of mortality. We closely examined the
carcass, harness, transmitter, and recovery site to de-
termine cause of mortality. We radiographed carcasses
when necessary to evaluate the potential effects of shot
from illegal or crippling losses.

To minimize the potential effects of trapping on
survival we used a 14-day conditioning period before
entering hens in the study. If our radio-marked hens
lived longer than 1 year during the study they were
readmitted the following year (Pack et al. 1999).

We used the Kaplan–Meier product limit estimator
modified for staggered entry (Pollock et al. 1989) to
estimate survival and the generalized Trent-Rongstad
analyses (Heisey and Fuller 1985) to identify cause-
specific mortality agents. Trent-Rongstad survival es-
timates were based on spatial replicates of �4 wild
turkeys per study area, based on forest cover type
(Pack et al. 1999). We censored birds from analyses
that we could not locate (Vangilder and Sheriff 1990).
All mortalities except known illegal deaths were cen-
sored to estimate known illegal mortality rates. We
combined independent tests using Fisher’s meta-anal-
ysis procedure to examine the effect of illegal kill on
survival (Hedges and Olkin 1985).

Because we observed a significant number of lost
signals at suspicious times, we conducted a separate
analysis of our data and considered some lost signals
as potential illegal deaths. Potential illegal mortality
rate was calculated by including both known illegal
deaths and potential illegal deaths. All mortalities ex-
cept potential illegal deaths were censored to estimate
potential illegal mortality rates. Examples of potential
illegal deaths included the disappearance of the trans-
mitter signal on the opening weekend of squirrel, deer,
or spring gobbler season.

Fall-winter season was defined as 1 September
through 4 January. Differences in survival distribution
between the states in the fall-winter period with illegal
kills as deaths were tested using log-rank analyses
(Pollock et al. 1989).

A priori we developed a series of linear models to
explain variability in illegal mortality rates. These
models incorporated explanatory variables that might
impact poaching including days of fall turkey hunting
seasons, acorn abundance, and the interaction of fall
turkey hunting season length and acorns. The global
model incorporated all potential parameters and was
used to initially assess model potential. Model 1 was
included to assess the importance of the presence of
different fall hunting seasons (0, 24, and �48 days) as
a potential factor influencing poaching rates. The
abundance of acorns has been shown to influence legal
hunting harvest rates (Norman and Steffen 2003, Stef-
fen et al. 2002); therefore, Model 2 included an index
of acorn abundance.

Acorns were counted along 16 survey routes in
Virginia (Norman et al. 2005) while a qualitative mea-
sure of mast availability was made throughout West
Virginia (Igo and Pack 1994). Because these indices
were of different measures of mast we standardized
the data using the following equation:

WV Correction factor �

(highest annual VA acorn index/WV acorn index

for that year) � (lowest VA acorn index/WV

acorn index for that year)/2.



Fall Illegal Kill of Female Wild Turkeys • Norman et al. 69

Fig. 2. Converted mast indices for Study Areas 1–2 (Virginia),
Study Area 3 (eastern West Virginia), and Study Area 4 (western
West Virginia).

Table 2. Annual mortality rates of known illegal deaths of radio-
marked female wild turkeys in Virginia (Area 1–2) and West Vir-
ginia (Area 3, 4) during 1989–1994.

Year

Area 1–2

Illegal
rate SE

Area 3

Illegal
rate SE

Area 4

Illegal
rate SE

1989 0.11 0.04 0.16 0.05 0.12 0.05
1990 0.18 0.05 0.08 0.05 0.09 0.05
1991 0.09 0.04 0.05 0.03 0.09 0.04
1992 0.21 0.05 0.12 0.05 0.07 0.03
1993 0.12 0.04 0.01 0.02 0.07 0.04
Average 0.14 0.12 0.08 0.02 0.09 0.02

Table 1. Sample sizes of known illegal deaths, potential illegal
deaths, and radio-marked female wild turkeys in Virginia (Area
1–2) and West Virginia (Area 3, 4) during fall (1 Sep–4 Jan),
1989–1994.

Year

Area 1–2

Known
illegal

Pot.
illegala

Radi-
oed
total

Area 3

Known
illegal

Pot.
illegal

Radi-
oed
total

Area 4

Known
illegal

Pot.
illegal

Radi-
oed
total

1989 0 0 34 3 3 24 0 3 21
1990 7 8 105 2 9 74 2 9 56
1991 2 4 80 0 0 54 3 5 63
1992 12 18 129 6 11 88 3 15 62
1993 7 11 104 1 7 62 3 11 80
Total 28 41 452 12 30 302 11 43 282

a Potential illegal deaths include known illegal deaths and lost signals
that were suspicious due to the timing of the disappearance.

Table 3. Fall–winter mortality rates from known illegal deaths
of radio-marked female wild turkeys in Virginia (Area 1–2) and
West Virginia (Area 3, 4) during 1989–1994.

Year

Area 1–2

Illegal
rate SE

Area 3

Illegal
rate SE

Area 4

Illegal
rate SE

1989 0.00 0.00 0.14 0.08 0.00 0.00
1990 0.09 0.04 0.03 0.02 0.04 0.03
1991 0.03 0.02 0.00 0.00 0.05 0.03
1992 0.14 0.04 0.08 0.03 0.05 0.03
1993 0.08 0.03 0.01 0.01 0.04 0.02
Average 0.07 0.02 0.05 0.03 0.04 0.01

The correction factor for the WV index was 0.68.
To evaluate the accuracy of the correction factor we
compared red and white oak indices between the states
over 28 years (T. Fearer, Virginia Tech, unpublished
data). We found no difference in red oak conversions
between states but noticed white oak indices for West
Virginia tended to be higher than Virginia indices. For
both species groups we noticed greater variability in
Virginia’s acorn indices, due to the nature of the range
in values for the West Virginia data. This implies that
while converted indices may reflect the same trends in
production, the converted West Virginia indices may
underestimate the magnitude of fluctuations in produc-
tion (T. Fearer, Virginia Tech, unpublished data). Al-
ternately, Area 4 may have less variation in mast con-
ditions due to lower elevations and milder climate in
western West Virginia (Figure 2). We assumed this po-
tential bias would not affect our investigations of a
relationship between illegal harvest and mast. Finally,
we considered the interaction between acorn abun-
dance and fall season length in Model 3.

We evaluated models and ranked them using in-
formation-theoretic model selection techniques (Burn-
ham and Anderson 2002). We used F statistics, P val-
ues, and R-square values to assess global model fit
using P � 0.10. We evaluated candidate models within
the set based on Akaike’s Information Criterion ad-
justed for sample size (AICc), AICc differences (�i),

explanatory power (R2
adj), and Akaike weights (�i)

(Burnham and Anderson 2002). We considered models
with AIC values �4 as competing models. Akaike
weight (�i) estimates the probability that a particular
model is the best model in the candidate set (Burnham
and Anderson 2002).

RESULTS
We radio-tagged 1,032 female wild turkeys be-

tween 1989 and 1994. Females that lived more than 1
year were reentered in the study the following year.
The total sample size including new captures and re-
entered birds was 1,543 females (Table 1).

During the 5-year study we found 633 mortalities
and determined 100 (15.8%) were known illegal
deaths. Annual mortality from known illegal deaths
averaged over the 5-year study ranged from 0.08 in
Area 3 to 0.14 in Area 1–2 (Table 2). Annual known
illegal mortality rate, averaged for the 3 study sites
over 5 years, was 0.11.

Known illegal mortality during the 17-week fall-
winter (1 Sep–4 Jan) period totaled 51 birds, repre-
senting 8% of mortalities. Fall-winter known illegal
mortality rates ranged from 0.04 (Area 4) to 0.07 (Area
1–2; Table 3). We found no significant difference (P
� 0.05) in known illegal mortality rates between states
and study areas based on fall turkey season structure
except in 1 comparison in 1993–1994 (Table 4). Ad-
ditionally, weekly patterns of known illegal kill sug-
gest poaching patterns were not significantly different
between the states (P � 0.05) based on log-rank anal-
yses for each year of the 5-year study (Pollock et al.
1989). Known illegal mortality rate in the fall-winter
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Table 4. Meta-analysis of Trent-Rongstad estimates of fall–winter mortality rates from known illegal deaths in Virginia (Area 1–2) and
West Virginia (Area 3, 4), 1989–1994.

1–2 vs. 3, 4

X P

3 vs. 4

X P

1–2, 3 vs. 4

X P

1–2 vs. 3

X P

1–2 vs. 4

X P

Annuala

1989–90 12.25 0.14 8.48 0.39 9.65 0.29 10.45 0.23 8.11 0.42
1990–91 8.05 0.43 2.42 0.96 4.71 0.79 6.91 0.55 6.66 0.57
1991–92 3.09 0.93 6.26 0.62 5.66 0.69 4.13 0.84 4.30 0.83
1992–93 4.01 0.86 3.96 0.86 6.16 0.63 4.35 0.82 9.73 0.28
1993–94 19.63 0.01 4.26 0.83 11.60 0.17 12.71 0.12 10.10 0.26
Overallb 47.03 0.21 25.39 0.96 37.79 0.57 38.56 0.54 38.91 0.52

Fall–winterc 15.66 0.11 9.09 0.52 9.92 0.45 15.18 0.13 8.65 0.57

a Years combined over seasons.
b Combined over seasons and years.
c Fall–winter season combined over years.

Table 5. Fall–winter mortality rates from potential illegal deaths
of radio-marked female wild turkeys in Virginia (Area 1–2) and
West Virginia (Ara 3, 4), 1989–1994. Potential illegal deaths in-
cluded known illegal deaths and lost signals that were suspi-
cious due to the timing of the disappearance.

Year

Area 1–2

Potential
illegal SE

Area 3

Potential
illegal SE

Area 4

Potential
illegal SE

1989 0.00 0.00 0.14 0.08 0.00 0.00
1990 0.11 0.04 0.14 0.05 0.11 0.05
1991 0.05 0.03 0.00 0.00 0.09 0.04
1992 0.19 0.04 0.14 0.04 0.09 0.04
1993 0.13 0.04 0.11 0.04 0.07 0.03
Average 0.10 0.03 0.11 0.04 0.07 0.02

period, averaged for the 3 study sites over 5 years,
was 0.05.

Potential illegal mortalities totaled 114 birds in the
fall-winter period (Table 1). Areas with fall hunting
(Area 1–2 and 3) had comparable potential illegal mor-
tality rates (0.10 and 0.11, respectively; Table 5). Po-
tential illegal mortality rate in the area without fall
hunting (Area 4) was 0.07 (Table 5). Potential illegal
mortality rate in the fall-winter period, averaged for
the 3 study sites over 5 years, was 0.09.

Our global model provided an acceptable fit (F3,14

� 2.78, P � 0.091, R2 � 0.43). Model 3, which in-
corporated mast as an explanatory factor, was clearly
the best fit model given the suite of models we ex-
amined (Table 6). The model weight indicated the mast
model had a 71% probability of being the best fit mod-
el. The mast model accounted for 23% of the variation
in illegal mortalities we observed (R2

adj � 0.23). The
equation for the linear regression model was known
illegal mortality rate � 0.117 � 0.0036 (mast index).

DISCUSSION
We found no difference in illegal mortality rates

and patterns of illegal mortality between our states and
study areas during the fall and early winter period. We
assumed some difference in illegal mortality might be
expected due to different histories of fall turkey hunt-
ing seasons and the timing of different fall hunting
seasons. Area 4 in western West Virginia had no fall

hunting seasons and the turkey population was more
recently established whereas Areas 1–2 and 3 had long
traditions of fall hunting with long established popu-
lations. We found significant differences in illegal mor-
tality rates in spring between our states, but the higher
illegal mortality rate in Virginia was attributed to ear-
lier opening date of the spring gobbler season (Norman
et al. 2001). Overall, we found no significant differ-
ence in know illegal mortality rates on an annual basis
among our study areas.

Poaching rates higher than we observed have been
reported in studies in Kentucky (63% in 1974; Wright
and Speake 1975), Florida (63%; Williams and Austin
1988:200), and South Carolina (18%; Davis et al.
1995). Poaching levels in New York (13% Roberts et
al. 1995) and Mississippi’s Tallahala Wildlife Manage-
ment Areas (9% Miller et al. 1997) were slightly lower
than we observed. Poaching was much less of a mor-
tality factor in Missouri (5% in spring; Vangilder and
Kurzejeski 1995), Mississippi’s Kemper County (3%;
Palmer et al. 1993), and Wisconsin (2%; Wright et al.
1996).

Poaching in our study took place throughout the
fall and early winter season but some periods of time
appeared to have greater losses. Higher illegal losses
tended to take place immediately before or after the
fall turkey season (Figures 3 and 4). Some losses were
noted before and during early squirrel seasons, but
these losses were typically not as severe as losses later
in the fall (Figures 3 and 4). Kurzejeski et al. (1987)
noted significant poaching of wild turkey hens in Mis-
souri’s early squirrel seasons. Poaching levels gener-
ally declined during the fall turkey season in our study,
but some instances were found and may have been
related to exceeding the daily/seasonal bag limit, tres-
pass, or not having a license. We observed some
poaching during firearms deer seasons, particularly in
West Virginia, and those results are similar to findings
in Alabama (Fleming and Speake 1976, Everett et al.
1978). Miller et al. (1997) suggested hunter densities
likely governed illegal mortality rates.

Illegal harvest rates were generally lower than le-
gal harvest rates in our study. Legal harvest of wild
turkey hens averaged 0.16 in Virginia (Area 1–2)
while the illegal mortality rate averaged 0.07 (Pack et
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Table 6. Results of information-theoretic model selection to evaluate competing models explaining illegal mortality rates in wild turkeys
in Virginia and West Virginia, 1989–1994.

Model n SSEa Kb AICc �I
d R 2 R;532

adj
e �I

f

Model 2: Illegal � mast
(acorn indices) � �

15 0.021 3 —
90.2 0.0 0.28 0.23 0.71

Model 1: Illegal � fall
hunting days � �

15 0.027 3 —
86.6 3.6 0.09 0.02 0.12

Model 3: Illegal � fall
hunting days 	 mast � �

15 0.029 3 —
85.4 4.7 0.01 0.00 0.7

Global: Illegal � fall
hunting days � mast �
(fall days 	 mast) � �

15 0.017 5 —
85.2 5.0 0.43 0.28 0.06

a Sum of squares error.
b Number of estimable parameters in an approximating model.
c Akaike’s Information Criterion adjusted for small sample size.
d Akaike’s Information Criterion differences, relative to the smallest AIC value in model set.
e R 2

adj � Adjusted R square or explanatory power.
f Akaike weight. Weights may be interpeted as the probability that the model is the best supported by the data, given a set of alternative
models.

Fig. 3. Fall-winter (1 Sep–4 Jan) weekly survival rates of fe-
male wild turkeys in Study Area 1–2 (Virginia) averaged over
1989–1994. Times of hunting seasons are approximate as dates
varied by year.

Fig. 4. Fall-winter (1 Sep–4 Jan) weekly survival rates of fe-
male wild turkeys in Study Areas 3 and 4 (West Virginia) aver-
aged over 1989–1994. Times of hunting seasons are approxi-
mate as dates varied by year.

al. 1999). This relationship was similar in West Vir-
ginia’s fall hunted region with legal mortality rates av-
eraging 0.08 (Pack et al. 1999) and illegal rates 0.05.
However, if potential illegal rates actually reflect real
poaching losses, then the differences between legal
and illegal kills becomes smaller (Tables 3 and 5).

Seasonal survival rates were lowest in the fall-
winter period due to the combination of legal, illegal,
and natural mortality influences (Pack et al. 1999). We
found no significant difference in illegal and natural
mortality among our study sites and concluded legal
hunting mortality was additive because annual survival
rates varied with legal hunting mortality rates (Pack et
al. 1999). Results of our modeling work suggest that
fall survival rates have the greatest influence on turkey
population growth rates (Alpizar-Jara et al. 2001) in
our region and our management measures should con-
centrate on the fall season.

Our model selection approach identified acorn
crops as an important explanatory factor that influ-
enced poaching rates. The availability of acorns had a
negative relationship on poaching rates. A similar re-
lationship has been found with acorn abundance and
fall harvests (Ryan et al. 2004, Norman and Steffen
2003, Steffen et al. 2002). Wild turkeys may be more

vulnerable to legal and illegal hunting mortality in
mast failure years as they expand their range into fields
and clearings (Steffen et al. 2002). Conversely, during
years of mast abundance, wild turkeys spend more
time in forested areas and have smaller home ranges
making them less vulnerable to legal or illegal hunting.

MANAGEMENT IMPLICATIONS
Poaching of wild turkeys is a significant problem

in our study areas. Potential solutions to address this
problem will not be easy, but by addressing the prob-
lem we may increase wild turkey populations in the
region if these losses are an additive form of mortality.
Given that fall hunting mortality is an additive form
of mortality (Pack et al. 1999) and fall survival rates
have the potential to impact populations and harvests
(Alpizar-Jara et al. 2001), we assume fall mortality
from illegal deaths have the potential to likewise im-
pact populations. Programs to reward individuals that
report wild turkey violations were in place during our
study. While these programs offer potential help to ad-
dress poaching, we feel these programs need more ad-
vertising and perhaps greater cash rewards to improve
deterrence and assist law enforcement efforts. Greater
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awareness of poaching and its impacts could be
stressed to young hunters in hunter education pro-
grams and other programs such as the National Wild
Turkey Federation JAKES events. Finally, law en-
forcement efforts to apprehend poachers may be more
efficient if activities are focused during periods of peak
illegal activity, particularly during years of mast fail-
ures.
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Abstract: Researchers investigating survival of wild turkeys (Meleagris gallopavo) traditionally have assumed
mortalities within the first 14 days may be capture-related, and have excluded those data from analyses. Few have
explored ways to reduce mortality during this period. In 2000, we initiated a long-term radiotelemetry study of
the ecology of Rio Grande wild turkeys (M. g. intermedia) in the southern Great Plains. During 2000–2002, we
captured and outfitted 667 turkeys with backpack-style radio transmitters. We recaptured 123 previously trans-
mittered birds for 790 14-day survival periods. Sixty-seven birds (8.5%) died �14 days post capture and were
considered capture-related mortalities. Male mortality (13.4%) was greater than female (5.8%) mortality (P �
0.001). Birds captured in the afternoon had higher (P � 0.035) mortality rates (11.6%) versus morning (8.0%) or
mid-day (7.1%) captures. We found no differences in mortality among study sites (P � 0.14), years (P � 0.27),
age class for males (P � 0.38) or females (P � 0.99), or capture method (P � 0.64). We found no relationship
between weather conditions and 14-day postcapture survival of turkeys with the exception of precipitation 48



76 Managing Wild Turkey Populations

hours post capture (P � 0.01). We recommend minimizing handling of males and avoiding afternoon captures to
reduce capture-related mortalities.

Proceedings of the National Wild Turkey Symposium 9:75–81
Key words: capture-related mortality, Great Plains, Kansas, Meleagris gallopavo intermedia, Rio Grande wild
turkey, survival, Texas.

Trent and Rongstad (1974) recognized the value
of radio transmitters in survival analyses. They used
telemetry to study survival in eastern cottontail rabbits
(Sylvilagus floridanus) and since that time, radio trans-
mitters have proven to be a valuable tool in studying
survival and mortality of wild animals (White and
Garrott 1990, Millspaugh and Marzluff 2001). Stress
resulting from capture and handling needed to attach
radio transmitters may cause increased mortality post-
capture in turkeys (McMahon and Johnson 1980,
Spraker et al. 1987, Miller 1996, and Nicholson et al.
2000). Therefore, researchers generally exclude from
analyses birds that die �14 days post-capture as cap-
ture-related mortalities (Hennen and Lutz 2001, Hoh-
ensee and Wallace 2001, Wakling et al. 2001, Wright
and Vangilder 2001, Nguyen et al. 2003). Capture-re-
lated mortalities in wild turkeys have been document-
ed (McMahon and Johnson 1980, Clark 1985, Spraker
et al. 1987, and Nicholson et al. 2000) at both capture
and relocation sites; however only Miller et al. (1996)
addressed capture-related mortalities in turkeys (M. g.
silvestris) released immediately at original capture
sites. No studies have investigated capture-related
mortalities in the Rio Grande subspecies.

In 1999, prompted by apparent widespread popu-
lation declines and a lack of basic life-history infor-
mation, we initiated a long-term study of the ecology
of Rio Grande turkeys in the southern Great Plains.
As part of this study, one of our objectives was to
investigate factors that might contribute to capture-re-
lated mortality and determine methods that may reduce
mortality following capture events in the future.

STUDY AREAS
We captured Rio Grande wild turkeys at 3 sites in

the Texas Panhandle and one in southwestern Kansas.
The Texas sites occurred along the intersection of the
Rolling Plains and High Plains physiogeographic re-
gions. Cattle production was the primary landuse. The
southernmost site was centered on the Matador Wild-
life Management Area near Paducah, Texas (Matador).
The Pease River flowed west to east through the center

1 Present Address: Kentucky Department of Fish and Wild-
life Resources, #1 Sportsman’s Lane, Frankfort, KY 40601,
USA.

2 E-mail: john.brunjes@ky.gov
3 Present Address: Texas Parks and Wildlife Department,

15412 FM 2266, Canadian, TX 79014, USA.
4 Present Address: U.S. Fish and Wildlife Service, 11103 E.

Montgomery Drive, Spokane, WA 99206, USA.
5 Present Address: Tennessee Wildlife Resources Agency,

P.O. Box 40747, Nashville, TN 37204, USA.

of the study area. Dominant vegetation types included
mesquite (Proposis glandulosa), grassland, prickly
pear cactus (Opuntia sp.), and juniper (Juniperis sp.)
shrubland in the uplands and western cottonwood (Po-
pulus fremontii) in the riparian areas, with mesquite
covering the largest area. Elevations ranged from 488
to 610 m above sea level.

The Salt Fork site was composed of private ranch-
es along the Salt Fork of the Red River northeast of
Clarendon, Texas. The Salt Fork of the Red River
flowed west to east through the center of the study
area. Dominant vegetation types included mesquite,
grassland, shinnery oak (Quercus havardii), and sand-
sage (Artemisia filifolia) in the uplands, and western
cottonwood in the riparian areas. Mesquite covered the
largest area. Elevations ranged from 632 to 995 m
above sea level.

The northernmost Texas site was centered on the
Gene Howe Wildlife Management Area east of Ca-
nadian, Texas (Gene Howe). The Canadian River
flowed west to east through the center of the study
area. Dominant vegetation types included sandsage,
grassland, and mesquite in the upland areas, and salt
cedar (Tamarisk gallica) and western cottonwoods in
the riparian areas. Sandsage habitats covered the larg-
est area.

The Kansas-Colorado site was located in the
southwestern corner of Kansas and the southeastern
corner of Colorado, and was centered on the Cimma-
ron National Grassland (Kansas). The Cimmaron Riv-
er flowed west to east through the center of the study
area. Cattle production and oil-gas production were the
only land uses on the grassland, but privately owned
portions of the study area included dry cropland and
irrigated cropland. Dominant vegetation types were
western cottonwood woodland dominating the riparian
areas and sandsage dominating the uplands.

METHODS

Capture

We captured Rio Grande wild turkeys at the 3 Tex-
as sites during January–March, 2000–2002, and at the
Kansas site during January–March, 2000–2001. We
captured birds using drop nets (Davis and DelMonte
1986), rocket nets (Bailey et al. 1980, Wunz 1984) and
walk-in traps (Davis 1994). Once captured, we re-
moved birds from the nets and placed them in trans-
port boxes (76.2 � 35.6 � 61.0 cm) provided by the
National Wild Turkey Federation (Edgefield, South
Carolina, USA) until processing. Boxes were placed
together a short distance away from where the birds
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Fig. 1. Number of deaths occurring, by day, following the cap-
ture of 790 Rio Grande wild turkeys at 3 study sites in the Texas
panhandle and 1 study site in southwest Kansas, 2000–2002.

were processed to minimize disturbance. Once re-
moved from the box for processing, birds were hooded
and restrained. Handling time once the bird was re-
moved from the box averaged approximately 5 min-
utes per bird. We classified turkeys as male or female
and adult (�1.5 years old) or sub-adult (approx. 0.5
years old; Williams and Austin 1988), then fitted each
turkey with a 110-g backpack transmitter equipped
with an 8-hour mortality switch (Model A1155, Ad-
vanced Telemetry Systems, Insanti, Minnesota, USA).
We measured body temperature using digital thermom-
eters inserted in the cloaca. Thermometers were
cleaned between each use using rubbing alcohol. We
collected a 10 ml blood sample from the brachial vein
of the wing. All captured birds were weighed and re-
ceived a uniquely numbered aluminum leg band. The
general condition of the bird was recorded immediate-
ly prior to release. Condition was classified as ‘‘poor’’
if the bird had lost most or all tail feathers and a sig-
nificant portion of contour feathers leaving bare patch-
es, ‘‘fair’’ if some tail feathers and a small amount of
contour feathers were lost, or ‘‘good’’ if the bird had
almost no feather loss. Time of release was recorded
to calculate total handling time (from capture to re-
lease). We released previously transmittered turkeys
that we captured immediately after assessment, with
no temperature or blood samples taken. We obtained
the following weather data from the nearest weather
station to each site: high and low ambient temperature
for day of capture, low ambient temperature the night
after capture, and precipitation 24 and 48 hours post-
capture (National Oceanic and Atmospheric Admin-
istration 2000a, 2000b, 2001a, 2001b, 2002). Capture
periods were grouped into 3 categories based on time
of capture: morning (dawn through 1059 hours), mid-
day (1100 through 1359 hours), and evening (1400
hours through dusk).

We attempted to maintain 75 transmittered turkeys
at each site: 35–45 adult females, 15 adult males, and
15–25 sub-adults (both male and female). Birds that
died before the end of the trapping season were re-
placed in the final capture at each site. Most turkeys
that died within the 14-day period were killed by pred-
ators or scavenged immediately after death. Of the
mortalities, only 1 turkey was found intact, thus elim-
inating the possibility of doing necropsies.

Survival Analyses

We monitored captured turkeys at least every other
day during the 14-day post-capture period using either
a truck-mounted omni-directional whip antenna or
null-peak system. We chose a 14-day period because
this is the point where most previous authors consid-
ered capture-related mortalities to occur, and our data
seemed to support this (Figure 1) as mortality rates
after 14 days were similar to winter mortality (Hold-
stock 2003, Phillips 2004). If a mortality signal was
detected, we located the bird as soon as possible to
determine if the bird died or had lost its transmitter.

We calculated survival rates using the Kaplan-
Meier staggered entry design (Pollock et al. 1989).

Turkeys killed at the trap site by a rocket or falling
pole (n � 3), birds that lost transmitters (n � 8), or
birds captured in a walk-in trap (n � 5) were excluded
from analyses. We used a log-linear model (Fienberg
1977) to examine differences and interactions among
the variables. Because none of the models were sig-
nificant, we conducted a series of univariable analyses
of each variable (Hosmer and Lemeshow 2000) to de-
termine which variables might impact survival. While
using a series of univariable analyses increases the po-
tential for Type I error, we feel this is the conservative
approach as we are trying to identify factors that might
influence capture related mortality, and committing
Type I error is more conservative than committing
Type II errors. We used a likelihood ratio chi-square
test with k-1 degrees of freedom for nominal and or-
dinal data (Hosmer and Lemeshow 2000). Continuous
data were tested using a univariable logistic regression
model for significance of the coefficient (Hosmer and
Lemeshow 2000).

RESULTS
During 2000–2003, we captured and outfitted 667

turkeys with backpack radio transmitters. Previously
captured birds were recaptured 123 times. Of these
recaptures, 97 birds were captured twice, 23 were cap-
tured 3 times, and 4 were captured 4 times. Total cap-
tures (n � 790) included 319 adult females, 194 sub-
adult females, 136 adult males, and 141 sub-adult
males. We had 42 capture events: 28 rocket net cap-
tures, 13 drop net captures, and 1 walk-in trap capture.
Drop nets were used to capture 384 turkeys (mean
group size � 43.9, range � 5–87), rocket nets were
used to capture 403 turkeys (mean group size � 24.9,
range � 2–74), a walk-in trap was used to capture 5
turkeys. Most captures were conducted in the morning
(n � 25), followed by afternoon (n � 10), and mid-
day (n � 7).

Total handling time of turkeys after removal from
drop net or rocket net until release (including time-in-
box and processing) ranged from 13 min to 315 min.
Low ambient temperatures the night prior to capture
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averaged �3�C (range � �12�C to 9�C). High ambient
temperatures the day of capture averaged 13�C (range
� �7�C to 27�C). Low ambient temperatures the night
after capture averaged �2�C (range � �12�C to 9�C).
Precipitation occurred within 24 hours following cap-
ture events 8 times and occurred within 48 hours fol-
lowing capture events 15 times.

Of 790 individual turkey captures, 67 (8.5%) died
within 14 days of capture and were classified as cap-
ture-related mortalities. The mean number of days sur-
vived by those birds was 5.6 days. The Kaplan-Meyer
survival rate for all birds was 92.4%.

The proportion of males dying from capture-relat-
ed stress (37 of 277; 13.4%) was higher (�2 � 12.4,
df � 1, P � 0.001) than female turkeys (19 of 319;
5.8%). The proportion of sub-adult and adult females
(�2 � 0.00, df � 1, P � 0.997) and males (�2 � 0.78,
df � 1, P � 0.378) dying from capture-related stress
did not differ; therefore, we pooled data from both age
classes for both sexes in further analyses.

When considering each capture method, the pro-
portion of turkeys dying did not differ (�2 � 0.22, df
� 1, P � 0.637) between rocket nets (7.94%) and drop
nets (7.85%). The probability of capture-related mor-
tality was not different among study sites (�2 � 2.2,
df � 1, P � 0.137), nor among years (�2 � 1.2, df �
1, P � 0.266). Differences did occur between capture
periods (�2 � 6.4, df � 1, P � 0.035). The afternoon
period (11.6%) had a higher probability of mortality
than did mid-day (7.1%) and morning (8.1%) captures.
A difference did not occur when comparing the sur-
vival probability to the number of recaptures a bird
had experienced (�2 � 3.0, df � 1, P � 0.081). The
condition of the bird at release did impact survival (�2

� 5.8, df � 1, P � 0.016). Turkeys released in Poor
condition had a higher percentage of mortalities
(28.6%, n � 14) than those in fair (11.9%, n � 67) or
good (9.2%, n � 578) conditions.

There was no relationship between body temper-
ature and the probability of mortality (�2 � 0.05, df �
1, P � 0.818) in turkeys. Mean body temperature for
turkeys at release was similar (t � 0.356, df � 1, P �
0.63) in males (x̄ � 41.2�C) and females (x̄ �
41.12�C), and body temperature did not impact sur-
vival within the 14-day period (�2 � 0.50, df � 1, P
� 0.478). Body mass influenced the probability of sur-
vival in turkeys (�2 � 15.3, df � 1, P � 0.001) as a
whole. Body mass did impact the probability of mor-
tality for male (�2 � 28.5, df � 1, P � 0.001) turkeys
but did not inpact the probability of survival of female
(�2 � 1.1, df � 1, P � 0.300) turkeys. Handling time
had no relationship with probability of mortality (�2 �
0.37, df � 1, P � 0.543). Low ambient temperature
the morning of capture (�2 � 0.02, df � 1, P � 0.888),
high ambient temperature the day of capture (�2 �
0.05, df � 1, P � 0.819), low ambient temperature the
night after capture (�2 � 0.69, df � 1, P � 0.407),
rainfall 24 hours after capture (�2 � 2.7, df � 1, P �
0.102), handling time (�2 � 0.37, df � 1, P � 0.406)
and number of birds captured (�2 � 2.9, df � 1, P �
0.543) all did not show relationships with probability
of mortality. Only rain 48 hours following capture (�2

� 10.27, df � 1, P � 0.001) had a positive relationship
with probability of mortality.

DISCUSSION

The use of radio transmitters is invaluable to wild-
life research; capture stress and associated mortality is
an unfortunate side effect of these captures (Spraker
et al. 1987, Miller et al 1996, Nicholson et al. 2000).
Our results suggested that several factors initially sus-
pected of increasing mortality risk were not associated
with greater mortality. However, sex, capture period,
and precipitation post-capture were associated with in-
creased risk.

Our observation of increased capture-related mor-
tality in male Rio Grande wild turkeys is different
from the findings of Spraker et al. (1986) who found
no differences in capture myopathy between male and
female eastern wild turkeys. In Mississippi, Miller et
al. (1996) observed that females were less likely to
survive the 14-day post-capture period. They hypoth-
esized that the greater body mass of males allowed
them to better tolerate the physical stress of capture
and handling. However, we found no relationship be-
tween body mass and mortality for either sex during
the post-capture period. Although we found no rela-
tionship between handling time and mortality, male
turkeys were captured in small groups, which reduced
handling time. The body temperature at release was
not higher in males than females. Nor did body tem-
perature at release differ in males that died within the
14-day period compared to those that survived. We
believe a behavioral issue may be responsible for these
differences, rather than body mass. The smaller winter
flock size of male (approx. 4–15 birds; personal ob-
servation), compared to female Rio Grande wild tur-
keys (approx. 25–250 birds; personal observation) in
this region, may increase susceptibility to predators.
Male mule deer (Odocoileus hemionus) that tended to
remain solitary much of the year suffered higher mor-
tality from mountain lions (Puma concolor) than fe-
males in groups (Geist 1981). Our survival data also
indicated male Rio Grande wild turkeys had lower
winter survival rates (77.8%) than females (94.6%),
with most identifiable deaths (33.7%) of males being
attributed to coyotes (Canis latrans) and bobcats (Lynx
rufus) (J. Brunjes, Texas Tech University, unpublished
report).

Previous studies found juvenile or sub-adult tur-
keys were more susceptible to capture-related mortal-
ity than adults (Spraker et al. 1887, Miller et al. 1996).
In Mississippi, 21% of sub-adult female eastern wild
turkeys and 7% of adult females died �14 days post-
capture (Miller et al. 1996). Sub-adult and adult east-
ern wild turkeys in Oklahoma survived the post-cap-
ture period at similar rates (21% and 14%, respective-
ly; Nicholson et al. 2000). We found no differences
between the probability of mortality of adult (6.0%)
and sub-adult (5.7%) female turkeys or between adult
(14.7%) and sub-adult (12.1%) male Rio Grande wild
turkeys.
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Although others have suggested ambient temper-
atures may impact survival of birds post-capture, there
is scant data to support this supposition. Bailey et al.
(1980) recommended that turkeys not be trapped in
temperatures �21.6�C; however, they did not confirm
increased mortality when captures were conducted in
warmer conditions. Miller et al. (1996) also recom-
mended not trapping during periods of high tempera-
ture, but did not specify an upper limit. They further
recommended only trapping in temperatures �15�C.
This recommendation could have been influenced by
the fact they were using alpha-chloralose, which re-
duces the thermoregulatory ability of birds, in some of
their capture events. In contrast, Nicholson et al.
(2000) found that mortality in the post-capture period
decreased with decreasing temperatures. They recom-
mended not trapping in conditions where temperatures
exceeded 10�C. Temperature did not impact post-cap-
ture survival in our birds, with temperature ranging
from �12�C to 18�C. We did not observe any adverse
effects from low temperatures. In our coldest capture
(�12�C), 31 of 31 (100%) birds survived �14 days.
We do not believe low temperatures, as experienced in
this region, negatively impact mortality rates in the
post-capture period. The lowest temperatures we re-
corded the night after capture did not impact survival,
but extreme low temperatures combined with wet con-
ditions immediately following capture may increase
post-capture mortality.

The effect of precipitation on wild turkeys follow-
ing capture events has not been previously investigat-
ed. We found a significant effect of rainfall within 48
hours post-capture while rainfall 24 hours post-capture
did not impact survival within the post-capture period.
We believe this observation was due likely to a 9.1-
cm freezing rain event which followed 1 capture event
in which 4 of 8 birds captured (50%) died �14-days
post capture. We, therefore, recommend avoiding cap-
tures when heavy or freezing rain is forecasted within
48 hours following the capture event. When this event
was removed from analyses, light rain and snowfall 48
hours post capture did not appear to impact survival.
Bailey (1980) recommended wet or snow-covered nets
not be fired because the net could malfunction and
injure birds during capture, not because of concern that
precipitation immediately before or during capture
might decrease survival after release.

The increased mortality rates associated with af-
ternoon captures versus morning (8.1%) or mid-day
(7.1%) captures has not been reported previously. Oth-
er studies have reported post-capture related mortali-
ties (Spraker et al. 1987, Nicholson et al. 2000). Birds
in those studies, however, were being relocated and
thus were held for extended periods before release,
which likely impacted survival differently than im-
mediate on-site release. Miller et al. (1996) suggested
trapping early in the morning in the summer months
to avoid heat, but did not report capture times or as-
sociated mortality rates. Because we observed no re-
lationship between temperature and mortality, the rea-
son for increased mortality in birds captured after 1400
hours is unclear. Many birds, after being outfitted with

transmitters and losing tail feathers during capture, had
difficulty flying after release. Possibly, turkeys require
a time to adjust to the transmitter or sudden feather
loss to become comfortable flying. Birds released late
in the day may have had difficulty flying into the roost
or otherwise avoiding predators.

Potential differences between birds captured with
rocket nets versus drop nets have not been investigat-
ed. Miller et al. (1996) found no differences in survival
when comparing alpha-chloralose and cannon nets. We
found similar capture-related mortality rates for drop
nets (7.8%) and rocket nets (7.9%). Although low
sample size precluded comparison with nets, all 5 tur-
keys captured in walk-in traps survived �14 days. We
used rocket nets on 28 capture events and drop nets
for 13 events. We used the rocket nets more frequently
because they were simpler to set up, required less ac-
climation time for the birds, the number of birds cap-
tured per event was smaller, and fewer personnel were
required. During our first season we perceived that
drop nets had increased mortality; however, data did
not confirm this. One drop net that had been dipped
in a rubber coating to protect it from the elements
caused unacceptably high amounts of feather loss in
most of the captured turkeys and thus was used only
once. We recommend avoiding using nets that have
been weather-coated.

Eastern wild turkeys subjected to handling time
�180 min suffered mortality rates of nearly 50%
(Nicholson et al. 2000). In our study, 56 turkeys with
handling times between 180 and 315 minutes had a
post-capture mortality rate of 7.1%, which was similar
to the overall mortality rate of 8.5%.

No previous studies have addressed the impact of
recaptures on survival. The post-capture mortality of
recaptured birds in this study (4.1%) was lower (P �
0.003) than that of birds captured only once (10.1%).
This suggested that capture-related stress was tempo-
rary.

MANAGEMENT IMPLICATIONS

Our data suggested that male Rio Grande wild tur-
keys were more susceptible to capture-related mortal-
ities than females. We suggest processing and releasing
male turkeys first when both sexes are captured to re-
duce possible stress. We also recommend using expe-
rienced and additional personnel when males are the
goal of capture efforts. Based on our data, we feel
trapping in late afternoon should be avoided. Although
we found no relationship between temperature and sur-
vival, we also recommend avoiding captures when
temperatures exceed 10�C, as we observed that turkeys
captured on warmer days overheated in the boxes
awaiting processing (J. Brunjes, Texas Tech Univer-
sity, personal observation). At 1 capture event, birds
appeared so heat stressed (i.e., rapid panting, decreased
alertness) that we released the remaining birds (n � 4)
without workup or transmitters in an effort to decrease
post-capture mortality. We also recommend avoiding
captures in which heavy or freezing rains are predicted
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within 48 hours post-capture. Drop nets and rocket
nets did not differ in their capture-related deaths; how-
ever, larger potential captures may occur with drop
nets, thus we suggest more personnel be present during
drop net captures. We found that a minimum of 5 ex-
perienced personnel were required for rocket net cap-
tures, and suggest a minimum of 7 people when using
a drop net.
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Abstract: Gould’s wild turkeys (Meleagris gallopavo mexicana) were imported from Mexico into the United
States during March 2003 and 2004. Ninety-nine Gould’s wild turkeys were trapped in Sonora, Mexico, and
released in isolated mountain ranges of southeastern Arizona to establish new turkey populations, following a 30-
day quarantine required by U.S. Department of Agriculture (USDA) regulations. A state of the art quarantine
facility was constructed in the Chiricahua Mountains of southeastern Arizona to reduce mortality associated with
quarantine holding. In 2003, 2 birds died in transit from Mexico and 47 birds were placed into the quarantine.
After a 35-day period, 39 birds (83%) were released. In 2004, a single bird died in transit and 49 birds were
placed in quarantine; 43 birds (88%) were later released.
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Wild turkeys have been successfully restored to
native habitat throughout the United States. Restora-
tion efforts for Gould’s wild turkeys are less complete
than those of other subspecies for 2 primary reasons:
(1) less is known about the biology of this subspecies
and (2) primary source stock resides within a country
outside of the United States requiring substantial in-
ternational coordination.

Gould’s wild turkeys once occurred in southern
Arizona and New Mexico and throughout the Sierra
Madre Occidental in Mexico (Leopold 1948, Schorger
1966). Many populations were extirpated due to hab-
itat destruction and subsistence hunting, but popula-
tions have survived to the present day in the mountains
of Chihuahua, Sonora, Durango, Zacatecas, and other
states in the region. Within Mexico, populations are
currently being restored in Sonora, Aguascalientes,
and Jalisco (Lafon and Schemnitz 1995, R. Maddrey,
National Wild Turkey Federation, unpublished data).

Gould’s wild turkey historic range in the United
States is limited to southeastern Arizona and south-
western New Mexico (Rea 1980). The montane oak
(Quercus spp.)-pine (Pinus spp.) habitat in southeast-
ern Arizona and southwestern New Mexico is similar
to habitat in the northern Sierra Madres. Early settler

accounts listed wild turkeys in all southern Arizona
mountain ranges (Hodge 1877, Bailey 1923). These
populations were extirpated by 1920 (Davis 1982).
Small populations persisted in the Peloncillo Moun-
tains on the Arizona–New Mexico border, but the pop-
ulation did not expand due to unsuitable habitat be-
tween islands of good habitat (Schemnitz and Zeedyk
1992).

The first attempt to restore Gould’s wild turkeys
in Arizona occurred in 1983 when 17 birds were cap-
tured using drop nets near Nuevas Casas Grandes, Chi-
huahua, Mexico, by U.S. Army biologists from Fort
Huachuca. These birds were transported by truck to
Fort Huachuca Army Base in Sierra Vista, Arizona,
where they were quarantined for 39 days. Nine sur-
viving birds were released on the base on 9 May 1983.
In 1987, 29 birds were captured in Chihuahua by Mex-
ican biologists and transferred at the border to Fort
Huachuca biologists. Twelve survived a �30 day quar-
antine and were released in late April and May (Bre-
land 1988).

The Arizona Game and Fish Department (AGFD)
obtained a waiver of quarantine from USDA in De-
cember 1993 to bring birds from Mexico. In February
1994, 21 turkeys were captured by AGFD biologists
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Fig. 1. Schematic of the Gould’s wild turkey quarantine facility
built in the Chiricahua Mountains, Arizona.

in Sonora, Mexico, and released into the Galiuro
Mountains. Two-thirds of the turkeys died within 2
months of the release. An additional 46 birds were
captured in Sonora in 1997 and released with similar
results in the Galiuro Mountains (Wakeling 1998).
This release was supplemented in 1999 and 2001 with
birds from the Huachuca Mountains. A small but vi-
able population remains in the Galiuro Mountains.

The Gould’s restoration project resumed in 2002.
Wingshooter’s Lodge in Yecora, Sonora, agreed to as-
sist in another restoration attempt by permitting the
capture of 50 birds from their leased property. The
National Wild Turkey Federation (NWTF) took the
lead in this capture effort which initially centered on
restoration in the Chiricahua Mountains. A list of other
release sites was drawn up based on a habitat model
of mountain ranges in southeastern Arizona (Wakeling
et al. 2001).

The USDA required a 30-day quarantine period
for live turkeys to enter from Mexico. Permission was
obtained from USDA to establish a quarantine facility
in Arizona. A landowner in the Chiricahua Mountains
agreed to build the quarantine facility to USDA spec-
ifications on his ranch (Figure 1).

Customs brokers on both sides of the border were
employed to facilitate completion of all paperwork and
ensure timely crossings for each shipment. A customs
broker was also employed to assist in bringing the nets
and capture equipment into Mexico. The list of permits
and authorizations to conduct an international trap and
transplant activity was lengthy (Appendix A).

METHODS
Trapping operations were initiated by NWTF and

AGFD personnel near Yecora, Sonora, during March
2003 and 2004. Turkeys were prebaited with corn by
participating landowners in the Yecora area for a
month prior to the trapping period. Wingshooter’s
Lodge personnel supplied the landowners with bait
and assisted in choosing and clearing bait sites. An
effort was made to bring rocket nets into Mexico for
the project, but the permit was never granted by the
Mexican military. Turkeys were trapped using drop
nets with a pull string release.

Captured turkeys were transported in waxed card-
board boxes by truck to the trapping headquarters in
Yecora, and stored overnight in a cool room. Birds
were transported by aircraft the following morning to
Hermosillo, Sonora, to clear Mexican customs. Project
personnel accompanied all shipments to Hermosillo. In
Hermosillo, the birds were transferred to a shady area
until customs documents were completed; tempera-
tures in Hermosillo were 25�C by mid-morning. Tur-
keys were placed back on the aircraft immediately pri-
or to departure. The birds were flown to Douglas, Ar-
izona, to clear U.S. customs and for transfer by trailer
to the quarantine facility. Upon release in the quar-
antine facility, fecal samples were taken from each
transport box by USDA personnel for Exotic Newcas-
tle Disease (END) testing.

Quarantined turkeys were fed a 2:1 ratio of Puri-
na’s Mazuri Exotic Gamebird Breeder feed-cracked
corn and supplied with grit, using 3 plastic wading
pools (2 m diameter, 0.3 m high) as feed troughs. Each
bird was supplied with 200 g of feed/day. Fresh water
was provided on a continuous basis through the quar-
antine’s watering system. Initially, we fed birds during
nighttime hours, but feeding was switched to daylight
hours because turkeys were less disturbed during pe-
riods when personnel were visible.

Turkeys that died during the quarantine period
were placed in large plastic bags and frozen until they
could be necropsied by USDA veterinarians to deter-
mine cause of death. After 20 days in quarantine, live
birds were recaptured for testing. Alpha-chloralose
(AC) was applied to cracked corn and small piles of
this mixture were placed in each quarantine area for
consumption by the turkeys following procedures de-
scribed by Williams (1966) and Bergman et al. (this
volume). Birds not adequately sedated were captured
with hand nets. The turkeys were cloacally swabbed
for END testing, leg-banded, patagial-tagged, and fit-
ted with telemetry transmitters. Disease samples were
sent to the USDA Veterinary Diagnostics Lab in
Ames, Iowa. When disease-free status was declared,
the birds were either released by opening the large
door in each quarantine to allow birds to escape into
the surrounding woodlands or by re-drugging the birds
with AC, placing the birds within transport boxes,
waiting 24 hrs for recovery, and transporting them to
release sites.

RESULTS

One hundred four turkeys were trapped during
2003–2004 by biologists from the NWTF, AGFD,
Sonoran Outfitters Association, and Secretaria de Me-
dio Ambiente y Recursos Naturales (SEMARNAT)
(Table 1). In 2003, 49 turkeys were shipped via air
charter to Arizona. One female was released at Yecora
due to extreme loss of back feathers. In 2004, 50 birds
were shipped and 2 males and 2 females were released
at the trap site. Losses during transportation were min-
imal because air travel was much quicker and much
less stressful than truck transportation. In 2003, 2 fe-
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Table 1. Number, age, and sex of Gould’s wild turkeys cap-
tured in 2003 and 2004 near Yecora, Sonora, Mexico, and held
in quarantine in Arizona.

Year
Adult
males

Subadult
males

Adult
females

Subadult
females

2003 13 1 34 2
2004 4 10 27 13

Fig. 2. Gould’s turkeys were held in quarantine within the Chir-
icahua Mountains and released in 3 mountain ranges following
a mandatory 30-day quarantine in 2003 and 2004. Arrows indi-
cate the release sites for Gould’s turkeys.

males died en route, and in 2004, 1 male died en route.
Heat stress was suspected in the 2003 deaths, while
capture myopathy was the likely cause in the 2004
death.

Once at the quarantine site, birds reacted wildly
when first released out of the boxes. In 2003, 8 birds
died after entering the quarantine (4 within 2 days of
placement in quarantine from capture myopathy, 4
from injuries sustained in capture, handling, or self-
induced trauma within the quarantine). Thirty-nine
birds (12 gobblers, 27 hens) survived the quarantine
and were released in good health on 16 April 2003
into the Chiricahua Mountains.

In 2004, interior tarps were hung from ceiling to
ground inside the quarantine facilities to minimize in-
juries turkeys sustained from flying into the walls.
Four turkeys died of capture myopathy within the first
4 days following placement within quarantine facility,
but only 2 turkeys died of injuries sustained in capture,
handling, or self-induced trauma while in quarantine.
Forty-three birds survived the quarantine and were re-
leased on 22 April 2004 in the Pinaleno, Huachuca,
and Chiricahua Mountains (Figure 2).

DISCUSSION
An international project of this magnitude is

wrought with challenges. The initial challenge was the
construction of the quarantine facility, which had to be
completed in about 4 months, with a team of NWTF
staff and volunteers acting as general contractors. Be-
cause the building was built on a private ranch in a
remote location, logistics were a constant challenge.

The overall trapping operation was successful, al-
though the importation of trapping equipment was
challenging. We discovered after arrival that the Mex-
ican military would not grant approval to import rock-
et nets.

The trapping operation in Yecora went smoothly.
Prebaited sites were located and baited by the land-
owners for a month, and the Wingshooter’s Lodge per-
sonnel knew the number and sex ratios of birds com-
ing to bait sites. Several net sizes were used, because
some sites were in small forest clearings while others
were in agricultural fields. All captures were made un-
der nets set up 1 day prior to capture. Turkeys were
caught under 4 of 5 net sets.

The air transportation from Yecora to Douglas
kept bird stress to a minimum and few people were
needed to run the trapping operation. Previous Gould’s
turkey restoration projects used long distance truck
transportation which tended to be stressful on the birds
and required additional human resources for truck

drivers and escorts. Clearing Mexican and United
States customs took about 2 hours and 1 hour, respec-
tively. Smaller hen boxes were developed for 2004 to
fit more birds onto each flight.

We overcame several additional challenges during
the quarantine period. First, birds flew into walls in an
effort to escape during initial release into the quaran-
tine area. In 2004 we installed an interior tarp screen
to cushion impacts and covered external light sources
to minimize flight toward natural light. Second, in
2003 the temperature in the quarantine holding area
rose to about 28�C on the second day of the quarantine
period. We purchased and installed 2 portable evapo-
rative coolers to keep the temperature below 22�C and
installed permanent evaporative coolers before the
2004 quarantine period. Also in 2003, an abrupt
change from light to dark due to lighting on timers
resulted in disruption of roosting behavior. We in-
stalled new lighting in 2004 to darken the quarantine
areas over 30 minutes to give the birds time to find
roost spaces. Daily feeding also produced stress in tur-
keys. We found that providing enough food for several
days reduced stress caused by human contact with
birds. Finally, confined wild turkeys were territorial on
the roost, vying for prime positions in each holding
area. We suggest that birds captured together be
housed together and abundant tall-roosting areas be
provided to limit new dominance fighting and com-
petition for prime roosting sites.

In previous quarantines, a large number of birds
were lost during the disease-testing recapture event to
stress-related capture myopathy (Breland 1988). Al-
pha-chloralose was used to eliminate capture stress re-
lated mortalities. No birds were lost from the recapture
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and handling process. In the 1983 and 1987 quarantine
attempts, 5 birds were lost each year during the quar-
antine recapture phase (Breland 1988).

In 2003, personnel from NWTF, AGFD, or vol-
unteers were on-site during part of each day the entire
quarantine period to monitor turkeys, provide feed,
and determine that equipment was functioning prop-
erly. A full time intern was hired for the quarantine
period in 2004 to standardize protocols and proce-
dures.

Survival during the quarantine period was high
(86%) compared to earlier attempts in 1983 and 1987
(53% and 41%, respectively). Wild turkeys are sus-
ceptible to capture myopathy (Spraker et al. 1987)
even without the further stress of quarantine. With
80% in 1993 and 86% in 2004 surviving the quaran-
tine period, losses were not dramatically different than
normal translocation releases. Losses were exacerbated
by injuries sustained from birds flying into walls, es-
pecially in 2003. Continually adding new safety fea-
tures to the quarantine facility kept additional mortality
to a minimum.

This project demonstrated that Gould’s wild tur-
keys can be successfully quarantined with minimal
mortality for international restoration purposes.
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APPENDIX A

Permits and Authorizations Required for Gould’s
Wild Turkey Transport from Mexico and
Quarantine in the United States during 2003–2004

● Trapping Permit from SEMARNAT (Mexican
Wildlife Agency)

● Export permit from SEMARNAT
● Quarantine Facility permit from USDA
● Rocket net import permit from Mexican Military
● Authorization from Arizona Game and Fish

Department to import nets into Mexico
● USDA-Animal and Plant Health Inspection

Service (APHIS) Import permit
● Declaration from USDA declaring turkeys did not

need veterinary permit from Mexico
● USFWS designated port exception permit
● USFWS declaration for importation or exportation

of fish or wildlife
● US Customs Service Inward Cargo Manifest
● Mexican Customs Manifiesto de Carga
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LESSONS FROM WILD
TURKEY POPULATION
DYNAMICS STUDIES
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Abstract: Case studies of wild turkey (Meleagris gallopavo) population dynamics abound, providing estimates of
the range of variation in demographic variables under current management strategies (spring and/or fall hunting).
However, the ultimate mechanisms regulating wild turkey populations are poorly understood. Our objectives are
to synthesize recent population dynamic research, identify important population processes, discuss the implications
of these for harvest management strategies, and recommend approaches for future research. Wild turkey population
growth appears to be primarily a function of recruitment and female survival. Recent research has demonstrated
that recruitment can be highly variable and is primarily affected by nest predation. Many studies have reported
weather-related variation in recruitment, but the mechanisms remain unclear. Female survival is affected largely
by predation, legal harvest, poaching, and in some situations, starvation and disease. Relatively little is known
about possible compensatory interactions among these factors. Most population models developed have assumed
that fall harvest of females is additive to other causes of mortality. Appropriate harvest rates for females depend
on the management objective and will be affected by regional and temporal variation in rates of recruitment and
natural mortality. Monitoring of recruitment is important to guard against overharvest during periods of poor
recruitment. Social considerations and management objectives, more than biological factors, govern appropriate
harvest rates of males. A better understanding of factors that control and regulate population growth will be
important as wild turkey management objectives evolve from population restoration to population control and
sustained yield harvesting.

Proceedings of the National Wild Turkey Symposium 9:91–99
Key words: harvest, management, Meleagris gallopavo, mortality, predation, recruitment, survival, wild turkey.

Wild turkeys were abundant throughout the United
States at the time of European settlement. However,
unregulated market hunting, disease and habitat de-
struction caused widespread population declines to a
low point at the end of the nineteenth century (Dick-
son 1992). Restoration efforts intensified following
World War II and the strategies behind reintroduction
and the successful result are well known stories (Dick-
son 1992).

Turkey populations have continued to increase in
abundance and expand their range in recent years. In
many cases, turkeys have expanded into habitat that
was previously considered unsuitable. The focus of
turkey management programs is shifting from resto-
ration to population maintenance (and control in some
cases) and sustained yield harvesting. A thorough un-
derstanding of turkey population dynamics, including
carrying capacity, interactions of population parame-
ters, and effects of harvest management strategies is
critical to successful turkey management. The ability

to adaptively manage harvest and population levels to
the satisfaction of a wide variety of publics will be-
come the measure of success.

Our objectives are to synthesize recent population
dynamics research, identify important population pro-
cesses, discuss implications of these for harvest man-
agement strategies, and recommend approaches for fu-
ture research.

POPULATION DYNAMICS
Numerous studies of the dynamics of wild turkey

populations have generated many estimates of demo-
graphic parameters, such as reproduction, sex and age-
specific survival, and rates of population growth (see
Vangilder 1992, Vangilder and Kurzejeski 1995, and
Healy and Powell 1999 for summaries). Estimates of
recruitment (reproduction and poult survival) are high-

1 E-mail: keith.warnke@dnr.state.wi.us
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ly variable, particularly over the northern half of the
range while estimates of survival are somewhat less
variable (Vangilder 1992, Porter et al. 1990a, Roberts
et al. 1995, Rolley et al. 1998). The consequence of
annual variability in recruitment and survival is mod-
erate annual fluctuation in population level (Healy and
Powell 1999). For example, in New York, Porter et al.
(1990a) reported a dynamic population that did not
maintain high numbers for prolonged periods.

Several investigators have combined estimates of
individual population parameters (e.g., reproduction
and survival) into models describing dynamics of tur-
key populations on local study areas (see Suchy et al.
1983, Vangilder and Kurzejeski 1995, Roberts et al.
1995, Rolley et al. 1998). Fewer have had the resourc-
es to develop more statewide models (Brooks et al.
llenp2
1999, Alpizar-Jara et al. 2001). Brooks et al. (2002)
built a widely applicable model with stochastic and
deterministic phases and made it available on the In-
ternet. Generally, these models were stochastic using
random fluctuations in the range of measured popu-
lation parameters, assumed hunting related mortality
was additive, and did not include density dependent
effects. Objectives for developing these models have
included (1) estimating the finite rate of increase of a
population from estimates of reproduction and surviv-
al, (2) assessing potential impacts of various spring
and fall harvest strategies on population size and age
structure, (3) assessing how variation in reproduction
alters effect of harvest strategies, and (4) determining
relative importance of demographic parameters to an-
nual changes in abundance. Models can forecast plau-
sible outcomes to alternative management scenarios,
assisting managers in selecting among the alternatives
but must be used as aids to decision making rather
than complete representations of reality.

Male Survival

Estimates of annual survival for male wild turkeys
have varied from 24%–26% in Virginia (Norman et al.
2004) and Kentucky (Wright and Vangilder 2001), to
36% in Georgia (Ielmini et al. 1992), to 44% for sub-
adult and 36% for adult males in the Missouri Ozarks
(Vangilder 1996), to 46% for sub-adult and adult males
in Mississippi (Godwin et al. 1991), to 51% in Wis-
consin (Paisley et al. 1996), to 71% for recently re-
stocked males in Texas (Campo et al. 1984). Most
studies of harvested populations reported that legal
harvest was responsible for the majority of male
deaths (Godwin et al. 1991, Paisley et al.1996, Wright
and Vangilder 2001); however, predation caused the
majority of male deaths in southern Missouri (Van-
gilder 1996). Wright and Vangilder (2001) concluded
that adults were more vulnerable to harvest than sub-
adults. Illegal kill was responsible for 9% of male
deaths in Kentucky (Wright and Vangilder 2001) and
for 13% and 18% of deaths on 2 study areas in Mis-
souri (Vangilder 1996). Illegal kill was not a major
source of mortality in Wisconsin (Paisley et al. 1996).

Simulation modeling indicates that increasing the
harvest rate of males has relatively little effect on pop-

ulation growth (Vangilder 1992). However, harvesting
males can reduce the density of males and can sub-
stantially alter the age structure of males in the pop-
ulation (Vangilder and Kurzejeski 1995). Additionally,
population modeling in Virginia and West Virginia
(Alpizar-Jara et al. 2001) concluded that fall harvest
of males had the greatest impact on future male har-
vest. This result was contradicted by a conclusion that
fall hunting mortality was not additive in those states
(Norman et al. 2004).

Female Survival

Female survival varies significantly year to year
(Vangilder and Kurzejeski 1995, Pack et al. 1999).
Survival of adult and sub-adult females is variable
among seasons, and is frequently lowest during the
reproductive period (Roberts et al. 1995, Wright et al.
1996, Miller et al. 1998a, Hubbard et al. 1999). How-
ever, Pack et al. (1999) found in West Virginia and
Virginia that survival was lowest during the hunting
season and was higher in an unhunted population.
Nguyen et al. (2003) reported lowest female survival
in Central Ontario was during the summer period. In
Wisconsin, Rolley et al. (1998) identified female sur-
vival as one factor that influenced population growth
and Pack et al. (1999) agreed that female survival was
important in terms of long term population growth.

Winter female survival in agricultural situations
was not considered a primary limiting factor in Mas-
sachusetts (Vander Haegen et al. 1988). In fact, recent
work has identified winter as a period of high survival
(Wright et al. 1996, Hubbard et al. 1999). Other studies
have concluded that severe winter weather substan-
tially reduced over-winter survival in northern popu-
lations that did not have ready access to agricultural
crops (Austin and DeGraff 1975, Wunz and Hayden
1975, Porter et al. 1983).

Additive versus Compensatory Mortality

An understanding of relations among harvest and
nonharvest mortality is important for the management
of any harvested species. Theoretical models of this
relationship have been characterized as additive, or
compensatory (Nichols et al. 1984, Roseberry and
Klimstra 1984). Under the additive model, annual sur-
vival rate declines linearly as hunting mortality rate
increases. Under the compensatory mortality model,
the nonharvest mortality rate decreases as the hunting
mortality rate increases so that annual survival rate
does not change. Because nonharvest mortality rate
can only decline to a minimum of 0, there is a limit
to the amount compensation possible. Hunting mor-
tality rates above some threshold will decrease annual
survival rates. Variations of the compensatory mortal-
ity model have raised the lower limit of nonhunting
mortality and consequently lowered the threshold
above which hunting mortality rates become additive.
The additive and compensatory mortality models
should be viewed as 2 ends of a continuum of possible
relationships between harvest and nonharvest mortal-
ity. The true relationship for any one species will likely
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lie somewhere between these 2 extremes. The ability
to compensate for harvest mortality likely depends on
the species’ life-history strategy; higher for short-lived
species with high natural mortality rates than for long-
lived species with low natural mortality rates (Ander-
son and Burnham 1976).

The relationship of harvest and nonharvest mor-
tality for turkeys has received considerable specula-
tion. Vangilder (1992) assumed in his population mod-
el that both spring male hunting and fall either-sex
hunting were additive. Similarly, Rolley et al. (1998)
assumed that fall harvest was additive to natural mor-
tality. Suchy et al. (1983) concluded that the assump-
tion of additive harvest mortality was conservative and
most reasonable. The inverse relationship between fall
harvest rates and the growth rate in spring harvests
observed in Virginia was suggestive of additive mor-
tality but the authors cautioned specific population
studies were needed to confirm the mechanism causing
this relationship (Steffen and Norman 1996).

Although most authors have assumed that harvest
mortality was largely additive for wild turkeys, we are
aware of 3 studies that were designed to assess the
relationship between harvest and nonharvest mortality.
Little et al. (1990) estimated annual survival rates of
wild turkeys on a state forest before and after the ad-
vent of fall hunting on the area. After fall hunting was
initiated, annual survival rates declined 21–23% for
adult male, juvenile male, and juvenile females, and
6% for adult females. Recently, Pack et al. (1999)
compared survival rates of radio-tagged females
among areas closed to fall hunting, open to 4 weeks
of fall hunting, and open to 8–9 weeks of fall hunting.
Mean annual survival rates were higher in areas closed
to fall hunting than in areas where fall hunting oc-
curred. They found no difference in nonharvest mor-
tality rates among the 3 regions. Population growth
rate, as indexed by harvest over a 10-year period, was
highest for areas with no fall hunting. Pack et al.
(1999) concluded that their study supported the addi-
tive mortality model for fall hunting of females. Nor-
man et al. (2003) somewhat contradict these conclu-
sions reporting that fall survival was higher than the
winter-summer period and that fall hunting mortality
did not appear to be additive for males.

Recruitment

Recruitment in wild turkey populations has shown
even more annual and regional variability than surviv-
al and was influenced by variation in a number of pa-
rameters including nesting rate, nest success, female
success, clutch size and poult survival. Nest success
and female success can vary considerably from year
to year (Roberts et al. 1995, Vangilder and Kurzejeski
1995, Miller et al. 1998b, Godfrey and Norman 2001).
Predation is implicated as an important factor influ-
encing recruitment by many investigators (see Vander
Haegen et al. 1988, Little et al. 1990, Palmer et al.
1993, Vangilder and Kurzejeski 1995, Paisley et al.
1998), but Norman et al (2001) concluded that pro-
duction was limited by nesting rate rather than poult

survival. In addition, 2 recent studies have suggested
that poor habitat quality may be associated with poor
nutritional condition and low rates of nest initiation
and smaller clutch sizes (Miller et al. 1995, Thogmar-
tin and Johnson 1999).

Weather Effects on Recruitment

Many investigators have reported weather-related
effects on reproduction and poult survival. In Missou-
ri, colder March temperatures appeared to be associ-
ated with delayed onset of incubation and lower fe-
male success. Vangilder and Kurzejeski (1995) hy-
pothesized that delays in spring green-up may post-
pone the accumulation of sufficient nutrient reserves
needed to initiate nesting and be successful. In Wis-
consin, cold-wet weather during March and April was
related to lower indices of recruitment (Rolley et al.
1998). Beasom and Pattee (1980) documented a strong
association between poult:hen ratios and rainfall the
previous fall. They proposed that rainfall stimulated
plant growth which improved the nutritional condition
of females. Porter et al. (1983) also found that females
in poor condition, following severe winter weather,
had low nesting rates and hatching success. Rainfall
during incubation has been associated with predation
on nests and incubating females, possibly due to mois-
ture improving scenting conditions for predators
(Palmer et al. 1993, Roberts et al. 1995, Roberts and
Porter 1998a). Nesting success was related to the num-
ber of rainfall events and rainfall totals and nest pre-
dation was correlated with number of days since rain-
fall and rainfall amount on the day of predation (Low-
ery et al. 2001) suggesting that precipitation patterns
and timing influence recruitment. Amount of precipi-
tation was a indicator of recruitment in New York
(Roberts and Porter 2001). Godfrey and Norman
(2001) concluded that lower nest success may have
been attributable to colder wetter conditions in western
Virginia.

Healy (1992) summarized several studies that as-
sociated poult mortality with prolonged periods of rain
and/or localized flooding. Vangilder and Kurzejeski
(1995) found that poult survival was correlated with
the number of days in June with rainfall exceeding
2.54 cm. Roberts and Porter (1998b) reported a weak
negative association between poult survival and both
cold temperatures during the first week after hatch and
departure from normal rainfall during the second week
post hatch.

Predicting effect of weather on nest success and
poult survival is complicated by annual variation in
the timing of nesting and hatching and is likely con-
founded by the extensive latitudinal range of wild tur-
keys. However, Roberts and Porter (2001) concluded
that weather based indices can be viable alternatives
to brood surveys.

Importance of Recruitment Versus Survival

Recent studies have debated the relative impor-
tance of recruitment versus female survival on popu-
lation growth. Simulations by Suchy et al. (1983)
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showed that a 4.8% decrease in female survival had
the same effect on population growth as a 13.9% de-
crease in fecundity. Vangilder and Kurzejeski’s (1995)
modeling showed that increasing nest success or poult
survival had large positive effects on population
growth in Missouri. They also found that changes in
female survival, especially illegal kill during the
spring nesting season, had significant impacts on pop-
ulation growth. Based on the range of parameter esti-
mates reported in the literature, Roberts et al. (1995)
assumed greater variation in nest success than in an-
nual survival and concluded that nest success had a
greater impact on changes in abundance than poult or
adult survival. In a later paper, Roberts and Porter
(1996) used somewhat different relative variations of
survival and reproduction and found that importance
of nest success and annual survival were nearly iden-
tical. Further population dynamics work (Roberts and
Porter 2001) concluded that nest success has the great-
est influence on annual changes in New York wild tur-
key populations. Modeling by Rolley et al. (1998) in-
dicated that both reproduction and survival are impor-
tant in controlling population growth. A proportional
sensitivity analysis performed by Brooks et al. (1999)
took into account that survival and fecundity are mea-
sured on different scales and concluded that rates of
population change were most sensitive to changes in
fall-winter survival. Specifically, change in fall hunt-
ing survival was identified as the primary factor in
follow-up analysis (Alpizar-Jara et al. 2001). Hubbard
et al. (1999) compared estimates of nest success and
survival from 2 time periods on the same study area
in southcentral Iowa. They felt that the population de-
cline on the study area was more likely due to a de-
crease in reproduction than changes in female survival.
In addition, Miller et al. (1998b) attributed a popula-
tion decline in Mississippi to an extended period of
poor reproduction. Clearly both recruitment and fe-
male survival impact the growth of wild turkey pop-
ulations and both must be monitored. However, man-
agers have the greatest ability to control female sur-
vival through education and hunting regulation.

Predation

Predation has often been identified as a primary
cause of mortality for turkey eggs, poults, and adults.
Recent reviews by Miller and Leopold (1992) and
Hurst et al. (1996) documented the significant effects
of predation on nest success and survival of poults and
females. Although Hurst et al. (1996) discounted im-
portance of predators as a cause of mortality for adult
males, Paisley et al. (1996) and Vangilder (1996) iden-
tified predation as an important source of adult male
mortality. Female mortality during incubation and
brood rearing was primarily due to predation (Vander
Haegen et al. 1988, Wright et al. 1996). Nearly all nest
loss was due to mammalian predation in Wisconsin
(Paisley et al. 1998), and poult mortality also was neg-
atively influenced by predators (Vander Haegen et al.
1988, Roberts et al. 1995, Vangilder and Kurzejeski
1995). Lowery et al. (2001) documented a significant

relationship between predation and rainfall in Missis-
sippi.

While many studies have estimated predation
rates, the relationship of predator and prey is complex
and still poorly understood. This relationship is af-
fected by many interacting factors, some of which in-
clude the intrinsic rate of increase of prey species, the
functional and numerical responses of predators to
changing prey density, the species composition of the
predator community, habitat quality and landscape pat-
tern, availability of alternative prey, the nutritional
condition of the prey, and human harvests of both
predator and prey. The increase in predator popula-
tions following the decline in pelt prices and harvest‘s
in the 1980s has heightened concerns over the impact
of predators on turkey populations (Hurst et al. 1996,
Lovell et al. 1998, Hubbard et al. 1999). Leopold and
Hurst (1994) discuss the importance of long-term,
multi-species, replicated, experiments for improving
our understanding of the role of predation in the con-
trol and regulation of turkey populations.

Density Dependence

Density-dependent changes in reproduction and/or
survival are fundamental components underlying the
sustained yield harvest model (Holt and Talbot 1978,
Caughley 1985, Robertson and Rosenberg 1988). This
model proposes that harvest reduces population size
and intraspecific competition, increasing availability of
resources (food, water, space, etc.) for survivors, re-
sulting in increased fecundity and survival. The in-
creased fecundity and survival creates a potential rate
of increase that would be realized if harvesting was
discontinued.

Although density dependent changes in reproduc-
tion have been extensively documented in ungulates
(e.g., McCullough 1979, Fowler 1987) and some game
birds (Roseberry and Klimstra 1984:96–97), there is
little documentation of density dependent population
effects in wild turkeys (Healy and Powell 1999). Van-
gilder et al. (1987) in Missouri and Miller et al.
(1998b) in Mississippi interpreted relatively low re-
productive success of an established population as sup-
port for the hypothesis that recruitment decreases as
turkey populations stabilize. Vander Haegen et al.
(1988) concluded that predation was having a substan-
tial effect on productivity and speculated that the pop-
ulation was near carrying capacity. However, we are
not aware of any study that has documneted a negative
relationship between population size and reproductive
success.

Steffen and Norman (1996) found that population
growth rates, estimated from trends in spring harvest,
were higher in Virginia counties with low initial spring
harvests than in counties with higher harvests. They
believed this was suggestive of density dependence. In
later work, they suggested that recruitment in Virginia
is density dependent based on 30 years of data (Nor-
man and Steffen 2004). Porter et al. (1990a) observed
an inverse relationship between turkey abundance and
subsequent growth rate and interpreted this as sugges-



Wild Turkey Population Dynamics • Warnke and Rolley 95

tive of density dependence. However, Johnson (1994)
warned that correlating rate of change and population
size from a series of counts could give spurious results.

Reliable knowledge regarding density dependence
is important for sound harvest management decisions
(Romesburg 1981). However, documenting existence
of density-dependent effects in turkey populations will
likely be difficult. Carrying capacity in forested land-
scapes varies greatly with variable mast crops (Healy
and Powell 1999). In some regions, density-indepen-
dent weather effects may suppress turkey abundance
well below levels where density-dependence becomes
apparent (Porter et al. 1990b). Although density-de-
pendent responses can be masked by variation in the
environment, McCullough (1990) and White and Bart-
mann (1997) warned managers not to be misled in
thinking that density dependence does not operate.

Movements

Changes in the size of wild turkey populations are
caused not only by births and deaths, but also by
movements (ingress and egress). Recent studies on tur-
key population dynamics have focused on the birth and
death processes and all of the published models on
turkey population dynamics have assumed geographi-
cally closed populations with no net ingress or egress.

Dispersal is clearly important in the spread of
newly established populations from release sites and
several studies have estimated rates of spread during
the first 2–3 years following stocking (Little and Var-
land 1981, Hopkins et al. 1982, Miller et al. 1985).
However, the role of movements on the dynamics of
established populations is poorly understood. A num-
ber of studies have estimated dispersal distances fol-
lowing the breakup of winter flocks (Kulowiec and
Haufler 1985, Kurzejeski and Lewis 1990, Lint et al.
1992), typically in the range of 1–10 km. However,
little is known about the spatial patterns of such move-
ments. For example, Godwin et al. (1990) found that
on average 34% of the male turkeys radio-tagged on
a wildlife management area in Mississippi were off the
area during the spring hunting season, but they had no
information about birds that may have moved onto the
area from surrounding areas. The relative importance
of movements on changes in turkey populations likely
varies depending on the geographic scale at which
populations are defined and the variability in repro-
duction and survival among adjacent populations. In-
gress could be very important for maintaining popu-
lations on heavily hunted public properties. In contrast,
movements may be of little concern to the manager
making harvest decisions for county-sized areas.

ACCEPTABLE RATES OF HARVEST

Females

Although available information on the relation of
harvest and nonharvest mortality is limited, it suggests
that harvest mortality of females is largely additive.
Therefore, control of female harvest (legal and illegal)

is important to successful population management.
Most legal female harvest occurs in the fall and fall
turkey numbers are variable depending upon recruit-
ment (Healy and Powell 1999). Fall hunting seasons
vary widely in structure and length. Reported sustain-
able harvest rates vary with recruitment and nonhar-
vest mortality and range from 12% in Virginia (Pack
et al. 1999) to �10% in Missouri (Vangilder and Kur-
zejeski 1995) and Iowa (Suchy et al. 1983) to �7% in
Wisconsin (Rolley et al. 1998). These reported rates
are guidelines applicable to average conditions. The
acceptable rate of harvest is ultimately determined by
the programmatic objective in concert with availability
and reliability of recruitment parameter estimates.

Illegal female kill (poaching) must be considered
in developing a fall hunting strategy. In some instanc-
es, poaching has been shown to be a substantial por-
tion of total female mortality. Pack et al. (1999) re-
ported that illegal female kill had a substantial impact
on population dynamics in Virginia and West Virginia
and at times, exceeded legal harvest. Illegal harvest of
females in Missouri accounted for over 20% of all fe-
male mortality (Vangilder and Kurzejeski 1995). To
the contrary, illegal female kill in Wisconsin made up
only 2% of female mortality (Wright et al. 1996). Little
et al. (1990) and Hubbard et al. (1999) did not consider
poaching a problem in Iowa, and Miller et al. (1998a)
found that illegal harvest was very low in Mississippi.
The regional variance in levels of illegal female har-
vest illustrates that local information is necessary for
effective sustained yield management.

Males

Annual harvest of males ranges from 15–62% of
the population (Vangilder 1992:156, Wright and Van-
gilder 2001). Managers may want to consider the ef-
fect of harvest on the age structure of males in the
population when formulating harvest management
strategies because hunter’s perception of the quality of
the hunt can be affected by the proportion of older
males in the population (Vangilder and Kurzejeski
1995).

The age structure of males is a function of recruit-
ment and age-specific survival. For a given level of
recruitment, an increase in the harvest rate of males
will reduce the proportion of adult males in the pop-
ulation in subsequent years. Simulation modeling by
Vangilder and Kurzejeski (1995) suggested that a
spring harvest of 25% of the males would yield a har-
vest composed of 72% adult males, while a harvest of
50% of the male population would reduce the per-
centage of adults in the harvest to 56%. This relation-
ship would be affected by differences in harvest vul-
nerability between subadults and adults. Based on
band recovery data, Vangilder and Kurzejeski (1995)
assumed that adults were twice as vulnerable as sub-
adults to spring harvest. They hypothesized that breed-
ing behavior by sub-adults may be suppressed by the
presence of dominant adults thereby reducing their
vulnerability to spring harvest. In Kentucky, the an-
nual rate of human-caused mortality (legal harvest, il-



96 Population Dynamics

legal kill, and crippling) for adults was twice as great
as for sub-adults (Wright and Vangilder 2001). In con-
trast, Godwin et al. (1991) and Paisley et al. (1996)
were unable to document age-related differences in
harvest rate.

The acceptable rate of male harvest is primarily
determined by the programmatic objective be it hunter
opportunity, hunter satisfaction, trophy management,
or a high male population. Programmatic objectives
based on user attitudes vary regionally and temporally
making periodic hunter attitude surveys important to
male harvest management. Hunters in Missouri indi-
cated that they would oppose a longer season if pro-
portion of adult males available would decline (Van-
gilder et al. 1990). However, in Arkansas, hunters were
unwilling to accept a reduction in spring permits to
increase the proportion of adult males in the popula-
tion (Cartwright and Smith 1990).

Minnesota regulates participation in the spring
season to limit the harvest rate of males to 30%, in
part to maintain the quality of the hunt (Kimmel 2001).
Alternatively, Mississippi recently implemented a min-
imum 6-inch beard length regulation to protect sub-
adults from harvest in a effort to increase the number
of adults available for harvest (G. Hurst, Mississippi
State University, personal communication).

SUMMARY AND CONCLUSIONS

Wild turkey restoration in North America is fast
approaching a successful conclusion and a period in
which management objectives will shift to population
maintenance, optimizing hunter opportunity and, in
some cases, population control. Along with this suc-
cess comes uncertainty. Biologists have been effective
to this point in identifying and utilizing available
knowledge. Our understanding of turkey population
dynamics has grown dramatically in the past decade.
We have a greater appreciation for the spatial and tem-
poral variation in rates of reproduction and survival.
Most studies indicate that turkey population growth is
sensitive to changes in female survival and recruit-
ment. It is important for managers to consider not only
effect on population growth of changes in recruitment
and survival, but also their ability to alter these param-
eters. The potential to alter female survival rates
through harvest regulations (Pack et al. 1999) is wide-
ly utilized, but managers have no direct control over
reproduction and poult survival (Vangilder and Kur-
zejeski 1995). Habitat management to improve repro-
duction may be feasible, but the effectiveness of such
practices for altering recruitment is largely unknown.

An understanding of the density-dependent and
density-independent processes that control the growth
of wild turkey populations and how these processes
can be influenced by management actions are impor-
tant gaps in our knowledge. We lack basic information
on environmental carrying capacity relative to habitat
composition. Replicated, random, and controlled ex-
periments will be needed to advance our understanding
of population regulation in wild turkeys (Macnab

1983, Caughley 1985, Weinstein et al. 1996). In ad-
dition, better techniques for estimating turkey popu-
lation size are needed to improve our understanding of
the effect of density on population processes (Vangild-
er 1992).

Because we do not understand the relation of har-
vest and non-harvest mortality for most harvested spe-
cies, Caughley (1985) concluded that we lack the
knowledge to manage harvest scientifically. The recent
studies by Little et al. (1990), Pack et al. (1999), and
Norman et al. (2004) are important steps toward im-
proving our understanding of this relationship for wild
turkeys. Additional research on population response to
various female harvest rates is needed to build upon
these initial findings. In addition, an understanding of
effects of specific harvest regulations (season length,
bag limits, number of permits issued) on harvest rates
is needed to improve population and harvest manage-
ment. Burger et al. (1994) concluded that careful ma-
nipulation of harvest regulations provides an oppor-
tunity to rigorously test hypotheses regarding the na-
ture of harvest mortality. Large-scale, long-term man-
agement experiments that adhere to the rules of
experimental design (controls, replication, etc.) will be
needed. Treatments must include varying levels of tur-
key density (Leopold and Hurst 1994) as well as vary-
ing levels of harvest (off-take) for at least 2 genera-
tions (see Caughley 1985). An active adaptive harvest
management strategy, similar to that proposed for wa-
terfowl harvesting (Johnson et al. 1993), may be the
most effective approach to reducing the uncertainty
about the dynamics of wild turkey populations. Imple-
menting such studies will require extensive coopera-
tion among management agencies, universities, orga-
nizations like the National Wild Turkey Federation,
turkey hunters, and landowners.

Management Implications

Given our current understanding of wild turkey
population dynamics, adjusting harvest rates of fe-
males appears to be the most direct means to regulate
the size of turkey populations, however conflicting in-
formation does exist (Alpizar-Jara et al. 2001). Based
on recent research and modeling, managers have at-
tempted to set fall harvest rates that could be sustained
without the population declining. The emphasis has
been on maintaining current population levels. Al-
though this strategy is conservative, it may not result
in optimal harvest levels. Sustained yield harvesting
theory suggests that there are many possible sustain-
able harvesting rates depending on the size of the pop-
ulation relative to environmental carrying capacity.
Relatively low levels of harvest are sustainable when
populations are low or near carrying capacity. Higher
levels of harvest can be sustained at intermediate pop-
ulation levels. However, until we have a better under-
standing of effect of density on rates of recruitment
and natural mortality it will be difficult for managers
to determine optimum harvest rates.

Further complicating harvest management deci-
sions is an increasing appreciation for the temporal
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variability in recruitment rates. Caughley (1977) de-
scribed 2 strategies for harvesting in a variable envi-
ronment, the ‘‘mean’’ and ‘‘tracking’’ strategies. Under
the mean strategy, the variability in the population is
ignored and a constant harvesting rate is set. In con-
trast, the tracking strategy varies the harvesting rate,
increasing it when the population is growing and de-
creasing it when the population is declining. Caughley
felt that the mean strategy required considerable in-
formation to implement properly and the tracking
strategy was safer in the face of uncertainty about the
magnitude of population and environmental fluctua-
tion. Successful implementation of a tracking strategy
requires monitoring of trends in population size and/
or recruitment and the ability to respond to changes in
population status with changes in harvest regulations.

In Wisconsin, we have been using a tracking strat-
egy. Hunter success rate (harvest/permit) in spring, de-
termined from mandatory registration stations, is our
primary index of population change. We monitor re-
cruitment through surveys of rural landowner obser-
vations of poults and hens, and the proportion of ju-
venile males in the spring harvest. Together, these in-
dices appear to be reliable and relatively inexpensive
means of monitoring recruitment and population
change. Our variable permit system allows us to adjust
fall harvest management strategies to respond to pop-
ulation fluctuation. This tracking strategy appears to
have been effective in protecting against overharvest
of females during prolonged periods of low recruit-
ment while allowing for expanded harvests during pe-
riods of high recruitment. Future research will provide
us with increased information from which to draw in-
ferences when regulating turkey hunting and refine our
techniques to meet the goals of turkey management in
Wisconsin.
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Abstract: Updated information concerning the distribution and relative abundance of wild turkeys (Meleagris
gallopavo) is important for prioritizing future management efforts, especially in light of the rapid human population
growth and subsequent habitat loss that has occurred in Florida during the last 3 decades. Survey questionnaires
were mailed to 2,220 natural resource personnel and others having potential knowledge of wild turkey populations
in Florida. Valid responses were received from 604 individuals who provided 1,174 county maps depicting turkey
distribution and relative abundance (i.e., absent, low number of turkeys, or moderate to high number of turkeys).
Associated maps were digitized into a geographic information system (GIS) and ordinal responses (i.e., categorical
abundance scores) were averaged for each 30-m � 30-m pixel. The number of responses received per pixel
averaged 3.3 (range 1–16). Standard errors for areas of the state receiving �1 response averaged 0.1798 and
ranged from 0.00–1.41. Wild turkey relative abundance index values resulted in moderate to high abundance
indices for 61,200 km2, low abundance indices for 39,500 km2, and rare or absent designations for 41,100 km2.
This information will be used in conjunction with habitat suitability models, landownership, and other available
data to prioritize future wild turkey management efforts in Florida.

Proceedings of the National Wild Turkey Symposium 9:101–106
Key words: abundance, distribution, Florida, Meleagris gallopavo, population, wild turkey.

Florida had a sizable turkey population during the
early 1900s (Wright 1915) even as turkeys were dis-
appearing from most of the eastern United States. Flor-
ida’s low human population during this period, and
refugia provided by large expanses of habitat inhos-
pitable to humans, are factors that probably allowed
turkey populations in Florida to remain high relative
to the eastern U.S. as a whole. However, increasing
numbers of settlers and unregulated commercial and
subsistence hunting began to have a negative effect on
Florida’s turkey population. By 1948, the number of
turkeys in Florida had reached its lowest level with an
estimated population of 26,000 (Newman and Griffin
1950). In 1949, the Florida Game and Fresh Water
Fish Commission (GFC; presently the Florida Fish and
Wildlife Conservation Commission [FWC]) identified
areas of good turkey habitat that were devoid of tur-
keys and initiated a restoration program (Powell 1965).
The restoration program was completed by 1970, at
which time the fall turkey population was estimated to

be approximately 100,000 birds (Williams and Austin
1988).

The GFC conducted wild turkey population as-
sessments in 1973 and 1977 to document statewide
distribution during that period. Survey maps were dis-
tributed to biologists, game managers, and GFC law
enforcement officers throughout the state. Survey par-
ticipants were asked to identify areas where turkeys
were known to occur (i.e., presence versus absence).
Because the results from 1973 and 1977 were similar,
the data was combined to create a composite map of
turkey distributions for the state. The results of this
assessment indicated that wild turkeys were present in
all Florida counties (Williams 1978).

Since completion of the 1973 and 1977 turkey sur-
veys, Florida’s human population has increased by
over 64% (from 9.7 million in 1980 to 16.0 million in
2000; U.S. Bureau of Census 2001). In addition, the

1 E-mail: David.Nicholson@MyFWC.com
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tourism industry in Florida continues to attract an in-
creasing number of tourists (estimated 75.6 million
visitors during 2003, Florida Commission on Tour-
ism). New development and infrastructure needed to
support these increases may have resulted in the loss
of substantial amounts of suitable turkey habitat. In
light of these changes, the FWC initiated a project to
determine the present distribution and relative abun-
dance of wild turkeys in Florida to compare with past
turkey distribution data and for use in prioritizing fu-
ture turkey management efforts.

METHODS

An initial survey questionnaire was sent to des-
ignated survey groups that included FWC wildlife bi-
ologists and law enforcement officers, Florida Chapter
of The Wildlife Society members, antlerless deer pro-
gram enrollees, natural resource professionals (e.g.,
Water Management District land managers, Depart-
ment of Defense biologists, etc.), and others with po-
tential knowledge of turkey populations in Florida
(e.g., Florida Chapter of the National Wild Turkey
Federation members, etc.). This questionnaire asked
participants to indicate counties with which they were
knowledgeable of wild turkey populations on tracts of
land at least 405 ha (1,000 acres) in size during the
previous 3 years (i.e., 1999–2001). Respondents to the
initial survey were then sent maps for those counties
with which they indicated knowledge of 405 ha or
more, instructions for completing the map(s), 3 col-
ored china markers, a short questionnaire, and a return
envelope. County maps were GIS derived 27.9-cm �
43.2-cm maps including roads, city limits, water bod-
ies, and conservation lands (e.g., public wildlife man-
agement areas, state and federal parks, Nature Con-
servancy lands, etc). Participants were asked to shade
the portions of the map(s) they were familiar with and
indicate the relative abundance of turkeys for these
areas using red, green, or blue shading.

Relative abundance values were defined as (1) ab-
sent, (2) low, (3) moderate to high based on observa-
tions during the previous 3 years. We defined absent
values as areas where turkeys or their sign had not
been observed and no turkeys had been harvested. We
defined the low value as areas where turkeys and/or
sign were seen no more than once or twice for every
10 site visits and wild turkeys were observed in low
numbers (flocks with less than 5 birds), or where few
turkeys were harvested relative to the number of hunt-
ers. We defined a moderate to high value as areas
where turkeys and/or fresh sign were routinely located
(observations made 3 or more times for every 10 trips)
and where moderate to high numbers of wild turkeys
(flocks with 5 or more birds) were observed, or turkeys
were regularly harvested relative to the number of
hunters. Participants were asked to leave blank por-
tions of county maps for which they did not have
knowledge during the previous 3 years.

Completed maps were digitized into ArcView
(Version 3.2, Environmental Systems Research Insti-

tute, Redlands, CA, USA) by county. For each digi-
tized polygon, the associated attribute table included
the relative abundance value (absent � 1, low � 2,
moderate to high � 3), the respondent’s name and con-
tact information, an assigned identification number, the
survey group they were assigned to (see Table 1), the
county, the date the polygon was digitized, and com-
ments. The digitized files were converted to grids with
a cell size of 30 m � 30 m for use with Spatial Analyst
extension (Version 1.1, Environmental Systems Re-
search Institute, Redlands, CA, USA). Responses for
individual cells were averaged to determine a relative
abundance index, and the number of responses per cell
was computed. Areas where no responses were re-
ceived were then isolated. Abundance estimates in null
areas less than 405 ha were calculated by averaging
the neighboring 15 � 15 pixels (i.e., 450-m � 450-m
area). Null areas 405 ha or larger were compared to
land-use data (Northwest Florida, St. Johns River, Su-
wannee River, Southwest Florida, and South Florida
Water Management Districts 1995), and those areas
designated as unsuitable turkey habitat (i.e., moderate
to high density residential areas, commercial and ser-
vice-oriented business activities, industrial, and trans-
portation) were assigned an absent designation, while
those areas designated as potentially suitable habitat
were isolated and selected for further review. Maps of
null areas for further review were sent to each FWC
Regional Biologist (n � 5) to determine persons who
may have information concerning these areas. Identi-
fied individuals were then contacted to assist with fill-
ing the gaps in the statewide assessment. Updated in-
formation was digitized and merged into the statewide
coverage as it was received. As updated information
was digitized, null areas were again examined and null
areas less than 405 ha in size were populated by av-
eraging the neighboring 15 � 15 pixels (i.e., 450-m �
450-m area). These steps were repeated until the entire
state was completed. Relative abundance index grids
were then converted from floating point (i.e., decimal)
grids to integer grids using standard rounding conven-
tions (i.e., 1.0–1.49 � 1 [rare or absent], 1.50–2.49 �
2 [low], 2.49–3.00 � 3 [moderate to high]).

To compare the updated distribution with the
1970s composite map (Williams 1978), the 1970s dis-
tribution was also hand-digitized into ArcView and
converted to a grid. The 2 coverages were then merged
and areas of concordance (i.e., turkeys absent in the
1970s distribution and rare or absent in the updated
distribution or present in the 1970s and still present at
low, or moderate to high densities in 2001) and dis-
cordance (i.e., turkeys absent before but now present
at low or moderate to high densities, or turkeys were
present before and are now rare or absent) were com-
puted.

RESULTS

Initial survey questionnaires were mailed to 2,220
individuals. Responses were received from 690 indi-
viduals (Table 1). These individuals were mailed a fi-
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Table 1. Number of initial surveys sent and returned, the number of individuals responding to the final Florida statewide turkey
distribution survey, and overall response rate (i.e., percent) by designated survey group, 2001.

Group
Number of initial

surveys sent
Number of

initial returns
Individuals returning

final survey
Overall

response ratea

FWC—Wildlife 195 80 72 36.9
FWC—Law Enforcement 699 150 127 18.2
FLTWS 256 46 40 15.6
Antlerless Deer Program Members 1,033 377 333 32.2
Otherb 37 37 32 86.5

Total 2,220 690 604 27.2

a Calculated based on the number of initial surveys sent and the number of final surveys returned. These values should be considered minimums
since in some instances multiple individuals submitted their responses on the same map(s).
b Includes Florida Chapter of National Wild Turkey Federation members, land managers with other governmental agencies or private corpo-
rations, and others who were deemed to have knowledge of wild turkey populations.

nal survey, including 1,403 county maps. Final sur-
veys were received from 604 individuals (Table 1),
which provided 1,174 individual county maps. After
digitizing these maps, about 3% of the state (4,268
km2) remained unaccounted for, of which, 77 areas
were �405 ha (range 406–107,678 ha). Additional re-
sponses were then solicited and subsequently received
from 23 individuals, resulting in complete coverage of
the state.

Statewide, moderate to high relative abundance in-
dex values totaled 61,200 km2, low index values to-
taled 39,500 km2, and rare or absent indices totaled
41,100 km2 (Figure 1). The number of survey respons-
es received per pixel averaged 3.3 (SE � 2.0; range
1–16; Figure 2). Standard errors for areas of the state
receiving �1 response (19,637 km2 only had 1 re-
sponse thus standard errors could not be computed)
averaged 0.1798 and ranged from 0.00–1.41 (Figure
3).

The updated distribution again documented the
presence of wild turkeys in all 67 Florida counties.
Areas of concordance between the 1970s and the up-
dated distributions occurred in 74.3% of the pixels
(105,222 km2) whereas discordance occurred in 25.7%
of the cells (36,371 km2) (Figure 4, Table 2). Where
discordance occurred, decreases in the distribution of
turkeys accounted for 8,518 km2 as compared to the
1970s data, whereas increases in the distribution of
turkeys accounted for 27,853 km2 as compared to the
1970s data.

DISCUSSION
The intent of this project was to develop a map of

statewide wild turkey distributions to facilitate man-
agement or regulatory measures at a landscape scale.
Although �⅓ of the individuals initially contacted ac-
tually completed the final survey across all survey
groups, more than 80% of the respondents who said
they would complete a survey did so. The 604 partic-
ipants who completed surveys were sufficient enough
to allow for multiple responses over most areas of the
state. In general, survey responses were in sufficient
agreement to lend confidence to the results. This is
further supported by the fact that average spring turkey
harvest records for 2000 through 2002 (Florida Fish
and Wildlife Conservation Commission, unpublished

data), as determined by an annual mail survey, also
corresponded well with the wild turkey distribution as-
sessment such that counties with relatively high turkey
harvest per square kilometer of land area estimates
were predominately classified as having a moderate to
high turkey population (Spearman rank order correla-
tion; rs � 0.77, P � 0.01). Conversely, counties with
estimated low or absent wild turkey distribution values
tended to have relatively low turkey harvest per square
kilometer of land area estimates. This level of confi-
dence should be suitable to identify potential ‘‘focus’’
areas (i.e., areas of significant size [e.g., 4,000 ha or
more] with suitable turkey habitat but low or absent
turkey populations).

Additionally, wild turkey monitoring efforts (ra-
dio-telemetry and bait-station surveys) from an on-
going countywide turkey restoration project in Holmes
County further indicate the relative accuracy of the
statewide wild turkey distribution project. In this re-
gard, the distribution of wild turkeys throughout
Holmes County ascertained from population monitor-
ing data from 2001 matched closely with the infor-
mation obtained for this county from the statewide tur-
key distribution assessment. Moreover, it should be
noted that principle investigators for the Holmes
County turkey restoration project did not provide input
for this county as part of the statewide turkey distri-
bution assessment.

Although no specific reference was used in deter-
mining the 405 ha minimum criteria for responses, we
believe this was a good compromise area to prevent
receiving a large number of ‘‘small’’ area responses
for digitizing, but at the same time, this amount of area
would allow information to be collected at a fine
enough scale for management related purposes. The
criteria is also comparable to overall average daily
ranges that have been reported for wild turkeys (Wil-
liams 1991). The overall results of the study would
likely not have changed substantially if a different
minimum area was utilized, but would have likely in-
fluenced the amount of digitizing to be completed.

The 1995 land-use data was the most current data
we had available for assessing unsuitable habitats
when trying to ‘‘fill’’ null areas after the initial survey.
We recognize that changes in land-use had taken place
within the six-year period between the compilation of
land-use data and the completion of the turkey assess-
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Fig. 1. Relative abundance index values depicting areas of
Florida having rare or absent turkey populations, a low number
of turkeys, or a moderate to high number of turkeys according
to a survey of natural resource professionals and others in 2001.

Fig. 2. Number of responses received per pixel for a statewide
wild turkey distribution and relative abundance survey, 2001.

Fig. 3. Standard errors of responses received for a statewide
wild turkey distribution and relative abundance survey, 2001.

Fig. 4. Spatial comparison between a turkey distribution and
relative abundance survey conducted in 2001 and a similar tur-
key distribution survey completed during 1973 and 1977 (Wil-
liams 1978) in Florida.
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Table 2. Comparison between a turkey distribution and relative
abundance survey conducted in 2001 (FWC [2001]) and a sim-
ilar turkey distribution survey completed during 1973 and 1977
(GFC [1973–77]; Williams 1978) in Florida. Results are pre-
sented as area (km2) for which the various combinations of re-
sults of the 2 surveys occurred.

FWC (2001)
GFC

(1973–77) km2

Turkeys Rare or Absent Absent 32,424
Turkeys Rare or Absent Present 8,518
Low Number of Turkeys Absent 14,285
Low Number of Turkeys Present 25,213
Moderate to High Number of Turkeys Absent 13,568
Moderate to High Number of Turkeys Present 47,585

ment survey, especially with respect to development.
However, those lands converting from potentially suit-
able to unsuitable (e.g., development) during this ti-
meframe would not have affected our results as these
areas were likely denoted as absent of turkeys when
contact was made with individuals knowledgeable of
the area. If areas reverted from unsuitable to suitable
turkey habitat, then potential problems would have
been possible with our methods, but it is highly un-
likely that this reversion occurred.

Based on survey results, the greatest abundance
and widest distribution of turkeys occurs in north-cen-
tral and northeast Florida and a wide swath extending
north of Lake Okeechobee and east of the Kissimmee
River system in central Florida. Relatively abundant
populations also occur on the large ranches of south-
west Florida where turkeys utilize a patchwork of ag-
riculture and limited forested areas. However, densities
reported in these southwest Florida areas may be
somewhat inflated since turkeys are typically concen-
trated in the areas of available habitat, but individuals
completing the surveys did not record in detail where
turkeys did and did not occur across individual ranch-
es. Additionally, the more open habitats of southwest
Florida tend to increase the visibility of turkeys which
may have also contributed to inflated densities. Rela-
tively lower than expected abundance indices were ob-
served in the panhandle west of Leon County (Talla-
hassee), even though these areas appear to offer similar
amounts of forest as compared to the rest of northern
Florida.

Despite the dramatic increases in the human pop-
ulation and land development during the past 3 de-
cades, the distribution of wild turkeys in Florida ap-
pears to have expanded somewhat since the 1970s. Vi-
sual inspection of the results indicates that losses to
the occupied range primarily occurred around urban
centers, where habitat alteration and loss associated
with the growing human population and urban sprawl
has been most pronounced. Increases in the distribu-
tion of turkeys occurred chiefly through the filling of
‘‘gaps’’ in the 1970s distribution within the panhandle
and interior northern peninsular portions of the state.
These areas are largely forest plantation and agricul-
tural based communities that have not experienced the
same level of human population growth as occurred in

south Florida and along the coasts. The observed in-
creases to these regions were likely a result of further
expansion of the turkey populations introduced during
the intensive restoration program of the 1950s and
1960s. Other potential reasons for the observed in-
crease in distributions include conversions of habitats
(Brown and Thompson 1988, Brown 1999) to condi-
tions more favorable for turkeys, the tendency of pri-
vate lands to be more protected, especially commercial
timberland, as a result of leasing hunting rights and
the increased protection this has afforded (i.e., gated
roads, posted boundaries, etc.), and increased law en-
forcement presence.

To facilitate the identification of ‘‘focus’’ areas
(i.e., areas where turkey abundance does not corre-
spond with habitat potential), the most recent statewide
turkey distribution map should ideally be compared
with an updated model of available turkey habitat.
From a management perspective, the primary interest
should be in identifying substantial areas of suitable
turkey habitat that are indicated as having an absent
or low turkey population. In this regard, the FWC is
presently ‘‘fine-tuning’’ a wild turkey habitat model
(Cox et al. 1994) using 2003 land-cover classifications
(Stys et al. 2004) to identify areas of suitable turkey
habitat in Florida. The resultant habitat map will be
compared to the statewide turkey distribution map, and
areas of the state with suitable turkey habitat and low
or absent turkey populations will be isolated for further
evaluation. These evaluations will be useful for plan-
ning future management efforts which could include
regulatory measures, population restoration, public
land management, and/or private land initiatives.
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Abstract: Eastern wild turkey (Meleagris gallopavo silvestris) population indices in a portion of south-central
Pennsylvania (PA) indicated a decreasing population trend since the late 1980s. In 1995, the fall turkey-hunting
season was reduced from 2 weeks to 1 week to attempt to reduce hunting mortality and increase population size.
Although the population has not exhibited a further decline, it has remained low. To investigate factors responsible
for continued population suppression, we conducted a 2.5-year study (1999–2001) monitoring cause-specific mor-
tality, reproductive rates, and population demographics of 163 radiotagged hens. We used these data in a stochastic
population model to investigate factors having the greatest influence on population dynamics. Annual survival of
subadult hens (13.3% in 2000, 27.7% in 2001) was less than similar studies (39–57%). Adult hen annual survival
(47.8% in 2000, 64.4% in 2001) was lower than similar studies (57–75%) during year 1, but similar to these
studies during year 2. Predation rates were normal (48.1%). However, average fall hen harvest mortality (12.3%,
range � 6.2–28.6%) was greater than the harvest rate (10% for both males and females) at which population
declines are generally expected. Additionally, 5.1% of marked hens died from legal use of rodenticides in fruit
orchards. Relative to other studies, nest incubation rates were low (69%) during 2000 but nest success was average
(72%), and in 2001 nest incubation rates were similar to other studies (88%), but nest success was below average
(42%). Poult survival in both years (11.8% and 23.3%, respectively) was less than other studies (24–60%).
Sensitivity analyses of the stochastic model indicated that subadult and poult mortality rates had the greatest
influence on the population decline. Consequently, to attempt to reduce subadult mortality, fall turkey hunting in
this area was closed indefinitely beginning in 2003. Also, a cooperative project was started with local orchard
owners to reduce accidental rodenticide poisoning. In an attempt to improve poult survival, herbaceous openings
of 0.2–1.0 ha are being maintained and rehabilitated throughout the study area in an accompanying study to
determine the importance of these openings to poult survival.

Proceedings of the National Wild Turkey Symposium 9:107–116
Key words: harvest, Meleagris gallopavo silvestris, mortality, Pennsylvania, population dynamics, population
model, reproduction, sensitivity analysis, survival, wild turkey.

Eastern wild turkeys were restored to south-central
Pennsylvania through wild trap-and-transfers during
the late 1970s. In the mid 1980s, trends in spring tur-
key harvest densities (harvest/km2 of forest) and sum-

mer turkey sighting indices indicated that the turkey
population was declining in a portion of southcentral

1 Email: mcasalena@state.pa.us
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PA, managed as Turkey Management Area (TMA) 7B
(Bureau of Wildlife Management 1994). The same in-
dices indicated that other TMAs had stationary or in-
creasing population trends. By 1994, spring and fall
harvest densities in TMA 7B were the lowest in Penn-
sylvania, indicating a precipitous decline in population
size.

Harvest densities of turkeys in Pennsylvania are
manipulated by setting the fall turkey season length
from 0–3 weeks, for each of the 12 TMAs, rather than
setting harvest quotas (all purchasers of a hunting li-
cense are permitted to harvest 1 turkey in any open
TMA during the fall season). In an attempt to increase
the turkey population via reduced harvest densities in
TMA 7B, the Pennsylvania Game Commission (PGC)
shortened the fall either-sex turkey-hunting season
from 2 weeks to 1 week in 1995. Conversely, due to
increasing population trends in TMA 7A, which is
west of TMA 7B within the same Ridge and Valley
geographic province as TMA 7B, the fall season was
extended from 2 to 3 weeks that same year. As of
2003, population indices in TMA 7B had not in-
creased, whereas similar management actions from
1997–1999 reversed declining trends in TMA 7A
(Pennsylvania Game Commission, unpublished data).

Low nesting rates, nest success, and poult recruit-
ment were suspected as possible reasons for the de-
clining population. Roberts et al. (1995) found that
nest success and poult survival were the primary fac-
tors contributing to annual population change in the
mixed agricultural and forested habitat of southcentral
New York.

Predation, harvest, weather, and other environmen-
tal factors also can affect turkey population recovery.
Lowrey et al. (2000) found total number of rainfall
events during the spring was negatively correlated to
nest success in Mississippi. Predation is a major factor
in mortality of wild turkey hens (Rolley et al. 1998),
and harvest (legal and illegal) can limit turkey popu-
lation growth (Pack et al. 1999, Healy and Powell
1999, Wright et al. 1996). Pack et al. (1999) reported
predation, poaching, and fall hunting had the greatest
negative effects on turkey populations in Virginia and
West Virginia with 0–9 weeks of fall hunting. Re-
searchers have suggested that harvesting �10% of the
turkey population during the fall season can cause tur-
key population declines (Little et al. 1990, Suchy et
al. 1983, Vangilder and Kruzejeski 1995). Also, there
were anecdotal reports of turkey mortality from legal,
fall rodenticide applications in fruit orchards on the
study area to control meadow voles (Microtus penn-
sylvanicus).

We studied survival and reproductive rates of hen
wild turkeys during 2.5 years, which encompassed 3
years of fall hunting season mortality, 1999–2001, and
2 years of reproductive data, 2000–2001. The objec-
tive of this study was to obtain empirical estimates of
population parameters for hen wild turkeys (hunting
mortality, seasonal survival rates, nesting rates, nest
success rates, and poult survival rates) and use these
estimates in a population model to identify the most
likely causes of population suppression.

STUDY AREA
The study area, encompassing the Michaux State

Forest (MSF) in southcentral PA, was located on South
Mountain, 48 km south of Harrisburg, PA, and 19 km
west of Gettysburg, PA, in the center of TMA 7B. The
MSF was approximately 35,000 ha and contained most
of the forested habitat in TMA 7B (46% of the 76,262
ha) and South Mountain contained most of the turkey
population in TMA 7B. Sixty percent of the land area
surrounding South Mountain was agricultural and res-
idential and supported comparatively fewer turkeys ex-
cept in areas adjacent to the large forested blocks. In
this TMA, wild turkeys were not reintroduced into the
valleys surrounding South Mountain because of the
large area of intensive agriculture, and, therefore, tur-
key populations in these valleys were very low den-
sity.

The MSF was predominately upland oak (Quercus
spp.) vegetation on xeric sites. Chestnut oak (Q. pri-
nus) was the dominant mast producing tree, but scarlet
oak (Q. coccinea), black oak (Q. velutina), and white
oak (Q. alba) also were common. Sustained produc-
tion of these oaks was the main objective of timber
management on both private and public forestland.
Other common tree species included red maple (Acer
rubrum), black birch (Betula lenta), and Virginia pine
(Pinus virginiana). The understory was dominated by
blueberries (Vaccinium spp.), mountain laurel (Kalmia
latifolia), and greenbriar (Smilax spp.).

The MSF and much of the private forestland was
a patchwork of different successional stages resultant
from a primarily even-aged management system. In
addition to the temporary openings created by timber
harvesting operations, 40 Special Wildlife Manage-
ment Areas (SWMA) of 0.2–1.0 ha, were created and
dispersed throughout the MSF. These herbaceous
openings were intended to provide wildlife foraging
areas especially for wild turkey hens with broods.
They were maintained in a grass and legume mix with
fruit and nut-producing trees and shrubs planted in
clumps or along the edges. Most Pennsylvania State
Forests in other TMAs also contain SWMAs. The
MSF and South Mountain appeared to contain ade-
quate habitat for wild turkeys, but population densities
were low. For a more detailed study area description,
see Lowles (2002).

METHODS
Data Collection

We used electronic command-detonated rocket
nets to capture hen turkeys during mid-August to mid-
September and mid-January to mid-March each year.
Upon capture, we held turkeys individually in wax-
coated cardboard boxes (67 cm length � 53 cm width
� 30 cm depth) specifically designed for holding tur-
keys. We fitted hens with motion sensing, backpack-
style radiotransmitters (Telonics, Mesa, Arizona, USA)
using a thin elastic shock cord. Radiotransmitters were
76 g for subadults (i.e., young-of-the-year birds) and
110 g for adult hens. We determined age by tail fan
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pattern and tip structure of primary wing feathers and
determined sex based on presence of a beard and
spurs, and color pattern of breast feathers (Pelham and
Dickson 1992). In the fall, we determined sex of cap-
tured subadults using molt pattern of the ninth and
tenth primary feathers coupled with leg length (Healy
and Nenno 1980, Larson and Tabor 1980). We fitted
all captured turkeys with a uniquely numbered alu-
minum butt-end leg-band stamped with a telephone
number to call the PGC and report if the bird were
harvested or found dead.

Any radiotransmittered turkey that died within 14
days of capture was excluded from analyses to reduce
the influence of capture-related stress or movements
on survival estimates. We monitored hens throughout
the year, which we divided into 5 biological seasons:
fall (1 Sep–31 Dec), winter (1 Jan–14 Mar), dispersal
(15 Mar–14 Apr), nesting (15 Apr–14 Jul), and brood-
ing (15 Jul–31 Aug). We located each hen from
ground-based telemetry �3 days per week during fall
and winter, and daily during the remainder of the year.

Following the dispersal period, we presumed a hen
to be incubating a nest after 2 successive days of an
inactive, but non-mortality signal from the same lo-
cation. We also used the motion sensing function of
the radiotransmitter as an indicator of probable nest-
ing, because incubating hens would often remain mo-
tionless for �8 hours.

We determined nest locations by approaching the
radiotransmitter signal and locating its position with a
hand-held telemetry receiver and antenna. We moni-
tored nesting hens daily from the same location to de-
tect if the hen had left the nest, indicating hatching or
failure. When a hen was located �0.5 km away from
the nest, we investigated the nest site for signs of dis-
turbance or hatching. We determined clutch size of
nests by counting eggshell membranes and examining
eggshells for presence of membranes to determine how
many eggs successfully hatched (i.e., hatching suc-
cess). We defined nest success as a nest with �1 eggs
of a clutch that hatched.

We located all hens whose transmitter signal was
in mortality mode via a hand-held telemetry receiver
and antenna to determine hen fate, including cause of
death, if possible (Campa et al. 1987). If we did not
recover a carcass, the mortality was recorded as an
unknown cause, except in cases determined likely to
be poaching.

We obtained counts of the number of poults alive
at 4 weeks of age by locating radio-marked hens and
playing a tape-recorded lost poult call. This call was
intended to bring the hen and her brood within visual
range so observers could count the brood. If this failed,
observers attempted to flush the hen and count the
poults.

Data Analysis

We used all hens alive at the beginning of nesting
season (15 Apr) for nesting season analyses (32
adults, 16 subadults in 2000; 52 adults, 12 subadults
in 2001). We used nest incubation rather than nest
initiation as a measure of nesting effort because we

believe nesting incubation is less prone to observer
error and more readily confirmed because nests are
usually hidden while a hen is away from the nest
during nest initiation. However, this estimate may be
positively biased because hens that initiate nests but
do not reach incubation stage (i.e., nest disturbed/dep-
redated prior to incubation, etc.) are not counted as
failed nest attempts. We defined nest incubation rate
as the percent of hens that began to incubate a clutch.
We defined renest incubation rate as percent of hens
that failed in a previous nesting attempt, and began
to incubate a second clutch. All average annual re-
productive rates used in the population model were
calculated by averaging the point estimates weighted
by sample size.

We used the Kaplan-Meier estimator (Kaplan and
Meier 1958, Pollock et al. 1989) to estimate nest suc-
cess rate. We analyzed data as if all nests started on
the same date and a successful nest hatched �1 live
poult. We estimated nesting and renesting success sep-
arately for adults and subadults in 2000 and 2001.
Also, we calculated separate estimates of nesting and
renesting success in 2000 and 2001. We estimated
poult survival as number of poults from each nest alive
at 4 weeks post-hatch divided by number of poults
known to have hatched from the same nest.

We estimated survival rates and hunting season
mortality rates via the staggered entry design of the
Kaplan-Meier estimator (Pollock et al. 1989) for adults
and subadults separately for each year. We estimated
annual survival rates for the period 1 September–31
August because the initial sample of turkeys was cap-
tured in September. Also, we estimated survival rates
for the 5 separate biological seasons defined earlier. So
that we could compare survival rates among seasons,
we calculated weekly survival estimates from seasonal
survival estimates as Sweek � (Sseason)1/w, where w � the
length of the biological season of interest in weeks,
and calculated a Taylor series approximation of the
standard error (SE) of weekly survival (Seber 1982).
We calculated annual and seasonal average survival
rate estimates as the mean value weighted by sample
size. Hens alive at the end of each year were included
in survival analyses for the next year.

We used program VORTEX (Conservation Breed-
ing Specialist Group, Apple Valley, Minnesota, USA)
to create stochastic models of population growth rates
(the stochastic model incorporates process variation in
the parameters and resulting population viability mea-
sures). This program used an individual-based mod-
eling approach. We made several assumptions in the
construction of the models: sex ratio was 50:50, all
turkeys died by 5 years of age, all turkeys were ca-
pable of breeding at 1 year of age, and all hens were
available to nest. We used the observed clutch sizes
from monitored nests (x̄ � 10.6, SD � 3.15, n � 62,
range � 1–19). The mating system was polygamous,
reproduction was not correlated with survival (i.e., re-
production was not density dependent), and no envi-
ronmental catastrophes were incorporated in the sim-
ulation. The subadult age class was from hatching to
the fall hunting season. If a juvenile survived to the
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Table 1. Incubation rates, hen success (percent of hens alive at the beginning of the nesting season that hatched �1 eggs) of all
nests (first attempts � renests), mean clutch sizes, mean number of poults hatched per hen, mean incubation dates, and mean
hatching dates of turkey hens nesting in Turkey Management Area 7B, in southcentral Pennsylvania, 2000–2001.

Age and
Year

Incubation rate

% n

Hen Success

% n

Clutch size

x̄ SD

Poults/hen

x̄ SD

Incubation date

x̄ SD

Hatching date

x̄ SD

Adults
2000 75.0 32 46.9 25 11.5 2.098 10.1 4.562 10 May 7.8 days 6 June 8.3 days
2001 92.3 53 30.8 64 11.4 3.765 10.9 3.711 5 May 9.3 days 2 June 9.0 days

Subadults
2000 56.3 16 31.3 9 10.0 1.902 9.6 2.059 19 May 7.2 days 17 June 5.1 days
2001 66.7 12 33.3 9 9.6 1.506 8.8 1.378 11 May 9.1 days 10 June 7.5 days

Table 2. Nesting success (hens that hatched �1 eggs of a clutch) of turkey hens in Turkey Management Area 7B, in southcentral
Pennsylvania, 2000–2001.

Nesting
attempt

Adult

2000

n Ŝ 95% CI

2001

n Ŝ 95% CI

Subadult

2000

n Ŝ 95% CI

2000

n Ŝ 95% CI

First 24 0.655 0.492–0.872 49 0.392 0.283–0.541 9 0.500 0.273–0.916 8 0.500 0.273–0.916
All 25 0.669 0.510–0.916 64 0.361 0.266–0.490 9 0.500 0.273–0.916 9 0.556 0.329–0.938

fall hunting season, we considered it to then have the
same population parameters as adults.

Values used in the scenarios were based on esti-
mates obtained from this study. We incorporated hunt-
er harvest into the model by increasing adult mortality
rate rather than specifying number of animals to be
harvested. We set the model to simulate population
trajectories for a 10-year time interval, and conducted
1,000 simulations of each scenario. Three variables
used in the model were evaluated via sensitivity anal-
ysis: nest success, adult mortality, and subadult mor-
tality. We grouped variables in the model into 27 sce-
narios, which were different combinations of nest suc-
cess, adult survival and subadult survival. Nest success
varied in increments of 10%, and ranged from 40–
60% of all nesting hens producing a successful nest.
The adult mortality rate varied from 40–60% in 10%
increments, and subadult mortality varied from 70–
90% in 10% increments.

We used r, the intrinsic rate of population growth,
from the program output to calculate �, the finite pop-
ulation growth rate, as � � er. For each scenario, we
used the standard deviation (SD) calculated from the
point estimates of annual survival for nesting success,
adult and subadult survival. We used the SD of each
annual estimated parameter to provide a measure of
annual variation in sampling rates, although this mea-
sure of demographic variability did include sampling
error (White and Burnham 1999).

RESULTS
Estimated Population Parameters

We captured and monitored 163 hens during the
study. Mean date of incubation and hatching was ap-
proximately 1 week later in 2000 than in 2001 (Table
1). Nest incubation rates for adults were 75.0% in
2000 and 92.3% in 2001, whereas nest success rates

were 66.9% and 36.1%, respectively (Tables 1 and 2).
Subadult nest incubation rates were 56.3% in 2000 and
66.7% in 2001, with nest success rates of 50.0% and
55.6%, respectively (Tables 1 and 2).

Adult annual survival for the first year (Sep 1999–
Aug 2000) was 47.8% (SE � 6.90, 95% CI � 36.0–
63.3), and for the second year (Sep 2000–Aug 2001)
was 64.4% (SE � 6.40, 95% CI � 53.0–78.2). Sub-
adult annual survival for the first year was 13.3% (SE
� 3.43, 95% CI � 8.1–21.9), and for the second year
was 27.7% (SE � 7.45, 95% CI � 16.5–46.5). We
used the average survival for both years for adults (x̄
� 56.1%, SD � 11.74) and subadults (x̄ � 20.5%, SD
� 10.18) in the population model. Mean estimate of
poult survival was 11.8% (SE � 4.9) in 2000 and
23.3% (SE � 3.7) in 2001.

Seasonal and weekly survival rates of adults (Ta-
bles 3 and 4) and subadults (Tables 5 and 6) lacked
precision to detect differences among seasons or be-
tween age classes. However, the general pattern of
greater survival estimates during dispersal and brood-
rearing periods was consistent between adults and sub-
adults. Weekly survival rates for adult hens showed a
general pattern of being lowest in the nesting season
(Table 4).

Mortality Causes

The greatest source of known mortality was
caused by predation, followed by legal harvest. Fates
of 18 hens were unknown because of radiotransmitter
failure, and these hens were not used to calculate the
following percentages from each type of mortality.
Nineteen hens (24.1%) were killed by unknown caus-
es, 38 (48.1%) died from predation, 12 (15.2%) were
legally harvested during the fall hunting seasons, 1
(1.3%) was legally harvested during the spring 2000
hunting season (bearded hen), 4 (5.1%) were illegally
harvested during the fall season, 4 (5.1%) died from
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Table 3. Seasonal survival rates (fall, 1 Sep–31 Dec; winter, 1 Jan–14 Mar; dispersal, 15 Mar–14 Apr; nesting, 15 Apr–14 Jul; and
brooding, 15 Jul–31 Aug) of adult turkey hens in Turkey Management Area 7B, in southcentral Pennsylvania, 1999–2001.

Season

1999

Ŝ 95% CI

2000

Ŝ 95% CI

2001

Ŝ 95% CI

Mean

Ŝ 95% CI

Fall 0.766 0.549–1.068 0.926 0.850–1.010 0.795 0.700–0.904 0.850 0.749–0.957
Winter 0.936 0.862–1.015 0.871 0.789–0.961 0.898 0.818–0.930
Dispersal 0.944 0.874–1.020 1.000 1.000–1.000 0.977 0.950–1.018
Nesting 0.706 0.571–0.873 0.820 0.718–0.936 0.777 0.662–0.913
Brooding 1.000 1.000–1.000 0.974 0.923–1.027 0.982 0.982–1.018

Table 4. Weekly survival rates of adult turkey hens by season (fall, 1 Sep–31 Dec; winter, 1 Jan–14 Mar; dispersal, 15 Mar–14 Apr;
nesting, 15 Apr–14 Jul; and brooding, 15 Jul-31 Aug) in Turkey Management Area 7B, in southcentral Pennsylvania, 1999–2001.

Season

1999

Ŝ 95% CI

2000

Ŝ 95% CI

2001

Ŝ 95% CI

Fall 0.985 0.977–0.992 0.996 0.993–0.998 0.987 0.984–0.990
Winter 0.994 0.989–0.998 0.987 0.982–0.992
Dispersal 0.987 0.977–0.998 1.000 1.000–1.000
Nesting 0.974 0.968–0.979 0.985 0.980–0.989
Brooding 1.000 1.000–1.000 0.996 0.991–1.000

rodenticide poisoning, and 1 (1.3%) died from a vi-
tamin A deficiency. Legal fall harvest mortality ranged
from 6.2–28.6% and averaged 12.3% over 3 years of
1-week fall seasons.

Population Models

Population simulation scenarios with 70% sub-
adult mortality resulted in 8 scenarios with � � 1 and
1 scenario with � � 1 (Table 7). Extinction probabil-
ities were low within this group (range � 0.00–0.02).
The 80% subadult mortality simulation scenarios re-
sulted in 1 scenario with � � 1 and 8 scenarios with
� � 1, and extinction probabilities ranged from 0.00–
0.27. All scenarios with 90% subadult mortality re-
sulted in � � 1, and population extinction probabilities
were greatest in this group (range � 0.26–0.88). In
general, changes in adult mortality rates and nest suc-
cess had relatively minor effects on population persis-
tence, whereas changes in subadult mortality rates
greatly affected population persistence (Table 7).

DISCUSSION
The population model indicated a stable popula-

tion when we used empirical estimates of population
parameters from this study, which agrees with indices
of abundance for this management area (Casalena and
Swimley 2001). Furthermore, our sensitivity analyses
indicated that subadult survival, which included poult
survival, had the greatest effect on extinction rates.
Decreasing or increasing subadult survival by 10%
resulted in decreasing or increasing population trends.
Similarly, Vangilder and Kurzejeski (1995) modeled
a Missouri turkey population and observed that de-
creases in poult mortality of 10 and 20% resulted in
substantial increases in average simulated population
size.

In program VORTEX, subadult survival cannot be
subdivided into biologically distinct intervals (e.g.,

poult survival and fall survival). However, our empir-
ical estimates of these parameters indicated that poult
survival and fall survival of subadults were below av-
erage. The mean annual subadult survival rate for this
study (20.5%) was less than similar studies (39.4–
56.8%, Vangilder 1992). Adult annual survival in the
first year (47.8%) was less than that in other studies
(57–75%, Vangilder 1992). Hen survival rates are typ-
ically lowest during nesting (Vangilder and Kurzejeski
1995, Miller et al. 1998, Vangilder 1992) and fall
(Pack et al. 1999) and in this study survival estimates
exhibited a similar pattern. Nesting season mortality
was entirely caused by predation, whereas the causes
of fall mortality were predation, hunter harvest, and
rodenticide poisoning.

Poult survival in our study was consistently low.
At 4 weeks post-hatch, our poult survival was less than
similar studies (Figure 1; Vangilder 1992). Roberts et
al. (1995) in south-central New York, reported that an-
nual nest success and poult survival influenced annual
population fluctuations more than annual survival
rates, and Everett et al. (1980) in Alabama found that
poult survival was the major factor controlling popu-
lation density.

The cause of the high poult mortality was not in-
vestigated, but we hypothesize that cool, wet weather
during peak of hatching coupled with predation were
the leading causes. Sightings of broods throughout the
study area during weekly turkey sighting surveys, and
during fieldwork, suggested that poult survival was
greater in years of milder, drier spring weather after
the conclusion of the study. Other researchers have
shown that weather conditions are partly responsible
for annual variations in poult survival (Healy and Nen-
no 1985, Healy 1992, Rolley et al. 1998). Predators
have been reported to cause a significant reduction in
midwestern ringneck pheasant (Phasianus colchicus)
populations in harsh weather (Riley and Schulz 2001).
We believe weather and predation accounted for most
poult deaths.
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Table 5. Seasonal survival rates (fall, 1 Sep–31 Dec; winter, 1 Jan–14 Mar; dispersal, 15 Mar–14 Apr; nesting, 15 Apr–14 Jul; and
brooding, 15 Jul–31 Aug) of subadult turkey hens in Turkey Management Area 7B, in southcentral Pennsylvania, 1999–2001.

Season

1999

Ŝ 95% CI

2000

Ŝ 95% CI

2001

Ŝ 95% CI

Mean

Ŝ 95% CI

Fall 0.332 0.184–0.600 0.400 0.173–0.924 0.663 0.511–0.860 0.564 0.408–0.805
Winter 0.633 0.486–0.825 1.000 1.000–1.000 0.787 0.706–0.896
Dispersal 0.944 0.847–1.053 1.000 1.000–1.000 0.965 0.913–1.029
Nesting 0.667 0.488–0.911 0.692 0.492–0.974 0.679 0.490–0.936
Brooding 1.000 1.000–1.000 1.000 1.000–1.000 1.000 1.000–1.000

Table 6. Weekly survival rates of subadult turkey hens by season (fall, 1 Sep–31 Dec; winter, 1 Jan–14 Mar; dispersal, 15 Mar–14
Apr; nesting, 15 Apr–14 Jul; and brooding, 15 Jul–31 Aug) in Turkey Management Area 7B, in southcentral Pennsylvania, 1999–2001.

Season

1999

Ŝ 95% CI

2000

Ŝ 95% CI

2001

Ŝ 95% CI

Fall 0.939 0.936–0.941 0.949 0.943–0.954 0.977 0.972–0.981
Winter 0.957 0.951–0.965 1.000 1.000–1.000
Dispersal 0.987 0.973–1.000 1.000 1.000–1.000
Nesting 0.969 0.962–0.977 0.972 0.934–0.981
Brooding 1.000 1.000–1.000 1.000 1.000–1.000

Means of increasing poult survival were not stud-
ied, but habitat management actions that improve qual-
ity of habitat for brooding hens have been suggested
for improving poult survival (Metzler and Speake
1985, Wunz and Pack 1992, Peoples et al. 1996, Harp-
er et al. 2001, Hubbard et al. 2001), and are being
explored in the study area. Means of increasing sub-
adult survival are removal of the human-caused mor-
tality factors from fall mortality, such as fall turkey-
hunting season closure and elimination of rodenticide
poisoning. These actions are being taken on the study
area.

The observed reproductive attempts and success
of our radiotagged hens varied among years and age
classes, although some estimates were similar to other
published studies (Vangilder 1992, Vangilder and
Kurzejeski 1995, Godfrey and Norman 2001). Nest
incubation rates for adults (75.0% in 2000; 92.3% in
2001) were slightly lower than those of similar stud-
ies, which average 96.7% and vary between 75–100%
(Vangilder 1992). Subadult nest incubation rates
(56.3% in 2000; 66.7% in 2001), which often are
lower than adult incubation rates, also were slightly
lower than those of similar studies, which vary be-
tween 55.5–100% (Vangilder 1992). However, most
of the studies cited by Vangilder (1992) defined nest-
ing as a pattern of localized hen movements over a
period of several days indicating nest initiation,
which may result in greater estimates of nesting rates
than the methods we used.

Adult nest success was slightly less than similar
studies but subadult nest success was within the range
of several other studies (Vangilder 1992). It is typical
for nest success to vary and influence populations on
an annual basis (Vangilder 1992, Godfrey and Norman
2001); thus, nest success did not seem to be an im-
portant factor producing the long-term population sup-
pression during this study. However, the below-aver-
age incubation rates may have contributed somewhat
to population suppression, especially when combined

with greater than average poult and subadult fall mor-
tality.

Pack et al. (1999) reported predation, poaching,
and legal fall harvest were the major causes (71.7%)
of hen mortality in Virginia and West Virginia. The
fall hunting mortality we observed was average com-
pared to other studies (Table 8), but substantial given
the short 1-week hunting season. In addition, fall hunt-
er density was greater than all other studies, although
less than the statewide average for Pennsylvania (23.1
hunters/km2 of forest). Also, harvest density on the
study area was low (Table 8), especially compared to
the statewide average (4.2 turkeys/km2 of forest). The
low average harvest density we observed compared to
high hunter density suggests that harvest could have
been one factor contributing to the suppressed turkey
population.

Additionally, several wild turkey population mod-
els predict that sustained fall harvests �10% (both
males and females) forecast future population declines
(Healy and Powell 1999). Although our population
models predicted a stable wild turkey population using
our empirical estimates of population parameters, we
speculate that the 12.3% average hen hunting mortality
rate may have been an important reason why the pop-
ulation failed to increase.

Poaching during the fall accounted for 5.1% of
all known causes of mortality, but the effect of poach-
ing on population trends is difficult to detect with
small samples. Pack et al. (1999) had a sample of
1,543 hens over a 6-year period, which provided
more precise estimates of poaching than was possible
with our 2.5-year sample of 163 hens. However,
poaching in this study did not exceed legal average
fall harvest as it did during some years in Virginia
and West Virginia. In Missouri, in only 1 of 7 years
did the mortality rate from illegal hen kill in the fall
exceed legal fall harvest, which varied from 0.0–0.11
(Vangilder and Kurzejeski 1995). Additionally, we re-
corded only 1 known illegal hen mortality during 2
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Table 7. Stochastic population model (1,000 replications) for wild turkey hens with subadult mortality of 70%, 80%, and 90%, based
on observed mortality and nesting rates in Turkey Management Area 7B, in southcentral Pennsylvania, 1999–2001.

Nesting
success (%)

Adult
mortality

(%)

70% subadult mortality

�̄ SD (�)
Probability

of extinctiona

80% subadult mortality

�̄ SD (�)
Probability

of extinctiona

90% subadult mortality

�̄ SD (�)
Probability

of extinctiona

40 40 1.144 0.4108 0.000 0.904 0.3804 0.016 0.636 0.3285 0.446
50 1.039 0.4172 0.004 0.805 0.3819 0.066 0.544 0.3143 0.720
60 0.933 0.4288 0.018 0.699 0.4094 0.267 0.475 0.3104 0.884

50 40 1.298 0.4704 0.001 0.999 0.4443 0.004 0.670 0.3716 0.382
50 1.197 0.4820 0.000 0.907 0.4481 0.029 0.591 0.3633 0.582
60 1.086 0.4869 0.002 0.806 0.4597 0.107 0.502 0.3518 0.816

60 40 —b 1.109 0.4971 0.002 0.729 0.4099 0.259
50 1.349 0.5350 0.000 0.994 0.5089 0.010 0.627 0.3958 0.498
60 —b 0.889 0.5315 0.074 0.540 0.3962 0.726

a Proportion of 1,000 simulations in which the turkey population went extinct within 10 years.
b Model output exceeded program Vortex capacity because of extreme population levels ( � 1).�̄

Fig. 1. Wild turkey poult mortality rates from 4 studies and poult mortality in Turkey Management Area 7B, in southcentral Pennsyl-
vania, 2000–2001.

spring gobbler seasons. Consequently, we do not be-
lieve illegal harvest (spring or fall) was an important
limiting factor in this study.

Accidental poisoning from ingestion of rodenti-
cides that were broadcast (in pellet form) in nearby
orchards also accounted for 5.1% of the total mortality.
However, this human-caused mortality is avoidable.
Placing rodenticides inside enclosed bait stations, rath-
er than broadcasting them throughout the orchards,
may reduce mortality of non-target species, such as
wild turkeys (Poppenga et al. 2005).

Numerous studies have documented that predation
is a major cause of hen mortality (e.g., Miller et al.
1998). In this study, predators were the greatest known
cause of hen mortality (48.1%). When the wild turkey
population was restored in TMA 7B in the late 1970s
and early 1980s, density of meso-predators was likely
at a low point for two reasons: (1) furbearer harvests
were large because prices were at an all-time high and
(2) the Pennsylvania rabies epizootic of the early
1980s was greatest in TMA 7B (Brown et al. 1990,

Moore 1999). These conditions may have suppressed
mammalian predator populations to a level such that
turkey populations could increase, possibly to greater
than normal densities. By the mid-1980s the price of
fur dropped drastically, resulting in fewer harvested
furbearers, and the incidence of rabid animals also de-
clined. Control of predators, besides traditional harvest
management, is often a controversial matter. Although
it is commonly perceived that predators limit turkey
populations (Miller et al. 2000), a more productive
management strategy for increasing poult survival may
be brood habitat improvement. The current habitat on
the MSF is highly fragmented with 210 km of main-
tained roads, 436 km of gated roads and 518 km of
established trails. The MSF receives the most human
use of all Pennsylvania State Forests. Additionally,
timber harvests have created forest patches of many
different age classes. These habitat conditions may be
indirectly detrimental to turkeys by providing preda-
tors access and travel corridors (Jimenez and Conover
2001).
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Table 8. Reported fall turkey-hunting mortality and fall hunting characteristics reported in the literature and on Turkey Management
Area 7B, in southcentral Pennsylvania, 1999–2001.

Age

Hunting
mortality
rate (%)

Length of
season Hunters/km2

Harvest/
km2 forest State Publication

Adult 19 8–9 weeks VA, WV Pack et al. 1999
Adult 12 4 weeks VA, WV Pack et al. 1999
Adult 8 15 days 14.1 4.3 IA Little et al. 1990
Both 4 2 weeks �4.6 �4 MO Vangilder and Kurzejeski 1995
Both 12 1 week 19.9 1.5 PA This study
Subadult 14 8–9 weeks VA, WV Pack et al. 1999
Subadult 4 4 weeks VA, WV Pack et al. 1999
Subadult 24 15 days 14.1 4.3 IA Little et al. 1990

The variability in annual survival and nest success
among individual hens was considerable in this study
and variability among individuals is proportional to
misestimation of demographic parameters (Fox and
Kendall 2002). Therefore, the risk of extinction is
overstated in most population viability analyses, and
hence may have been over estimated in our model sim-
ulations. However, the fact that we observed poult and
subadult survival to be less than most other popula-
tions, and the fact that our model results were most
sensitive to these parameters indicated these parame-
ters are most likely the reasons the population has not
increased.

MANAGEMENT IMPLICATIONS
Our use of short-term (2.5-year) data to predict

long-term trends is a shortcoming of this study (Leo-
pold et al. 1996, Miller et al. 2000), but we believe
the comparison of our results to similar studies makes
these findings relevant. The long-term management
goal for the wild turkey population on TMA 7B is to
obtain a sustainable harvest rate comparable to other
management areas in Pennsylvania. The 2 most likely
areas where we can effect change in the reproductive
and survival rates of hen turkeys are decreasing hu-
man-caused mortality and habitat management, espe-
cially habitat activities designed to improve poult sur-
vival.

Before 1995, the fall hunting season was �2
weeks long, possibly resulting in additive mortality,
and the 1995 reduction in fall season length to 1 week
may have been too small of a change to have a effect.
Closing the fall turkey-hunting season on the study
area may aid in population growth if hen survival in-
creases as a result. Increasing hen survival increases
the adult hen breeding population, and adult hens have
greater nest incubation rates and poult survival rates
than subadults (Healy and Powell 1999, Vangilder
1992, Vangilder and Kurzejeski 1995).

The second factor in decreasing human-induced
mortality is eliminating accidental rodenticide poison-
ing. Even though rodenticide poisoning accounted for
only 5.1% of the hen mortality, this factor can be re-
duced readily. The local chapters of the National Wild
Turkey Federation, together with the Pennsylvania
Game Commission, are working with local orchard
owners to place rodenticides in enclosed bait stations

rather than broadcasting them in the orchards. This
should reduce poisoning of nontarget species, includ-
ing wild turkeys (Poppenga et al. 2005). Although we
have documented rodenticide poisoning in other
TMAs within Pennsylvania, our emphasis for reducing
this mortality factor in TMA 7B is based on the as-
sumption that minimizing human-caused mortalities
may increase annual survival of this population.

Third, improvements in habitat management ac-
tivities can be used to increase recruitment (Jimenez
and Conover 2001). Herbaceous openings (SWMAs)
of 0.2–1.0 ha are being maintained and rehabilitated
throughout the MSF in an attempt to increase poult
survival, although the effect of these openings on
poult survival is unknown. Proponents of herbaceous
openings claim they enhance brood survival and are
generally beneficial to wildlife (Metzler and Speake
1985, Wunz and Pack 1992, Peoples et al. 1996,
Harper et al. 2001). No empirical data exists for these
claims in the MSF, but the importance of these
SWMAs to poult survival is being assessed in an ac-
companying study.
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Abstract: Concerns that greater predator populations and accelerating habitat fragmentation may exacerbate im-
pacts of predation on wild turkey (Meleagris spp.) populations prompted our examination of the literature on this
subject. We found several major themes throughout this search. Variability in nest and renest initiation may account
for low production in some populations and may be confused with effects of nest predation. For most wild turkey
populations, nesting success was low, with predation responsible for the loss of most unsuccessful nests. Raccoons
(Procyon lotor) were the most commonly reported nest predator. Poult survival was low, with predation the major
cause of mortality. Predation also was the major cause of mortality among yearling and adult wild turkey hens
and yearling gobblers. Hunting was the major cause of mortality for adult gobblers. Predator control was successful
in increasing wild turkey productivity in short-term specific instances where a small cadre of identified nest and
poult predators was targeted, but numerous factors impact the success of control programs. Control of wild turkey
predators is cost ineffective as a broad management strategy and is not accepted by the public.

Proceedings of the National Wild Turkey Symposium 9:117–126
Key words: fragmentation, habitat, Meleagris spp., nest, predation, predator, predator control, predator manage-
ment, wild turkey.

The wild turkey has made a remarkable comeback
in North America from what many considered the road
to extinction. Due to restoration efforts by state game
agencies and many other entities, wild turkeys now
number over 5.4 million (Tapley et al. 2001). Viable
populations exist in every state, except Alaska, and in
Mexico and several Canadian provinces. The ocellated
turkey (M. ocellata) exists in viable populations in
Mexico, Guatemala, and Belize.

In most areas, wild turkey numbers are stable or
continue to increase, but some local-level populations
are declining. These declines have prompted concern
among biologists and the public that predation may
cause these declines. Anecdotal reports of the devas-
tating effects of predation on wild turkeys abound, and
include everything from nest destruction to decimation
of adults by a variety of predators. In the past, rec-
ommendations to lessen predation rates have been gen-
erally indirect and habitat based rather than centering
on direct predator control. Recently, however, con-
cerns have been raised among the biological commu-

nity that changing habitats and increasing predator
populations may call for more direct methods.

With development and expansion of urban areas
and other changing land uses, habitat fragmentation is
increasing (Flather et al. 1989). Areas of high-quality
wild turkey habitat are lost resulting in smaller seg-
ments left for foraging, nesting, and brood rearing.
With the declining fur market, populations of mam-
malian predators are increasing (Sargeant et al. 1993,
Woolf and Hubert 1998) and regulatory protection and
curtailed use of certain pesticides has allowed a similar
increase in many avian predators (Sauer et al. 2004).

Therefore, our objectives were to (1) examine the
literature on effects of predation on wild turkeys at
each stage of the life cycle, (2) determine if predators
are limiting turkey populations, and if so, (3) evaluate

1 E-mail: thughes@nwtf.net
2 Present address: 13329 US HWY 16A, Custer, SD 57730,

USA.
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if predator management is an effective tool to increase
turkey populations.

RESULTS
Nesting

Nest Initiation

To fully understand effects that predation has dur-
ing the nesting phase of the wild turkey’s life cycle, it
is necessary to examine the dynamics and variability
of nest initiation. High production may confound de-
tection of predation losses, and low production may
appear to be related to high predation rates when it
may simply result from a low rate of nest initiation.

Different turkey populations exhibit wide ranges
of nest initiation rates, often with varying rates for
adult and yearling hens. Roberts et al. (1995) for east-
ern hens (M. g. silvestris) in New York, found higher
nesting rates for adult hens than for yearlings. In Al-
abama, Hillestad (1973) noted that of 5 hens radio-
tracked in 1968, only one was known to nest. How-
ever, on the same site in 1969, nest initiation was
100% (5 of 5) for adults and 60% (3 of 5) for year-
lings. On a different Alabama site, Everett et al. (1980)
found an initial nesting rate of 88% (29 of 33) for adult
hens, whereas 85% (11 of 13) of the yearlings at-
tempted to nest. Lower rates were reported in Missis-
sippi, where overall initial nest initiation rates during
1984–1995 averaged 72% (Miller et al. 1998b).

Nesting rates may differ among subspecies. Typ-
ically, the eastern subspecies shows high nest initiation
rates, even for yearlings. In Wisconsin, Paisley et al.
(1998) found nesting rates for adults to range from
95% to 100% compared to 67% to 100% for yearlings.
Even where they have been translocated from Iowa
and Missouri to South Dakota, nest initiation rates re-
main high for eastern turkeys, ranging from 81 to 94%
(Lehman et al. 2001, Leif 2001).

Nest initiation rates for the Merriam’s subspecies
(M. g. merriami) are often reported as low, especially
for yearlings. Wakeling (1991), in Arizona, found a
high of 62% nest initiation for adults in 1988 and a
low of 33% in 1989. Similar results were reported for
a South Dakota population where Wertz and Flake
(1988) found an average adult nesting rate of 42%
during 1984–1985 and no nest initiation by yearlings,
while Flake and Day (1996) found nesting rates of
77% (36 of 47) and 17% (1 of 6) for adult and yearling
hens, respectively. However, in the central Black Hills
of South Dakota, Rumble and Hodorff (1993) reported
a nest initiation rate of 97% for adults and 73% for
yearlings. An Oregon population of Merriam’s turkeys
exhibited similarly high nest initiation for adults
(100%), but a much lesser rate for yearlings (31%)
(Lutz and Crawford 1987). Rumble et al. (2003) sug-
gested a correlation between adult and yearling nesting
rates for Merriam’s turkeys in which yearling nesting
rates are low or nonexistent until adult nesting rates
exceed 60%.

Two studies of the Rio Grande subspecies (M. g.
intermedia) reproductive behavior show an interesting

contrast. The first, in ancestral Rio Grande turkey
range on the Edwards Plateau in central Texas, re-
corded nesting behavior for only 38 of 53 hens for a
nest initiation rate of 72% (Reagan and Morgan 1980).
The second study, on a translocated Rio Grande turkey
population in Oregon, showed a much greater nest ini-
tiation rate of 99% (67 of 68) for adults and 94% (31
of 33) for yearlings (Keegan and Crawford 1993). This
may suggest that habitat quality may be more impor-
tant than subspecies or other factors in influencing nest
initiation.

In a south Florida study, the Osceola subspecies
(M. g. osceola) exhibited a relatively low rate of nest
initiation, with nests discovered for only 59% (202 of
345) of monitored hens (Williams and Austin 1988).
Greater nest initiation rates were seen for ocellated tur-
keys in Guatemala, where 89% (8 of 9) instrumented
hens attempted to nest (Gonzalez et al. 1996). For the
Gould’s turkey (M. g. mexicana), Schemnitz et al.
(1990) reported that 1 of 2 radio-transmittered hens
attempted to nest.

Renest Initiation

An important factor in the overall examination of
nesting, renesting can contribute significantly to the
overall productivity of a population. The rates at which
hens attempt to renest after loss of a clutch or brood,
also may be an indicator of population viability.

In an Oregon Rio Grande population, Keegan and
Crawford (1993) found renesting to be very important
to overall nesting success. Renesting rates for adult
and yearling hens that lost clutches were 74% (39 of
53) and 25% (4 of 16), respectively. Total renesting
accounted for 30% (43 of 141) of all nests, 19% (12
of 63) of successful nests, and 17% (98 of 568) of
poults hatched during the study period. Renesting after
brood loss accounted for 30% (13 of 43) of all re-
nesting attempts and 33% (4 of 13) of all successful
renesting attempts. None of the 16 yearling hens that
lost broods renested.

Renesting may be of varied importance in other
populations. For the Osceola subspecies, Williams and
Austin (1988) found a relatively low renest initiation
rate of only 28% (26 of 93). Similar results were found
for eastern wild turkeys in Alabama, where only 22%
(3 of 13) adults and 0.0% (0 of 4) yearlings attempted
to renest (Everett et al. 1980) and in Mississippi (Mill-
er et al. 1998b) where renest initiation rates averaged
only 34%. However, in Wisconsin, Paisley et al.
(1998) found renesting to average 55% for that eastern
population and also found that 13% of adult hens at-
tempted a third nest, but no yearlings did so. For 27
eastern hens in South Dakota that lost their first nest,
26% (7 of 27) attempted to renest (Leif 2001). Re-
nesting was an important reproductive parameter for
eastern and Rio Grande turkeys in northeastern South
Dakota, ranging from 50 to 100% during 3 years of
study (Lehman et al. 2001). Renesting may be impor-
tant for the ocellated turkey in Guatemala, because
Gonzalez et al. (1996) found a renesting rate of 40%
(2 of 5). Renesting was much more common in Mer-
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riam’s turkeys in South Dakota (Rumble and Hodorff
1993) than in Arizona (Wakeling et al. 1998).

When combined with variable first nest initiation
rates, the considerable variability of renest initiation
serves to illustrate the complexity of attempting to an-
alyze the factors influencing wild turkey productivity,
particularly when nest success is added to the mix.

Nesting Success

Even when wild turkey hens initiate nests, the suc-
cessful hatching of eggs is far from certain. Nests are
lost from a variety of causes, including human distur-
bance, flooding, inclement weather, fire, and predation.
Nest success may be the primary factor affecting an-
nual population change. Roberts et al. (1995) consid-
ered the variability of annual nesting success to be the
most important factor in determining annual popula-
tion fluctuation in New York.

There appears to be little difference in nesting suc-
cess due to the hen age. Keegan and Crawford (1999)
found nesting success for a Rio Grande population in
Oregon to range from 50 to 70% among years, but
found no difference between adults and yearlings.
Roberts et al. (1995) also reported no difference in
nesting success due to age of the hen in New York.
Adult hens, though, may fare better in some areas, as
they are more likely than yearlings to choose nesting
sites in core habitat as opposed to edges (Thogmartin
1999). In the Arkansas Ozarks, Badyaev et al. (1996)
found smaller breeding season (spring) home ranges
for adult hens than for yearlings, possibly causing dif-
ferences in vulnerability to predation between adult
and yearling hens.

Wild turkey research has consistently documented
relatively low nesting success. In Alabama, Speake
(1980) found that over 44% of 119 eastern wild turkey
nests were lost to predation. Vander Haegan et al.
(1988), in Massachusetts, found even lower nesting
success, with over 55% of wild turkey nests failing to
produce young. Of the nests lost (21 of 38), 12 were
lost to predation (7 to egg predation and 5 to predation
of the hen). On the Waterhorn Unit of the Francis Mar-
ion National Forest in South Carolina, from 1982–
1984 radiomarked adult hens produced a total of 27
nests. Only 11 (55%) of these were successful, 7
(26%) were abandoned due to human disturbance, 6
(30%) were destroyed by predators, 2 (10%) were
flooded, and 1(5%) was abandoned for unknown rea-
sons (Still and Baumann 1990).

Western subspecies also show relatively low nest-
ing success. Flake and Day (1996), for a Merriam’s
turkey population in South Dakota, found a nesting
success rate of 44% (17 of 39), with predation ac-
counting for the failure of 19 of 22 unsuccessful nests.
In northern Texas, Hohensee and Wallace (2001) found
that 6 of 19 Rio Grande turkey nests were successful,
with nest depredation by mammals accounting for
53% of the nest loss. Ransom et al. (1987) found that
of 10 nests by Rio Grande hens monitored in south
Texas, all were destroyed by nest predators.

Nest studies in which artificial nests are made us-

ing chicken or domestic turkey eggs typically show
high rates of predation. In Alabama, Davis (1959)
found that of 107 artificial nests, only 16 remained
undisturbed. In one set of 78 artificial nests in Texas,
77 were destroyed by predators (Baker 1979).

In a declining population of eastern wild turkeys
in the Ouachita Mountains in Arkansas, Thogmartin
(1998) found that 87% of wild turkey nests failed,
primarily due to predation. Lowery et al. (2001)
states that predation is thought to be a more important
factor in nest success than weather conditions. Cer-
tainly, predation is the most consistently reported
cause of nest failure for adults and yearling hens and
by subspecies.

Nest Predators

The raccoon is the primary nest predator over
most of the wild turkey’s range (Davis 1959, Speake
1980, Ransom et al. 1987, Williams and Austin 1988).
In an early poisoned egg study, Davis (1959) found
that almost one-third of 107 artificial nests were de-
stroyed by raccoons.

Raccoons have demonstrated learned behavior as-
sociated with predation of wild turkey nests. In a test
of their ability to learn, Johnson (1970) provided
chicken eggs to captive raccoons. Those raccoons
captured from areas with good turkey populations im-
mediately ate the eggs, whereas raccoons from areas
with no turkeys did not open the eggs and did not
seem to know that they contained food. Raccoons
may increase their home range size during turkey
nesting season, possibly in search of nests. Priest et
al. (1995) observed an increase in home range and a
shift from bottomland hardwoods to upland pine areas
for raccoons during the spring in Mississippi. At the
same time, most of the wild turkey hens on this area
also left their winter range in the bottomland areas
and initiated nests in the upland pine habitat (Seiss
1989).

Other significant mammalian nest predators in-
clude the opossum (Didelphis virginiana), spotted and
striped skunks (Spilogale putorius and Mephitis me-
phitis), gray foxes (Urocyon cinereoargenteus), red
foxes (Vulpes vulpes), and coyotes (Canis latrans)
(Davis 1959, Baker 1979, Williams et al. 1980, Wil-
liams and Austin 1988, Paisley et al. 1998, Hohensee
and Wallace 2001). Feral or free-ranging dogs (Canis
familiaris) also may be significant nest predators
(Speake 1980).

The most significant avian nest predator is the
crow (Corvus spp.), and they are widely reported as
responsible for wild turkey nest predation (Davis 1959,
Speake 1980, Williams et al. 1980, Vander Haegan et
al. 1988, Rumble and Hodorff 1993). In Montana, nest
predation is also attributed to ravens (Corvus corax)
and black-billed magpies (Pica pica) (Thompson
1993).

A variety of other species have been reported to
prey on turkey nests, but usually not at significant lev-
els. However, in Texas, Reagan and Morgan (1980)
attributed nearly 50% of the nest predation they ob-
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served to snakes, including rat snakes (Elaphe obo-
soleta) and bull snakes (Pituophis melanoleucus). In
this same study, a rock squirrel (Spermophilus varie-
gatus) was observed destroying a nest.

Other species that are popularly suspected as nest
predators include the feral hog (Sus scrofa) and the
armadillo (Dasypus novemcinctus), but most evidence
suggests that they are not significant turkey nest pred-
ators. Feral hogs have occasionally been implicated for
wild turkey nest disturbance (Davis 1959, Hohensee
and Wallace 2001), but even at high population levels
they normally do little damage (Williams et al. 1980).
Kennamer and Lunceford (1973), using artificial nests,
observed some nest disturbance by armadillos, but no
evidence that they ate any eggs. In Florida, Williams
et al. (1980) also found no evidence of egg predation
by armadillos.

Poult Predation

Mortality

Low poult survival is very well documented for
the eastern subspecies of wild turkeys, with most loss-
es occurring during the first 2 weeks after hatching.
Overall poult mortality is usually reported to range
from 60 to 80% (Glidden and Austin 1975, Everett et
al. 1980, Speake 1980, Speake et al. 1985, Vangilder
et al. 1987, Vander Haegan et al. 1988, Hubbard et al.
1999a). Even greater rates have been reported, how-
ever. In south Georgia and north Florida, Peoples et
al. (1995), found a 6-year average poult mortality
�90%, with 96% of the total mortality occurring with-
in 14 days of hatching.

Less information is available for other wild turkey
subspecies, but low poult survival rates are docu-
mented in 2 studies on Merriam’s turkeys. In South
Dakota, Flake and Day (1996) found a mortality rate
of 57% during the first 2 weeks post-hatch, but no
further poult loss was documented through mid-Au-
gust. In Wyoming, Hengel (1990) found a poult mor-
tality rate of 64%. Reported Gould’s turkey poult mor-
tality of about 60% is consistent with the other sub-
species, with all or most mortality occurring during the
first 2 weeks after hatching (Schemnitz et al. 1990).
Little research has been conducted on poult mortality
among ocellated turkeys, but Gonzalez et al. (1996)
observed a very high mortality rate of 87%, with only
4 of 31 poults surviving the summer.

Cause for poult mortality is difficult to determine
because poults at their most vulnerable age are small
and hard to observe. However, predation is obviously
an important factor. Speake et al. (1985) determined
the cause of death for 49% of poults that died during
their study. Among the group of poults where cause
of death could be determined, predation accounted for
82% of losses. Mammal, avian, and reptile predators
accounted for 42, 16, and 7% of losses, respectively.
Unknown predators caused 17% of the losses. An even
greater predation rate of 88% of poult losses was re-
ported by Peoples et al. (1995).

Predators

Mammalian predators may be particularly effi-
cient at finding poults. In Alabama, Speake et al.
(1985) found that free-ranging dogs and raccoons ac-
counted for 57 and 24% of the identifiable mamma-
lian predation, respectively. Gray foxes and bobcats
(Lynx rufus) accounted for the rest of the mammal
predation. Mammals accounted for about 93% of the
poult predation in an Iowa population, with red foxes,
weasels (Mustela spp.), mink (Mustela vison), and
coyotes identified and listed in declining order of im-
portance (Hubbard et al. 1999a). In Florida and south
Georgia, Peoples et al. (1995) attributed 71% of total
poult predation to mammals, primarily raccoons, bob-
cats, and gray foxes.

Some avian predators also are implicated regularly
in poult losses. In Alabama, broad-winged hawks (Bu-
teo platypterus) and red-tailed hawks (Buteo jamai-
censis) accounted for 92% of the identifiable avian
predation. The remaining avian predation was attrib-
uted to an eastern screech-owl (Otus asio) (Speake et
al. 1985). In an Iowa study, red-tailed hawks were the
only avian predator documented to take poults. Coo-
per’s hawks (Accipiter cooperii), great horned owls
(Bubo virginianus), and barred owls (Strix varia) also
were present on the study area but were never ob-
served attacking or killing poults (Hubbard et al.
1999a). Peoples et al. (1995) documented poult losses
from red-tailed hawks, Cooper’s hawks, and barred
owls, but found red-shouldered hawks (Buteo lineatus)
responsible for the greatest avian predation. In South
Dakota, Merriam’s turkey poults in the southern Black
Hills were attacked by golden eagles (Aquila chrysae-
tos) and goshawks (Accipiter gentilis) (Lehman 2003,
Lehman and Thompson 2004).

Reptiles are seldom documented as poult preda-
tors, but Speake et. al. (1985) reported poult losses
from gray rat snakes. Alligators (Alligator mississip-
piensis) and corn snakes (Elaphe guttata) also have
been documented to take poults (Peoples et al. 1995).

Yearling-Adult Predation

Hen Mortality

Most research shows no difference in mortality
rates between yearling and adult hens (Miller et al.
1995, Roberts et al. 1995, Vangilder 1996, Wright et
al. 1996) but some studies have determined lesser sur-
vival for yearlings than adult hens (Vander Haegan et
al 1988, Miller et al. 1998a, Hubbard et al. 1999b).

Overall, annual eastern wild turkey hen survival
averages from 50 to 65% (Vander Haegan et al. 1988,
Roberts et al. 1995, Vangilder 1996, Hubbard et al.
1999b). Little difference is reported in survival of
Merriam’s turkey hens (Wertz and Flake 1988) and Rio
Grande turkey hens (Hohensee and Wallace 2001). Ar-
izona Merriam’s turkey yearling hens had lower sur-
vival rates than adult hens during the winter which
may be attributed to inexperience, but higher survival
rates during the summer that may be influenced by the
fact that yearling hens were not accompanied by
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broods (Wakeling 1991). According to Gonzalez et al.
(1996), ocellated turkey hens have survival rates of
60%.

Mortality may be attributed to many causes, but
predation is well documented as the main cause of
death. For eastern wild turkey hens in Massachusetts,
Vander Haegan et al. (1988) determined predation to
be the cause of 75% (12 of 16) documented deaths.
Hubbard et al. (1999b), in Iowa, found predators to be
the cause of death for 79% (42 of 53) of the hens that
died in that study. Roberts et al. (1995) and Wright et
al. (1996) determined that predators caused 74% and
71%, respectively, of documented hen deaths. For Rio
Grande hens in Oregon, Keegan and Crawford (1999)
attributed 73% of known mortality to predators.

Hens are most at risk during the nesting season
and the greatest percentage of hen mortality occurs
during that period (Kurzejeski et al. 1987, Vander Hae-
gan et al. 1988, Miller et al. 1995, Roberts et al. 1995,
Miller et al. 1998a).

Hen Predators

Mammals are by far the most common predators
of wild turkey hens (Miller et al. 1995, Roberts et al.
1995, Chamberlain et al. 1996, Hubbard et al. 1999b,
Hennen and Lutz 2001). Among mammals, canids, es-
pecially coyotes, but also including red and gray foxes
and domestic dogs, are often listed as predators of hens
(Everett et al. 1980, Speake 1980, Palmer et al. 1993a,
Wright et al. 1996). However, the most commonly re-
ported predator of turkey hens is the bobcat (Everett
et al. 1980, Speake 1980, Vander Haegan et al. 1988,
Still and Baumann 1990, Vangilder 1996). Other mam-
malian predators include the raccoon (Palmer et al.
1993a, Roberts et al. 1995, Miller et al. 1998a, Hennen
and Lutz 2001) and according to Hennen and Lutz
(2001) the badger (Taxidea taxus).

The great horned owl is the only avian predator
of wild turkey hens regularly reported (Palmer et al.
1993a, Roberts et al. 1995, Wright et al. 1996, Hub-
bard et al. 1999b, Hennen and Lutz 2001) and is even
recorded as the major predator in a Mississippi study
(Miller et al. 1998a). The golden eagle is listed as an
occasional hen predator (Speake 1980) and a northern
goshawk may have been responsible for the death of
a hen in New York (Roberts et al. 1995). Golden ea-
gles were witnessed to have attacked Merriam’s tur-
keys several times in the Black Hills; however, only
one kill on an adult female was confirmed (Lehman
and Thompson 2004; C. Lehman, National Wild Tur-
key Federation, unpublished data).

Gobbler Mortality

Gobblers are generally reported to be less vulner-
able to predation than hens, and yearling gobblers are
reported to be more susceptible to predators than
adults (Everett et al. 1980, Speake 1980). Two factors
are probably responsible for these differences: healthy
gobblers seldom or never spend the night on the
ground as do nesting or brood-rearing hens, and adult
gobblers are so large as to make them difficult prey

for all but the largest and most capable predators.
However, adult gobblers are more vulnerable to hu-
man-caused mortality than are yearlings (Paisley et al.
1996, Wright and Vangilder 2001). Other factors also
affect predation on gobblers. Paisley et al. (1996),
found predation on gobblers to be greatest in the
breeding season in Iowa. Possibly, gobblers become
focused on breeding activities and may lose some de-
gree of caution. The approach of predators also may
be obscured by the fanned tail while gobblers strut
during their mating display.

Gobbler Predators

As previously mentioned, gobblers, especially
adults, are large enough to make them difficult prey
for many predators. Bobcats, however, are quite ca-
pable of killing gobblers and are the most commonly
reported gobbler predator (Everett et al. 1980, Speake
1980, Vangilder 1996, Wright and Vangilder 2001).
Great horned owls are regularly reported to prey on
gobblers (Vangilder 1996, Wright and Vangilder
2001). Coyotes are often implicated as gobbler pred-
ators, and predation has been documented (Paisley et
al. 1996, Vangilder 1996), but some gobbler kills at-
tributed to coyotes are probably from coyotes scav-
enging kills made by other predators (Wright and Van-
gilder 2001). Other predators reported to take gobblers
include the golden eagle and the gray fox (Speake
1980).

Mitigating Predation

Predator Control

It is clear from the studies on wild turkeys that
except for adult gobblers, predation is the major source
of mortality for wild turkeys at every stage of their
life. The major predators are well documented, and
while the raptors are completely protected by law,
most of the mammalian predators can be either hunted
or trapped. In simple terms, a method by which to
increase turkey numbers or prevent declining popula-
tions is to implement predator control.

From a nationwide survey on the public’s attitudes
toward predator control among a random sample of
United States households, most respondents would
support predator control to enhance avian recruitment,
but only in specific circumstances (Messmer et al.
1999). Respondents supported control of specific
mammalian predators when control was recommended
to reverse declines of desirable avian species, but did
not support predator control as a landscape-level man-
agement strategy applied without appropriate focus.
Control of raptors was not supported under any cir-
cumstances described in the survey.

Nesting success and poult production can be im-
proved following intensive predator control. Speake
(1980) found a 5-year average of 3.5 poults/hen on an
Alabama study area under intensive predator removal.
An adjacent area with no control averaged only 1.1
poults/hen over the same period. Beasom (1974a), af-
ter intensive predator control efforts in a south Texas
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area, found that turkeys and white-tailed deer (Odo-
coileus virginianus) exhibited large increases in repro-
ductive success and potential increases in density. In
this study, control was most effective when carried out
just prior to and during the breeding season. Control
efforts had more impact during dry years when there
was little vegetative cover. In years of good rainfall,
the differences between treated on untreated areas
were less evident.

Intensive predator control is expensive and time
consuming. In Alabama, Speake (1980) calculated a
total cost of $3,270 at 1975 prices for predator control
on the 2,024 ha study area, and this figure does not
include cost of traps or trapping labor. Beasom
(1974b), to achieve mammalian predator control on a
2,185 ha south Texas study area, used a variety of
methods for 5 months per year for 2 years. This in-
tensive effort used 135 M-44 cyanide sets, 250 man-
hours of hunting, 8,000 strychnine baits, and 27,446
steel trap days (1 trap for 1 day � 1 trap day) and
removed 183 coyotes, 117 bobcats, 34 raccoons and
48 striped skunks, as well as other, less significant
predators. Effort was made in this study to avoid kill-
ing or capturing non-target species, but deer, turkeys,
songbirds, and several raptor species were captured or
killed, as well as the targeted predators.

Speake (1980) noted that even with no predator
control, the turkey population either maintained or in-
creased abundance. He concluded that intensive pred-
ator control is expensive and seldom justified, but that
trapping should be encouraged and that control of feral
or free-ranging dogs is probably desirable. Even when
predators are successfully removed, intensive predator
control efforts are likely to have only short-term ben-
efits. Beasom (1974a) noted that predators repopulated
a south Texas study area each year when removal ef-
forts ceased.

In addition to calculations on expense and labor
involved in predator control, there are other consid-
erations. Coyote populations were lowered on a Texas
study site, but with a 9-month lag time, and only after
intense and expensive effort. Mesopredator popula-
tions, including bobcat, badger and gray fox, increased
on the treatment areas (Henke and Bryant 1999). Ro-
dent density and black-tailed jackrabbit (Lepus cali-
fornicus) density increased as well.

Weather

Other abiotic factors may confound efforts to mit-
igate the effects of predation on turkeys. In Mississip-
pi, Palmer et al. (1993b) found predation on incubating
hens and nests to be related directly to the last rainfall
event. They hypothesized that rainfall increases effi-
ciency of nest predators by increasing the detection of
scent from nesting hens. Lowrey et al. (2001) sug-
gested that although predation may be a more impor-
tant factor in nesting success than weather, relation-
ships between the 2 factors are important to hen sur-
vival and productivity. Roberts and Porter (1998)
found daily nest survival was negatively correlated
with increased rainfall. High predator populations dur-

ing dry springs may actually have less impact on nest-
ing turkeys than lesser predator populations under wet
conditions.

Habitat Management

Management and manipulation of the juxtaposi-
tion and interspersion of habitats may reduce the ef-
ficiency and impacts of predation on wild turkeys. As
opposed to short-term effects from predator control
(Beasom 1974b, Speake 1980, Henke and Bryant
1999), habitat management may have longer-term ef-
fects in increasing turkey population abundance or pre-
venting declines.

According to Roberts and Porter (1996), nest suc-
cess is one of the most important parameters affecting
annual wild turkey population change. For the hen, one
of the most crucial factors influencing the success of
her nest is her choice of nesting sites. In Mississippi,
Seiss et al. (1990) found that hens selected nest sites
in forest stands �4-years-old. Additionally, nests in
forested areas were more successful than nests in non-
forested areas, possibly due to greater predator popu-
lations in non-forested habitat. Similarly, Thogmartin
(1999) found that hens in Arkansas generally nested
in large patches of pine and avoided patches contain-
ing oak, apparently preferring the thicker, grassy un-
derstory found in the pine stands.

Traditionally, land managers have encouraged
creating or promoting the amount of ‘‘edge’’ or tran-
sition zones between different habitat types. Diversity
and interspersion of habitat types has become com-
monplace because this arrangement of plant foods
and cover types may provide the optimum habitat for
a wide variety of wildlife. Seiss et al. (1990) found
that successful wild turkey nests in forested areas
were generally located �10 m from more than 1 man-
made edge and speculated that proximity of edges
may have provided hens with travel lanes to and from
the nest. These travel lanes may provide the hen with
better access to resources such as food and water, lim-
it time off the nest, and reduce scent trails from the
nest. However, spatial arrangement and interspersion
of habitat types affects the efficiency of many turkey
predators, especially during the nesting season. Frag-
mentation of habitat and increase in edge favors many
predators of ground nesting birds. Thogmartin (1999)
states that the 2 most common nest predators in the
Ouachita Mountains in Arkansas are black rat snakes
and raccoons, both of which favor forest edges for
hunting (Durner and Gates 1993, Pedlar et al. 1997).
Management activities that promote increased edge
may enhance efficiency of these nest predators.

Certain factors mitigate effectiveness of nest pred-
ators. Baker (1979) found significant differences in
nest predation rates due to effects of different grazing
regimes and due to differences in plant communities
where the nest occurs. Typically, nests with greater
cover suffered lower rates of predation. In some areas,
proximity to deer feeders may increase predation rates.
Cooper and Ginnet (2000), in an artificial nest study
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in Texas, found higher nest predation rates at sites near
feeders than at nest sites farther away.

Habitat type and spatial arrangement also affect
predation on turkeys beyond the nesting season. After
assessing 80 mortalities of radiomarked turkeys over
a 5-year period, Thogmartin and Schaeffer (2000)
found that mortality occurred nearly twice as often in
edge as in core habitat, especially during summer and
fall when vegetation density was greatest. Interesting-
ly, canid predation was most pronounced within edge
habitat where 7 of 8 kills occurred. Bobcat predation
was nearly equally distributed between edge and core
habitats. There were species differences in predation
by season, as bobcat predation occurred in winter and
spring, whereas canid predation occurred throughout
all seasons equally.

DISCUSSION

For all wild turkeys except adult gobblers, preda-
tion is the major cause of mortality. This is well doc-
umented for all habitats, all subspecies, and at all stag-
es of life. For most wild turkey populations, predation
is not a regulating factor. Most populations continue
to grow and in many places wild turkeys are expand-
ing their range (Tapley et al. 2000). However, some
local and regional populations are declining (Thog-
martin 1998, Miller et al. 1998b), and in these declin-
ing populations, high rates of predation and low pro-
ductivity are common threads. For the land manager
attempting to reverse these declines, there are two op-
tions: reduce the number of predators or increase the
productivity of the hens.

In the absence of other factors, variations in nest
initiation rates alone may account for great differences
in the productivity of different populations. Where nest
initiation rates are low, or nonexistent as in the case
of yearlings in some populations, population growth
may be slow or limited even without the effects of
other factors such as predation. When low rates of nest
initiation are combined with the effects of predation
or inclement weather, the combined effects on popu-
lation growth are more severe. In such instances pre-
dation may be additive; however, little information ex-
ists on the effects of predation on populations with
lowered reproductive potential. Typically, wild turkeys
are thought to be under a compensatory biological sys-
tem, and predation has little effect in annual survival.

Reducing predator numbers on a broad scale is
expensive, time-consuming, and is not universally sup-
ported by the public as a management tool. The ben-
efits are often confined to a brief time period during
and immediately after control efforts. However, for
certain local wild turkey populations, there may be a
benefit to short-term, intensive predator control where
this control is designed to allow population recovery
and targets a specific predator species or guild. This
targeted, ‘‘surgical’’ approach is acceptable to the pub-
lic as a method to enhance avian recruitment (Messmer
et al. 1999). Stochastic modeling on the effects of in-
tensive coyote removal on pronghorn (Antilocapra

americana) populations in Oregon showed relatively
long-term pronghorn population stability (to about 10
years after initiating control) after only 3 years of in-
tensive coyote control (Phillips and White 2003). In
this case, coyotes had been identified as the species
responsible for regulating that population. It is possible
that some turkey populations may show a similar re-
sponse to predator control. Great care must be taken
to remove only the predators impacting turkey abun-
dance, because removal of some predators may result
in increased abundance of other predators that may
prey on turkeys.

Habitat management that addresses habitat defi-
ciencies or factors that promote predator efficiency is
much more likely to provide long-term increases in
wild turkey population abundance than is predator
control. Urban development, land management deci-
sions that influence recreational use, and silvicultural
treatment of public and private lands are creating hab-
itat fragmentation that may improve habitat suitability
for predators. Techniques that reduce fragmentation,
providing larger, more homogeneous blocks of nesting
habitat increase nesting success (Seiss et al. 1990,
Thogmartin 1999). Large block forest management
may reduce efficiency of many nest predators. Grazing
regimes that allow time for vegetative cover to mature,
especially in larger pastures, increase nest and brood
success (Baker 1979). Improving habitat quality for
turkeys by large-scale methods such as prescribed fire
and thinning of over-stocked stands may promote the
growth of seed producing grasses and legumes, which
are desirable for seed and insect production. There is
evidence that increasing the hen’s nutritional plane in-
creases productivity, perhaps increasing nest and re-
nest initiation rates, with the potential for correspond-
ingly greater poult production (Pattee and Beasom
1979). More research is underway on this topic (W.
Kuvlesky, Texas A&M University, Kingsville, person-
al communication) with the potential to add nutritional
considerations to management objectives.

Turkeys have evolved with a host of predators.
The literature indicates that predation has not been a
regulating factor for most turkey populations, nor has
predator control been shown to have long-term bene-
fits. Predator control may be justified in site-specific
instances. Widespread use of predator control to ben-
efit turkey abundance is probably not a prudent ex-
penditure of management dollars.
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Abstract: Precipitation can strongly influence the population dynamics of gallinaceous birds in semiarid regions.
Little is known, however, about the interaction of precipitation and Rio Grande wild turkey (Meleagris gallopavo
intermedia; RGWT) production in Texas, particularly across broad spatial and temporal scales. We compared
RGWT production data with precipitation and drought data across 5 ecological regions of Texas for 1976–2000.
Poult production was positively correlated with both the June Modified Palmer Drought Severity Index (PMDI)
and September–June raw precipitation in all ecological regions. We found weaker correlations with June raw
precipitation in all ecological regions except the Post Oak Savannah, and with cumulative September–June PMDI
in the Edwards Plateau, Cross Timbers and Prairies, and South Texas Plains. Our results indicate that poult
production is more influenced by cumulative weather effects over several months than by individual rainfall events,
suggesting that direct precipitation-induced mortality does not substantially affect RGWT production in Texas.
Further, precipitation data provides managers with an inexpensive, effective indicator of RGWT production in
Texas.
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Precipitation is one of the most important factors
influencing the distribution and abundance of terres-
trial organisms (Krebs 1994). It is known to affect avi-
an populations directly by killing individuals (Welty
and Baptist 1988), destroying nests, and regulating the
timing of breeding (Marshall 1959), and indirectly
through its effects on vegetation and other environ-
mental factors (Welty and Baptista 1988). Precipitation
affects the abundance or production of several species
of gallinaceous birds, including black grouse (Tetrao
tetrix; Baines 1991), capercaillie (Tetrao urogallus;
Moss 1986), gray partridge (Perdix perdix; Panek
1992), northern bobwhites (Colinus virginianus;
Bridges et al. 2001, Lusk et al. 2002), and scaled quail
(Callipepla squamata; Campbell et al. 1973, Bridges
et al. 2001).

The influence of precipitation also extends to wild
turkeys. Precipitation can directly affect turkey pro-

duction by flooding nests or drowning poults (De-
Arment 1969, Kennamer et al. 1975, Zwank et al.
1988, Healy 1992), and causing hypothermia-induced
mortality among poults (Markley 1967, Healy and
Nenno 1985, Roberts and Porter 1998a). It also might
indirectly influence turkey production by facilitating
predation (Palmer et al. 1993, Roberts et al. 1995,
Roberts and Porter 1998b) or altering intermediate en-
vironmental variables believed to be correlated with
turkey production. These include the structure of veg-
etative cover (Beasom 1973, Cable 1975), as well as
the abundance of forbs (Beasom 1973) and arthropods
(Johnson and Worobec 1988, Belovsky and Slade
1995, Frampton et al. 2000), which are important food
items for turkey poults (Hurst 1992).

Most research regarding the influence of precipi-

1 E-mail: schwertner@verizon.net
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Fig. 1. (A) Ecological regions (Gould 1975) and (B) climate divisions (National Climate Data Center) of Texas containing significant
populations of Rio Grande wild turkey. Names of ecological regions (and climate divisions, where different) are 1 � Rolling Plains
(Low Rolling Plains), 2 � Cross Timbers and Prairies (North Central), 3 � Edwards Plateau, 4 � Post Oak Savannah (South Central),
and 5 � South Texas Plains (Southern). Gray area indicates approximate range of the Rio Grande wild turkey in Texas, adapted from
Texas Parks and Wildlife Department (1997).

tation on wild turkey populations has been conducted
in the eastern and northern United States, where the
climate is relatively wet and/or cool. In New York,
Roberts and Porter (1998a,b) found that nest survival
of eastern wild turkeys (M. g. sylvestris) was nega-
tively correlated with precipitation during incubation,
and poult survival was negatively correlated with pre-
cipitation during the second week following hatching.
Precipitation also was negatively correlated with east-
ern wild turkey production in West Virginia (Healy
and Nenno 1985), and wild turkey recruitment de-
clined in Mississippi following droughts (Palmer et al.
1993).

Studies addressing how precipitation affects
RGWT are uncommon. DeArment (1969:31) main-
tained that RGWT hen:poult ratios on 3 study areas in
the Texas panhandle ‘‘closely paralleled’’ rainfall dur-
ing 1954–1958. On 2 study areas in south Texas, Bea-
som and Pattee (1980) found a strong correlation be-
tween previous year’s rainfall and poult production.
However, both studies investigated localized effects of
precipitation over relatively short (�10 years) periods.
To our knowledge, no one has examined the relation-
ship between weather and RGWT production at broad
spatial scales over long time-periods (�20 years).

We tested 2 precipitation-related hypotheses: (1)
precipitation strongly influences RGWT production in
Texas, and (2) RGWT production in Texas responds
indirectly to cumulative effects of precipitation (e.g.,
effects on vegetation structure or food availability),
rather than directly to episodic events such as flooding,
exposure, or enhanced predation. If our first hypothesis

is supported by data, then RGWT production and pre-
cipitation should be strongly correlated. If this corre-
lation is strongest with cumulative precipitation over
several months, rather than individual monthly precip-
itation, it would lend support to our second hypothesis.
Also, positive correlations would suggest that precip-
itation influences turkey production by affecting fac-
tors that respond positively to soil moisture, such as
vegetation structure or food availability; negative cor-
relations would suggest precipitation directly increases
mortality by increasing risk to drowning, nest inun-
dation, and hypothermia. Finally, we performed ex-
ploratory analyses to determine whether a moisture in-
dex that incorporated a number of weather variables
would be a better predictor of turkey production than
raw precipitation alone, in order to suggest to man-
agers a suitable weather-based index to RGWT pro-
duction in Texas.

STUDY AREA

We evaluated the effects of precipitation on
RGWT production in the Edwards Plateau, Rolling
Plains, Cross Timbers and Prairies, Post Oak Savan-
nah, and South Texas Plains ecological regions of Tex-
as (Gould 1975; Figure 1A). These regions encom-
passed the majority of RGWT range in Texas (Figure
1A). Mean annual precipitation was 584–864 mm, and
generally decreased from east to west. Rio Grande
wild turkey also were present in the High Plains,
Trans-Pecos, and Gulf Prairies and Marshes ecological
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Table 1. Raw Rio Grande wild turkey poult production by Tex-
as ecological region (Gould 1975), 1976–2000.

Year

Region

EP RP CT&P POS STP

1976 0.33 0.66
1977 0.78 0.62 0.77 0.73 0.57
1978 0.51 0.47 0.72 0.16 0.29
1979 0.79 0.80 0.83 0.64
1980 0.39 0.64 0.74 0.46 0.11
1981 0.84 0.80 0.81 0.71 0.57
1982 0.44 0.67 0.71 0.58 0.40
1983 0.60 0.58 0.66 0.46 0.51
1984 0.21 0.29 0.58 0.23 0.24
1985 0.78 0.74 0.71 0.61 0.68
1986 0.66 0.64 0.67 0.57 0.30
1987 0.77 0.73 0.74 0.57 0.66
1988 0.27 0.18 0.40 0.41 0.12
1989 0.47 0.63 0.61 0.26 0.16
1990 0.66 0.55 0.55 0.72 0.73
1991 0.63 0.77 0.65 0.53 0.62
1992 0.70 0.75 0.59 0.72 0.80
1993 0.39 0.55 0.64 0.52 0.53
1994 0.41 0.40 0.39 0.33 0.56
1995 0.71 0.68 0.53 0.26 0.24
1996 0.17 0.44 0.39 0.23 0.05
1997 0.78 0.84 0.70 0.64 0.67
1998 0.31 0.38 0.49 0.53 0.29
1999 0.60 0.70 0.50 0.41 0.50
2000 0.11 0.24 0.46 0.25 0.22

Table 2. Correlations between monthly and 9-month sums of raw precipitation (Precip) and the Modified Palmer Drought Severity
Index (PMDI) and Rio Grande Wild Turkey poult production by Texas ecological region (Gould 1975), 1976–2000 (EP � Edwards
Plateau, RP � Rolling Plains, CT&P � Cross Timbers and Prairies, POS � Post Oak Savannah, and STP � South Texas Plains).
All data were detrended over years.

Region

June

PMDI

rs P

Precip

rs P

September–June

PMDI

rs P

Precip

rs P

EP 0.84 �0.001 0.60 0.002 0.66 �0.001 0.86 �0.001
RP 0.83 �0.001 0.53 0.009 0.27 0.216 0.81 �0.001
CT&P 0.76 �0.001 0.64 0.001 0.48 0.020 0.69 �0.001
POS 0.54 0.008 0.10 0.651 0.43 0.039 0.65 0.001
STP 0.74 �0.001 0.48 0.021 0.31 0.143 0.74 �0.001

regions (Gould 1975). However, populations tended to
be confined to small portions of these regions, thus
limiting their region-wide abundance. TPWD histori-
cal data for these regions were relatively limited, thus
precluding analysis.

METHODS
Production Data

Texas Parks and Wildlife Department (TPWD) bi-
ologists conducted annual RGWT brood counts during
1976–2000 across the subspecies’ range in Texas. Bi-
ologists recorded all RGWT observed in the course of
routine daily activities during 1 June–15 August. Al-
though these counts were not conducted along stan-
dardized routes, observers were encouraged to observe
�10–25 hens per county during each 2-week period
of the count. Observations were recorded by county
and latitude-longitude coordinates (Graham and
George, 2002). Retrospective power analysis of

TPWD brood-count data revealed that it had sufficient
power (1 � � � 0.80, � � 0.05) to detect a 40%
annual change at the ecological-region scale during
most years (Schwertner et al. 2003).

We grouped each year’s data according to ecolog-
ical region prior to analysis. Data from the Edwards
Plateau and Cross Timbers and Prairies were available
for 1976–2000, data from the Rolling Plains and Post
Oak Savannah were available for 1977–2000, and data
from the South Texas Plains were available for 1977–
1978 and 1980–2000. We calculated the total number
of hens and poults observed per year during the counts
in each ecological region. We then calculated an index
of RGWT poult production as np/(np � nh), where np

� the number of poults, and nh � the number of hens
observed per year (Table 1).

Climate Data

We selected a priori 4 precipitation indices, based
on either PMDI or raw precipitation, for analysis: June
PMDI, September–June PMDI, June raw precipitation,
and September–June raw precipitation. We used pre-
cipitation indices for June or periods ending in June
because this coincided with peak RGWT hatching
across Texas (Beasom 1973, Ransom et al. 1987, Hoh-
ensee and Wallace 2001). Therefore, precipitation-in-
duced alterations in RGWT production should have
been most pronounced during this period. Also, be-
cause precipitation across most RGWT range in Texas
exhibits a bimodal pattern, with peaks in early autumn
and late spring (Carr 1967), and rainfall prior to the
growing season plays an important role in plant growth
(Cable 1975), we chose precipitation and drought in-
dices for the previous September–June to access cu-
mulative weather effects.

We obtained PMDI and raw precipitation data for
the Edwards Plateau, Low Rolling Plains, North Cen-
tral, South Central, and Southern Texas climate divi-
sions (http://lwf.ncdc.noaa.gov/oa/climate/onlineprod/
drought/xmgrg3.html). The boundaries of these cli-
mate divisions matched closely, but not exactly, those
of the Edwards Plateau, Rolling Plains, Cross Timbers
and Prairies, Post Oak Savannah, and South Texas
Plains ecological regions, respectively (Figure 1).

The PMDI is a meteorological drought index that
uses deviations from long-term average precipitation
and temperature, and the duration of the current dry
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or wet period, to estimate the severity of a dry or wet
period (Heddinghaus and Sabol 1991). Usual PMDI
values range between �4.0 and 4.0, although more
extreme values occasionally occur. Negative values in-
dicate dry periods, positive values indicate wet peri-
ods, and values near 0 indicate near normal conditions.
Bridges et al. (2001) determined that 12-month cu-
mulative and monthly PMDI were more correlated
with quail abundance than were a number of other
precipitation indices, including raw precipitation. We
chose June PMDI to represent cumulative weather ef-
fects for the months during and immediately preceding
the Rio Grande turkey nesting season. September–June
PMDI (calculated by summing the PMDI values of
each Sep–Jun period) represented cumulative weather
effects beginning with the onset of the autumn wet-
season prior to breeding.

Unfortunately, PMDI data are readily available
only at the spatial scale of the climate division (Figure
1B). Calculation of this index for geographic areas that
do not closely approximate the size or geographic ex-
tent of these divisions requires weather data and spe-
cialized knowledge that may not readily be available
to wildlife managers. For this reason, we examined
total raw precipitation as well. We chose total June
precipitation as an index of monthly precipitation at
the peak of hatching, and total September–June pre-
cipitation as an index of cumulative precipitation prior
to and during the breeding season.

Analysis

Because both climate and production data could
be serially correlated, we detrended these data using
the first differences method to determine year-to-year
change in precipitation and production indices (Ott and
Longnecker 2001). Because the detrended poult pro-
duction data from some climate divisions were non-
normally distributed (Ryan and Joiner 1976), we used
Spearman rank correlation (Zar 1999) to evaluate how
poult production varied with values for each index of
precipitation. Correlations were considered significant
if P � 0.05. We compared the correlation coefficients
(rS) of June PMDI, September–June PMDI, Septem-
ber–June total rainfall, and June total rainfall for each
climate division to determine which variable was most
correlated with RGWT production.

RESULTS

June PMDI and September–June raw precipitation
were similarly correlated with poult production in all
ecological regions (Table 2). June precipitation was
correlated with poult production in all ecological re-
gions except the Post Oak Savannah, although the re-
lationship typically was weaker than for June PMDI
or September–June raw precipitation (Table 2). Sep-
tember–June PMDI was correlated with poult produc-
tion in the Edwards Plateau, Cross Timbers and Prai-
ries, and Post Oak Savannah, but not in the Rolling
Plains or South Texas Plains (Table 2).

DISCUSSION

Rio Grande wild turkey poult production showed
a positive correlation with precipitation in Texas dur-
ing 1976–2000. This correlation was stronger with in-
dices that included multi-month cumulative weather
data than with June raw precipitation alone. This lends
support to the hypothesis that precipitation influences
RGWT production in Texas, and this influence arises
from the cumulative effects of precipitation over sev-
eral months rather than individual rainfall events.

Our findings differed from those of Healy and
Nenno (1985) and Roberts and Porter (1998a), who
found that poult survival was negatively correlated
with spring rainfall in West Virginia and New York,
respectively. They attributed their results to exposure-
related mortality among poults. Climatic differences
could explain this discrepancy, as poult mortality due
to wetting and hypothermia probably was of greater
significance in these comparatively cool and wet east-
ern wild turkey habitats than in Texas.

Quail in Texas also have been found to be influ-
enced by weather, including precipitation. Lusk et al.
(2002) found that previous autumn rainfall was the
most important variable influencing broad-scale north-
ern bobwhite abundance in Texas. In south Texas,
northern bobwhite production was found to be sensi-
tive to both precipitation and temperature, and this re-
lationship was most pronounced with spring weather
variables (Guthery et al. 2002). Bridges et al. (2001)
used 12-month cumulative PMDI, monthly PMDI, and
raw precipitation indices to predict changes in northern
bobwhite and scaled quail abundance among years in
the Edwards Plateau, Rolling Plains, Cross Timbers
and Prairies, South Texas Plains, Gulf Prairies and
Marshes, and Trans-Pecos ecological regions of Texas.
They found that 12-month cumulative PMDI was
highly correlated with northern bobwhite and scaled
quail abundance in the Rolling Plains and South Texas
Plains ecological regions, but not in the Edwards Pla-
teau, Cross Timbers and Prairies, or Gulf Prairies and
Marshes. Only in the South Texas Plains was there a
correlation between quail abundance and 12-month
(Sep–Aug) raw precipitation, and this correlation was
weaker than with 12-month PMDI. Northern bobwhite
abundance also was correlated with June PMDI, but
not June precipitation, in the Rolling Plains and South
Texas Plains ecological regions. Scaled quail abun-
dance was correlated with June PMDI in the Edwards
Plateau and South Texas Plains, but with June raw
precipitation in the Edwards Plateau only.

We failed to find evidence that PMDI was a better
predictor of RGWT production than precipitation
alone. Whereas Bridges et al. (2001) concluded that
both 12-month cumulative and monthly PMDI mea-
sures were much better predictors of quail abundance
than precipitation alone, we found that September–
June precipitation and June PMDI did a comparable
job of predicting changes in poult production among
years, and were superior to both June precipitation and
September–June cumulative PMDI. This was despite
Palmer’s (1965) assertion that PMDI was better at cap-
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turing moisture-induced variability in vegetation dy-
namics.

Because raw precipitation data are more readily
available for user-defined geographic areas, wildlife
managers probably would find these data more useful
for predicting RGWT production in Texas. Further, be-
cause PMDI was superior to raw precipitation for
quantifying weather effects on vegetation (Palmer
1965), yet no better at predicting RGWT production,
it is possible that turkey population dynamics in Texas
were not related to vegetation in the same way as were
northern bobwhite and scaled quail populations. Thus,
the mechanism by which precipitation influences tur-
key production (e.g., vegetation change) merits further
study.

MANAGEMENT IMPLICATIONS

Although managers cannot control the weather,
understanding how such exogenous variables influence
turkey population dynamics is important to under-
standing the context in which management actions op-
erate. Our results suggest that managers can anticipate
RGWT production based on weather variables, and ad-
just management recommendations accordingly. More-
over, managers can use their knowledge of existing
weather conditions, along with an understanding of
how precipitation influences factors thought to limit
abundance to judge, a priori, the potential efficiency
and effectiveness of management practices directed at
these limiting factors.

Brood counts typically require intensive manpow-
er in order to collect sufficient data to provide mean-
ingful results. As the demands on conservation agen-
cies increase, rarely with concomitant increases in
agency budgets, managers must seek less-expensive al-
ternatives to traditional practices. Further, brood counts
typically are conducted during mid- to late-summer,
generally after harvest regulations have been made.
The close correlation between precipitation and poult
production provides managers with a cost effective al-
ternative to brood counts for determining RGWT
breeding success in Texas, insofar as brood counts are
indicative of RGWT production.
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Abstract: We used neural-network modeling to assess the effects of weather and climate variables in predicting
production (poults:hen ratios) of Rio Grande turkeys (Meleagris gallopavo intermedia) in Texas. We used poult:
hen data from Texas Parks and Wildlife (TPWD) surveys collected by TPWD biologists during 1977 through
2003. Datasets contained seasonal rainfall and temperature data, deviations from long-term mean rainfall and
temperature, or Modified Palmer Drought Severity indices for winter (Dec–Feb), spring (Mar–May), summer (Jun–
Aug), and fall (Sep–Nov). We used the adjusted sum-of-squares for model selection. The model with the best
performance included deviations from long-term mean conditions as predictor variables. The selected model ac-
counted for 28% of the variation in the training data. Wetter than normal years, and particularly springs, resulted
in declines in poults:hen ratios. Warmer than normal winters and falls resulted in increases in poults:hen ratios.
Based on ecoregion-level means, climate conditions in the Edwards Plateau are best for turkey production; the
model predicted 1.71 poults/hen for the Edwards Plateau compared with 1.43 based on statewide climate condi-
tions. Our analysis provisionally supported the hypothesis that deviations from normal conditions best explain
annual fluctuations in production. However, we were not able to rule out the possibility that weather catastrophes
play a significant role.
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A detailed understanding of the factors influencing
the population dynamics of the Rio Grande turkey is
essential for successful management. Although precipi-
tation is 1 factor thought to influence the population dy-
namics of eastern wild turkeys (M. g. silvestris; Healy
1992, Hohensee and Wallace 2001) relatively little is
known about the factors influencing Rio Grande turkeys.
Miller et al. (1995) hypothesized that spring and early
summer rainfall influence the vegetation community in
which Rio Grande turkeys nest, resulting in the higher
survival rate of hens incubating second and third nests

they observed in Kansas. For the eastern subspecies, lit-
tle or no production occurs during drought years (Healy
1992) and nest success in Mississippi was negatively re-
lated to the number of rainfall events and cumulative
rainfall (Lowrey et al. 2001).

Healy (1992:137) noted, ‘‘Extreme local variation

1 Present address: Wildlife Division, Nebraska Game and
Parks Commission, 2200 N. 33rd Street, Lincoln, NE 68503,
USA.

2 E-mail: jeff.lusk@ngpc.ne.gov
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in effects of weather seems to be a general phenom-
enon in turkey populations.’’ Such variation makes
broad-scale analyses of the effects of weather ineffec-
tual. Therefore, an ecoregional analysis of the effects
of climate and weather on poult:hen ratios in Texas
was undertaken. Our objectives were to provide de-
scriptive data on the effects of climate on production
and to better understand the relative effects of weather
and climate on Rio Grande turkey poult:hen ratios us-
ing neural network models. The knowledge gleaned
from such models should allow managers to more ef-
fectively manage populations within a particular cli-
mate or weather context. Our analysis also allowed us
to test the hypothesis that departures from normal con-
ditions better explain annual variability in turkey pro-
duction than yearly weather conditions (Bailey and Ri-
nell 1968).

METHODS

Our analysis was based on data collected in Texas.
Texas counties were grouped into 10 ecoregions: Pi-
neywoods, Gulf Prairies and Marshes, Post Oak Sa-
vannah, Blackland Prairies, Cross Timbers, South Tex-
as Plains, Edwards Plateau, Rolling Plains, High
Plains, and Trans-Pecos Mountains and Basins (Gould
1975). Poult:hen data for Rio Grande turkeys were
available for 8 of those 10 ecoregions (all except Pi-
neywoods and High Plains), so we focused on those 8
ecoregions.

Annual rainfall in Texas ranges from �200 mm in
the Trans-Pecos to 1,400 mm in the Gulf Prairies and
Marshes on the Louisiana border. The annual frost-free
period ranges from 179 days in the northwest Texas
Panhandle to 330 days in the lower Rio Grande Valley
(Gould 1975).

Wild Turkey Data

We obtained poult:hen data from TPWD summer
turkey surveys. These surveys were conducted in the
Trans-Pecos, Rolling Plains, South Texas Plains, Ed-
wards Plateau, Post Oak Savannah, and Cross Timbers
ecoregions during 1 June–15 August, 1977 through
2003. Counts were conducted incidentally to the nor-
mal duties of TPWD biologists and were recorded on
prepared forms to show county, date, number of tur-
keys observed, and number of adults and poults. Ob-
servers were asked to observe 10–25 hens/county dur-
ing the survey period. We modeled poult:hen ratios as
poults per total hens observed using the raw count data
from those surveys.

Weather and Climate Data

We differentiated weather, the short-term rainfall
and temperature regimes in a given locale within years,
from climate, the long-term patterns in precipitation
and temperature across years. We obtained climate and
weather data from the National Climate Data Center,
compiled by EarthInfo (Boulder, Colorado, USA). We
selected weather stations with records �95% complete

over the period of interest from 5 counties in each
ecoregion. We used this method of weather station se-
lection because surveys were not systematic, but oc-
curred incidentally during the normal duties of TPWD
biologists and, therefore, there were no set survey
routes or points to which weather stations could be
assigned based on proximity.

Weather data were extracted from NCDC records
and summarized to obtain total monthly precipitation
and mean maximum daily temperature for each month.
These values were then averaged within ecoregions to
obtain a single ecoregion mean. We used these data to
estimate mean total seasonal precipitation and mean
seasonal maximum daily temperature. Season classes
were winter (Dec–Feb), spring (Mar–May), summer
(Jun–Aug), and fall (Sep–Nov). Climate data were ob-
tained by averaging the weather records over the entire
period of record (range: 30–100 years) and subtracting
the yearly weather values. Therefore, the climate data
represented the deviation of annual weather conditions
from the long-term mean conditions of the ecoregion.
We also summarized the Palmer Drought Severity In-
dex (PDSI) from NCDC records to obtain seasonal
estimates. Because surveys were conducted during
June–August each year and because some research
suggested that, at least of eastern wild turkeys, previ-
ous fall rainfall affected turkey production (Healy
1992:136), we used previous fall rainfall and temper-
ature as predictors in our models.

We created 4 datasets from the extracted data. The
first dataset contained weather data. As defined pre-
viously, these data represented the mean annual rain-
fall and temperature observed at weather stations dur-
ing the year of record. The second dataset contained
the climate data. It quantified the magnitude of differ-
ence between annual conditions and the long-term cli-
mate means. We used those first 2 datasets to deter-
mine whether climate or weather patterns were the pre-
dominant factor influencing Rio Grande turkey pro-
duction. The third dataset contained seasonal and
annual estimates of the PDSI. We included this dataset
because some research has indicated the PDSI better
represents the effects of weather than simple temper-
ature and precipitation in models of population abun-
dance of some species (e.g., Northern Bobwhites Col-
inus virginianus; Bridges et al. 2001). Finally, the
fourth dataset was a compilation of the important var-
iables identified during the analysis of the other 3 da-
tasets.

Modeling and Analysis

We used a neural network model (Smith 1996,
Fielding 1999) to determine the relationship between
poult:hen ratios and weather, climate, and the PDSI.
Neural networks were implemented using Statistica
Neural Networks (StatSoft, Tulsa, Oklahoma, USA).
We used a 3-layer perceptron architecture and a hy-
perbolic transfer function. We allowed the program to
determine model complexity (number of neurons) au-
tomatically based on relative performance of each
model trained. We systematically partitioned the data
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Table 1. Relevance scores (%) for independent variables used
to predict Rio Grande turkey production (poults/hen) in Texas,
1977–2003. The relevance of a variable is a measure of the
relative influence of the variable on model predictions. The ex-
pected relevance assuming all variables to have an equal influ-
ence on model outcome was 11.1%.

Variable
Relevance

(%)

Deviation from mean total annual precipitation 15.0
Deviation from mean total winter precipitation 12.1
Deviation from mean total spring precipitation 17.8
Deviation from mean total summer precipitation 5.9
Deviation from mean total fall precipitation 4.7
Deviation from mean maximum winter temperature 14.9
Deviation from mean maximum spring temperature 5.0
Deviation from mean maximum summer temperature 4.4
Deviation from mean maximum fall temperature 20.2

into training and testing datasets by ordering the data
by the dependent variable and selecting every fifth
case. Using this process we set aside 20% of the over-
all data for assessing the model performances. Testing
data were used to assess performance, but were not
used for training the neural models. Performance was
gauged by comparing the correlations between pre-
dicted and observed poult:hen ratios. We wanted mod-
els with strong, positive correlations between training
and testing datasets. This ensured that the selected
model accurately encapsulated the underlying relation-
ships among variables and that the model could gen-
eralize to new data. We compared climate, weather and
PDSI models using the adjusted sum-of-squares (Hil-
born and Mangel 1997).

We created a series of datasets in which the in-
dependent variable of interest was allowed to vary be-
tween the minimum and maximum observed values
while all other independent variables were held con-
stant at their mean value. These datasets were then
processed by the trained neural model and the pre-
dicted poult:hen ratio was plotted against the range of
the variable of interest. These results were then used
to interpret the model output.

The relative contribution of each variable to model
predictions was determined by calculating a relevance
score of each variable (Goodman 1996, Özesmi and
Özesmi 1999). A relevance score is a measure of rel-
ative influence of each variable over the final predic-
tion and is calculated as the sum of squared connection
weights of the variable of interest (where connection
weights link each variable to each neuron) divided by
the sum of squared connection weights of all variables.
If all of the independent variables had no effect on the
dependent variable, we would expect them to have
similar relevance scores. That is, each variable would
have the same influence over the model’s predictions
because none of the predictors would be related to the
response. We report simulations for only the variables
which had greater than expected relevance scores.

To investigate ecoregion variation in the response
of poult:hen ratios to climate, weather, and drought
severity, we estimated the ecoregion means for each
independent variable and presented these means to the
trained neural model (cf. Lusk et al. 2002). The tech-
nique we employed shows regional responses based on
the general statewide model.

RESULTS

Neural model performance varied among datasets.
For Rio Grande turkeys, models for weather and PDSI
datasets performed poorly. The best performing weath-
er model contained 3 neurons and accounted for 23.2%
of the variation in the training data, but only 6.5% of
the variation in the testing data. Similarly, the best
performing model based on the PDSI contained 3 neu-
rons and accounted for 25% of the variation in the
training data, but only 1.3% of the variation in the
testing data. The neural model based on climate data
performed better; the best model contained 2 neurons

and accounted for 28% of the variation in the training
data and 22% of the variation in the testing data.

Using the relevance score, we selected variables
from each of the 3 datasets and created a fourth da-
taset. There were 4 variables included in this model:
summer PDSI, mean total spring rainfall, deviation of
spring rainfall from normal, and deviation of fall tem-
perature from normal. The best performing neural
model containing these variables contained 3 neurons
and accounted for 20.5% of the variation in the train-
ing data and 19.7% of the variation in the testing data.
The climate model had a lower adjusted sum-of-
squares (1.94) than the relevant-variable model (2.2),
so we used the climate model for simulations and
ecoregion analyses.

The expected relevance of each variable given no
relationship was 11.1% for the climate model. Using
this as a cutoff threshold, we found that 4 variables
had a greater influence on model outcome than ex-
pected and 1 variable was within 1% of the threshold
(Table 1). Deviation from long-term mean maximum
fall temperature had the greatest influence on model
outcome and deviation from long-term summer tem-
perature had the least influence (Table 1).

As total annual precipitation increased above nor-
mal, poults:hen ratios declined (Figure 1). The same
pattern held for spring precipitation, poults:hen ratio
was highest (2.5 poults/hen) when precipitation was
approximately 80 mm less than the long-term average
(Figure 2). When mean winter temperature was above
normal the poult:hen ratio increased and when below
normal the poult:hen ratio decreased (Figure 3). Sim-
ilarly, poult:hen ratios increased with increases in
mean fall temperature above normal and declined with
decreases in mean fall temperature below normal (Fig-
ure 4).

Using the mean climate data for each ecoregion as
inputs into the neural model resulted in poult:hen ra-
tios that would be expected given the general climate
in each ecoregion. We contrasted the predictions for
each ecoregion with that produced from statewide
means. Given statewide climate averages, the neural
model predicted that production would equal 1.44
poults/hen. The Edwards Plateau region had the high-
est predicted poult:hen ratio based on average climate
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Fig. 1. Rio Grande turkey production (poults/hen) in Texas as a function of the deviation of total annual precipitation from the long-
term mean. Inset shows the predicted poult:hen ratios for each ecoregion based on the long-term ecoregion means. Ecoregion
abbreviations are as in Table 2.

conditions in the ecoregion (1.71 poults/hen; Table 2).
Predicted poult:hen ratios were smallest for the South
Texas Plains (1.24; Table 2). Overall, 4 ecoregions had
predicted poult:hen ratios that were greater and 4
ecoregions had predicted poult:hen ratios that were
smaller than that predicted from statewide climate (Ta-
ble 2).

Of the 4 variables that were influential in the neu-
ral model, only deviation from mean total annual pre-
cipitation seemed to be related to the variation in pre-
dicted poult:hen ratios among ecoregions (Figures 1–4
inset). The Edwards Plateau had the largest negative
deviation in mean total annual precipitation and had
the largest poult:hen ratio (Table 2, Figure 1 inset).
Each subsequent ecoregion had a smaller negative de-
viation and a smaller resulting poult:hen ratio (Figure
1 inset). The South Texas Plains, which had a positive
deviation in mean total annual precipitation, had the
smallest predicted poult:hen ratio, smaller than the pre-
dicted ratio based on statewide climate (Figure 1 in-
set). A similar pattern was apparent for spring precip-
itation (Figure 2 inset), except that the Blackland Prai-
ries had a mean positive deviation from long-term con-
ditions that was greater than that for the South Texas
Plains, yet the predicted poult:hen ratio for the Black-
land Prairies was the second highest of all ecoregions
(Figure 2 inset).

MODELING CAVEATS

The nature of the data and of the analyses requires
that we address some caveats to the interpretation of
results. First, there is a lack of information on the ac-
curacy of convenience sampling used to obtain the
hen:poult data. Such data are commonly used by state
management agencies for tracking turkey abundance
(Kurzejeski and Vangilder 1992). Wunz and Shope
(1980) found that survey data for eastern turkeys were
well correlated with fall harvest in Pennsylvania.
DeArment (1969) reported that poult:hen ratios were
effective for monitoring production of Rio Grande tur-
keys in the Texas Panhandle. A power analysis of the
Texas data indicated that it had sufficient power to
detect a 30% change in poult production given the
annual sample sizes of the data (range: 65–306;
Schwertner et al. 2003). Second, data were collected
in an ad hoc manner during the normal duties of
TPWD biologists. Therefore, each observation in each
year comes from a potentially different location within
each specific ecoregion. As a result, the same popu-
lations were not surveyed each year. The data-collec-
tion scheme also prevented us from assigning the clos-
est weather station to the survey location. We selected
weather stations from around each ecoregion and es-
timated average conditions in order to capture the cli-
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Fig. 2. Rio Grande turkey production (poults/hen) in Texas as a function of the deviation of spring precipitation from the long-term
mean. Insets show the predicted poult:hen ratios for each ecoregion based on the long-term ecoregion means. Ecoregion abbreviations
are as in Table 2.

mate over the entire ecoregion. This method, however,
ignored within-ecoregion climate gradients and damp-
ened weather and climate variation. This could be the
reason for the weak performance of the neural models
we developed; ecoregion averages were only weakly
associated with the poult:hen ratios gathered therein.
However, it is not possible for us to definitively say
whether given ideal data our models would have ex-
plained a higher proportion of the variation in produc-
tion or if other unmeasured factors exerted stronger
control.

DISCUSSION
Our analyses provided preliminary support for the

hypothesis that departures from normal conditions help
explain annual variation in wild turkey production
(Bailey and Rinell 1968); the climate model had the
best performance of the models tested. Further re-
search should investigate this conclusion in more detail
and test other hypotheses to explain variability in pro-
ductivity. Similar results have been reported for north-
ern bobwhites in Oklahoma (Lusk et al. 2001) and
might indicate that local populations are adapted to
local conditions within the genotypic range of the spe-
cies. Healy (1992:138) concurred with this opinion:
‘‘Turkey populations are adapted to the average weath-

er conditions of their region. Weather must deviate
substantially from the average—and do so for some
time—before it affects populations.’’

Four variables contributed more than expected to
the neural model’s predictions. Those variables were
the deviation from mean maximum fall temperature,
deviation from mean total spring precipitation, devia-
tion from total annual precipitation, and deviation from
mean maximum winter temperature. Production de-
clined with annual and spring precipitation above the
long-term means. Rain exceeding 380 mm were suf-
ficient to kill poults 12–15 days old, but only at tem-
peratures �8�C over an 18-hour period (Healy and
Nenno 1985). Rainfall could be positively related to
the ability of nest predators to find and destroy turkey
nests (Palmer et al. 1993, Roberts et al. 1995, Roberts
and Porter 1998). Predation accounted for 94% of all
Rio Grande hen mortalities in Kansas (Hennen and
Lutz 2001).

Healy (1992) reported that August through Sep-
tember rainfall was the most important weather-related
factor determining wild turkey production, with breed-
ing season rainfall of secondary importance. Our re-
sults showed that deviations from spring (breeding
season) rainfall had more influence on production than
previous fall rainfall (Table 1). Higher Rio Grande tur-
key productivity in south Texas was thought to be re-
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Fig. 3. Rio Grande turkey production (poults/hen) in Texas as a function of the deviation of winter temperature from the long-term
mean. Insets show the predicted poult:hen ratios for each ecoregion based on the long-term ecoregion means. Ecoregion abbreviations
are as in Table 2.

lated to heavy late summer and early fall rainfall the
previous year acting indirectly through vegetation
(Baker et al. 1980). Hennen and Lutz (2001) found
that low female survival during brood rearing and re-
cruitment seemed to be related to above-average rain-
fall during the same period. Beasom and Pattee (1980)
found that variability in annual Rio Grande turkey pro-
ductivity was best explained by fall (Sept-Oct) and
spring (Mar) rainfall. Although causal mechanisms
probably differ among subspecies, breeding season
rainfall seems to influence eastern wild turkey produc-
tion, as well. For example, successful eastern wild tur-
key nests experienced less cumulative rainfall and few-
er rainfall events than did their unsuccessful counter-
parts (Lowrey et al. 2001).

Temperature has been considered of secondary im-
portance to wild turkey survival and production (Healy
1992). However, our results showed that deviations
from long-term mean fall and winter temperatures to-
gether had a relevance of 35.1%. Further, the results
showed that above-average temperatures in the fall and
winter resulted in higher poult:hen ratios the following
year. Although Healy (1992) stated that most winter
losses were due to starvation rather than the direct ef-
fects of temperature, this is not likely the case in Texas
where resources are rarely buried under snow cover.

However, warmer than average fall and winter tem-
peratures could reduce the energetic demands of over-
wintering and allow resources to be available for re-
production in the spring. Further, an unusually dry fall
could reduce the availability of food resources in the
spring exacerbating the effects of a cold winter.

At the ecoregion level in Texas, climate conditions
within the Edwards Plateau were best for Rio Grande
turkey production. It is, therefore, not surprising that
the Edwards Plateau is at the center of the Rio
Grande’s range in Texas (Beasom and Wilson 1992).
Predicted poult:hen ratios were greatest in the Edwards
Plateau based on the climate within that region, and
production exceeded that predicted from average state-
wide climate. Ecoregions appeared to fall out along a
rainfall gradient, with production declining in increas-
ingly wetter ecoregions (Figure 1, inset), even though
in drought years approximately 40% of hens do not
lay. The western boundary of the Rio Grande turkey’s
range occurs where rainfall is insufficient to support
trees needed for roosting (Healy 1992).

Future analyses should include catastrophic weath-
er events. A weather catastrophe could be considered
to have occurred if �1 day within the specified time
frame exhibited rainfall events of �380 mm or tem-
peratures �8˚C (Healy and Nenno 1985). Such an
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Fig. 4. Rio Grande turkey production (poults/hen) in Texas as a function of the deviation of fall temperature from the long-term mean.
Insets show the predicted poult:hen ratios for each ecoregion based on the long-term ecoregion means. Ecoregion abbreviations are
as in Table 2.

Table 2. Predicted poult:hen ratios for Rio Grande turkeys for each ecoregion in Texas based on the average climate conditions of
that ecoregion. The average climate conditions (�SE) for the 4 variables that had more than expected influence on the neural model
are also provided to aid interpretation of the predicted age ratios. Statewide climate averages predicted 1.43 poults/hen for Texas.

Ecoregiona Poults/hen

Deviations from mean . . .

Total annual
precipitation (mm)

Total spring
precipitation (mm)

Maximum winter
temperature (�C)

Maximum fall
temperature (�C)

GP 1.38 �21.1 (50.3) �4.6 (8.1) 0.38 (0.27) 0.47 (0.22)
POS 1.42 �40.1 (48.1) �2.4 (6.0) 0.11 (0.35) 0.62 (0.24)
BP 1.65 �72.5 (34.2) 2.7 (7.5) 0.61 (0.22) 1.08 (0.18)
CT 1.50 �66.3 (23.7) �4.3 (3.7) 0.69 (0.33) 0.27 (0.29)
ST 1.24 28.5 (24.8) 1.0 (4.6) 0.47 (0.33) 0.45 (0.20)
EP 1.71 �101.1 (34.5) �6.0 (4.4) 0.82 (0.29) 0.52 (0.23)
RP 1.50 �66.3 (23.7) �4.3 (3.7) 0.69 (0.33) 0.27 (0.29)
TP 1.30 �2.6 (25.7) �0.9 (2.7) 0.38 (0.28) 0.33 (0.21)

a Ecoregion codes: GP � Gulf Prairie and Marshes; POS � Post Oak Savannah; BP � Blackland Prairie; CT � Cross Timbers and Prairies;
ST � South Texas Plains; EP � Edwards Plateau; RP � Rolling Plains; TP � Trans-Pecos.

analysis will allow researchers to test the hypothesis
that weather catastrophes predict annual fluctuations in
turkey production as suggested by Healy (1992).

MANAGEMENT IMPLICATIONS
Climate and weather are outside the realm of man-

agement activities. However, the results presented
above provide the environmental context within which

management activities must be implemented. As such,
it is necessary for managers to understand this envi-
ronmental context so that more effective management
options can be implemented with the aim of maintain-
ing or increasing Rio Grande turkey abundance. The
existing repertory of management techniques is still
available to managers. However, the implementation
of these techniques should consider the overarching
climate influences. For example, Beasom and Wilson
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(1992) reported that production could be enhanced up
to 300% during low-rainfall years using food supple-
mentation. Beasom (1973) reported that in years of
higher than normal rainfall, the abundant cover that
resulted increased reproductive success up to 700
times compared to dry years when little cover was
available. Therefore, if precipitation is expected to be
below average, managers might consider steps to im-
prove screening cover for nests as a method of miti-
gating reduced nest success.

The results reported above also demonstrated the
importance of local climate to Rio Grande turkey pro-
duction. We found that deviations from long-term con-
ditions (i.e., climate) were more important in deter-
mining poult:hen ratios than were observed weather
patterns, which supports the hypothesis of Bailey and
Rinell (1968). Results from our model would seem to
imply that Rio Grande turkeys have adapted to local
conditions and that production will be increasingly af-
fected as the magnitude of the deviation from normal
increases. As a result, managers should consider the
local climate conditions when implementing translo-
cations in order to increase the chances of successful
establishment.

Climate conditions in the Edwards Plateau were
most favorable for Rio Grande turkey production.
However, grazing in this ecoregion leads to reductions
in nesting cover (Beasom and Wilson 1992) and food
availability, especially of important mast species
(Blakey 1944). Increased research attention to the ef-
fects of grazing on Rio Grande turkeys, therefore,
seems warranted.
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Abstract: We evaluated survival of supplementally stocked eastern wild turkeys (Meleagris gallopavo silvestris) as
impacted by home range overlap with previously stocked eastern wild turkeys. In early 1994, 60 wild-trapped eastern
wild turkeys were radio-tagged and released in the Pineywoods Region of east Texas. In early 1997, 80 additional
turkeys were released at the same sites. In both years, equal numbers of birds were from the midwestern and south-
eastern United States. In 1994 and 1997, male:female sex ratios were 1:4 and 1:3, respectively. Surviving turkeys were
regularly radio-located from 1 March 1997 to 30 June 1999. We used CALHOME to construct size and shape of each
turkey’s home range during 1 March–30 June 1997 (spring), 1 July–31 October 1997 (summer), and 1 November
1997–28 February 1998 (winter). We used ArcView (Environmental Systems Research Institute, Redlands, California,
USA) to overlay home ranges of 1997 turkeys with those of 1994 birds and static territorial interaction to measure
percent overlap. For 1997 turkeys, we regressed percent home range overlap with survival in days for spring, summer,
winter, and the entire study period. Regardless of broodstock source, home range overlap and survival were positively
correlated (P � 0.05) for both sexes during spring and for females during winter and the entire study period; there
were no correlations (P � 0.05) between variables during summer. These results suggest survival of recently released
turkeys increases as home range overlap with birds familiar with the habitat increases.

Proceedings of the National Wild Turkey Symposium 9:143–148
Key words: East Texas, eastern wild turkeys, Meleagris gallopavo silvestris, supplemental stocking, survival.

Wild turkeys populations in the United States be-
gan to decline prior to 1900 and reached their lowest
levels in the 1930s (Mosby 1975). Eastern wild tur-
keys were naturally occurring in east Texas, and their
decline paralleled that of the birds nationwide (New-
man 1945). Since the 1940s, strict game laws, refor-
estation, and re-introduction programs have been in-
strumental in increasing turkey populations throughout
much of the nation. However, early restoration at-
tempts in east Texas resulted in limited success or
complete failure. Pen-raised eastern wild turkeys
lacked parental influence and suffered a high intoler-
ance to disease (Bailey and Putman 1979, Schorr et al.

1988). The Rio Grande (M. g. intermedia) and Florida
(M. g. osceola) subspecies did not adapt well to the
east Texas environment (Boyd and Oglesby 1975). Re-
search in the late 1970s demonstrated that it was nec-
essary to use wild-trapped eastern wild turkeys for
successful restoration (Hopkins 1981, Campo 1983).

As a result of this research, the Texas Parks and
Wildlife Department (TPWD) began using wild-
trapped eastern wild turkeys in its restoration program.
Between 1987 and 2000, over 7,200 turkeys were re-

1 Present address: U.S. Army Corps of Engineers, P.O. Box
17300, Fort Worth, TX 76102, USA.
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leased in east Texas (J. D. Burk, TPWD, unpublished
data). In 1994, TPWD initiated a program to evaluate
survival and reproduction of introduced eastern wild
turkeys. In the Pineywoods Region, turkeys were mon-
itored at 4 release sites in Tyler County near Wood-
ville, Texas; these sites were classified as marginal tur-
key habitat (J. D. Burk, TPWD, personal communi-
cation). Fifteen wild-trapped eastern wild turkeys
equipped with backpack style radio transmitters were
released at each site during January and February of
1994. Turkeys from the Midwest (primarily Iowa) and
the Southeast (primarily Georgia) were released in ap-
proximately equal numbers at each site while main-
taining a sex ratio of 4 females to 1 male. Radio-te-
lemetry was used to monitor movement, survival, and
reproduction of the turkeys after their release in Feb-
ruary of 1994 (George 1997).

In 1997, TPWD began the second phase of the
restoration program. This phase included supplemen-
tally stocking release sites on which the original re-
stocking efforts were classified as unsuccessful. All 4
Tyler County sites were so classified. Therefore,
TPWD released turkeys at the same sites used in the
1994 release.

Backs and Eisfelder (1990) questioned the value
of supplementally stocking wild turkeys in marginal
habitats. However, Bailey (1967) stated that turkeys
exhibit imitative behavior and that the flock is a well-
coordinated group that functions as an individual. If
this is true, the assumption can be made that newly
released turkeys which share home ranges and proba-
bly associate with turkeys already established in an
area survive better than those that do not. The objec-
tives of this study was to determine if turkeys released
in 1997 shared home ranges with surviving 1994 birds
and if there were differences in seasonal and long-term
survival of 1997 turkeys that shared home ranges and
those that did not. We also compared survival values
of southeastern turkeys released in 1997 to those of
midwestern birds released in 1997 and between tur-
keys released in 1994 and turkeys released in 1997.

STUDY AREA

The Pineywoods Ecological Region of Texas is
bordered on the south by the Gulf Prairies and Marsh-
es, on the west by the Post-oak Savanna Region, and
on the east and north by Arkansas, Louisiana, and
Oklahoma (Gould 1962). The land is gently rolling to
flat with acidic to highly acidic, sandy and sandy loam
soils. Loblolly (Pinus taeda), longleaf (P. palustris),
and shortleaf pines (P. echinata), oaks (Quercus spp.),
magnolias (Magnolia spp.), elms (Ulmus spp.), hick-
ories (Carya spp.), maples (Acer spp.), and sweetgum
(Liquidambar styraciflua) were common overstory and
midstory tree species (Simpson 1988). Tyler County
received approximately 125 cm of rainfall annually
and is 33 to 135 m above sea level. The major industry
was forest products; other industries involved livestock
and chickens (Kingston 1992).

METHODS

Data Collection

In January and February of 1997, TPWD released
at least 20 turkeys at each site used in the 1994 stock-
ing. Approximately equal numbers of southeastern and
midwestern turkeys were released on each site while
maintaining a sex ratio of 15 females to 5 males. Re-
leases were completed by 25 February 1997. At that
time, 21 of the 60 turkeys from the 1994 release were
being radio-located: 12 from southeastern broodstock
(9 females and 3 males) and 9 females from mid-
western broodstock.

Prior to release, the gender and age of each turkey
was determined. Each turkey was then fitted with a leg
band and a radio transmitter. Transmitters were
equipped with a mortality switch (12-hour timed ac-
tivation) and attached with a backpack style harness
(Williams et al. 1968). Radio-locating of the birds be-
gan immediately after release. Turkeys that died of
stress-related causes during the first 2 weeks after re-
lease were removed from the databases.

Each turkey was radio-located a minimum of 2
times per week in the spring and early summer and
once a week during the remainder of the year. Radio-
locating was accomplished using a truck-mounted
Yagi antenna, hand-held receivers, and a network of
predetermined listening stations established for the
1994 study. Additional stations were added as needed.
The compass reading in the direction of peak trans-
mitter signal strength from a station was assumed to
be the correct azimuth to the transmitter’s location. If
possible, a minimum of 2 azimuths were recorded for
each bird every day that is was radio-located. Two or
more daily azimuths documented a particular bird’s lo-
cation whereas a single daily azimuth documented sur-
vival only. If a bird was not radio-located for 3 weeks,
it was classified as missing. Missing birds were searched
for on a continuous basis, and periodic aerial searches
were conducted in an attempt to locate them. If a mor-
tality signal was received, the transmitter was recov-
ered. Surviving turkeys were radio-located through 30
June 1999.

Telemetry Error

To evaluate telemetry accuracy, radio transmitters
were placed at known locations around the study sites.
Error testing was conducted in the springs of 1998 and
1999. Field technicians rotated duties as transmitter
hiders and transmitter trackers in an attempt to make
the process blind. True azimuths from a known station
to the known location of the transmitter were com-
pared to recorded azimuths and a mean error was cal-
culated.

Home Ranges

We used the computer program CALHOME (U.S.
Forest Service Pacific Southwest Research Station,
Fresno, California, USA) to construct home ranges of
1994 and 1997 turkeys. Three parts of the CALHOME
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program were used: LOCATE (established locations),
SELECT (created a file for an individual turkey from
a file that contained data for multiple birds), and CAL-
HOME, which constructed the home range shape (95%
minimum convex polygon) and size (ha � SE) for
each turkey. If there were less than 5 locations for an
individual bird during a given time period, that bird
was removed from analyses for that time period. Like-
wise, if there were less than 20 locations, CALHOME
did not exclude any locations, but obvious outliers
were manually removed (e.g., Kelly 2001:22). We
used t-tests to compare home range sizes of turkeys
released in 1997 by origin and sex.

The SELECT and CALHOME files were down-
loaded as ArcInfo (Environmental Systems Research
Institute, Redlands, California, USA) GIS databases
where each file was converted with a ‘‘generate’’ and
‘‘build’’ command. After generating and building the
files, each could be viewed in ArcView as a theme.
The SELECT files were viewed as points, each point
representing the radio-location of an individual turkey
on a tracking day. The CALHOME files were viewed
as a polygon representing the home range of the turkey
during the selected time period. Themes in ArcView
could be viewed independently or simultaneously, dis-
playing the points and polygons for individual birds or
overlaying themes for multiple birds at the same time.

Using the ArcInfo GIS database, the seasonal
home ranges of 1997 birds were overlain on those of
1994 birds. Then an ‘‘intersect themes’’ command was
used to calculate the area (ha) of each bird’s home
range and of the overlapped portion of the home rang-
es. Static territorial interaction (White and Garrott
1990) was used to determine the percentage of over-
lap. If the home range of a specific turkey overlapped
the home range of more than 1 other bird, we used the
highest percent overlap. We assumed that if the sur-
vival of a 1997 turkey was affected by sharing its
home range with that of a 1994 turkey, the affect
would be evident during the first year after release.
Therefore, we examined the impact of home range
overlap during the first spring (1 Mar–30 Jun 1997),
summer (1 Jul–31 Oct 1997), and winter (1 Nov 1997–
28 Feb 1998) of the study.

Survival

We summed the number of days each turkey sur-
vived each season and for the entire study period. A
turkey that did not survive an entire season was de-
leted from the files for the following seasons. For each
season, we regressed percent home range overlap with
survival in days. We also regressed seasonal home
range overlap with survival in days during the entire
study period. We performed regressions using home
range overlap of 1997 turkeys with 1994 birds as well
as overlap of 1997 turkeys with each other.

We calculated survival rates for turkeys released
in 1997 using the Kaplan-Meier product-limit method
(Kaplan and Meier 1958, Sall and Lehman 1996), the
same method used in the 1994 study (George 1997).
We compared seasonal (i.e., spring, summer, and win-

ter 1997–1998 and 1998–1999 and spring 1999) and
cumulative survival rates (i.e., for duration of the 28-
month study) between broodstock sources of supple-
mentally stocked turkeys using chi-square log-rank
tests. Finally, we compared cumulative survival rates
of the 1994 turkeys to those of 1997 turkeys using the
computer program CONTRAST, a chi-square analysis
with multiple comparisons (Hines and Sauer 1989).
CONTRAST was used because survival rates and var-
iances of the 1994 turkeys were taken from George’s
1997 study, not calculated in Kaplan-Meier, and CON-
TRAST provides a non-biased chi-square analysis.

RESULTS

The mean error for telemetry in this study was
0.00 � 2.97� (n � 18) with a range of �25� to �22�.
A mean of 0.00� indicates that the recorded azimuths
were not biased, but the wide range of errors indicates
relatively poor precision. Because this study focused
mainly on comparisons of radio-telemetry data and the
error was distributed evenly throughout the data, the
precision of the telemetry locations was considered ac-
ceptable.

Survival

Regressions of Survival with Percent Home Range
Overlap

Regardless of broodstock source or sex, survival
in days of 1997 turkeys was positively related to per-
cent overlap of their home ranges with those of 1994
turkeys during the first spring after release (Table 1).
Likewise, home range overlap during spring was re-
lated to survival during the entire study period for fe-
males with broodstock sources pooled and for mid-
western females. Conversely, during summer, there
was no relationship between percent home range over-
lap and survival regardless of broodstock source or
sex. Winter home range overlap was related to survival
of females as a group during the winter season and for
the entire study period (Table 1).

When home ranges of 1997 turkeys were overlain
with each other, the relationships were similar with the
following exceptions: spring home range overlap was
not related to survival in days of southeastern females
during spring or midwestern females during the entire
study period. Also, home range overlap did not in-
crease survival of females as a group during winter or
the entire study period (Table 2).

Survival of Supplementally Stocked Turkeys

For the 28-month study period, survival probabil-
ities of females and males released in 1997 were 0.754
and 0.350, respectively (Kelly 2001:36). By season,
survival probabilities of females were 18 to 66% high-
er than those of males (Kelly 2001:37). However, due
to the difference in numbers of females and males,
survival probabilities were not statistically compared
between sexes. No differences in survival probabilities
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Table 1. The relationship of percent overlap of home ranges of restocked and supplementally stocked eastern wild turkeys on survival
(in days) of the supplementally stocked turkeys in east Texas. Home range overlap was calculated by season (spring: 1 Mar–30 Jun
1997; summer: 1 Jul–31 Oct 1997; winter: 1 Nov 1997–28 Feb 1998). Survival was computed for the same seasons and the entire
study period (1 Mar 1997–30 Jun 1999). For the 1994 restocking and 1997 supplemental stocking, equal numbers of turkeys were
relocated from southeastern and midwestern states.

Population N

Season

Home range Survival R 2 P

All females 57 Spring Spring 0.2005 �0.001
Spring Study period 0.1280 0.005

45 Summer Summer 0.0004 0.897
Summer Study period 0.0001 0.952

42 Winter Winter 0.1127 0.030
Winter Study period 0.0905 0.028

All malesa 19 Spring Spring 0.2428 0.032
Spring Study period 0.0155 0.612

13 Summer Summer 0.0960 0.303
Summer Study period 0.0271 0.591
Winter Winter 0.3403 0.099
Winter Study period 0.2651 0.156

Southeastern females 29 Spring
Spring

Spring
Study period

0.1970
0.0673

0.016
0.174

22 Summer Summer 0.0341 0.399
Summer Study period 0.0344 0.408

20 Winter Winter 0.0843 0.214
Winter Study period 0.1753 0.066

Midwestern females 28 Spring
Spring

Spring
Study period

0.2217
0.2472

0.011
0.007

23 Summer Summer 0.0730 0.213
Summer Study period 0.0341 0.399

22 Winter Winter 0.0350 0.404
Winter Study period 0.0607 0.269

a Southeastern and midwestern males not separately evaluated due to small sample sizes.

Table 2. The relationship of percent overlap of home range of supplementally stocked eastern wild turkeys on survival (in days) in
east Texas. Home range overlap was calculated by season (spring: 1 Mar–30 Jun 1997; summer: 1 Jul–31 Oct 1997; winter: 1 Nov
1997–28 Feb 1998). Survival was computed for the same seasons and the entire study period (1 Mar 1997–30 June 1999). Approx-
imately equal numbers of turkeys were relocated from southeastern and midwestern states.

Population N

Season

Home range Survival R 2 P

All females 57 Spring Spring 0.1486 0.003
Spring Study period 0.0815 0.031

45 Summer Summer 0.0240 0.310
Summer Study period 0.0006 0.874

42 Winter Winter 0.0099 0.530
Winter Study period 0.0296 0.277

All malesa 19 Spring Spring 0.3950 0.005
Spring Study period 0.0324 0.226

13 Summer Summer 0.2540 0.086
Summer Study period 0.0690 0.386

9 Winter Winter 0.0446 0.586
Winter Study period 0.0330 0.640

Southeastern females 29 Spring Spring 0.1281 0.057
Spring Study period 0.0458 0.265

22 Summer Summer 0.0314 0.430
Summer Study period 0.0100 0.658

20 Winter Winter 0.1287 0.120
Winter Study period 0.1434 0.093

Midwestern females 28 Spring Spring 0.1691 0.030
Spring Study period 0.1263 0.064

23 Summer Summer 0.0314 0.571
Summer Study period 0.0437 0.781

22 Winter Winter 0.0580 0.280
Winter Study period 0.0001 0.960

a Southeastern and midwestern males were not separately evaluated due to small sample sizes.
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were detected between broodstock origins or between
southeastern and midwestern males or females for any
season (Kelly 2001:38) or for the entire study period
(Kelly 2001:39). Although there was no difference in
survival of adult southeastern and midwestern turkeys
for the entire study period, midwestern juveniles had
higher survival than did southeastern juveniles (Kelly
2001:39). Finally, there was no difference between
survival probabilities of turkeys released as adults
(0.352 � 0.065, n � 54) and those released as juve-
niles (0.483 � 0.093, n � 29, 	2 � 1.333, df � 1, P
� 0.248).

Comparisons of Restocked and Supplementally
Stocked Turkeys

There was no difference in cumulative 28-month
survival of southeastern 1994 and 1997 broodstock (	2

� 2.803, df � 1, P � 0.094), or 1994 and 1997 mid-
western broodstock (	2 � 0.510, df � 1, P � 0.475).
Likewise, cumulative survival did not differ between
1994 and 1997 southeastern females (	2 � 0.328, df
� 1, P � 0.567) or between 1994 and 1997 midwest-
ern females (	2 � 0.335, df � 1, P � 0.563); however,
1994 southeastern males had a higher survival rate
(0.833 � 0.152) than that of 1997 southeastern males
(0.200 � 0.127) (	2 � 10.213, df � 1, P � 0.001).
No 1994 midwestern males survived until the end of
George’s (1997) study; survival of midwestern males
released in 1997 was 0.200 � 0.127 (	2 � 5.050, df
� 1, P � 0.025).

DISCUSSION

There was a general trend of increased survival of
1997 turkeys as overlap of their home ranges with
those of 1994 turkeys increased. However, the impact
of that relationship was most important during the first
season (spring) after release. Newly released turkeys
lacked familiarity with the habitat and contact with
birds that had lived in the area for several years prob-
ably aided the 1997 birds in predator avoidance, food
gathering, and roost site selection.

Our data indicate that increased overlap was more
important to female survival than male survival, and
most important to survival of midwestern females.
Midwestern turkeys were not only unfamiliar with the
habitat, but also with the habitat type. George (1997)
documented long distance movements by several mid-
western turkeys shortly after release and hypothesized
that they were searching for familiar habitat. Also, a
1994 midwestern male was legally taken by a hunter
about 80 km north of where it was released 5 years
earlier. None of the 1997 midwestern turkeys made
such movements, which suggests that contact with
1994 birds reduced wandering. Although 5 southeast-
ern and 8 midwestern turkeys were missing when the
study ended, we recorded no long distance movements
similar to those documented by George (1997).

Lack of a relationship between home range over-
lap and survival during the first summer was most like-
ly due to breeding behavior. Behavior of female tur-

keys changes drastically when they begin searching for
nest sites. They disperse from the winter range and
avoid other females (Healy 1992), and males range
widely, seeking females. We found no evidence that
32 of the 56 females released in 1997 attempted to
nest the first spring/summer. However, some of these
females probably were physiologically in the nesting
mode, thus avoiding other females.

By winter 1997, most surviving 1997 turkeys were
in small flocks. Home range overlap during winter did
increase survival of females, but not when the birds
were separated by broodstock source, likely because
of reduced sample sizes. Regardless, our results indi-
cate that home ranges shared by supplementally
stocked and previously stocked turkeys benefits sur-
vival of the supplementally stocked birds and that tur-
keys unfamiliar with the habitat type gain greater ben-
efits than those familiar with it.

Kelly (2001) used home range overlap as a mea-
sure of association. If the home range of a 1997 turkey
overlapped that of a 1994 turkey by at least 68%, he
classified the 1997 turkey as associating with the 1994
bird. Although he found no differences in survival of
associating and non-associating turkeys, the number
and percentage of 1997 females that associated with
1994 birds increased each of the first 3 seasons. During
the first spring, 4 of 7 adult males were classified as
associating whereas none of the 12 juveniles were so
classified. He hypothesized that dominant males re-
mained in the vicinity of females whereas subdomi-
nant males, primarily juveniles, dispersed into habitats
with few or no radio-tagged females (Kelly 2001).

Although home range sizes of 1997 females did
not differ by origin in any season, sizes did decline
each season after release. Over the first 3 seasons after
release, average home range sizes of southeastern and
midwestern females declined from 957 to 668 ha
(30%) and 1251 to 563 ha (55%), respectively. These
results parallel those of George (1997) and demon-
strate that released turkeys settle into smaller home
ranges as they become familiar with the habitat.
George (1997) also found that resident females had
smaller home ranges than restocked females. In this
study, average home range sizes of 1994 females were
at least 25% smaller than those of 1997 females each
season (Kelly 2001).

As with George’s (1997) study, cumulative surviv-
al values of southeastern (0.452 � 0.089) and mid-
western (0.469 � 0.088) 1997 females were similar;
these values are similar to those of his study. However,
George (1997) recorded better survival of southeastern
males and poorer survival of midwestern males than
found in our study. In both studies, male sample sizes
were relatively small, thus comparisons must be
viewed with caution. Regardless, survival rates of fe-
males in both studies were similar to those recorded
in other studies (Hopkins 1981, Campo 1983) and are
considered acceptable (George 1997).

In restocking efforts, survival is critical, but so is
reproduction. In this study, the supplementally stocked
females had very poor reproductive success. During
the 3-year study, 128 females entered a nesting season.
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They produced 95 known or assumed nests of which
90 were abandoned or depredated. Two females were
depredated as their eggs hatched, thus only 3 clutches
were successful and only 2 poults definitely fledged.
These findings suggest that due to poor reproduction,
Backs and Eisfelder’s (1990) reservations about sup-
plementally stocking wild turkeys in marginal habitats
are correct.
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Abstract: Wild turkey (Meleagris gallopavo) studies have traditionally focused on factors associated with popu-
lation change from within the population. Consequently, movement into and out of turkey populations is poorly
understood. From 2000–2002, we monitored 554 Rio Grande wild turkeys (M. g. intermedia) at 3 sites in the
Texas Panhandle to determine the pattern, prevalence, composition and importance of movements among winter
roosts. The majority (85.6%) of all monitored birds exhibited winter range fidelity. Differences among age and
sex classes existed. Adult females exhibited the highest winter range fidelity (96.7%), while yearling females
exhibited the lowest (62.5%). Further, yearling females were responsible for the majority of permanent movements
away from winter roosts (dispersal). For both residents and dispersers, winter was the season of least movement,
while dispersers exhibited the greatest movement during spring. We found no evidence of decreased survival or
productivity between yearling dispersers and yearling residents. Our findings suggest yearling females may play
an important role in connecting relatively disjunct winter roost populations.
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Leopold suggested some local game populations
are dependent upon immigrants from other populations
for their continued existence as well as for expansion
of species distributions (Leopold 1933). Recent eco-
logical paradigms (e.g., island biogeography and meta-
population dynamics) emphasize the importance of
movement among populations and have found their
primary application in conservation biology (Hanski
1997). Dispersal of individuals has rarely been ex-
amined in North American game species even though
dispersal among populations may influence sustainable
harvest rates at larger scales (McCullough 1996). Al-
though genetics data on wild turkey suggests little in-
terchange among flocks even at the local level (Boone
and Rhodes 1996), little work has addressed the role
of movements of individuals between winter roosts of
wild turkeys.

Studies on wild turkeys have generally focused on
localized movements (Brown 1980) and documented
larger home ranges for yearling females than adult fe-
males (Schmutz and Braun 1989, Hoffman 1991, Bad-
yaev et al. 1996). Several studies on Rio Grande tur-
keys have documented longer straight-line distances
traveled from winter to summer ranges by juvenile
(yearling) females compared with adults (Schmutz and
Braun 1989, Stevens 1989, Miller et al. 1995). Such
distances may represent migration (a roundtrip move-
ment with return to the origin) or dispersal (a one-way
movement without return). Classifying these move-
ments as migration or dispersal is contingent upon de-
fining some aspect of range fidelity (White and Garrott
1990).

While studies have assessed wild turkey fidelity to
nesting ranges (Everett et al. 1979, Badyaev and Faust
1996), few studies have addressed winter range fidel-
ity. Early studies documented high winter roost fidelity
(Thomas et al. 1966, Smith 1975) with migratory
movements from winter to summer ranges (Thomas et
al. 1973). However, several studies suggested that
yearling females may play a key role in movement
among winter roost sites and population expansion
(Thomas et al. 1966, Logan 1970, Brown 1980, Healy
1992).

In the majority of bird species, females disperse
more frequently than males (Greenwood 1980). From
the population perspective, however, dispersal is sig-
nificant only if dispersers effectively contribute to sub-
sequent generations. Studies suggest decreased surviv-
al (Murray 1967) and/or decreased reproductive output
(Danchin and Cam 2002) may be costs associated with
dispersal. Such dispersal costs may explain some of
the extreme variation in both survival and reproductive
rates in yearling wild turkey females (see Vangilder
1992). Further, such costs may explain low rates of
genetic interchange among local flocks (Boone and
Rhodes 1996).

We are unaware of any studies empirically ex-

1 E-mail: Richard.Phillips@ttu.edu
2 Present address: U.S. Fish and Wildlife Service, 11103 E.

Montgomery Drive, National Wildlife Refuge, Spokane, WA
99206, USA.

ploring movement among winter roosts, dispersal pat-
terns or subsequent costs or benefits to wild turkeys
that disperse. Given the patchy distribution of Rio
Grande wild turkeys over western portions of their na-
tive range, an understanding of these types of move-
ments could influence the scale at which management
occurs. The presence or absence of dispersers in Rio
Grande wild turkey populations may (1) reveal dis-
junct populations of turkeys connected by long-dis-
tance movements by relatively few individuals, (2)
provide information on the expansion of populations
through winter roost colonization, and (3) explain
some of the variation associated with survival and
nesting rates in the yearling cohort of Rio Grande wild
turkeys.

Objectives of our study were to (1) assess age and
sex-specific movement patterns for Rio Grande wild
turkey and (2) examine the influence of these move-
ment patterns on survival and reproduction. We pre-
dicted yearling females would move greater straight-
line distances and constitute the majority of dispersers.
Further, we predicted yearling females that dispersed
would experience decreased survival and decreased re-
productive success. To test these predictions, we eval-
uated (1) straight-line distances from winter roost to
subsequent roosts both within and among years, (2)
proportion of birds exhibiting winter site fidelity, (3)
proportion of dispersers, and (4) survival and nesting
rates of residents versus dispersers.

STUDY AREA

We collected data at 3 study sites along riparian
corridors in the Texas Panhandle near the western edge
of Rio Grande wild turkey distribution in Texas (Bea-
som and Wilson 1992). All 3 study sites were located
in the Rolling Plains of Texas and were characterized
by narrow, wooded riparian corridors surrounded by
mixed grass prairie. Predominant land use was cattle
production with varied amounts of both irrigated and
non-irrigated agriculture. Riparian species along main
waterways and tributaries consisted primarily of hack-
berry (Celtis spp.), black locust (Robinia pseudo-aca-
cia), honey locust (Gleditsia triacanthos), western
soapberry (Sapindus drummondi) and cottonwoods
(Populus deltoides). Both Russian olive (Eleagnus an-
gustifolia) and honey mesquite (Prosopis glandulosa)
trees were also common. Spears et al. (2002) provide
detailed descriptions of vegetation types at each study
site.

Gene Howe Wildlife Management Area (GHWMA),
along the Canadian River near Canadian, Texas,
served as the northernmost site (35�57�00�N,
100�17�45�W), while Matador Wildlife Management
Area (MWMA), the southern-most site, was located
north of Paducah, Texas, along the Pease River
(34�07�30�N, 100�02�45�W). The third site was located
on private lands along the Salt Fork of the Red River
(Salt Fork) between Clarendon and Hedley, Texas
(35�02�00�N, 100�37�30�W).
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METHODS
Capture

We captured Rio Grande wild turkeys using drop
nets, rocket nets, and walk-in funnel traps baited with
milo or corn (Glazner 1964, Bailey 1980) during win-
ters 2000–2002. We determined sex and age (adult vs.
yearling) of all captured birds using methods described
by Williams (1961). We attached 95-g backpack-style
radio transmitters with 8-hour mortality switches
(Model # A1155 Advanced Telemetry Systems, Isanti,
Minnesota, USA) to birds using 6-mm nylon over-
braid rubber harness cord. Each year, between January
and March, we captured Rio Grande wild turkeys at
each of the 3 study sites to maintain approximately 15
yearling females, 10 yearling males, 35 adult females
and 15 adult males for a total of 75 telemetered birds
per site. We reclassified yearlings as adults during Jan-
uary of their second winter.

Monitoring

Each year, we located marked birds �2 times per
week between capture date and August and once
weekly from August to December. We used vehicle-
mounted 4-element null-peak Yagi antenna systems to
triangulate turkey locations. To estimate system biases
for vehicle-mounted null peak systems, we triangulat-
ed test transmitters in known locations to determine
errors (7.5� to 10.6�) associated with location esti-
mates.

We also recorded all visual observations and, us-
ing handheld 3-element Yagi antennas, employed hom-
ing techniques (White and Garrott 1990) to locate
nests and to make direct observations of turkeys. All
visual locations were recorded using handheld Global
Positioning System receivers.

Movement Terminology

Three general types of movements are often ad-
dressed in wildlife studies: (1) localized movements,
(2) migration, and (3) dispersal (White and Garrott
1990, Kernohan et al. 2001). Localized movements re-
fer to movements within home ranges or core use areas
(Laundré et al. 1987). Migration is defined as a two-
way movement from one established range to another
with subsequent return and is often associated with
seasons (Arguedas and Parker 2000). Dispersal is de-
fined as a one-way movement from an established area
to another area without return and with no predeter-
mined direction (Schroeder and Boag 1988, Schwartz
and Franzmann 1992). For our study, residents were
birds that exhibited winter range fidelity. Dispersers
were birds that did not exhibit winter range fidelity for
consecutive years.

Analyses

To determine winter range fidelity and consequent-
ly resident or disperser status, we used both autumn
and winter locations to calculate 100% minimum con-
vex polygons (MCP) using ArcView (Version 3.3, En-

vironmental Systems Research Institute, Redlands,
California, USA) and the Animal Movement program
extension (Hooge et al. 1999). We considered any de-
gree of overlap between winter MCP range in yearx

and range in yearx�i winter range fidelity. We catego-
rized birds exhibiting permanent winter range shifts as
dispersers, while those that did not were classified as
residents.

Wild turkeys that did not survive the entire year
(or long enough to calculate 2 winter ranges) were
classified as residents or dispersers based upon move-
ment criteria established from those with known fates.
We calculated 2 types of straight-line distances be-
tween individual turkey roost locations to assess
movement: consecutive and displacement. Average
consecutive distances represented the average distance
moved among all locations for a given bird during a
given season. These distances were used to estimate
the season of greatest movement. Displacement dis-
tances represented maximum distance from the first to
the last known roost location for each individual tur-
key within 1 year. These distances were used to assess
range shifts.

Survival Analyses

We included turkeys relocated �1 time/week in
survival analyses between movement classifications.
Using the SAS function PROC PHREG (SAS Institute
1999), we calculated annual survival curves using the
Cox proportional-hazards model with 95% confidence
intervals using movement classification (resident vs.
disperser) as the single variable. We right-censored in-
dividual turkeys once they reached the adult classifi-
cation (1 Jan of subsequent year).

Nesting Analyses

We used locations during the nesting season to de-
termine possible nesting hens. We confirmed nesting
attempts by visual observation of incubating hens or
evidence of eggs upon investigation of mortalities. We
considered a nest successful if �1 egg in a clutch
hatched (Badyaev 1995). Yearling nests were classified
as dispersers only for those attempted during the year
of actual dispersal.

All statistical analyses were conducted using the
computer program SAS (SAS Institute 1999). Para-
metric tests were conducted using PROC ANOVA.
Kruskal-Wallis nonparametric tests were performed
using PROC NONPAR procedure (Conover 1999,
SAS Institute 1999). Friedman’s tests were conducted
by ranking variables by group (PROC RANK) and
then performing analysis of variance (PROC ANOVA)
on the ranked values (Conover 1999, SAS Institute
1999). F-values produced by SAS approximated those
values produced by Friedman’s test (SAS Institute
1999). Chi-square tests for independence were used to
assess proportional differences between and among
groups (Zar 1999). Significance was assessed at the �
� 0.05 level for all tests. In cases where main effects
justified further analysis, mean or median separation
was conducted using Tukey’s test at the � � 0.05 level.
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Table 1. Mean consecutive distances traveled (m) during pe-
riods and annual displacement distances for known residents
and dispersers in Rio Grande wild turkey populations studied in
the Texas Panhandle, 2000–2002. Means (between periods)
with the same letters are not different (P � 0.05).

Classification

Periodsa

Spring Summer Autumn Winter Annualb

Resident 1,244A 1,398A 1,318A 751B 2,012
Disperser 3,597A 1,820B 1,554B 1,042C 12,030

a Spring: 15 Mar–14 Apr; Summer: 15 Apr–14 Aug; Autumn: 15 Aug–
14 Nov; Winter: 15 Nov–14 Mar.
b Annual distances were significantly different (� � 0.05, Tukeys
test) between residents and dispersers.

Fig. 1. Displacement distances (km) traveled by known resi-
dents and known dispersers of Rio Grande wild turkeys in the
Texas Panhandle, 2000–2002.

RESULTS
We captured 554 Rio Grande wild turkeys at 3

study sites during winters 2000–2002. Of these, 34
died within 2 weeks of capture and were censored
from analyses. An additional 14 yearling females were
censored due to lost signals or transmitter failure. We
obtained a total of 20,969 locations using the Maxi-
mum Likelihood Estimator in the computer program
LOAS (Ecological Software Solutions 2002). Location
error varied among sites but averaged �216,160 m2

for all sites.
We identified winter, spring, summer and autumn

periods based on hen behavior observed across study
sites. The dates of 16 November to 15 March repre-
sented the winter roost period, with most hens local-
ized in large numbers (typical range � 75–350 birds)
at traditional winter roosts. Spring period was based
on winter flock breakup and the beginning of nesting
was from 16 March (mean earliest nest initiation date
[range � 9–20 Mar]) to 15 April. The summer period
ranged from 16 April to 15 August when most hens
were in various stages of nesting and brood rearing.
The autumn period, 16 August to 15 November, was
characterized by the end of nesting and the beginning
of movement back to winter roost sites.

Movement Analyses

Winter Home Range

Winter home range overlap was compared for tur-
keys (n � 181) with sufficient locations (n � 3 per
winter) to generate MCP100 ranges in yearx and yearx�1.
Rio Grande wild turkeys had high (85.6%) annual win-
ter range fidelity. Adult females had the highest winter
fidelity (96.7%), whereas yearling females had the
lowest (62.5%). No turkey that moved �3.1 km be-
tween MCP100 winter range peripheries in consecutive
years returned to a previously used winter range. Tur-
keys with identified winter ranges that overlapped or
with peripheries that were �3.1 km apart were clas-
sified as known residents. Turkeys with winter range
peripheries �3.1 km apart were classified as dispers-
ers.

Percentage of known dispersers ranged from 5.7%
at GHWMA to 18.9% at Salt Fork but did not differ
(	2 � 4.46, df � 2, P � 0.108) among sites. A greater

proportion of yearling females (n � 18, 37.5%) dis-
persed and established new winter home ranges (	2 �
29.74, df � 3, P 
 0.001) than did yearling males (n
� 4, 11.8%), adult males (n � 2, 5.4%) or adult fe-
males (n � 2, 3.2%) among all sites.

Straight-line Analyses

Consecutive seasonal distances (n � 686) were
calculated for all seasons for all known fate birds.
Among all sites, turkeys moved less (F � 19.65, df �
3, P 
 0.001) during winter than in other seasons (Ta-
ble 1). Known residents had smaller (F � 11.90, df �
2, P 
 0.001) consecutive movement distances than
dispersers in each season. Within movement classifi-
cations, known residents moved similar distances (F
� 18.54, df � 2, P � 0.001) during summer, autumn,
and spring seasons. However, known dispersers moved
greater (F � 5.52, df � 3, P � 0.002) distances during
spring than during summer, indicating spring was the
period of greatest disperser movement.

Annual displacement distances (n � 294) were
greater (F � 38.10, df � 2, P 
 0.001) for known
dispersers (N � 25, x̄ � 12.03 � 4.20 km) than for
known residents (N � 257, x̄ � 2.03 � 2.30 km). We
used 6.63 km, which represented �95% of all dis-
placement distances moved by all known residents
(Figure 1) to classify (resident vs. disperser) turkeys
(n � 241) whose range use was undetermined in
yearx�1. Annual displacement distances for turkeys
classified as dispersers did not differ (F � 1.57, df �
3, P � 0.214) among age and sex classifications.

Yearling females dispersed with greater frequency
than any other age and sex classification (	2 � 5.7161,
df � 1, P � 0.016). Proportions of residents and dis-
persers determined by distances calculated did not dif-
fer (	2 � 3.0088, df � 1, P � 0.083) from proportions
of known dispersers and residents for any age or sex
class. Both known and calculated movement catego-
ries were combined for subsequent analyses (Table 2).
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Table 2. Numbers and percentages of Rio Grande wild turkeys
by movement category in the Texas Panhandle, 2000–2002.

Age Sex Resident (%)a Dispersers (%)b Total

Adult Female 138 (94.5) 8 (5.5) 146
Yearling Female 76 (65.0) 41 (35.0) 117
Adult Male 80 (88.9) 10 (11.1) 90
Yearling Male 60 (89.6) 7 (10.4) 67
Adult All 220 (92.4) 18 (7.6) 238
Yearling All 136 (73.9) 48 (26.1) 184
All Female 214 (81.4) 49 (18.6) 263
All Male 142 (89.3) 17 (10.7) 159
Total 367 (84.4) 66 (15.6) 422

a Total percentage of a cohort classified as residents.
b Total percentage of a cohort classified as dispersers.

Fig. 2. Cox proportional hazards output with 95% CI for year-
ling female Rio Grande wild turkey survival by movement cate-
gory in the Texas Panhandle, 2000–2002.

Table 3. Number of yearling female nesting attempts and suc-
cesses by year, site and movement class for Rio Grande wild
turkeys in the Texas Panhandle, 2000–2002. (No. of possible
nesting birds:No. of attempts:No. of successes)

Sitea Movement 2000 2001 2002 Total

GHWMA Resident 12:4:1 6:2:0 7:2:0 25:8:1
GHWMA Disperser 2:2:2 2:2:0 4:5:3 8:9:5
MWMA Resident 11:3:1 9:3:2 12:5:1 31:11:4
MWMA Disperser 6:1:0 0:0:0 4:2:0 10:3:0
Salt Fork Resident 9:4:4 1:2:0 6:5:2 16:11:6
Salt Fork Disperser 1:0:0 6:2:1 14:3:2 21:5:3
All Resident 32:11:6 16:7:2 25:12:3 73:30:11
All Disperser 9:3:2 8:4:1 22:6:3 39:13:6

a GHWMA � Gene Howe Wildlife Management Area; MWMA �
Matador Wildlife Management Area; Salt Fork � Salt Fork of the
Red River.

Survival Analyses

From 2000–2002, 116 yearling females were mon-
itored for 27,972 radiodays to compare survival be-
tween yearling residents and dispersers. No differences
were detected (Figure 2).

Nesting Analyses

From 2000–2002, yearling females attempted 42
nests (Table 3) representing 29.17% to 33.33% of the
cohort. Nesting attempts were detected for only 13 dis-
persing yearlings. No differences were detected be-
tween movement classes for proportions of nests at-
tempted (	2 � 2.7253, df � 1, P � 0.099) or the per-
centage of successful attempts (	2 � 0.3415, df � 1,
P � 0.559). At MWMA, yearling females that dis-
persed never successfully nested despite 3 attempts.
Whereas at both GHWMA and Salt Fork 3 of 5 year-
ling dispersers that attempted nests were successful.

DISCUSSION
Rio Grande wild turkeys in the Texas Panhandle

exhibit migratory movements during the spring and
autumn resulting in disjunct summer and winter rang-
es. In contrast to migratory movement, some wild tur-
keys exhibit dispersal, permanently leaving winter
roosts. Yearling females are the wild turkey cohort pri-
marily responsible for linking winter roost populations
in the Texas Panhandle via dispersal. Yearling females
routinely (1 out of 3) left natal winter roosts and never
returned. Similar patterns occur in other bird species
(Greenwood 1980). Anecdotal evidence (see Healy
1992) suggested that eastern (Ellis and Lewis 1967,
Fleming and Speake 1976) and Rio Grande turkeys in
eastern Colorado (Schmutz and Braun 1989) also ex-
hibit this pattern.

While our results support our hypothesis that year-
ling females dispersed more than other age classes, our
results do not support our other hypotheses addressing
inherent risks traditionally identified with dispersal
movements: decreased survival (Murray 1967) and de-
creased reproductive performance (Danchin and Cam
2002). Few studies (e.g., Forsman et al. 2002) have
addressed dispersal utilizing radio telemetry; most
have used unknown fate mark-recapture (Turchin
1998). Radio telemetry allows analysis of post-dis-

persal data and consequently may be better able to
assess biological costs of dispersal to the individual
(McShea and Madison 1992). Our data do not support
the costs typically associated with dispersal.

In telemetry studies on other Galliformes, there
was no consensus on individual costs of dispersal.
Beaudette and Keppie (1992) found no differences in
survival between resident and dispersing spruce grouse
(Dendragapus canadensis). In ruffed grouse (Bonasa
umbellus), Small et al. (1993) found decreased surviv-
al by dispersers but suggested such a decrease may not
be solely attributed to dispersal, while in blue grouse
(Dendragapus obscurus), similar reproductive and sur-
vival rates for residents and dispersers were reported
(Hines 1986). Studies on white-tailed ptarmigan (La-
gopus leucurus) found dispersers almost exclusively
responsible for recruitment in Colorado (Martin et al.
2000).

To our knowledge, no studies on wild turkeys have
addressed survival or reproduction by movement cat-
egory. Interpretation of our survival analyses are hin-
dered by small sample sizes associated with dispersal.
Biases may also be associated with our survival and
nesting analyses: (1) the longer a disperser lived the
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greater the probability it would be found; (2) converse-
ly, residents were logistically easier to monitor and
may have been more quickly documented as nesters
thus decreasing nesting success rates, or (3) fewer
numbers of dispersers attempted nests and this could
have increased their chances of survival. Further, as-
sessing dispersal across 3 sites and years may con-
found interpretation. Despite these commonly encoun-
tered problems with the study of dispersal, our obser-
vations merit further discussion.

Dispersal has traditionally been associated with
density (McCullough 1996). Long-term studies on the
eastern subspecies suggest almost no nesting by ju-
venile females and that density-dependent factors may
be limiting populations in Mississippi (Miller et al.
2001). High nesting rates by yearling females have
been documented in recently introduced populations of
wild turkey (Schmutz and Braun 1989; Keegan and
Crawford 1999). Such findings suggest density-depen-
dence may influence yearling nesting rates. Yearling
females may also be expected to disperse at greater
frequency from areas of high density than from areas
with low densities (Sutherland et al. 2002). Fleming
and Speake (1976) suggested emigration played a sub-
stantial role in the loss of turkeys from a stable pop-
ulation on their study site in Alabama.

Populations at our 3 sites were thought to be ex-
hibiting different dynamics: MWMA’s population was
thought to be decreasing, while GHWMA and Salt
Fork were thought to be stable or increasing (Ballard
et al. 2001). The Salt Fork had more successful year-
ling nests (n � 9) than the MWMA (n � 4) and
GHWMA (n � 4) combined. Further, at the Salt Fork,
a greater proportion (56.7%; 21 of 37) of telemetered
yearling females dispersered than at GHWMA (31.0%;
10 of 32) or MWMA (32.0%; 8 of 25). Unfortunately,
9 of 14 censored yearling females were from the
GHWMA. Our findings at the Salt Fork and MWMA
lend support to the idea of density-related dispersal.
Further, in our study, the site with the greatest annual
variation in yearling survival rate (Salt Fork: range �
21–58%) also produced the greatest number of dis-
persers.

Interpretation of our findings in relation to pub-
lished literature on wild turkeys is often confounded
by terminology. Dispersal in the majority of published
wild turkey studies has referred to breeding dispersal,
a measure of distance from some estimate of winter
range to nesting or breeding range, or natal dispersal,
referring to a distance moved from place of birth to
the place of first breeding. Neither of these address
whether such movements represent two-way move-
ment (e.g., with return to winter roost area) or a per-
manent movement away from an area. As a result they
do not allow assessment of egress in wild turkey pop-
ulations. Future studies may benefit from explicitly
stating directionality (or lack thereof) of movement (as
in Schumutz and Braun 1989).

The role of these movements in determining pop-
ulation structure remains relatively unknown. In the
eastern subspecies, Leberg (1991) suggests there is

‘‘nothing inherent in the population structure of tur-
keys leading to large genetic differences among pop-
ulations (1991:527).’’ However, behavioral observa-
tions of lekking behavior in Rio Grande wild turkey
(Watts and Stokes 1971) were recently verified genet-
ically in California (Kraukauer 2005) and may de-
crease genetic diversity in subsequent generations
(Chesser 1991). Large-scale studies generally found
poor relationships between genetic and geographic dis-
tances (Leberg et al. 1994, Mock et al. 2002). At
smaller scales, findings on the Rio Grande subspecies
suggest genetic structure may occur at scales as small
as local flocks (Boone and Rhodes 1996) or among
winter roosts at small (
30 km) scales (Rhodes et al.
1996).

While the role of yearling female dispersal in wild
turkey populations is poorly understood, our findings
suggest movement into and out of turkey populations
may play an important role in population dynamics.
Relationships among population density and yearling
female dispersal, reproductive, and survival rates merit
further investigation as do habitat variables associated
with dispersal movement (e.g., connectivity of riparian
areas). The role of yearling dispersal and its influence
on genetic population structure should also be inves-
tigated. An understanding of yearling female dispersal
may allow management appropriate to the scale at
which population structure occurs.
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Abstract: Many states use poult-hen counts to index wild turkey (Meleagris gallopavo) population parameters
such as reproduction, recruitment, and density. Texas Parks and Wildlife Department (TPWD) personnel have
conducted poult-hen counts of Rio Grande wild turkeys (M. g. intermedia) since 1978. In 2000, we began esti-
mating recruitment and reproductive parameters at 3 study sites in the Texas Panhandle and 1 site in southwestern
Kansas. During 2000–2004, we estimated reproductive parameters by intensively monitoring 374 radio-tagged
wild turkey hens. From annual January–March trapping efforts during 2000–2005, we used the percent of all
captured wild turkeys that were juveniles (percent juveniles captured) to index recruitment for 1999–2004. We
used the TPWD poult-hen count data from 1999–2004 to estimate poults/hen for counties that contained our study
sites. In 2002, we began conducting our own poult-hen counts at the study sites in order to estimate poults/hen
at a localized scale. Nesting success rate, mean number of eggs laid per hen, mean number of eggs hatched per
hen, percent of juvenile females captured, and percent of juveniles captured were correlated (r2 � 0.349, 9 � n
� 10, P � 0.05) to our poults/hen estimates. However, none of the reproductive or recruitment parameters were
correlated to TPWD poults/hen estimates (r2 � 0.143, 13 � n � 16, P � 0.10). Our analyses suggested poult-
hen counts could index reproduction and recruitment at localized scales. However, on an ecoregion scale, TPWD
poults/hen estimates were unable to index reproduction or recruitment (r2 � 0.299, 5 � n � 6, P � 0.15). The
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inability of the TPWD poults/hen estimates to index reproduction or recruitment at local or ecoregion scales may
have resulted from small sample sizes used to calculate TPWD estimates and uneven and inadequate coverage of
samples across the ecoregion. If TPWD poults/hen estimates are to be valuable indices at local or ecoregion scales,
larger and evenly distributed samples from standardized and randomized surveys must be obtained.

Proceedings of the National Wild Turkey Symposium 9:159–168
Key words: density, Kansas, Meleagris galopovo intermedia, poult-hen count, poults/hen index, recruitment,
reproduction, Rio Grande wild turkey, Texas.

Fig. 1. Locations of the Rio Grande wild turkey study sites
used in local-scale correlation analyses (from north to south:
Cimarron National Grasslands, Gene Howe Wildlife Manage-
ment Area [WMA], private ranches surrounding the Salt Fork of
the Red River, and Matador WMA) and the boundary of the 29-
county, Texas Panhandle Rolling Plains ecoregion used in the
broad-scale ecoregion analyses.

Poult-hen counts have been used to index popu-
lation densities, reproduction, and recruitment of up-
land game birds such as eastern wild turkey (M. g.
silvestris; Bartush et al. 1985), Rio Grande wild tur-
key (DeArment 1959, Schwertner et al. 2003), Mer-
riam’s wild turkey (M. g. merriami; Hoffman 1962,
Shaw 1973), ring-necked pheasant (Phasianus col-
chicus; Riley and Riley 1999), and gray partridge
(Pardix pardix; Suchy et al. 1991). Wild turkey poult-
hen counts have been used by many state natural re-
source agencies (Kurzejeski and Vangilder 1992) and
many researchers have examined aspects of poult-hen
counts. For example, the effects of environmental
conditions and time of day on poult-hen counts were
examined for pheasants (McClure 1945, Kozicky
1952, Klonglan 1955) and wild turkeys (Shaw 1973,
Bartush et al. 1985). The power to detect trends in
poult-hen counts was examined for pheasants (Rice
2003) and wild turkeys (Schultz and McDowell 1957,
Schwertner et al. 2003). In addition, the relationship
between harvest and poult-hen counts was examined
for wild turkeys (Kennamer et al. 1975, Wunz and
Shope 1980, Wunz and Ross 1990) and pheasants
(Rice 2003). Many of these studies reported a positive
relationship between poults/hen estimates and wild
turkey harvest in the fall (e.g., Menzel 1975, Wunz
and Shope 1980). These relationships were used to
infer that poults/hen is a valid index of recruitment
and density even though there is limited information
regarding such a relationship.

In Texas, TPWD personnel have been conducting
poult-hen counts as an index of recruitment in Rio
Grande wild turkey populations since 1978 (TPWD,
unpublished data). However, the validity of poults/
hen estimates as an index of population parameters
was questioned by Caughley (1974). The assumption
was that poult-hen counts were a surrogate for pop-
ulation abundance or density (e.g., Bartush et al.
1985, Roberts and Porter 1996, Healy and Powell
1999). However, no studies examined the validity of
using poult-hen count data to index recruitment, re-
production, or density though some conducted power
analyses for trend detection (e.g., Schultz and Mc-
Dowell 1957, Schwertner et al. 2003). Thus, our ob-
jective was to evaluate poult-hen counts as an index
of reproduction and recruitment. Specifically, we
were interested in determining if a positive linear re-
lationship between poults/hen estimates and measures

1 E-mail: matthew.j.butler@ttu.edu

of reproduction and recruitment existed at local and
ecoregion scales.

STUDY AREA
The ecoregion-scale study area was a 29-county

area located in the Texas Panhandle (hereafter, referred
to as the Panhandle Rolling Plains ecoregion) (Figure
1). The local-scale research was conducted at 3 study
sites in the Texas Panhandle and 1 site in southwestern
Kansas (Figure 1). The Texas Panhandle study sites
were centered on (1) the Matador Wildlife Manage-
ment Area (WMA), located in northwestern Cottle
County along the confluence of the Middle and South
Pease rivers; (2) the Gene Howe WMA, located in
northern Hemphill County along the Canadian River;
and (3) private ranches surrounding the Salt Fork of
the Red River, located in western Collinsworth and
eastern Donley counties. The southwestern Kansas
study site was centered on the Cimarron National
Grasslands in southwestern Stevens and southern Mor-
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Table 1. Texas Parks and Wildlife Department (TPWD) poults/hen estimatesa for Rio Grande wild turkeys in the Texas Panhandle,
1999–2004.

Study siteb

Year

1999

x̄ n

2000

x̄ n

2001

x̄ n

2002

x̄ n

2003

x̄ n

2004

x̄ n

Gene Howe WMAc 3.3 4 5.7 14 2.5 8 2.6 7
Salt Forkc 7.3 3 3.0 2 1.3 2 6.5 2 5.3 3 1.4 6
Matador WMAc 4.6 3 3.2 1 5.2 8 5.0 5 1.8 38 4.3 3
Ecoregiond 3.3 22 3.1 8 4.7 31 3.4 27 2.3 62 3.0 35

a The TPWD poults/hen estimates were derived from opportunistic observations made by TPWD personnel (see Schwertner et al. 2003).
b Research was conducted at the Gene Howe Wildlife Management Area (WMA), private ranches surrounding the Salt Fork of the Red River
and Matador WMA.
c The TPWD poults/hen estimates for the study sites were derived from poult-hen counts conducted by TPWD personnel in counties that
contained our study sites.
d Pooled TPWD data from the 29-county, Texas Panhandle Rolling Plains ecoregion were used in the broad-scale ecoregion analyses.

Table 2. Texas Tech University (TTU) poults/hen estimatesa

for Rio Grande wild turkeys in the Texas Panhandle and south-
western Kansas, 2002–2004.

Study siteb

Year

2002

x̄ n

2003

x̄ n

2004

x̄ n

Cimarron NG 1.4 56 0.3 65
Gene Howe WMA 0.9 53 0.7 56
Salt Fork 2.7 35 1.7 57 1.5 68
Matador WMA 0.2 8 1.4 29 0.7 40

a The TTU poults/hen estimates were derived from opportunistic ob-
servations made by TTU personnel.
b Research was conducted in southwestern Kansas at the Cimarron
National Grasslands (NG) and in the Texas Panhandle at the Gene
Howe Wildlife Management Area (WMA), private ranches surround-
ing the Salt Fork of the Red River, and Matador WMA.

ton counties, Kansas, and southeastern Baca County,
Colorado, along the Cimarron River.

Little information was available concerning wild
turkey population densities at the study sites or across
the ecoregion though it was suspected that wild turkey
populations were stable or increasing (Brunjes 2005).
Also, we selected the study sites because they repre-
sented the range of environmental and anthropogenic
influences in the ecoregion. Wild turkey populations
at our study sites were primarily tied to roosting hab-
itat associated with riparian communities. Study sites
were primarily dominated by agriculture (2–21%),
brushland (6–40%), grassland (35–89%), and riparian
and upland trees (2–4%) (Brunjes 2005). Detailed de-
scriptions of the vegetative communities of the study
sites are available in Spears et al. (2002), Butler et al.
(2005), Hall (2005), Butler et al. (2006), and Huffman
et al. (2006). Primary land uses at the study sites were
cattle ranching interspersed with center-pivot agricul-
ture and oil and gas development.

METHODS
Though logistic constraints and other problems of-

ten limited sampling, sampling protocols were de-
signed to set numerical goals for observers. The
TPWD poult-hen survey protocol was an opportunistic

sampling scheme which encouraged TPWD personnel
to record (during their daily activities) �25 observa-
tions of wild turkey hens for each 2-week period from
1 July–15 August each year (e.g., Schwertner et al.
2003). Because of concerns regarding inadequate sam-
ple sizes (number of flocks observed) in the TPWD
counts (Schwertner et al. 2003), we began conducting
poult-hen counts (hereafter, referred to as TTU counts)
in 2002 at our study sites. The TTU survey protocol
also was an opportunistic sampling scheme which en-
couraged TTU personnel to record (during their daily
activities) �30 observations of wild turkey flocks for
each 2-week period from 1 July–15 August each year.
Primarily, each protocol differed in sampling goals; the
TPWD protocol focused on hens but the TTU protocol
focused on flocks. Flocks, the sample units, were in-
dependent groups of wild turkeys; a flock could be 1
or more wild turkeys. Regardless of survey protocol,
the sampling units were wild turkey flocks and ob-
servers recorded the sex, age, and number of wild tur-
keys seen in each flock. However, because the TPWD
protocol was focused on hens, 1 flock of 25 hens ful-
filled the TPWD quota but was considered only 1 sam-
ple under the TTU protocol.

We used both the TTU and TPWD poult-hen
counts to calculate poults/hen estimates for each year
(TTU 2002–2004; TPWD 1999–2004). We used the
TPWD poult-hen count data from counties that con-
tained our study sites to estimate the annual TPWD
poults/hen estimates for each of our study sites. No
TPWD data was available for the Cimarron National
Grassland study site. We also used TPWD poult-hen
count data from the Panhandle Rolling Plains ecore-
gion to calculate TPWD poults/hen estimates for the
ecoregion.

As part of a larger study (e.g., Spears 2002, Hold-
stock 2003, Phillips 2004, Hall 2005, Huffman 2005),
we captured Rio Grande wild turkeys using drop-nets
(Glazener et al. 1964), rocket nets (Bailey et al. 1980),
and walk-in-traps (Davis 1994). We attached a 95-g
backpack-style radio-transmitter with an 8-hour mor-
tality switch (Model #A1155, Advanced Telemetry
Systems, Isanti, Minnesota, USA) to Rio Grande wild
turkeys using 6-mm nylon over-braid rubber harness
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Table 3. Rio Grande wild turkey nesting success ratea in the Texas Panhandle and southwestern Kansas, 2000–2004.

Study siteb

Year

2000

x̄ n

2001

x̄ n

2002

x̄ n

2003

x̄ n

2004

x̄ n

Cimarron NG 43.8 16 40.6 32 35.3 17 27.8 18
Gene Howe WMA 39.1 23 27.3 33 26.3 19 46.3 13 14.3 21
Salt Fork 55.6 9 27.3 22 41.4 29 50.0 12 50.0 14
Matador WMA 42.9 21 33.3 21 15.0 20 31.8 22 25.0 12
Ecoregionc 43.4 53 28.9 76 29.4 68 40.4 47 27.7 47

a Nests were considered successful if �1 poult per clutch hatched. We determined annual success rate by calculating the percentage of
successful hens at each study site.
b Research was conducted in southwestern Kansas at the Cimarron National Grasslands (NG) and in the Texas Panhandle at the Gene Howe
Wildlife Management Area (WMA), private ranches surrounding the Salt Fork of the Red River, and Matador WMA.
c Data from the Texas Panhandle study sites were pooled and used in the broad-scale, Texas Panhandle Rolling Plains ecoregion analyses.

Table 4. Mean number of eggs laid per hen for Rio Grande wild turkeys in the Texas Panhandle and southwestern Kansas, 2000–
2004.

Study sitea

Year

2000

x̄ n

2001

x̄ n

2002

x̄ n

2003

x̄ n

2004

x̄ n

Cimarron NG 7.7 11 7.9 32 10.1 17 9.0 18
Gene Howe WMA 9.3 23 10.3 32 9.0 19 8.3 12 10.0 21
Salt Fork 8.4 8 8.5 22 11.1 25 10.3 12 7.9 13
Matador WMA 10.5 21 9.5 20 5.2 20 8.1 22 9.3 10
Ecoregionb 9.5 52 9.5 74 8.6 64 8.7 49 9.2 44

a Research was conducted in southwestern Kansas at the Cimarron National Grasslands (NG) and in the Texas Panhandle at the Gene Howe
Wildlife Management Area (WMA), private ranches surrounding the Salt Fork of the Red River, and Matador WMA.
b Data from the Texas Panhandle study sites were pooled and used in the broad-scale, Texas Panhandle Rolling Plains ecoregion analyses.

cord using the methods of Holdstock (2003) and Phil-
lips (2004). We considered wild turkeys �1 year of
age as juveniles; we determined age based on char-
acteristics of the ninth and tenth primaries and rectrice
length (Petrides 1942). From annual January–March
trapping efforts during 2000–2005, we used the per-
cent of all captured wild turkeys that were juveniles
(percent juveniles captured) to index recruitment for
1999–2004. Specifically, we used the percent of ju-
venile female, juvenile male, and all juvenile wild tur-
keys captured as indices of recruitment at each study
site.

During 2000–2004, we estimated reproductive
parameters by monitoring 374 radio-tagged wild tur-
key hens; we monitored 19.7 � 1.5 hens (x̄ � SE) at
each study site per year (ranged from 9 to 33 hens at
each study site per year). All radio-tagged hens were
located via triangulation or visual observation �2
times per week during the nesting period to determine
the onset of nesting and incubation by activation and
deactivation of mortality signals and continuous lo-
cation at a specific point (e.g., Miller et al. 1998, Kee-
gan and Crawford 1999). Once we suspected incu-
bation, we determined nest locations by close prox-
imity (within 50 m) triangulation of the hens (Spears
2002, Huffman 2005). Fourteen days after the begin-
ning of incubation, we approached nests, and counted
and floated eggs in order to estimate hatch date (Wes-
terskov 1950). Though concerns about observer in-
duced abandonment exist, only 6.6% of nests were
abandoned and in many of those cases the hen was

accidentally flushed early (Huffman 2005). After
hatching, we examined the nests and made visual ob-
servations of the hens in order to estimate the number
of eggs hatched. We considered nests successful if �1
poult per clutch hatched. We determined annual suc-
cess rate by calculating the percentage of successful
hens at each study site.

We conducted analyses at 2 scales: local (study
site) and ecoregion (Figure 1). At the local scale, we
compared the TTU and TPWD poults/hen estimates
using a paired t-test (Zar 1999). In order to validate
poult-hen counts as indices of recruitment and repro-
duction, we conducted one-tailed correlation analyses.
We used Pearson’s correlation coefficient (Zar 1999)
to determine the linear relationship between the
TPWD and TTU poults/hen estimates. We also cal-
culated correlation coefficients between each poults/
hen estimate and nesting success rate, mean number
of eggs laid per hen, mean number of eggs hatched
per hen, percent juvenile females captured, percent ju-
venile males captured, and percent juveniles captured.
We used data from the Cimarron National Grasslands,
Kansas, for the correlation analyses between all of the
above measures except the TPWD poults/hen esti-
mates. At the ecoregion scale, we pooled data for the
Texas study sites for each year and we combined
TPWD poult-hen count data for the Panhandle Rolling
Plains ecoregion (Figure 1) in order to conduct cor-
relation analyses. We considered correlations signifi-
cant when P � 0.05 and r2 � 0.30.
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Table 5. Mean number of eggs hatched per hen for Rio Grande wild turkeys in the Texas Panhandle and southwestern Kansas,
2000–2004.

Study sitea

Year

2000

x̄ n

2001

x̄ n

2002

x̄ n

2003

x̄ n

2004

x̄ n

Cimarron NG 1.3 11 3.7 32 3.2 17 2.3 18
Gene Howe WMA 3.0 23 2.4 32 2.1 19 4.3 12 1.3 21
Salt Fork 4.4 7 2.3 22 3.3 25 4.8 12 3.7 14
Matador WMA 3.5 20 3.4 20 0.7 20 2.9 22 1.9 10
Ecoregionb 3.4 50 2.6 74 2.1 64 3.7 46 2.2 45

a Research was conducted in southwestern Kansas at the Cimarron National Grasslands (NG) and in the Texas Panhandle at the Gene Howe
Wildlife Management Area (WMA), private ranches surrounding the Salt Fork of the Red River, and Matador WMA.
b Data from the Texas Panhandle study sites were pooled and used in the broad-scale, Texas Panhandle Rolling Plains ecoregion analyses.

Table 6. Percent juvenile femalea Rio Grande wild turkeys captured during annual January–March trapping efforts in the Texas
Panhandle and southwestern Kansas, 1999–2004.

Study siteb

Year

1999

x̄ n

2000

x̄ n

2001

x̄ n

2002

x̄ n

2003

x̄ n

2004

x̄ n

Cimarron NG 11.3 53 19.4 36 0.0 20 51.2 82
Gene Howe WMA 21.3 61 45.3 53 48.6 37 71.7 46 25.6 43 5.2 7
Salt Fork 54.4 68 50.6 87 29.6 81 73.1 26 41.3 75 30.3 37
Matador WMA 32.4 68 37.7 53 47.4 57 30.4 46 50.0 38 34.1 46
Ecoregionc 40.6 250 45.6 229 39.4 175 55.9 138 39.1 238 23.0 90

a We used the percent of juvenile females captured during annual January–March trapping efforts to index annual female recruitment at each
study site.
b Research was conducted in southwestern Kansas at the Cimarron National Grasslands (NG) and in the Texas Panhandle at the Gene Howe
Wildlife Management Area (WMA), private ranches surrounding the Salt Fork of the Red River, and Matador WMA.
c Data from the Texas Panhandle study sites were pooled and used in the broad-scale, Texas Panhandle Rolling Plains ecoregion analyses.

RESULTS
At the local (study site) scale, the TPWD poults/

hen estimates were 2.5 � 0.7 poults/hen (x̄ � SE) larg-
er than the TTU poults/hen estimates (t � 3.557, df �
6, P � 0.012). In addition, a linear relationship was
not evident between the TTU and TWPD poults/hen
estimates (r2 � 0.064, n � 7, P � 0.292). Among
study sites and years, the TPWD poults/hen estimate
ranged from 1.3–7.3 poults/hen (Table 1) and the TTU
poults/hen estimate ranged from 0.2–2.7 poults/hen
(Table 2). Variation existed among study sites and
years for nesting success rate (14.3–55.6%; Table 3),
mean number of eggs laid per hen (5.2–11.1; Table 4),
mean number of eggs hatched per hen (0.7–4.8; Table
5), percent juvenile females captured (0.0–73.1%; Ta-
ble 6), percent juvenile males captured (8.3–89.5%;
Table 7), and percent juveniles captured (3.1–71.6%;
Table 8).

However, at the Panhandle Rolling Plains ecore-
gion scale, there was reduced variation among years.
The TPWD poults/hen estimates for the ecoregion
ranged from 2.3–4.7 poults/hen (Table 1). For the re-
productive measures, nesting success rate ranged from
27.7–43.4% (Table 3), mean number of eggs laid per
hen ranged from 8.6–9.5 (Table 4), and mean number
of eggs hatched per hen ranged from 2.1–3.7 (Table
5). For the recruitment indices, percent juvenile fe-
males captured ranged from 23.0–55.9% (Table 6),
percent juvenile males captured ranged from 17.9–

66.3% (Table 7), and percent juveniles captured ranged
from 38.3–60.1% (Table 8).

At the local scale, nesting success rate, mean num-
ber of eggs laid per hen, mean number of eggs hatched
per hen, the percent of juvenile females captured, and
the percent of juveniles captured were correlated (r2 �
0.349, 9 � n � 10, P � 0.05) to the TTU poults/hen
estimates (Figure 2). However, none of the reproduc-
tive or recruitment parameters were correlated with the
TPWD poults/hen estimates (r2 � 0.143, 13 � n � 16,
P � 0.10; Figure 3). On the ecoregion scale, we ob-
served no linear relationship between the TPWD
poults/hen estimates and the reproduction or recruit-
ment parameters (r2 � 0.299, 5 � n � 6, P � 0.15;
Figure 4).

DISCUSSION

These analyses suggested poults/hen estimates in-
dexed reproduction and recruitment at localized scales,
such as our study sites, but the efforts of TPWD were
not adequate at local or ecoregion scales. Though the
TTU and TPWD survey protocols were similar in most
aspects except effort, the difference between the
poults/hen estimates and the lack of concordance be-
tween them reveals how effort can influence the
poults/hen index. Inadequate sample size was a prob-
lem for the TPWD poults/hen estimate. For the local
scale, sample size averaged 6.8 � 2.2 (x̄ � SE) flocks
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Fig. 2. Local scale, linear relationships among the Texas Tech
University (TTU) poults/hen estimates for Rio Grande wild tur-
keys and measures of reproduction and recruitment in the Texas
Panhandle and southwestern Kansas, 2002–2004. Each point
represents 1 year at 1 study site.

Table 7. Percent juvenile malea Rio Grande wild turkeys captured during annual January–March trapping efforts in the Texas Pan-
handle and southwestern Kansas, 1999–2004.

Study siteb

Year

1999

x̄ n

2000

x̄ n

2001

x̄ n

2002

x̄ n

2003

x̄ n

2004

x̄ n

Cimarron NG 36.4 44 75.0 4 8.3 12 59.3 27
Gene Howe WMA 45.3 24 58.3 36 31.6 19 71.4 21 37.5 24 13.3 18
Salt Fork 41.9 31 55.3 38 29.6 27 67.9 28 66.7 30 27.9 34
Matador WMA 70.0 50 48.6 35 42.2 45 61.3 31 89.5 19 13.3 18
Ecoregionc 50.4 113 54.1 109 36.3 91 66.3 80 63.0 73 17.9 70

a We used the percent of juvenile males captured during annual January–March trapping efforts to index annual male recruitment at each study
site.
b Research was conducted in southwestern Kansas at the Cimarron National Grasslands (NG) and in the Texas Panhandle at the Gene Howe
Wildlife Management Area (WMA), private ranches surrounding the Salt Fork of the Red River, and Matador WMA.
c Data from the Texas Panhandle study sites were pooled and used in the broad-scale, Texas Panhandle Rolling Plains ecoregion analyses.

per study site per year. On the ecoregion scale, sample
size averaged 30.8 � 7.3 flocks per year. Thus, more
effort must be applied if the TPWD poults/hen esti-
mate is to be valuable at local or ecoregion scales. For
example, the TTU sample size averaged 46.7 � 5.9
flocks per study site per year. Also, the results of

Schwertner et al. (2003) suggested conducting �200
poult-hen counts per ecoregion per year was necessary
to detect (80% power) an inter-annual change of 10–
20%.

Additionally, uneven and inadequate coverage of
samples across the Panhandle Rolling Plains ecore-
gion may have contributed to the inability of the
TPWD poults/hen estimates to predict reproduction
or recruitment on our study sites or the ecoregion.
During the period of study, TPWD personnel con-
ducted 1.1 � 0.3 poult-hen counts in each county of
the ecoregion per year. Typically, TPWD personnel
conducted poult-hen counts in 8.3 � 1.1 counties of
the Panhandle Rolling Plains ecoregion and in only 3
of those counties were poult-hen counts conducted
every year. The uneven distribution and inconsisten-
cies in the TPWD poult-hen counting effort may have
contributed to the lack of concordance with repro-
duction and recruitment.

The TTU poults/hen estimate exhibited a linear
relationship with many measures of reproduction and
recruitment at the local scale. This indicated poult-
hen counts can be used as a surrogate for reproduc-
tion and recruitment at local scales. However, only
about 35–45% of the variation in measures of repro-
duction was explained by the poults/hen estimates
(Figure 2). The ability to explain this amount of var-
iation in reproduction is important in wild turkey pop-
ulations that are influenced by many ecological forc-
es. However, from a management perspective, this
may lack value as an informational tool. Though mea-
sures of recruitment were indices, about 52–62% of
variation in the recruitment indices was explained by
poults/hen estimates (Figure 2). This could be valu-
able information for wildlife managers. However,
without density estimates, an index of recruitment
may be of little value to managers (e.g., McDonald
1964). Also, Caughley (1974) suggested age-ratio
trends can appear identical for 2 populations, one ir-
rupting and the other crashing.

Thus, we suggest establishment of survey routes
with a strict survey protocol that provides for ran-
domization and controls effort. Though randomiza-
tion and wild turkey behavioral issues arise in road
surveys (e.g., Butler et al. 2005), unpublished data
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Table 8. Percent juvenilea Rio Grande wild turkeys captured during annual January–March trapping efforts in the Texas Panhandle
and southwestern Kansas, 1999–2004.

Study siteb

Year

1999

x̄ n

2000

x̄ n

2001

x̄ n

2002

x̄ n

2003

x̄ n

2004

x̄ n

Cimarron NG 22.7 97 25.0 40 3.1 32 53.2 109
Gene Howe WMA 23.7 85 50.6 89 42.9 56 71.6 67 29.9 67 18.5 25
Salt Fork 51.9 99 52.0 125 29.6 108 70.4 54 48.6 105 58.2 71
Matador WMA 48.3 118 42.0 88 45.1 102 42.9 77 63.2 57 47.4 64
Ecoregionc 43.6 399 48.7 342 38.3 226 60.1 230 46.7 338 40.8 160

a We used the percent of juveniles captured during annual January–March trapping efforts to index annual recruitment at each study site.
b Research was conducted in southwestern Kansas at the Cimarron National Grasslands (NG) and in the Texas Panhandle at the Gene Howe
Wildlife Management Area (WMA), private ranches surrounding the Salt Fork of the Red River, and Matador WMA.
c Data from the Texas Panhandle study sites were pooled and used in the broad-scale, Texas Panhandle Rolling Plains ecoregion analyses.

Fig. 3. Local scale, linear relationships among the Texas Parks
and Wildlife Department (TPWD) poults/hen estimates for Rio
Grande wild turkeys and measures of reproduction and recruit-
ment in the Texas Panhandle, 1999–2004. Each point repre-
sents 1 year at 1 study site.

Fig. 4. Ecoregion scale, linear relationships among the Texas
Parks and Wildlife Department (TPWD) poults/hen estimates for
Rio Grande wild turkeys and measures of reproduction and re-
cruitment in the Texas Panhandle Rolling Plains ecoregion,
1999–2004. Each point represents data pooled across the Tex-
as Panhandle Rolling Plains ecoregion for 1 year.

(M. J. Butler, Texas Tech University) suggested sam-
ple sizes greater than those collected previously by
TPWD can be obtained from surveying at least 400
km of roads in wild turkey habitat. This would trans-
form the TPWD poult-hen count into an estimator of
the adult population while providing reproduction and
recruitment information, the valuable components of

population dynamics necessary in species manage-
ment.

Application at ecoregion scales may continue to
be elusive because of potential asynchronous produc-
tivity and recruitment between local wild turkey pop-
ulations (T. W. Schwertner, TPWD, personal commu-
nication). As our results suggested, pooling across the
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large, Panhandle Rolling Plains ecoregion will result
in a loss of the local variation associated with asyn-
chronous productivity and recruitment across the
ecoregion (Tables 3–8). This potential asynchrony may
require state natural resource agencies to evaluate
trends at smaller scales. Moreover, if sample sizes are
improved, efforts distributed evenly, and survey tech-
niques standardized and randomized, then the TPWD
poult-hen count may prove valuable.
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Abstract: Feral hogs (Sus scrofa) have been implicated as a major cause of depredation on nests of reintroduced
eastern wild turkeys (Meleagris gallopavo silvestris) in Texas. To evaluate this assertion, we compared reproduc-
tion of radio-marked turkeys on an area prior to (1998) and after (1999) intensive feral hog control on the Gus
Engeling Wildlife Management Area (WMA) in northeast Texas. In 1998, 69 feral hogs were removed (49 by
trapping and 19 by hunters), whereas during 1999, 314 feral hogs were removed (313 by trapping and 1 by
hunters). None of 28 nests hatched during 1998 when feral hog control was minimal. During 1999, 2 of 8 nests
hatched and 3 poults were still alive at 2 weeks of age. Our results suggest that intensive feral hog control may
have increased nest success and poult survival of relocated eastern wild turkeys on the Gus Engeling WMA.
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Eastern wild turkeys were once common to most
of eastern Texas, but by 1942 populations were limited
to 5 isolated flocks and numbered �100 birds (New-
man 1945). Modern efforts to restore declining num-
bers in eastern Texas began in 1979–1980, when wild-
trapped eastern turkeys from Louisiana and Mississip-
pi were released on 2 eastern Texas sites (Campo
1983). From 1979 through 1999, 7,200 eastern wild

turkeys were released into eastern Texas with variable
success (Lopez et al. 1999).

Earlier studies of eastern wild turkeys relocated
into eastern Texas were restricted to the Pineywoods
ecoregion (Walker and Springs 1952, Hopkins 1981,

1 Present address: Department of Wildlife and Fisheries Sci-
ences, Texas A&M University, College Station, TX 77843, USA.
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Table 1. Numbers of eastern wild turkeys radio-tagged and re-
leased into the Gus Engeling Wildlife Management Area by year,
broodstock, age (A � adult, J � juvenile), and sex (M � male,
F � female).

Year Broodstock

Age/sex

AM JM AF JF
Row
total

1996 Iowa 4 0 6 0 10
1997 Missouri 3 0 12 0 15
1999 South Carolina 0 7 10 8 25
Column total 7 7 28 8 50

Campo 1983, Martin 1984). In 1987, the Gus Engeling
WMA, located within the northern Post Oak Savan-
nah, was identified by Texas Parks and Wildlife De-
partment (TPWD) as a suitable release site. This area
has served as a release and research area for eastern
wild turkeys since 1988. An evaluation of restoration
efforts at Gus Engeling WMA showed that poor re-
productive success resulting from high nest depreda-
tion was limiting population expansion (Burk et al.
1998). Further evaluation indicated that 40% of nest
destruction was caused by feral hogs (Burk et al.
1998). Our objective was to assess the influence of an
intensive feral hog control program on nest fate of
relocated eastern wild turkeys on Gus Engeling WMA.
Specifically, our hypothesis was that intensive feral
hog control would increase nest success of reintro-
duced wild turkeys.

STUDY AREA
This study was conducted at Gus Engeling WMA

(4,400 ha) in Anderson County, Texas, approximately
34 km northwest of Palestine in the Post Oak Savan-
nah ecological region of Texas (Gould 1975). Topog-
raphy of the region was gently rolling to hilly. Annual
precipitation was 89–114 cm, with the highest rainfall
month being May. Upland soils consisted of sandy
loams or sands over clay pans. Bottomland soils are
sandy loams to clays.

The overstory in the Post Oak Savannah was pri-
marily post oak (Quercus stellata) and blackjack oak
(Q. marilandica) (Gould 1975). Most of this region
was pastureland dominated by improved pastures (Pet-
ty 2000). Improved pastures were commonly seeded
to bermudagrass (Cynodon dactylon), dallisgrass (Pas-
palum dilatatum), vaseygrass (P. urvillei), carpetgrass
(Axonopus), and clovers (Trifolium). Climax grasses
included little bluestem (Schizachyrium scoparium),
Indiangrass (Sorghastrum nutans), switchgrass (Pani-
cum virgatum), purpletop (Tridens flavus), and silver
bluestem (Bothriochloa saccharoides). Some invasive
plants included yaupon (Ilex vomitoria), broomsedge
bluestem (Andropogon virginicus), bullnettle (Cnidos-
colus texanus), and red lovegrass (Eragrostis oxyle-
pis). Grazing did not occur on the GEWMA and feral
hog density was unknown.

METHODS
Trapping and Radiotelemetry

From 1996 through 1999, eastern wild turkeys
were live trapped at sites in Iowa, Missouri, and South
Carolina, and transported in boxes via airplane to the
Gus Engeling WMA within 1–4 days of capture. Prior
to release, turkeys were fitted with mortality-sensitive,
battery-powered, radio transmitters (150–152 MHz;
79–115 g; Advanced Telemetry Systems [ATS], Isanti,
Minnesota, USA). Transmitters were attached using
elastic ‘‘shock’’ cord (Williams et al. 1968), and birds
were aged, sexed (Pelham and Dickson 1992), and re-
leased at least 1 hour prior to sunset. Birds surviving

�8 days post-release were excluded from analyses to
minimize capture-related biases (Nenno and Healy
1979).

Radio-marked birds were relocated at least twice
weekly via homing (White and Garrott 1990) for the
entire study. During the nesting season (1 Apr–15 Jul),
birds were located 4–5 times weekly so that nesting
activity could be monitored. If hens were found in the
same location on 2 successive tracking days, they were
considered to be nesting. Within 10 days of initial nest-
ing behavior, the approximate location of the nest was
determined using methods described by Lopez (1996).
Poult survival was determined 2 weeks post-hatch by
locating roosting hens suspected of hatching a clutch.

Feral Hog Control

During 1999, TPWD biologists conducted an in-
tensive feral hog control program to coincide with the
turkey reintroduction. Using corral and box traps lo-
cated in approximately 15 sites and baited with corn,
feral hogs were trapped and removed from the study
site throughout the year.

Data Analysis

Reproductive parameters examined in this study
(nest success, and poult success) were described by
Vangilder et al. (1987). We defined nest success as the
percentage of incubating females that were successful
(�1 egg hatched). We defined poult success as the per-
centage of hatched nests that produced �1 poult sur-
viving 2 weeks post-hatch. Adult turkey hens that nest-
ed off-site were excluded from the analyses. Because
juvenile hens were released only in 1999, they also
were excluded from all analyses. Because this is a case
study and sample sizes were small, no statistical anal-
yses were conducted.

RESULTS

From 1996 through 1999, 50 wild turkeys (14 M,
36 F) were radio-marked and released on Gus Engel-
ing WMA (Table 1). Fifteen turkeys were obtained
from Missouri, 10 from Iowa, and 25 from South Car-
olina. However, during the 1998 reproductive season,
only 32 radio-marked adult hens (4 of which were re-
leased in March 1998) were still alive or had func-
tional transmitters. By the 1999 reproductive season,
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only 17 adult hens (10 of which were released in
March 1999) were still alive or had functional trans-
mitters.

In 1998, prior to intensive feral hog control, 68
feral hogs were removed from Gus Engeling WMA
through trapping (49) and hunter harvest (19). During
intensive trapping efforts in 1999, 313 feral hogs were
removed and 1 additional feral hog taken during the
hunting season.

Prior to feral hogs being intensely controlled
(1998), 32 hens produced 28 nests and none were suc-
cessful. During 1999, when feral hogs were intensely
controlled, 17 hens produced 8 nests and 2 were suc-
cessful. Each successful hen produced 1 and 2 poults,
respectively, that survived past 2 weeks. During 1999,
no nest depredation was attributed to feral hogs.

DISCUSSION

We documented the removal of �4.6 times the
number of hogs from the Gus Engling WMA during
1999 as opposed to 1998. Observational evidence of
areas disturbed by rooting (Petty 2000) also indicated
the feral hog population in the study site had been
greatly reduced. In addition, hunters only harvested 1
feral hog during 1999, down from 19 during 1998.
Further, feral hogs affected no wild turkey nests on the
WMA during 1999. For these reasons, we assumed
that feral hog numbers on the Gus Engeling WMA had
been substantially reduced during 1999.

Nest success appeared to improve from 1998 (0%)
to 1999 (25%) in response to limited and intensive
feral hog control, respectively. Success rates recorded
in 1999 were comparable to those observed during
other studies conducted in the Post Oak Savannah (Lo-
pez 1996, Feuerbacher 1997, Gainey 1997, Thorne
1999). However, success rates found in the Post Oak
Savannah were low compared to those reported in oth-
er studies of eastern wild turkeys (30–68%) (Glidden
and Austin 1975, Everett et al. 1980, Porter et al. 1983,
Campo et al. 1984, Vangilder et al. 1987, Vander Hae-
gen et al. 1988, Vangilder and Kurzejeski 1995). This
suggests suitable nesting habitat may be limited in the
Post Oak Savannah.

In this study, only 2 of 36 (5.5%) nests produced
poults (3 total) to 2 weeks of age. Surprisingly, poult
survival during the period of intensive feral hog con-
trol was higher than reported during other studies con-
ducted in the Post Oak Savannah, where no poults sur-
vived to 2 weeks of age from 113 nests (Lopez 1996,
Feuerbacher 1997, Gainey 1997, Lopez et al. 1998,
Thorne 1999). Poult survival rates 2-weeks post-hatch
ranged from 27–43% for restocked and established
eastern wild turkey populations elsewhere (Gidden and
Austin 1975, Everett et al. 1980, Porter et al. 1983,
Campo et al. 1984, Vangilder et al. 1987, Vander Hae-
gen et al.1988, Vangilder and Kurzejeski 1995).

Results from our study suggested that feral hog
control may have led to increased nest success at Gus
Engeling WMA. It is possible that during a 6-year pe-
riod when 171 eastern wild turkey hens were released

into other parts of the Post Oak Savannah of Texas
and no poults survived (Petty 2000), that some of the
loss was due to feral hogs. However, some of the re-
lease areas did not have feral hog problems. In these
areas, brood range was probably the limiting factor
(Petty 2000) because the habitat was inadequate to
raise poults. Moreover, 10 of the 17 adult hens avail-
able for nesting were newly reintroduced hens, which
Lopez et al. (1999) indicated were less likely to nest.
We recognize that a number of factors other than feral
hog depredation probably contributed to reduced nest
and poult success on Gus Engeling WMA and else-
where in the Post Oak Savannah of Texas (Lopez et
al. 1999). However, our data suggest that feral hog
depredation on nests might be one key contributor to
reproductive failure in this region.

MANAGEMENT IMPLICATIONS
Evidence from our study indicates that intensive

feral hog control can lead to increased wild turkey nest
success and poult survival. Managers should consider
these options if evidence suggests feral hogs are de-
stroying turkey nests, particularly during reintroduc-
tion efforts. We controlled hogs throughout the year,
but it is possible that feral hog control just prior to
and during the reproductive season could be sufficient
to reduce feral hog impact on nesting wild turkeys.
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Abstract: Wild turkeys (Meleagris gallopavo silvestris) are now found in almost every county of New York
State. Population recovery has probably been facilitated by the ability of individuals to disperse into unoccupied
habitat. We investigated the effect of landscape patterns and barriers to movement on wild turkey dispersal in
New York to determine if these landscape characteristics may have affected the statewide pattern of wild turkey
population recovery. First, we simulated the effect of landscape features and landscape fragmentation (measured
by edge/area) on dispersal patterns in a wild turkey population in New York State using land-cover data derived
from satellite imagery. We used cost–distance analysis in ArcView, a method that involves calculating least
costly dispersal paths through a landscape, to determine the average least cost incurred by wild turkeys dispersing
through landscapes along a gradient of fragmentation. We compared this cost to the edge density in each
landscape. Average cost incurred was negatively correlated with edge/area (r � �0.80, P � 0.001). Second,
we simulated the expansion of the wild turkey population in New York from wild birds released at sites
throughout the state and birds crossing northward from Pennsylvania, and compared it visually to the spatial
pattern of expansion of the fall wild turkey harvest in New York from 1982 to 2000. The analysis predicted a
similar visual pattern of population expansion as the fall harvest. As managers seek to fill remaining vacant
habitat, they should be aware of the extent to which landscape features may inhibit or facilitate dispersal of
individuals from release sites.

Proceedings of the National Wild Turkey Symposium 9:175–183
Key words: agriculture, dispersal, edge, fragmentation, habitat, landscape, Meleagris gallopavo silvestris, move-
ment, New York, population, wild turkey.

Wild turkey populations have been restored to al-
most all states in the U.S. (Tapley et al. 2001). The
success of population recovery efforts in most cases
has been attained through trap and transfer of wild
birds into unoccupied habitat. This success has been
facilitated by the natural dispersal behavior of juvenile
wild turkeys as well as seasonal movements of adult
birds from winter to spring range (Eaton et al. 1976).
In many translocation programs, population restoration
has been dependent upon a relatively small number of
released birds being able to colonize and reproduce in
large expanses of new habitat. Adverse genetic effects
may occur in the restored population if connectivity
with other populations is not maintained, especially if
the founder birds originate from the same flock (Backs

and Eisfelder 1990). Because turkeys disperse by
walking, rather than flying, connectivity can be influ-
enced by features of the landscape that act to facilitate
or hinder movement (Backs and Eisfelder 1990, Gus-
tafson et al. 1994). Several studies have documented
preferential use of edge habitats during dispersal or
other seasonal movements, especially forest/field edg-
es (Raybourne 1968, Eichholz and Marchinton 1975,
Porter 1978). Connectivity of these preferred habitat
types is needed for dispersal (Eaton 1992, Gustafson

1 E-mail: Kathy�Fleming@fws.gov
2 US Fish and Wildlife Service, Division of Migratory Bird

Management, 11510 American Holly Drive, Laurel, MD 20708,
USA.
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Fig. 1. Edge density (m/ha) within 7,850-ha hexagon land-
scapes measured from the National Land Cover Data Set (EPA/
MRLC) for New York State, 1992.

et al. 1994, Peoples et al. 1996). Most of these features
are a by-product of landscape fragmentation.

Fragmented landscapes contain abundant edge
habitat which should facilitate movement of turkeys.
However, wild turkeys tend to avoid roads, developed
areas, and the centers of large fields, presumably due
to the perceived cost or risk of traversing or foraging
in these habitats (Eichholz and Marchinton 1975,
McDougal et al. 1990). Landscapes dominated by ex-
tensive agriculture, roads, and high-intensity develop-
ment might hinder dispersal or be avoided altogether.

We used a spatially explicit cost-distance analysis
to predict how landscape features associated with frag-
mentation, such as roads, edges, and the spatial ar-
rangement of land-cover types, might influence broad-
scale dispersal patterns of wild turkeys across New
York. Wildlife researchers have utilized cost-distance
analysis to identify wildlife movement corridors and
to investigate effects of habitat fragmentation (e.g.,
Verbeylen et al. 2003, Wikramanayake et al. 2004).
This method is suitable for use in analyzing costs as-
sociated with movement paths across a landscape rep-
resented by a raster land-cover data set (i.e., pixel rath-
er than polygon data). Using cost-distance analysis, we
addressed the following objectives: (1) determine the
relationship between landscape fragmentation and cost
of dispersal, (2) predict the broad-scale pattern of pop-
ulation expansion in New York following releases and
movement of birds from northern Pennsylvania, based
on known habitat use and avoidance behavior, (3)
compare the predicted pattern of population expansion
with the history of population growth in the state, in-
dexed by wild turkey fall harvest data.

STUDY AREA

The study area was the state of New York:
126,000 km2 partitioned into 11 major ecozones. The
Appalachian plateau in southwest New York (43,430
km2) is characterized by broad hills (elevation approx-
imately 600 m) and steep valleys, with agriculture (pri-
marily dairy farms, vineyards) concentrated in lowland
areas (Dickinson 1983). The Great Lakes Plain in
northwest New York (15,930 km2) is a low-elevation
(mostly �250 m), low-relief plain created by glacia-
tion, with extensive agriculture (vegetables, grains, and
fruits). The ecozones of eastern New York are defined
primarily by mountains (Adirondacks, Catskills) or
valleys (Mohawk River, Hudson River, and Lake
Champlain), and vary widely with respect to environ-
ment and land use. River valleys were predominantly
agricultural, while both Adirondacks and Catskills re-
gions were primarily forested. Widespread upland for-
est communities included Appalachian oak–hickory
forest (Quercus spp., Carya spp.), which ranged
throughout New York south of the Adirondacks and
north of Long Island; beech–maple mesic forest (Fa-
gus grandifolia, Acer spp.), throughout New York; and
mixed northern hardwood forest, with hemlock (Tsuga
canadensis), white pine (Pinus strobus), or spruce (Pi-
cea spp.) associations, located at higher elevations or

latitudes (Reschke 1990). Approximately 62% of New
York State was forested (Alerich and Drake 1995).
Nonforested areas were primarily active or abandoned
agriculture, or else 1 of 21 natural nonforested upland
communities (Reschke 1990).

METHODS

We used the land-cover map of New York State
produced as part of the National Land Cover Data Set
(NLCD) by the Environmental Protection Agency
(EPA)/Multi-Resolution Land Characteristics Consor-
tium (MRLC). The NLCD was derived from satellite
imagery acquired in 1988–1993 and has 30-m reso-
lution and 15 cover classes: water, low- and high-in-
tensity residential, commercial/industrial/transporta-
tion, hay/pasture, row crops, urban/recreational grasses
(e.g., golf courses, airports, soccer fields), conifer for-
est, mixed conifer/deciduous forest, deciduous forest,
forested wetland, nonforested wetland, quarry/strip
mine, sand beach, and barren or transitional (i.e., clear-
cuts, plowed soil). To reduce processing time, we re-
duced the resolution of the original NLCD from 30-m
to 90-m pixel size using a nearest-neighbor resampling
technique in ArcView. Although resampling tends to
remove small (i.e., �90 m wide) habitat patches in the
land-cover data, in some cases it may also increase the
accuracy of the land-cover data when these small
patches are an artifact of the classification process
(Fleming et al. 2004).

Effect of Landscape Fragmentation on Dispersal
Cost

All analyses using the NLCD were conducted in
ArcView (Version 3.2, Environmental Systems Re-
search Institute [ESRI], Redlands, California, USA).
We subdivided the state into experimental landscape
units by overlaying a hexagonal grid created using the
Patch Analyst extension for ArcView (Rempel and
Carr 2003) on the NLCD, with area of each hexagon
7,850 ha (roughly equivalent to a circle with radius 5
km; Figure 1). This size resulted in relatively homo-
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Fig. 2. Example of cost paths calculated using cost-distance
analysis. A and B represent 2 possible paths from a source pixel
(S) to a destination pixel (D) in a landscape where pixels are
assigned costs ranging from 1 (low cost) to 10 (high cost). The
accumulated cost–distance of moving along each path is cal-
culated as the summation, over all pixels in the path, of the cost
of each pixel multiplied by the distance moved through the pixel
(90 m for a horizontal or vertical movement, 127.2 m for diagonal
movement). Thus, for Path A, the accumulated cost–distance is
(1 � 90) � (1 � 90) � (1 � 90) � (1 � 90) � (1 � 90) � (1
� 90) � (1 � 90) � (5 � 90) � (1 � 90) � 1170; and for Path
B, the accumulated cost–distance is (10 � 127.2) � (10 �
127.2) � (5 � 127.2) � (5 � 127.2) � 3816. The analysis cal-
culates accumulated cost–distance for all possible paths from S
to D, and assigns the lowest accumulated cost–distance of all
these paths to the pixel D. This process is repeated for all non-
source pixels in the landscape, which results in the creation of
a cost–distance grid.

geneous configuration (i.e., degree of fragmentation)
within landscapes.

We measured 2 characteristics of each hexagonal
landscape. First, we measured edge density by tabu-
lating the total number of edge pixels (pixels that were
adjacent to at least one different pixel type) and divid-
ing by the total land area in the landscape (not includ-
ing area of the landscape covered by water). Although
many other types of edges were present, we were pri-
marily interested in edges within wild turkey habitat,
so we did not include edges of developed land, water,
or barren/transitional land. However, if developed land
was adjacent to turkey habitat (e.g., forest, agricul-
ture), those habitat pixels at the forest or agriculture
edge would be included as edge pixels. We calculated
the amount of linear edge by multiplying the number
of edge pixels within each hexagon by their width (90
m).

Second, we measured the average dispersal cost in
each hexagonal landscape using a cost-distance anal-
ysis (Cost-distance Grid Tools extension for Spatial
Analyst 1.1, ESRI, Redlands, California, USA). This
type of spatial analysis measures the accumulated cost-
distance of moving along a path within a landscape
from a source pixel to a destination pixel, taking into
account both the distance traveled and the relative cost
incurred in each cover type traversed along the path
(Figure 2). The analysis uses an iterative process to
evaluate the path with the least accumulated cost-
distance, cdl:

cd � min c d�l i i
i�j

where ci is the cost of pixel i, di is the distance traveled
through pixel i (90 m for horizontal and vertical move-
ments, 127.2 m for diagonal movements), and j is the
total number of pixels in the path going from the
source to that point in the landscape. For each desti-
nation pixel, the accumulated cost-distance along ev-
ery possible path of travel through the landscape is
calculated, starting from the source pixel and ending
at the destination pixel (Figure 2). After this iterative
process is completed for all possible paths, the path
with the lowest accumulated cost-distance value is
chosen, and this value is assigned to the destination
pixel.

We used a 2-step process to evaluate average cost–
distance for each hexagon. First, we created a cost
landscape where we identified barriers to movement
and costs associated with each land-cover type. Sec-
ond, using Spatial Analyst in ArcView we analyzed
the accumulated least cost-distance of moving through
this landscape.

We created the cost landscape based on informa-
tion on wild turkey habitat use and dispersal behavior
reported in the literature. We labeled each land-cover
type as a barrier to movement (was not crossed), or as
low (cost � 1), moderate (cost � 5), or high cost (cost
� 10). For wild turkeys, the cost of traveling through
a specific habitat type can be broken down into 2 com-
ponents: the risk of predation and the benefit provided
by food resources. Some habitats are avoided com-
pletely: wild turkeys are reluctant to cross agricultural
fields 150–200 m wide (Eichholz and Marchinton
1975), large clearcuts (Raybourne 1968), and busy
roads, especially when flanked by open areas (Mc-
Dougal et al. 1990). These features may act as barriers
to dispersal. Female turkeys prefer streamside zones
for travel (Palmer and Hurst 1995), smaller rather than
larger forest patches (Wigley et al. 1985), and forested
areas with open understories located near escape cover
(Sisson et al. 1990).

Dispersing turkeys may avoid human development
and intensively farmed areas (Backs and Eisfelder
1990). We labeled areas without sufficient cover (bare
rock, quarries, and transitional areas such as plowed
fields), high-intensity residential areas, and conifer for-
est interior as high cost. We labeled low-intensity res-
idential, urban/recreational grasses, woody wetlands,
and deciduous and mixed forest interiors (�120 m
from edge) as moderate cost, and all forest and agri-
culture edges (land cover �120 m from edge) as low
cost. Based on the common perception that wild tur-
keys disperse by walking rather than flying, we as-
sumed that turkeys would walk around water or emer-
gent herbaceous wetlands, and would avoid crossing
the interior of agricultural fields (Eichholz and Mar-
chinton 1975) or busy roads (McDougal et al. 1990).
Therefore, we labeled these cover types (major high-
ways were included in the commercial/industrial/trans-
portation class) as barriers.

To calculate average least accumulated cost-
distance in each hexagon, we arbitrarily designated the
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Fig. 3. Locations and years when wild turkeys were released
in New York from 1960 to 2000. Points represent geographic
centroids of townships or state wildlife management areas
where releases occurred, not the actual location of the releases.
For the cost-distance analysis we assumed that the present pop-
ulation of wild turkeys in New York descended from birds re-
leased at these sites and wild birds dispersing northward from
Pennsylvania in (from left to right, outlines shown in blue) Cat-
taraugus, Allegany, and Steuben counties.

center pixel of each hexagon as the source, and eval-
uated least accumulated cost–distance from the source
to all other pixels in the landscape. We took the av-
erage of all pixels’ values in the hexagon to represent
the cost associated with dispersal in that landscape.

We used PROC CORR in SAS (SAS Institute
1990) to estimate correlation between edge density and
average accumulated dispersal cost in each hexagonal
landscape with the Pearson product–moment correla-
tion coefficient (Zar 1984).

Simulation of Population Expansion

We used a similar cost-distance analysis to simu-
late the pattern of population expansion following wild
turkey releases and the spread of wild birds northward
from northern Pennsylvania into New York. For this
analysis, we used information on trap and transfer lo-
cations where wild turkeys were released in New York
from 1960 to 1994 (R. Sanford, New York State De-
partment of Environmental Conservation, unpublished
data). We conducted 7 successive cost-distance anal-
yses representing population expansion during each 5-
year period from 1960 to 1995. For the first analysis
(1960–1965) we assumed all sites where turkeys were
released within this time period, as well as the New
York–Pennsylvania state line in Steuben, Allegany,
and Cattaraugus counties in western New York, to be
source locations for dispersing turkeys (Figure 3). Be-
cause information on release locations was limited to
town name or wildlife management area, we used the
geographic centroids of these areas as the location of
the sources. The accumulated least cost was calculated
from sources to all other pixels in the state using the
cost landscape created by the process described pre-
viously.

For each analysis we used a threshold of cost-dis-

tance to represent the limit of expansion during that
5-year period. We assumed that range expansion
would occur at a rate similar to that estimated for pop-
ulations in Pennsylvania, approximately 8 km/year
(Healy 1992). However, to allow comparison with the
pattern of abundance indexed by harvest effort data,
we added a 5-year time lag to that estimate to account
for population growth to huntable levels following ex-
pansion into new habitat. This resulted in an estimate
of population expansion of 8 km for each 5-year pe-
riod. For each successive 5-year analysis, we used the
area of expansion predicted by the previous cost-dis-
tance analysis as the source, as well as any sites where
releases had occurred in that 5-year period.

Comparison of Predicted Population Expansion
with Harvest Index

We considered 2 characteristics of the fall harvest
data which could be used to reflect the expansion of
the wild turkey population in New York: the pattern
of increase in the number of townships in the state
with a fall harvest, and the average effort expended in
those townships during the fall harvest season. As
population expansion occurred in a township, we as-
sumed that, first, a perceived threshold in population
density was reached when a fall harvest season was
added, and second, as the population density continued
to increase the average effort expended by hunters to
find a turkey would decrease. We created maps show-
ing the pattern of increase in fall harvest seasons by
township and an abundance index based on hunter ef-
fort (time-to-first-kill) derived from fall harvest data
collected by the New York Department of Environ-
mental Conservation from 1982 to 2001 (Porter and
Gefell 1996, Glennon and Porter 1999). This index
was calculated as the reciprocal of the average number
of days taken by hunters in each township to find and
kill a wild turkey during the fall season (in townships
with a 2-bird bag limit we used only the first kill effort
to avoid incorporating errors by hunters incorrectly re-
porting total effort for the second kill). We calculated
5-year averages of the abundance index (except for the
first, 3-year interval from 1982 to 1995) for the fol-
lowing intervals: 1986–1990, 1990–1995, and 1995–
2000. During this overall time period, the number of
townships in the state with a fall harvest greatly in-
creased; therefore, most townships in the state were
not represented in the earlier year intervals. We as-
sumed that turkey population densities were lower in
these townships than any township with a fall harvest.
We displayed average index values on maps to visually
compare with the pattern of expansion predicted by
our cost-distance analyses.

Lastly, to test the assumption that the pattern pre-
dicted by the cost-distance analysis reflected turkey
use and avoidance of landscape features such as edge
density, rather than just the limited distance turkeys
can travel, we ran the same cost-distance analyses us-
ing a neutral landscape where all pixels regardless of
their land cover type were assigned cost � 1. This
analysis took only distance into account when deter-
mining the limit to population expansion. We visually
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Fig. 4. Dispersal cost-distance within 7,850-ha hexagon land-
scapes calculated using a cost-distance analysis in ArcView
from the National Land Cover Data Set (EPA/MRLC) for New
York State, 1992.

Fig. 5. Predicted expansion of wild turkey population in New
York from 1960 to 2000 based on cost-distance analyses.
Source locations for wild turkeys were sites where wild birds
were released and the Pennsylvania–New York state line in Cat-
taraugus, Allegany, and Steuben counties (see Fig. 3).

compared the predicted pattern of expansion using the
neutral landscape to that predicted using the cost land-
scape, and also to the pattern of the harvest index in
townships with a fall turkey harvest.

RESULTS
Effect of Landscape Fragmentation on Dispersal
Cost

Average edge density was 42 m/ha (range 0–119
m/ha) within hexagonal landscapes (Figure 1). Highest
edge density was found south of Lake Ontario and the
region east of Buffalo, in the state’s most intensively
farmed landscapes. Lowest edge density occurred in
the Adirondack, Catskill, and Allegany Parks, and in
the Tug Hill region west of the Adirondack Park (Fig-
ure 1).

Cost was distributed unevenly across the land-cov-
er data (Figure 4). Highest cost pixels were concen-
trated in areas with relatively large tracts of conifer
and deciduous forest (Adirondack and Catskill Moun-
tains) and metropolitan areas. Most (41%) of the pixels
were classified as low cost; 27% were moderate cost,
3% were high cost, and 29% were classified as barri-
ers. Average accumulated cost–distance of all pixels
in each landscape ranged from 720 m to 48,176 m,
with average of all landscapes 6,890 m (Figure 4).
Average cost–distance was highly negatively correlat-
ed with edge density in hexagons (r � �0.80, P �
0.001).

Predicted Dispersal Pattern

The pattern of dispersal predicted by our cost-dis-
tance analysis showed some regions of the state with-
out established populations up to the year 2000 (Figure
5). These areas included most of the Adirondack Park,
the agricultural area north of the Adirondack Park and
south of the U.S.–Canadian border, the central region
of the Catskills, the intensively farmed area in the Fin-
ger Lakes region between Cayuga and Seneca lakes,
and areas surrounding the major urban centers (e.g.,
Buffalo, Rochester, Syracuse, Binghamton, and Utica).
These areas contain many barriers to movement

(roads, urban land, large agricultural fields, water) or
high-cost land-cover types (e.g., high-intensity resi-
dential land).

Comparison with Harvest Abundance Index

The number of townships in New York with a fall
wild turkey season increased from 362 to 759 in 1982–
2000. Townships without a fall harvest season in 2000
were located primarily in the western Great Lakes
Plain, southern and eastern Adirondacks, central Cat-
skills, between Seneca and Cayuga Lakes in the Finger
Lakes region, Long Island, and the New York City
metropolitan area. The pattern of increase in fall har-
vest seasons was similar to the pattern of population
expansion predicted by the cost-distance analysis,
which showed high cost or a lack of expansion into
most of these areas (Figure 6). However, some differ-
ences did exist. Most of the townships at the north-
western edge of the Adirondack Park had a fall season
by 2000 although the cost-distance analysis predicted
limited expansion into most of these townships. We
did not detect a strong spatial pattern in the average
harvest index although average harvest effort tended
to be lower in townships along the edge of the ex-
panding population (those that had more recently add-
ed a fall harvest) than those where presumably the
turkey population had already become established.

The result of the cost-distance analysis using the
neutral landscape was a pattern similar to that using
the cost landscape, with some notable exceptions (Fig-
ure 7). The original cost-distance analysis predicted
that the area in the Finger Lakes region between Sen-
eca and Cayuga lakes would not have an established
wild turkey population by 2000, but this area was eas-
ily reached by dispersers when water and large agri-
cultural fields were assigned equal cost as other land-
scape features. Also, the neutral cost-distance analysis
did not predict any hindrance to population expansion
into suburban and urban areas in western New York,
unlike the original cost-distance analysis.
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Fig. 6. Comparison of average time-to-first-kill harvest index and increase in number of townships with a fall harvest in New York
(on left) to pattern of wild turkey population expansion predicted by cost-distance analyses (on right), 1980–2000. Filled townships on
left represent those with a fall harvest; color of township represents value of average harvest index for that township (see legend on
left). Cost-distance values represent the expansion of the wild turkey population away from release sites in New York during each 3-
year (1982–1985) or 5-year time interval when releases took place.

DISCUSSION

Our cost-distance analysis predicted that frag-
mented landscapes facilitate dispersal of wild turkeys
in New York, despite the presence of roads and other
barriers. The negative correlation between dispersal

cost and edge density resulted from the preference by
turkeys for edge habitat during dispersal. Edge density
represents the increasing interspersion of agriculture
into forested areas. Even areas of intensive agriculture
in New York, such as the Great Lakes Plain south of
Lake Ontario or the Finger Lakes region in central
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Fig. 7. Result of cost-distance analysis to predict wild turkey
population expansion in New York using a neutral cost land-
scape (all land-cover types assigned cost � 1) from 1960 to
2000. Area shown in red represents the expansion of the pop-
ulation following wild turkey releases that occurred from 1960–
1995.

New York, probably contain enough forest edge to
provide travel routes for dispersing turkeys. This is in
contrast to the agricultural Midwest where large field
size and small forest patches with low connectivity can
inhibit movement of wild turkeys (Gustafson et al.
1994). The difference may lie in the broad-scale in-
terspersion of farmland and public land in New York.
Unlike the Midwest, even intensively farmed areas of
New York tend to have smaller fields and larger forest
patches due to the more rugged topography of the re-
gion. Although barriers and high-cost habitat types ex-
ist, any hindrance to dispersal they represent may only
be on a local scale. In our model, dispersal would be
substantially inhibited at a landscape scale only if a
much larger proportion of the landscape consisted of
barriers (e.g., interiors of large cropfields).

The landscapes of the Adirondacks and Catskills
are potentially costly for dispersing turkeys. Forest is
a necessary component of habitat for turkeys, espe-
cially during dispersal. However, as forest patches be-
come larger and more aggregated, it is likely that the
interior of these areas will be avoided by turkeys if
they are a greater distance from edge habitat than a
turkey could travel before the onset of breeding sea-
son. Wild turkeys undoubtedly do move through these
landscapes, but are probably restricted to less costly
paths (e.g., bottomland edges, near openings). Their
population distribution in these landscapes may be
patchy, owing to low proximity of suitable reproduc-
tive habitat and limited paths of dispersal within it.

Dispersal, and thus population expansion, may not
only be affected by the local landscape, but also the
larger spatial arrangement of these landscapes. In New
York, the forests of the Adirondack Park may hinder
population expansion at a regional scale, much the
same as the large expanse of mature hemlock and

white pine forest was thought to limit historic wild
turkey distributions in northern Pennsylvania (Hayden
and Wunz 1975). Although the northern hardwood for-
ests of the Adirondacks may contain sufficient mast-
producing species to support turkey populations, deep
snow in most winters probably limits the extent to
which turkeys can make use of this winter food re-
source (Porter 1978).

Comparison of Simulated Expansion with Harvest
Data

Although the predicted pattern of population ex-
pansion in New York closely followed the pattern of
increase in fall harvest seasons, the average effort in-
dex did not show the pattern we anticipated, that of
lower hunting effort in townships with an established
turkey population. Instead, we observed a tendency for
hunting effort to increase in townships after popula-
tions became established, with lowest effort observed
in townships that had recently added a fall season. This
might be due to the higher productivity observed for
turkeys in newly occupied habitat. In New York, the
highest poult:hen ratios observed during the summer
brood surveys have consistently been found in some
parts of the state with the lowest turkey densities, such
as the Adirondacks (R. Sanford, New York State De-
partment of Environmental Conservation, unpublished
data). Alternatively, the relationship between harvest
index and population density could be confounded by
differences in hunter skill and knowledge of the area
hunted, which might be substantial among townships
with different histories of fall harvest. Although this
would not affect the pattern of expansion we predicted,
it could limit our ability to compare wild turkey den-
sities among townships.

Differences between the pattern of expansion pre-
dicted using the cost landscape with that predicted us-
ing the neutral landscape were most conspicuous in 2
regions: the intensively farmed area within Seneca
County in the Finger Lakes region of central New
York, and urban areas surrounding Buffalo and Roch-
ester in western New York (Figures 4 and 6). The slow
expansion into the Finger Lakes region is supported
by fall harvest data; Seneca County lagged behind the
rest of central New York in terms of when the fall
harvest was added (1996) and average harvest index
(Figure 6). Wild turkeys are currently found in sub-
urban Buffalo and Rochester; however, they are not
commonly associated with the intensively developed
or industrial sites of these urban centers. While these
differences do suggest that turkey avoidance or pref-
erence for certain habitats during dispersal does play
a role in determining patterns of expansion, there are
more similarities between the 2 expansion models than
differences. Both models showed a lack of population
expansion into the Adirondacks, the northern bound-
ary of New York, and New York City, due only to
their distance from release sites. Limited dispersal abil-
ity in wild turkeys is probably the primary factor de-
termining the pattern of population expansion follow-
ing release; avoidance or selection of specific habitats
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may only play a substantial role when these habitats
are aggregated across a large region (such as Adiron-
dack forests or the intensively farmed landscapes of
western New York).

One of the challenges of modeling spatial patterns
of habitat over time is the lack of long-term land-cover
datasets. We used land-cover data from the late 1980s–
early 1990s. Substantial change in the landscapes of
New York occurred during the period in which wild
turkeys were released, including a loss of agricultural
land and subsequent gain in forest and developed land.
While these changes undoubtedly influenced the dis-
persal of wild turkeys from release sites, it is difficult
to quantify this effect without a comparable source of
early land-cover data.

Incorporating information on wild turkey use and
avoidance of certain habitat types into a cost-distance
analysis provides insight into how landscape features
might influence the spread of a wild turkey population
following reintroduction. However, many other factors
such as breeding habitat, weather, or predator densities
also affect population expansion. For example, in
northern New York, snow depth and duration of winter
severely limit turkeys’ ability to exploit natural food
sources in the northern hardwood forest (Porter 1977,
Porter et al. 1980). Wild turkeys have been found in
the central Adirondacks for several years but they are
closely associated with human development and the
little agriculture that is found there. Although our cost-
distance model predicted that wild turkey populations
would become established in the Great Lakes Plain by
2000, townships in this intensively farmed region were
among the last in western New York to be open for a
fall hunting season due to perceived low turkey den-
sities. Our recent research in this region suggests that
its abundant edge habitat, which should act to facilitate
wild turkey dispersal, may also promote high predator
densities (Fleming 2003). Ultimately many of the hab-
itat factors that influence dispersal probably play a role
in other aspects of the wild turkey’s life history that
also affect population expansion.

One important caveat to the use of resampled land-
cover data in this analysis is that small openings in the
forest canopy, as well as small forest patches, may not
be well represented, especially if they are �90 m
across. These openings may be very important to wild
turkeys dispersing through large contiguous forested
tracts or agricultural lands, by providing food and cov-
er resources that attract birds from the surrounding
landscape. Similarly, the lack of information in the
land-cover data on vegetation characteristics under-
neath the forest canopy may also limit its usefulness
in predicting dispersal patterns of wild turkeys. A
landscape-level analysis may be valuable for identi-
fying large-scale landscape features that affect wild
turkey dispersal, but many other small-scale factors
that we did not consider (e.g., small forest openings,
characteristics of ground cover and shrub layer) may
also be important in shaping dispersal patterns for this
species.

MANAGEMENT IMPLICATIONS

Although wild turkey population recovery in New
York is considered complete, in many other areas of
the U.S. wildlife managers are still actively working
to restore wild turkeys or supplement existing popu-
lations within and outside their historic range. The re-
sults of our cost-distance analysis of wild turkey pop-
ulation expansion in New York suggest that landscape
features such as habitat edges and barriers to move-
ment can influence large-scale patterns of dispersal.
Managers may want to consider how landscape fea-
tures and habitat types surrounding the release site act
to inhibit or facilitate dispersal prior to choosing sites
for release. The selection of reintroduction sites in
high-quality habitat is important for ensuring the sur-
vival and reproduction of released birds; however, se-
lecting sites in landscapes with high connectivity is
also important to ensure the persistence and expansion
of that population. Abundant literature on habitat use
and avoidance by wild turkeys, as well as easily ob-
tained high-resolution land-cover data, can be utilized
to predict how (and if) population expansion will occur
following the release of wild birds. In the western
U.S., where genetic effects of population isolation are
a concern, cost-distance analysis can be used to iden-
tify habitat corridors that facilitate dispersal and inter-
action with other existing populations.
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LANDSCAPE-LEVEL
HABITAT USE BY
MERRIAM’S TURKEY
IN NORTH-CENTRAL
ARIZONA

Brian F. Wakeling1

Arizona Game and Fish Department, Game Branch,
2221 West Greenway Road, Phoenix, AZ 85023, USA

Abstract: I studied Merriam’s turkeys (Meleagris gallopavo merriami) on the Mogollon Rim, Arizona, from 1988–
1997 to learn what influence land management practices had on landscape-level habitat use. During this period,
I radiotagged 252 Merriam’s turkeys (213 female, 39 male) and visually located them �2 times monthly. Each
location was topographically mapped and Universal Transverse Mercator (UTM) coordinates recorded. I obtained
maps of livestock allotments, stocking levels, and silvicultural treatment boundaries from the United States De-
partment of Agriculture (USDA) Forest Service. I used Digital Elevation Models to obtain slope and elevation.
United States Geological Survey (USGS) Digital Line Graphs were used to delineate roads, drainages, and water
sources. Roosting sites were located by following radiotagged turkeys. Vegetation associations were based on
Terrestrial Ecosystem Surveys. I used forward stepwise logistic regression to develop models describing roosting,
nesting, winter, and summer habitat use in a Geographic Information System (GIS). These models described winter
habitat use with greater accuracy (81.3% overall classification) than summer habitat use (72.2%). Roosting site
location influenced both winter and summer habitat use most. Roosting site selection was influenced primarily by
slope. Roost proximity and vegetation association influenced nesting site selection. Models had a higher overall
classification rate for roosting sites (77.2%) than for nesting sites (71.5%). Topography and vegetation association
influenced habitat use more than silvicultural or livestock management in my study.

Proceedings of the National Wild Turkey Symposium 9:185–188
Key words: habitat selection, habitat use, landscape model, logistic regression, Merriam’s turkey, Meleagris gal-
lopavo merriami.

Substantial research has been dedicated to the iden-
tification of site-specific characteristics of nesting (Rum-
ble and Hodorff 1993, Wakeling et al. 1998), brood rear-
ing (Mollohan et al. 1995), loafing (Wakeling et al.
1997), and seasonal roosting and feeding habitat (Rum-
ble 1992, Mollohan et al. 1995, Wakeling and Rogers
1996) of Merriam’s turkeys. This research has been valu-
able to identify habitat selection needs of these birds, yet
has been somewhat difficult to implement during land-
scape planning for land management. Land management
planning, such as that provided in U. S. Forest Service
Land Management Plans, identifies the proximity, jux-
taposition, and interspersion of a variety of activities,
including silvicultural (timber) management, livestock
use, wildlife use, and recreational activities. Small-scale
descriptions of habitats (i.e., descriptions requiring site
specific characterization through field sampling) selected
by turkeys may be difficult to factor into these broad
plans without site-specific, detailed knowledge of the en-
tire landscape (Fleming and Porter 2001). Even then, the

knowledge of impacts that a variety of activities will
have on the suitability of that habitat is difficult to dis-
cern without specific scientific treatments that have yet
to be conducted.

My objective in this study was to develop land-
scape-level habitat models based on locations where
site-specific data had been collected during previous
studies. This landscape analysis would provide broad-
scale evaluation of the importance of the site-specific
data previously collected. For instance, roosting sites
of Merriam’s turkeys are well known to be large, over-
mature trees with broad spreading horizontal branches
(Hoffman et al. 1993). However, the effective distri-
bution of trees with these characteristics across the
landscape is not well understood or studied. Similarly
the factors that influence the distribution of roosting
sites are not well documented.

1 E-mail: bwakeling@gf.state.az.us
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STUDY AREA
The 860-km2 Chevelon study area (CSA) was lo-

cated on the Mogollon Rim, about 65 km south of
Winslow, Arizona, on the Apache-Sitgreaves National
Forests. Home ranges of turkeys seldom exceeded 40
km2 and radiotagged turkeys rarely left the CSA
(Wakeling 1991). Elevations ranged from 1,700 m in
the northern portion to 2,430 m in the southern por-
tion. Annual precipitation averaged 47.2 cm, with 2
concentrations: the first during winter storms in Janu-
ary through March, and the second during summer
storms in July through early September (National Oce-
anic and Atmospheric Administration 1998).

Five cover types were present on the CSA based
on U.S. Forest Service Terrestrial Ecosystem Surveys
(Laing et al. 1989): (1) mixed-conifer (20.1% of area),
(2) ponderosa pine (Pinus ponderosa)-Gambel oak
(Quercus gambelii) (34.9%), (3) pinyon pine (Pinus
edulis)-juniper (Juniperus spp.) (44.4%), (4) aspen
(Populus tremuloides) (0.4%), and (5) grassland mead-
ow (0.2%). The mixed-conifer cover type was domi-
nant above 2,340 m and extended downward along
east-facing slopes and drainages. This habitat included
Douglas-fir (Pseudotsuga menziesii), white fir (Abies
concolor), limber pine (Pinus flexilis), and Rocky
Mountain maple (Acer glabrum). Ponderosa pine dom-
inated west-facing slopes between 2,340 and 1,850 m.
At elevations below 2,150 m, pinyon pine and alligator
juniper (Juniperus deppeana) increased. Below 1,850
m, the pinyon-juniper cover type was dominant, with
ponderosa pine present along drainages. Gambel oak
occurred as a widespread codominant tree with pon-
derosa pine, and in pockets in the mixed-conifer and
pinyon-juniper associations.

Timber harvesting and livestock grazing were ma-
jor land uses on the CSA. Logging began in the late
1930s, and initial harvests were group or individual
tree selections. Even-aged management was prevalent
in the 1980s, but has been limited since 1990. Within
individual stands, timber harvests generally occurred
every 20 years, although some stands received sub-
sequent silvicultural treatment within as few as 5 years
of previous harvests. Most ponderosa pine stands on
level terrain have been logged at least once; little log-
ging has occurred on steeper slopes in larger canyons.
Cutting of fuel wood, particularly in the pinyon-juni-
per cover type, has increased over the past 2 decades.
Until the 1960s, sheep were the primary livestock on
the CSA. The predominant livestock use on the CSA
since that time was by cattle during summer.

METHODS

I radiotagged 252 turkeys (213 female, 39 male)
during 1988–1997. These turkeys were relocated �2
times monthly and visual locations were topographical-
ly mapped and UTM coordinates recorded. I used 691
locations, of which 155 were during winter (Nov–Mar)
and 366 were during summer (May–Sep) time intervals.
Additionally 67 nesting sites and 103 roosting sites (lo-
cated yearlong) were observed during the study.

Habitat maps for comparing habitat use and avail-
ability were derived from Terrestrial Ecosystem Sur-
vey (TES) (Laing et al. 1989). I classified these hab-
itats into mixed conifer, ponderosa pine, pinyon-juni-
per, aspen, and meadow grassland vegetation associa-
tions. I obtained slope, distance-from-water sources
(springs and impoundments), elevation, and distance-
from-road data using GIS calculations for each turkey
location. Slope, distance-from-water, and elevation
data were derived from USGS digital elevation maps
(90 m resolution), and distance-from-road data were
derived from USGS digital line graphs (1:100,000
scale). I obtained digital maps of livestock allotments,
stocking levels, and silvicultural treatment boundaries
from the USDA Forest Service.

I used forward stepwise logistic regression to model
habitat use (Hosmer and Lemeshow 1989). As predic-
tors, I used vegetation association, distance (m) to point
water sources and impoundments, slope (%), elevation
(m), distance (m) to open and closed system roads, dis-
tance (m) to polygons silviculturally treated, and distance
(m) to occupied cattle allotment. For nesting, summer,
and winter habitat models, I also included proximity (m)
to known roosting sites. I used 0.5 as the classification
cutpoint (the predictor value at which sites were sepa-
rated into used or random classifications) in this mod-
eling effort. I modeled habitat use for roosting, nesting,
summer, and winter. I used a jackknife resampling pro-
cedure to evaluate the classification bias of the final mod-
els (Verbyla and Litvaitis 1989).

RESULTS

The roosting habitat model had an overall correct
classification rate of 77.2%. Factors that influenced
roosting included greater slope, closer proximity to
closed and open system roads, closer proximity to
point water sources, and greater distance from water
impoundments (Table 1). The nesting habitat model
had an overall correct classification rate of 71.5% and
included closer proximity to roost site. Ponderosa pine
and mixed conifer vegetation associations positively
influenced nesting habitat selection, whereas grassland
meadow, aspen, and pinyon-juniper vegetation asso-
ciations negatively influenced nesting selection (Table
1). Classification bias for both roosting and nesting
habitat models was �0.8%.

The seasonal habitat selection models included a
larger number of variables than did either roosting or
habitat selection models. The summer habitat selection
model had an overall classification accuracy of 76.1%,
whereas the winter habitat selection model had an
81.4% overall classification accuracy. The summer
model was positively influenced by ponderosa pine
and mixed conifer vegetation associations, proximity
to roosting sites and point water sources, timber har-
vests that had occurred 1 or 2 years prior, and closer
proximity to open system roads. Proximity to closed
system roads and water impoundments, timber har-
vests �1 year in age, and aspen, pinyon-juniper, and
grassland meadow vegetation associations negatively
influenced the selection model. Ponderosa pine and
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Table 1. Logistic regression models (logit scale) of observed Merriam’s turkey habitat use for roosting, nesting, summer, and winter
on the Mogollon Rim, Arizona, 1988–1997.

Activity

n

Use Random �2 P Logistic regression equationsa

Predictions (%) correct

Use Random Overall

Roosting 103 103 110.868 �0.001 Y � 1.20 � 3.77S � 0.11CR � 0.09OR � 0.03WS
� 1.12WB

85.3 69.4 77.2

Nesting 67 67 87.323 �0.001 Y � 3.34 � 5.23DR � 2.10MC � 1.16PP � 0.05PJ
� 2.21AS

84.9 58.5 71.5

Summer 366 359 323.223 �0.001 Y � �13.21 � 8.16PP � 1.91MC � 0.02DR � 0.02WS
� 0.01PC1 � 0.01PC2 � 0.01OR � 0.01CR
� 0.01WB � 0.01PC � 2.20AS � 7.22PJ

81.4 70.8 76.1

Winter 155 152 165.012 �0.001 Y � �13.08 � 1.44PP � 1.07PJ � 0.02DR � 0.01PC2
� 0.01WS � 0.01PL2 � 0.01E � 1.73MC � 1.84AS

84.5 78.3 81.4

a Variables in the logistic regression equations include: DR � Distance (m) to roosting site, MC � mixed conifer vegetation association, PP �
ponderosa pine vegetation association, PJ � pinyon-juniper vegetation association, AS � aspen vegetation association, S � slope (%), CR
� distance (m) to closed system road, OR � distance (m) to open system road, WS � distance (m) to point water source, WB � distance
(m) to water body, PC � distance (m) to current timber harvest polygon, PC1 � distance (m) to timber harvest polygon that occurred last
year, PC2 � distance (m) to timber harvest polygon that occurred 2 years ago, PL2 � distance (m) to allotment stocked with cattle 2 years
ago, and E � elevation (m).

pinyon-juniper vegetation associations, proximity to
roosting sites and point water sources, and proximity
to timber harvests that had occurred 2 years prior pos-
itively influenced the winter habitat selection model.
The winter selection model was negatively influenced
by mixed conifer, aspen, and meadow grassland veg-
etation associations, proximity to active livestock al-
lotments occupied 2 years prior, and elevation (Table
1). Classification bias for winter and summer habitat
models was �1.0%.

DISCUSSION
Logistic regression models are useful in under-

standing landscape features that influence habitat se-
lection. A great deal of research has been conducted
on characteristics at specific use sites to identify fea-
tures important to turkeys, but managing landscapes
for site-specific characteristics can be difficult for land
management agencies.

The importance of large trees with wide spreading
horizontal branches for Merriam’s turkey roosting sites
has been described extensively in the literature (Rumble
1992, Mollohan et al. 1995). Past research indicated that
greater slope was important, and seemed like a logical
indicator for habitat suitability. The model developed in
my study further indicates that slopes are important to
roosting site selection and may be used from a landscape
perspective to identify potential roosting areas.

Roads have been identified as detriments to roosting
habitat due to potential disturbance (Hoffman et al.
1993). The relationship to roads in my study is probably
a result of historic road construction in proximity to
roosting habitat. In other words, roads were built to fa-
cilitate historic timber harvest. Burbridge and Neff
(1975) noted that vehicles moving rapidly on roads were
less disturbing than vehicles moving slowly, although
less often, on lower quality roads. Rogers et al. (1999)
found that turkeys avoided the first 200 m around roads,
and habitats beyond that distance were used as available.
From a landscape perspective, roads do not seem to have
an overriding influence on roosting habitat use.

From a landscape perspective, nesting habitat is
best described by proximity to roosting sites and veg-
etation association. On the CSA, nesting sites were
most frequently located on slopes (Mollohan et al.
1995, Wakeling et al. 1998) that are characterized by
distinct mesic vegetation associations, like mixed co-
nifer. These same areas are also similar to those se-
lected for roosting site location. The models from my
study will be useful for identifying landscapes where
roosting and nesting may occur, but then the site-spe-
cific descriptions (Rumble 1992, Hoffman et al. 1993,
Rumble and Hodorff 1993, Mollohan et al. 1995,
Wakeling and Rogers 1998, Wakeling et al. 1998) will
best assist in defining suitable habitat within the iden-
tified landscapes. Previously, site-specific descriptions
would need to be compared with the entire landscape;
with this approach, site-specific descriptions need only
be compared within smaller portions of the landscape
identified by these models.

Winter and summer habitat selection models de-
veloped in my study are probably of most value in
identifying important seasonal ranges. Both roosting
sites and vegetation association influenced turkey use
of habitat in both winter and summer, as had been
reported previously (Wakeling 1997).

The most interesting aspect of the seasonal selec-
tion modeling was the influence of timber treatments
on habitat use, especially during summer. Site-specific
habitat characteristic studies in Arizona have cautioned
land managers regarding the potential for long-term
impacts to habitat suitability following timber treat-
ments (Mollohan et al. 1995). My study indicates that
timber treatments, while aversive for the first year, may
become a positive influence during the next 2 years
for both winter and summer habitat selection. I urge
caution in implementing the results of this research.
Timber harvests should not be planned indiscriminate-
ly; care should be used to plan harvests to achieve
desired future conditions described for Merriam’s tur-
keys (Rumble 1992, Hoffman et al. 1993, Rumble and
Hodorff 1993, Mollohan et al. 1995, Wakeling and
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Rogers 1998, Wakeling et al. 1998) when planning
harvests to favor turkey habitat.

Landscape level habitat selection modeling has
proven useful for management purposes with other
subspecies of turkey (Porter and Fleming 2001, Wake-
ling et al. 2001). The models developed during my
study should prove useful for land management plan-
ning considerations for Merriam’s turkeys. Although
predicted patterns of suitability remain to be validated,
these models should be useful tools for Arizona land
management planning.
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Abstract: We explored the potential provided by classified digital land cover maps derived from remotely sensed
satellite imagery for assessing statewide habitat suitability for eastern wild turkeys (Meleagris gallopavo silvestris)
in Arkansas. We adapted habitat variables used for ground-based habitat evaluation to classified land cover and
assessed quality of the landscape for turkeys by using 2 approaches: a habitat suitability index (HSI) model and
logistic regression model. We acquired digital land cover data derived from satellite imagery from the Multi-
Resolution Land Characteristics (MRLC) consortium, and computed composition and configuration variables with
FRAGSTATS (ArcView Patch Analyst). The HSI model incorporated food and cover variables into a geographic
information system (GIS; ArcView Spatial Analyst) and evaluated habitat at a pixel resolution of 30 m. We
summarized HSI scores at the county level and regressed against harvest records for wild turkeys. HSI values for
the statewide model ranged from 0.52 to 0.79 and explained 32% of the variation in harvest (r2 � 0.32, n � 68,
P � 0.05). Models tailored to each of 4 regions showed habitat suitability ranged from 0.07 to 0.92 and accounted
for nearly 70% of the variation in harvest (Ouachita region; adjusted r2 � 0.68, n � 13, P � 0.05). We used
logistic regression to derive a habitat model by comparing land cover characteristics and harvest. We identified 2
variables as most often associated with low harvest of wild turkeys statewide: percentage of land in Row Crops
(�2 � 10.08, df � 1, P � 0.002) and percentage of land in Commercial-Industrial-Transportation (�2 � 8.96, df
� 1, P � 0.028). Our findings suggest that NLCD satellite imagery and GIS tools can be used to identify habitat
characteristics that allow assessment of the potential of landscapes to support wild turkey harvest. If harvest
statistics provide a reasonable surrogate for relative population abundance for wild turkeys, then these models are
good indicators of habitat suitability.

Proceedings of the National Wild Turkey Symposium 9:189–198
Key words: Arkansas, geographic information system, habitat assessment, habitat suitability, habitat suitability
index, harvest, landscape, Meleagris gallopavo silvestris, satellite imagery, wild turkey.

Habitat inventory at the statewide scale is costly
in time and personnel (Johnson 2003). However, recent
advances in satellite image analysis and geographic in-
formation systems may allow high quality habitat in-
ventories to be conducted at a much-reduced cost. Our
intent was to explore the potential of using digital land
cover maps derived from remotely sensed imagery for
assessing statewide habitat suitability for wild turkeys.

Most existing habitat models for wild turkeys are
designed for application at a local level (Miller et al.
2000). The U.S. Fish and Wildlife Service identified
several ground-based variables (e.g., average height of

1 Present address: Minnesota Department of Natural Re-
sources, 500 Lafayette Road, Saint Paul, MN 55155, USA.

2 E-mail: sharon.goetz@dnr.state.mn.us
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herbaceous canopy and percent tree canopy cover) for
the summer food/brood, fall/winter/spring food, and
cover components of their HSI model for the eastern
wild turkey (Schroeder 1985). However, ground-based
evaluations are difficult to implement statewide be-
cause of their labor-intensive nature.

Satellite imagery could allow wildlife managers
the opportunity to apply habitat evaluation procedures
statewide using GIS. Effectiveness of HSI models is
dependent on their ability to capture habitat require-
ments so that GIS-based variables adequately represent
the life requisites (Donovan et al. 1987). The wild tur-
key is a potentially good candidate for landscape-level
models because habitat quality for turkey populations
has a spatial component related to arrangement of hab-
itat elements across large geographic areas (Gustafson
et al. 1994). Research in New York demonstrated that
transforming traditional variables into landscape-level
variables that are applicable to satellite imagery can
create models for habitat evaluation of wild turkeys
(Glennon and Porter 1999, Fleming and Porter 2001).
However, these previous studies were limited to small-
er regions within a state.

In this study our objectives were to examine po-
tential for logistic regression models developed from
satellite imagery to distinguish between high-quality
and low-quality habitat for wild turkeys, and compare
regional and statewide assessments of habitat suitabil-
ity indices for wild turkeys.

STUDY AREA

This study was conducted in the state of Arkansas.
Arkansas is composed of 4 principal physiographic re-
gions: the Ozark Mountains, Ouachita Mountains, the
Gulf Coastal Plain, and the Mississippi River Alluvial
Plain or Delta (Hanson and Moneyhon 1989; Figure
1). Elevation throughout the state ranges from 17 m in
the Delta region to 839 m in northwestern Arkansas.

The Ozark Mountain region in northern Arkansas
contains highlands characterized by flat-topped moun-
tains and narrow ridges with steep-sided valleys
(Smith 1989). This region consisted of upland hard-
wood forests with some conifers and contained most
of the 485,000 ha Ozark National Forest. Dominant
species included oak (Quercus spp.), hickory (Carya
spp.), maple (Acer spp.), cedar (Juniperus virginiana),
and pine (Pinus spp.).

The Ouachita Mountain region extends across the
west-central portion of Arkansas and contains the Ar-
kansas River Valley. East-west trending ridges and val-
leys are characteristic. Pine-hardwood forests were
found throughout the Ouachita region and the 666,046
ha Ouachita National Forest was within this region.
These forests were predominantly loblolly pine (P.
taeda) and shortleaf pine (P. echinata) with scattered
hardwoods (Hanson and Moneyhon 1989) and were
managed for timber production.

The Gulf Costal Plain has flat to rolling topogra-
phy. This region covers the portion of Arkansas south
of the Ouachita Mountains. Commercial forestry op-

erations were the dominant economic land-use in this
region (Hanson and Moneyhon 1989). Pine-hardwood
forests of similar composition to the Ouachita Region
were found in the Gulf Coastal Plain.

The Delta region of Arkansas covers the eastern
portion of the state. Topography is flat and contains
rich though poorly drained soil. Land use in this area
was predominantly agriculture: rice, soybean, and
wheat were the primary crops (Hanson and Moneyhon
1989). Bottomland hardwood forests persisted along
major river valleys in the Delta region. Bald cypress
(Taxodium distichum) and tupelo (Nyssa spp.) were
found in wetland areas. Drier riverbanks supported
black willow (Salix nigra), water hickory (Carya
aquatica), river birch (Betula nigra), and cottonwood
(Populus deltoides). The northern portion of this re-
gion was covered with upland hardwood forests of oak
and hickory (Hanson and Moneyhon 1989).

METHODS
To evaluate the potential of habitat assessment us-

ing satellite imagery, we sought variables that could
be measured from classified land cover using GIS and
assessed their ability to characterize habitat suitability.
We used 2 approaches to identify variables. First, we
designed an HSI model to evaluate the quality of the
landscape based on variables that could be measured
from classified land cover. Second, we employed lo-
gistic regression to select habitat variables empirically
from among those variables measurable with classified
land cover. We used harvest data, an index of relative
abundance, as an independent index of habitat quality
for validation of HSI models and as the dependent
variable in logistic regression. We created statewide
and regional models for both HSI and logistic regres-
sion analysis for comparison. We used Statistical Anal-
ysis System (SAS) software version 8.1 (SAS Institute
1990) for assessing the models.

Satellite Imagery

National Land Cover Database (NLCD) satellite
imagery classified by the MRLC consortium was used
because data was readily available nationwide and the
classification identified land-cover classes appropriate
for wild turkey habitat (Figure 1). The imagery con-
sisted of leaf-off Landsat 5 Thematic Mapper (TM)
satellite data, nominal-1992 (1988–1993) acquisitions
(U.S. Geological Survey 2000). There were 18 land-
cover classes included in the Arkansas MRLC modi-
fied Anderson level II classification, and the imagery
had a resolution of 30 m. At the time of project com-
pletion imagery accuracy was unknown; accuracy as-
sessment has since been completed. The pixel-level
accuracy for the South-central United States (Region
6) classified land cover was 44% (U.S. Geological Sur-
vey 2004).

Population Index

We used wild turkey harvest data both as a direct
measure and as a means of estimating relative abun-
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Fig. 1. Habitat assessment for wild turkeys in Arkansas based on 1992 satellite imagery and summarized to county-level resolution.
(a) Arkansas counties stratified into the 4 physiographic regions. (b) National Land Cover Dataset satellite imagery for Arkansas. (c)
Wild turkey population index used for validation of habitat suitability index (HSI) models for each county. (d) Statewide HSI values
summarized at the county level. (e) Logistic regression classification of high or low turkey population index. (f) Logistic regression
probability of a county having a high turkey population index.

dance. Lint (1990) demonstrated that harvest data pro-
vides a reasonable index of relative abundance. We
standardized the index by dividing total harvest by the
area of each county. To reduce effects of annual var-
iation in turkey harvest, we used a 6-year (1992–1997)

average. We chose the years 1992–1997 because they
approximate the time of satellite image collection
(1988–1993 vintage). Because many counties were
closed to hunting before 1992, using 1992–1997 data
allowed for the retention of more counties. The years
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Table 1. Habitat suitability index (HSI) values for wild turkey
food and cover assigned to the 18 Anderson level-II land-cover
classes depicted in 1992 satellite imagery of Arkansas.

Land-cover class

HSI value

Food Cover

Open water 0 0
Low intensity residential 0.5 0.5
High intensity residential 0 0
Com-ind-transa 0 0
Bare rock-sand-clay 0 0
Quarries-strip mines-gravel pits 0 0
Transitional 0.7 0.4
Deciduous forest 1 0.6
Evergreen forest 0.6 1
Mixed forest 0.8 1
Shrubland 1 1
Grasslands-herbaceous 1 0.6
Pasture-hay 1 0.5
Row crops 1 0.5
Small grains 1 0.5
Urban-recreational grasses 0.6 0
Woody wetlands 0.8 0.8
Emergent herbaceous wetlands 0.8 0.8

a Com-ind-trans � Commercial-Industrial-Transportation.

1994–1997 extend past the data used for the imagery;
however, change in land use was assumed small during
this period. Seven counties were closed to hunting at
least 1 year from 1992 to 1997 and were excluded
from analysis, leaving 68 counties. Harvest data were
square-root transformed to approximate a normal dis-
tribution (Zar 1999).

Habitat Suitability Index

We developed an HSI model for habitat charac-
teristics measurable with classified land cover based
on a review of literature and existing habitat evaluation
models for wild turkey (Schroeder 1985, Wigley et al.
1985, Donovan et al. 1987, Hurst and Dickson 1992,
Gustafson et al. 1994, Thogmartin 1999). We assigned
each land-cover class a value from 0.0–1.0 for food
and cover based on quality of that cover class for wild
turkeys (Table 1). We combined the food and cover
values to yield the final HSI value as:

HSI � (Cover HSI � Food HSI)1/2.

We used the geometric mean so that a zero value for
either food or cover would confer a final HSI value of
zero. The imagery was then reclassified (each land-
cover class assigned its corresponding HSI value) ac-
cording to final HSI values using the reclassify func-
tion in Spatial Analyst extension of ArcView (Envi-
ronmental Systems Research Institute 1999). We cal-
culated mean HSI values by county. We assessed the
quality of our initial HSI values by fitting HSI versus
harvest in a simple linear regression model.

Next, the model was adjusted to tailor fit the HSI
values to statewide and regional landscapes. We indi-
vidually changed the food and cover HSI values (at
0.1 increments) while holding all other model vari-
ables constant and fit a new regression model to har-
vest data. The values producing the best fit were re-
tained for the statewide and 4 regional models. This

process was intended to explore the values of the ex-
planatory variables derived from remotely sensed data.

We also summarized HSI values for 1,000 ha poly-
gons to determine how a scale more appropriate to
wild turkey use of the landscape influenced the final
range of suitabilities. Seasonal home ranges for wild
turkeys in the Ozark Mountains and Ouachita Moun-
tains range from 71–1,149 ha (Wigley et al. 1986,
Badyaev et al. 1996, Thogmartin 2001). Logistic Re-
gression Model

We developed logistic regression models (Hosmer
and Lemeshow 2000) for wild turkey habitat quality
based on the LOGISTIC procedure in SAS (SAS In-
stitute 1990). The binary response (dependent) vari-
able was a high or low population index of turkeys
(i.e., high or low harvest of turkeys; Figure 1c). The
median value of the population index was used to dis-
tinguish between high and low densities.

For independent variables in our logistic regres-
sion models, we computed composition (amount of a
land-cover class) and configuration (arrangement of
land-cover classes) landscape metrics from the classi-
fied land cover at the county level (the same scale as
harvest data) using the Patch Analyst extension of
ArcView. This extension calculates landscape metrics
using FRAGSTATS functions within the ArcView en-
vironment (McGarigal and Marks 1995). Other com-
position variables computed included human popula-
tion density, road density and land in public owner-
ship. We obtained human population density and road
density (km/ha) from U.S. Bureau of Census data for
1990. We acquired land ownership information from
the Gap Analysis Program (Center for Advanced Spa-
tial Technology 1998, Smith et al. 1998).

Variables were selected for the models through a
process described by Hosmer and Lemeshow (2000).
Univariate analysis was performed on 76 variables;
each variable was independently regressed on the de-
pendent variable (Y). Those with P-values �0.25 or
those with biological importance were considered can-
didates for model inclusion. To eliminate redundant
FRAGSTAT metrics, variables with Pearson correla-
tion coefficients �0.8 were excluded from further con-
sideration. After univariate and correlation analysis, 20
variables were retained. Next, an a priori selection of
variables thought to be important to wild turkey habitat
and finally forward stepwise selection were used to
further reduce the number of variables and produce
parsimonious and significant models (Hosmer and Le-
meshow 2000). Ten models were identified from
which the final state and the 4 regional models were
selected. Regional models were explored due to the
degree of heterogeneity found among the regions.

We evaluated significance of individual variables
and interaction terms through likelihood ratio chi-
square tests using the �2 Log Likelihood (�2
Log L) value, a goodness-of-fit statistic describing fit
of the explanatory variables in the model (SAS Insti-
tute 1990). We judged overall model significance with
the likelihood ratio chi-square test (Hosmer and Le-
meshow 2000). We used Akaike’s Information Crite-
rion (AIC) for comparing different models for the
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Table 2. Food (F) and cover (C) values for statewide and regional habitat suitability index models used to assess habitat quality for
wild turkeys in Arkansas from 1992 satellite imagery.

Land-cover class

Statewide

F C

Ozark

F C

Ouachita

F C

Gulf

F C

Delta

F C

Open water 0.1 0.0 0.1 0.0 1.0 0.0 0.1 0.0 0.0 0.0
Low intensity residential 0.0 0.5 0.0 0.5 0.0 0.5 0.5 0.5 0.5 0.5
High intensity residential 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
Com-ind-transa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
Bare rock-sand-clay 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0
Quarry-strip mine-gravel pit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Transitional 0.0 0.4 1.0 0.4 0.0 0.4 1.0 0.4 0.7 0.0
Deciduous forest 1.0 0.6 1.0 0.6 0.7 0.6 0.6 0.6 1.0 0.4
Evergreen forest 0.5 1.0 0.9 1.0 0.8 1.0 1.0 1.0 0.6 1.0
Mixed forest 0.9 1.0 1.0 1.0 0.6 1.0 1.0 1.0 0.8 0.2
Shrubland 1.0 1.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Grasslands-herbaceous 1.0 0.6 1.0 0.6 1.0 0.6 1.0 0.6 1.0 0.6
Pasture-hay 1.0 0.5 0.2 0.5 1.0 0.5 1.0 0.5 1.0 0.6
Row crops 0.6 0.5 1.0 0.5 1.0 0.5 0.7 0.5 1.0 0.0
Small grains 0.4 0.5 0.3 0.5 0.3 0.5 1.0 0.5 1.0 0.0
Urban-recreational grasses 0.6 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.6 0.0
Woody wetlands 0.6 0.8 1.0 0.8 0.2 0.8 1.0 0.8 0.8 0.7
Emergent herbaceous wetlands 0.6 0.8 1.0 0.8 0.2 0.8 0.8 0.8 0.8 0.8

a Com-ind-trans � Commercial-Industrial-Transportation.

Fig. 2. Regression of habitat suitability by the county-level har-
vest density for wild turkeys in Arkansas. Habitat suitability is
based on 1992 satellite imagery and harvest density is an av-
erage of harvest during 1992–1997.

Table 3. Coefficients of determination (r2) for habitat suitability
models for wild turkeys and average county HSI values sum-
marized at the regional and state level in Arkansas, 1992–1997.

Model
Statewide
model r2

Regional
model r2

Average
HSI

Average
regional HSI

Statewide 0.31 0.69
Ozark 0.09a 0.25a 0.74 0.67
Ouachita 0.48a 0.68a 0.73 0.68
Gulf 0.13a 0.35a 0.70 0.82
Delta �0.04a 0.10a 0.57 0.22

a Adjusted r2 values.

same data (Burnham and Anderson 1992). The models
with the lowest AIC values were chosen as the best
models.

After variables for statewide and regional models
were selected, we tested the assumption of linearity in
the logit for continuous variables. We used a grouped,
smooth scatter plot to visually assess scale of the con-
tinuous variables (Hosmer and Lemeshow 2000). If a
covariate was non-linear, then we used a fractional
polynomial approach to improve fit of the model (� �
[�2, �1, �0.5, 0, 0.5, 1, 2, and 3]). Likelihood ratio
chi-square tests using the �2 Log L value determined
whether a model including transformed variables re-
sulted in a better model fit.

RESULTS
Habitat Suitability Index Model

The best food and cover values after model ad-
justment varied among the statewide and regional

models (Table 2). The best statewide model accounted
for 31% of the variation in the population index (P �
0.001; Figure 2).

Performance of the statewide model decreased
when applied to individual regions except the Ouachita
(r2 � 0.48; Table 3). The statewide model performed
worst in the Delta region (r2 � �0.04). Ozark and Gulf
regions were intermediate, but had poor relationships
(r2 � 0.09 and 0.13, respectively).

The HSI values for the statewide model ranged
from 0.52 to 0.79 (Figure 1). The statewide HSI values
summarized at the regional level identified the Delta
region as the area of lowest suitability (0.57). The
Ozark, Ouachita, and Gulf regions had average HSI
values of 0.74, 0.73, 0.70, respectively (Table 3).

Habitat Suitability Index values for models tai-
lored to each region ranged from 0.07 to 0.92. The
Gulf regional model had the highest average suitability
(0.82), whereas the Delta region had the lowest suit-
ability (0.22). The average suitability values for the
Ozark and Ouachita regions were similar, 0.67 and
0.68, respectively. Habitat suitability values summa-
rized at the 1,000 ha polygon level ranged from 0 to
0.90 (Figure 3).

Models adjusted for regional variation, by altering
the initial HSI values assigned to each land-cover
class, improved the fit to harvest. By tailoring models



194 Habitat Ecology of Wild Turkeys

Fig. 3. Statewide habitat suitability index values for wild tur-
keys in Arkansas averaged to 1,000 ha polygons.

Table 4. Parameter estimates for best predictors of a high pop-
ulation index of wild turkeys in Arkansas based on 1992–1997
harvest records. � is parameter estimate, �2 is chi-square test
for H0 when the parameter is equal to zero.

Variable df � SE �2 P

Statewide model (likelihood ratio �2 � 36.41***)
Intercept 1 2.65 0.72 13.65 0.001
Percent com-ind-trans 1 �5.60 1.87 8.96 0.003
Percent row crops 1 �0.08 0.02 10.08 0.002

Ozark model (likelihood ratio �2 � 6.70**)
Intercept 1 3.00 1.09 7.51 0.006
Percent com-ind-trans 1 �6.19 2.97 4.34 0.037

Ouachita model (likelihood ratio �2 � 4.17**)
Intercept 1 �1.97 1.36 2.09 0.148
Percent evergreen forest 1 0.17 0.10 2.78 0.095

Gulf model (likelihood ratio �2 � 10.39**)
Intercept 1 �3.45 1.46 5.57 0.018
Percent evergreen forest 1 0.11 0.04 6.52 0.011

Delta model (likelihood ratio �2 � 3.40*)
Intercept 1 �8.81 7.08 1.55 0.213
Percent open water 1 1.11 0.96 1.33 0.250

* P � 0.1, ** P � 0.05, *** P � 0.001.

to specific regional characteristics, we were able to ac-
count for as much as 68% of the variation in the pop-
ulation index (Table 3). Both the statewide and re-
gional models identified the Delta region as the area
of lowest suitability (HSI � 0.22–0.57) and the Ouach-
ita and Gulf regions as the highest (HSI � 0.68–0.82;
Table 3). The statewide model showed comprehensive
habitat suitability of 0.69; regional suitability values
based on the statewide model ranged from 0.57 to 0.74
(Figure 1).

Logistic Regression Model

Only 2 variables were included in the statewide
logistic regression model. The probability of a high
population index (Figure 1e) was negatively associated
with the percentage of Commercial-Industrial-Trans-
portation (Com-Ind-Trans) (�2 � 8.96, df � 1, P �
0.028) and the percentage of land in Row Crops (�2 �
10.08, df � 1, P � 0.002) (Figure 1). The final state-
wide model created for logistic regression was chosen
based on its AIC value of 63.86. Statewide models
tested had AIC values ranging from 63.86 to 84.57.
The statewide model was significant (P � 0.05) based
on the Likelihood Ratio Statistic (Table 4):

2.6515�5.6031�Com-Ind-Trans�0.0774�Row Cropse
P �

2.6515�5.6031�Com-Ind-Trans�0.0774�Row Crops1 	 e

The range of percentages for Com-Ind-Trans and row
crops were 0.03–2.73 and 0.09–77.52, respectively.

The models tailored for the Ozark, Ouachita, and
the Gulf region were significant based on the Likeli-
hood Ratio Statistic (P � 0.05; Table 4). The lowest
AIC values for the regional models compared within
regions were 20.36, 17.77, 22.68, and 7.65 for the
Ozark, Ouachita, Gulf, and Delta regions, respectively.

Variables retained in the logistic models differed
among regions. Wild turkey abundance based on har-
vest in the Ozark region was inversely related to the

percentage of land in Com-Ind-Trans. Turkey abun-
dance based on harvest was positively associated with
the percentage of Evergreen Forest in the Ouachita and
Gulf models, and positively associated with the per-
centage of Open Water in the Delta region. No inter-
action terms or variable transformations significantly
(P � 0.05) improved statewide or regional model fit.

DISCUSSION

The principal question in landscape-scale habitat
assessment is whether variables identified with satellite
imagery can detect habitat characteristics that are bi-
ologically meaningful for wildlife. In preliminary
work in southwestern New York, Glennon and Porter
(1999) detected habitat attributes (e.g., linear edge)
from NLCD classified land cover that appeared useful
in landscape-scale habitat evaluation for wild turkeys.
The application of habitat assessment using NLCD
classified land cover in Arkansas was designed to ex-
pand evaluation to a statewide context and to ecolog-
ical conditions that were different from New York.

To explore the use of classified land cover in hab-
itat evaluation, we considered 2 approaches to mod-
eling habitat suitability, and then assessed potential of
each of these in light of their ability to relate habitat
quality to harvest, and potentially to relative abun-
dance of turkeys. We investigated HSI models and lo-
gistic regression. Our interpretation of performance of
each of the successful models focused first on config-
uration and composition variables, the principal infor-
mation available from satellite imagery. Second, we
examined influence of degree of landform heteroge-
neity among the physiographic regions on model per-
formance, and therefore the scale most appropriate for
model development. Finally, we considered model per-
formance in light of the accuracy and resolution of
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input data (e.g., classified land cover) and data used to
develop and assess performance of the models.

Habitat Suitability Index Models

GIS-based models have the potential to work well
for turkeys because their habitat requirements can be
generalized to simple combinations of forested and
open habitats (e.g., Dickson et al. 1978, Glennon and
Porter 1999, Fleming and Porter 2001). Models that
employed simple combinations of food and cover re-
quirements were found to be the most successful in
relating to harvest of wild turkeys in Arkansas. A
statewide HSI model explained 32% of the variation
seen in harvest, with some regional models explaining
almost 70%.

Regional models were more effective at capturing
variation than statewide models. This is understand-
able because relationships between variables in a mod-
el can differ depending upon the composition of land-
cover classes within each region (Glennon and Porter
1999). Regional tailoring of habitat models allows
consideration of differences in natural physiography
and land use present within the regions. The Ozark
and Ouachita regions are mountainous, while the Gulf
and Delta share flat to rolling topography. Forest
stands are predominately upland hardwoods in the
Ozarks, whereas the Ouachita and Gulf regions have
pine-dominated forests with similar compositions. The
major land use in the Gulf is commercial forestry, and
agriculture dominates the landscape in the Delta re-
gion. It is likely that there are different limiting factors
to turkey abundance within each region. In the heavily
forested regions, open habitat might be limiting, but
where agriculture predominates, forest cover is usually
the limiting habitat factor.

However, the fact that the statewide models
worked as well as they did is also surprising. In gen-
eral, most habitat models can only be expected to ex-
plain half of the variation in a population’s abundance
(Morrison et al. 1998). While habitat is important, the
relative abundance of wild turkey populations is also
influenced by other factors (e.g., predation, reproduc-
tive success, weather, disease, legal harvest, and
poaching). Previous studies in Arkansas and Missis-
sippi have suggested that nest predation is an impor-
tant limiting factor in the Ozark and Ouachita Moun-
tains (Seiss et al. 1990, Badyaev 1995, Thogmartin
1999, Thogmartin and Johnson 1999). Populations in
northern Missouri, Kentucky, Alabama, and Virginia
and West Virginia suffered high (20–40%) rates of
mortality due to poaching (Wright and Speake 1975,
Fleming and Speake 1976, Kurzejeski et al. 1987,
Pack et al. 1999). However, illegal kill rates of 10%
were considered negligible in affecting turkey popu-
lations in central and east-central Mississippi and the
Ouachita Forest of Arkansas (Palmer et al. 1993, Mill-
er et al. 1998, Thogmartin and Schaeffer 2000).

Logistic Regression Models

Several composition and 1 configuration measure-
ment proved useful in creation of habitat models built

on logistic regression. The variables selected by logis-
tic regression relate well to our understanding of the
ecology of wild turkeys, identifying commercialized
areas and areas with large amounts of agriculture as
limiting to turkeys. For example, Cleveland County
had 0.03% of land in the Commercial-Industrial-Trans-
portation land-cover class and 1,000 turkeys harvested/
10,000 km2. Pulaski County had the largest percentage
of land in the Com-Ind-Trans cover class (2.73%) and
had a harvest density of 200 turkeys/10,000 km2. The
Com-Ind-Trans cover class includes infrastructure
(e.g., roads, railroads) and all highly developed non-
residential areas. High Intensity Residential includes
housing developments with apartment buildings or row
houses where �20% of the area is vegetation. Com-
mercial or industrial areas and areas that are used for
transportation would not meet minimum food and cov-
er requirements for wild turkeys. Alternatively, pres-
ence of these variables may be a reflection of the lack
of hunting in urban and suburban landscapes.

Polk and Poinsett County had 0.09% and 77.52%
of land in Row Crops, with respective turkey harvest
densities of 600 turkeys/10,000 km2 and 3 turkeys/
10,000 km2. Row crops can be an important source of
food for wild turkeys, but do not provide cover year-
round. There is variability associated with the amount
of cover needed by turkeys, but areas with extensive
agricultural fields (e.g., Delta region) provide little
habitat for cover and are less suitable for wild turkeys.
Landscapes that feature single crops over extensive ar-
eas are negatively associated with wild turkey abun-
dance (Hurst and Dickson 1992). Kurzejeski and Lew-
is (1990) found that turkeys in northern Missouri rare-
ly used croplands not bordered by mature timber
stands. Increasing amounts of woody cover improved
poult survival from 0–4 weeks posthatch, in an agri-
culture-dominated landscape in Iowa (Hubbard et al.
2001). Flather (1989) found a negative association be-
tween turkey densities and area in cropland and human
related land-uses in the context of a landscape-scale
analysis of the southern United States.

Some of the variables identified are likely surro-
gates for biologically meaningful variables that are not
easily discerned from classified land cover. The per-
centage of Open Water identified in the Delta region
is an example of a possible surrogate variable for bot-
tomland hardwoods. The hardwood forest type asso-
ciated with river drainages is known historically to be
among the best quality habitat for wild turkeys in Ar-
kansas (Meanley 1956). Remnants of this cover class
persist along the major waterways. Bottomland hard-
wood should be classified in the Woody Wetland land-
cover class and this type should serve as a better pre-
dictor of habitat. However, wetland areas are difficult
to delineate with satellite imagery alone (Yang et al.
2001). Ancillary data sources (e.g., National Wetlands
Inventory data) are often used to improve wetland de-
tection, but are not always available. Confusion be-
tween water and wetland areas would also contribute
to inaccuracies. Additional data collection in the field
targeting these important, but hard to detect land-cover
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classes could improve variables used in model devel-
opment.

Satellite Imagery and Scale

The spatial arrangement of open and forested hab-
itats is an important factor in habitat quality for wild
turkeys (Schroeder 1985, Gustafson et al. 1994). We
therefore expected configuration variables to be iden-
tified as important in the Arkansas models. Research
in New York has also explored the use of variables
measured from NLCD satellite imagery, and identified
configuration in addition to composition variables re-
lating to measures of turkey abundance. In New York,
56% of the variation in turkey harvest was explained
by amount of open area and 29% by edge (Glennon
and Porter 1999). Fleming and Porter (2001) found
that 47% of the variation in poult survival was ex-
plained by the Forest Core Area Standard Deviation
habitat variable.

The importance of edge and core area variables
did not translate to Arkansas landscapes. Edge (the
interface between forest and open areas) is important
for nesting habitat for wild turkeys and travel corridors
for dispersal and was found to be an important habitat
variable in New York (Glennon and Porter 1999,
Fleming and Porter this volume). Thogmartin (1999)
found that 9% of the forest patches in an Ouachita
study site consisted entirely of edge habitat. Edge hab-
itat was used less than expected for nesting habitat,
potentially in response to increased predation in eco-
tones in Arkansas.

A second explanation for the lack of success of
variables characterizing edge habitat in the Arkansas
model may be related to the scale of the analysis. Both
the scale of assessment and the population data in New
York were based on township-level (approximately
10,000 ha) analysis in contrast to county-level analysis
in Arkansas. Counties are large enough that they likely
contain substantial variation in amount and configu-
ration of edge. Summarizing this variation into a single
value may reduce the information and obscure this re-
lationship. For instance, the key habitat component of
the Delta region is the small amount of remaining bot-
tomland forest. Percentages of this land-cover class per
county are small and therefore are not represented well
when averaged to the county scale. Increases in
amount of bottomland hardwoods would likely result
in an increase in abundance of turkeys; however, the
county HSI values would not change significantly.
Consequently, HSI values at the county level cannot
adequately characterize variation in the population in-
dex resulting from a rare, but important habitat com-
ponent.

Harvest data used for the population index ex-
tended 4 years past the dates of satellite image collec-
tion. If the assumption of minimal land use change
during this 4-year period is incorrect, the discrepancy
in satellite image dates and dates of harvest data used
could have negatively impacted study results. Urban-
ization and deforestation are land use changes that
could impact suitability of turkey habitat during that

period. However, due to the large scale (county-level)
that landscape metrics were calculated, a small change
in land use would likely not affect metric values great-
ly.

The overall accuracy of the 1992 classified land
cover is low (44%). Combining land-cover classes
with similar quality for turkeys and using an aggregate
of pixels would potentially have improved the accu-
racy and allowed for more meaningful models. Aggre-
gating confused land-cover classes is 1 method to
overcome data shortcomings (Thogmartin et al. 2004).

Thogmartin et al. (2004) found that there were pat-
terns in how errors were distributed and that mapping
problems were associated with rare land covers (e.g.,
Emergent Herbaceous Wetlands). In Region 4 Open
Water was most commonly confused with Emergent
Herbaceous Wetlands, which was most commonly
confused with Woody Wetlands. Collapsing these 3
categories might have resulted in more meaningful
variable identification with logistic regression. In ad-
dition, to build predictive logistic regression models
the smaller regional models would benefit from addi-
tional samples to increase predictive ability.

Although meaningful models were identified
through this process, the variables identified are not
useful to managers. For example, row crops and in-
dustrial areas are not target habitats for wildlife man-
agement activities. The exploration of HSI values
helped to identify additional land-cover classes that
could be combined for modeling wild turkey habitat.
High Intensity Residential, Commercial-Industrial-
Transportation, Bare Rock-Sand-Clay, and Quarries-
Strip Mines-Gravel Pits should be aggregated as they
have the same quality for food and cover for wild tur-
keys. In addition, Row Crops and Small Grains should
be aggregated. When commonly confused land-cover
classes identified in the southeastern United States
(Region 4) are considered, Row Crops and Pasture-
Hay could be aggregated to improve image accuracy.

MANAGEMENT IMPLICATIONS

Wild turkey restoration programs in most states
have ended or are near completion and management
objectives are shifting from restoration to managing
currently established populations through habitat ma-
nipulation and harvest management. Amount and qual-
ity of available habitat will limit wild turkey popula-
tions in the future. Habitat models using remotely
sensed data could be an important tool to monitor hab-
itat composition and configuration.

Quality of the land-cover data is important to con-
sider when building models for assessing habitat.
Land-cover classes should be aggregated to reduce re-
dundancy related to wild turkey biology and to poten-
tially improve accuracy when commonly confused
land-cover classes are combined. The expectation is
that future land-cover data will have improved accu-
racy.

In states with a large degree of heterogeneity, as-
sessing habitat at physiographic regions will identify
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more specific variables and provide better model fit.
Regional models should provide more information for
managers about habitat quality and priority areas for
management.

The scale of assessment limits spatial detail and
complexity of the models and perhaps overall utility
of the approach. Improvement of quality (i.e., collec-
tion of effort information) and resolution of population
data (increased sample size) would increase the pre-
dictive ability of landscape-level models. Variables av-
eraged on a smaller scale capture more variation pres-
ent on the landscape. The increase in sample size
would allow for generation and testing of models with
subsets of the data.

Landscape level habitat assessment at a county
scale might be best used in a step-down approach to
identifying important turkey habitat. After key coun-
ties are identified a more detailed assessment could be
initiated using aerial photographs or traditional
ground-based methods. A landscape level view can be
a valuable compliment to local scale habitat informa-
tion in decision making for long-term harvest goals
and habitat management priority areas for wild tur-
keys.
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Abstract: Management of forested habitats for wild turkeys (Meleagris gallapavo) is critical to provide the proper
vegetative requirements to improve reproductive success and survival. We investigated the effects of prescribed
fire, shelterwood harvest, and wildlife retention cuts on wild turkey habitat in a mixed hardwood forest in eastern
Tennessee. Vegetative response, soft and hard mast production, invertebrate availability, and crown expansion were
measured. Shelterwood harvest (61–80% density), wildlife retention cut with prescribed fire (61–80%), and wild-
life retention cut (41–60%) increased the density of understory vegetation. White oak (Quercus alba) crown
expansion was greater in the shelterwood harvest (25%) and wildlife retention cut (8%) than in the control. No
effects of treatments were found on herbaceous cover, acorn production, soft mast production, or invertebrate
densities. Shelterwood harvest, wildlife retention cut, and wildlife retention cut with prescribed burning enhanced
the nesting and brooding cover for wild turkey in the short term; however, additional treatment is needed to
increase herbaceous cover and reduce density of woody understory vegetation.

Proceedings of the National Wild Turkey Symposium 9:199–207
Key words: mast production, shelterwood harvest, wild turkey habitat, wildlife retention cut.

Forest management directly influences wildlife
habitat by altering forest structure, resource availabil-
ity, and species composition. Understanding the effects
of silvicultural practices on forest systems better en-
ables us to successfully manage for selected wildlife
habitat characteristics, including those important to
wild turkey.

1 E-mail: samjackson@utk.edu
2 Present address: Westervelt Wildlife Services, Demopolis,

AL 36732, USA

The eastern wild turkey depends on forested hab-
itat for both food and cover during critical times in its
life-cycle. While forested habitat is important through-
out the year, it is most important in the winter months
(Dickson 2001). Oak acorns are a large part of the
winter diet, while other soft-mast species, such as
flowering dogwood (Cornus florida) and blackgum
(Nyssa sylvatica) are important when available (Hurst
1992). Other woody species, including vines (e.g., Vi-
tis spp.), also provide valuable soft mast foods.

The structure of mixed hardwood stands is impor-
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A wildlife retention cut was implemented in this stand in February 2001 (left). By June 2005, considerable groundcover, including
Virginia wildrye, had developed and nesting and brooding cover for wild turkeys had improved dramatically over that in the adjacent
control stand (right) only 100 yards away. (Photo Credit: Craig Harper)

tant cover for roosting, feeding, nesting, and brooding.
Mixed hardwood stands can be as attractive as open-
ings and brushy areas, provided the proper vegetative
structure is in place. If managed to provide a lush her-
baceous layer or shrubby conditions beneath the over-
story, mixed hardwoods can provide adequate nesting
and brooding cover (Davis 1992, Harper 1998). This
vegetative layer also provides habitat for invertebrates
and increased seed production, both critical sources of
food for poults. In western North Carolina, insect
availability was greater in stands containing more her-
baceous cover (Harper et al. 2001). In fact, the density
of preferred insects did not differ between forested ar-
eas and openings. Metzler and Speake (1985) reported
poult survival in upland hardwoods was greater where
more herbaceous vegetation developed. The herba-
ceous layer may also produce seed for both juvenile
and adult wild turkeys.

Creating appropriate conditions for wild turkeys in
mature mixed hardwoods can be challenging. Some
research has been conducted on the effects of hard-
wood management on wild turkey habitat (Pack et al.
1980, Rogers 1985, Pack et al. 1988, Swanson et al.
1996, and Basinger 2002). Further, research has ex-
amined forested stand manipulation through silvicul-
tural methods to improve habitat conditions for wild
turkeys. Swanson et al. (1996) found wild turkey nest-
ing success rates were not different between harvested
and unharvested areas. Poult survival was higher in
harvested areas with more ground-level vegetation.

Our objective was to study the effects of 4 silvi-
cultural treatments with controls on wild turkey habitat
characteristics in mixed hardwood in eastern Tennes-
see. The silvicultural treatments included: shelterwood
harvest; wildlife retention cut; wildlife retention cut
with prescribed fire; and prescribed fire alone. We also
wanted to document the effect of the silvicultural treat-
ments on key food sources, including soft mast pro-
duction, acorn production, and invertebrate availability.

STUDY AREA
The study was conducted at Chuck Swan State

Forest and Wildlife Management Area in eastern Ten-

nessee. It was located approximately 50 miles north-
east of Knoxville, Tennessee, and encompassed ap-
proximately 9,712 ha. The area was co-managed by
the Tennessee Division of Forestry and the Tennessee
Wildlife Resources Agency.

The primary timber type at Chuck Swan was
mixed hardwoods. Predominant species included white
oak, chestnut oak (Q. montana), black oak (Q. velu-
tina), scarlet oak (Q. coccinea), blackgum, red maple
(Acer rubrum), and yellow-poplar (Liriodendron tuli-
pifera). There was also a large component of planted
loblolly pine (Pinus taeda) and eastern white pine (Pi-
nus strobus). The terrain at Chuck Swan was consid-
ered to be hilly with elevations ranging from 304 m
above sea level to over 488 m above sea level. Tem-
peratures ranged from a yearly average high of 20.4�C
to a yearly average low of 7.9�C. The area received
approximately 119 cm of rain per year (National Cli-
matic Data Center 2001).

METHODS

We identified 4 24-acre stands on moderately pro-
ductive sites for this study. All sites were on northwest
aspects with slopes averaging 24 to 30%. All stands
were comprised of mixed (oak-hickory) hardwoods
with a small component of pine.

Treatments

We divided the 4 identified stands into 12 2-acre
cells and used 5 different treatment combinations and
a control. Treatments were shelterwood harvest, shel-
terwood harvest with prescribed fire, wildlife retention
cut, wildlife retention cut with prescribed fire, and pre-
scribed fire alone. We randomly assigned each treat-
ment to 2 2-acre cells in each stand. We implemented
treatments in 2001 and data we present in this paper
represent changes in habitat from pre-treatment con-
ditions to 3 growing seasons after treatment. We con-
ducted the shelterwood harvest with prescribed fire
treatment in accordance with the Brose et al. (1999)
shelterwood-burn method. Due to the length of time



Influence of Silvicultural Treatments • Jackson et al. 201

between the initial harvest and the prescribed fire, we
did not report the effects of this treatment in this paper.

We implemented wildlife retention cuts to kill se-
lected overstory and midstory trees by felling or girdling
trees. We applied a 50:50 mixture of Garlon 3A (Dow
AgroSciences, Indianapolis, Indiana, USA) and water to
girdled stems to kill the tree and to cut stems to reduce
resprouting. We made cuts that would enhance understo-
ry structure and food production for wild turkeys. We
did not consider economic or timber production con-
cerns. Trees marked to be killed had less benefit to wild-
life and included red maple, sourwood (Oxydendrum ar-
boreum), and yellow-poplar, while leave trees included
oaks, flowering dogwood, and blackgum. We established
a target residual basal area of 4.7–5.6 m2 per acre, an
approximate 50% decrease in pretreatment basal area. In
some cases, we killed a few intermediate oaks to achieve
the target basal area. We did not remove trees or debris
from the sites. We treated all stands in late February–
March 2001.

We conducted prescribed burning to complete the
uncut burned treatment and the wildlife retention cut
with prescribed fire treatment during April 2001. We
used the strip-fire technique to maintain a moderate to
low intensity burn. According to weather data collected
61 km away in Oak Ridge, Tennessee, average temper-
atures on burn days ranged from 13.9 to 23.9�C and
relative humidity ranged from 54 to 66%. The sites had
not received any precipitation for at least 3 days prior to
burning. Average flame lengths were less than 1 m, with
fires burning at a fairly slow pace, less than 1.8 m per
minute. We used relatively low-intensity fire to keep
from damaging standing timber as much as possible.

We conducted the shelterwood harvests in early
summer 2001. We marked timber based on timber pro-
duction and regeneration goals. Harvest goals were re-
sidual basal areas of approximately 4.6–5.56 m2 per
acre, an approximate 50% reduction in pretreatment
basal area. We left leave trees that were of good qual-
ity, vigorous, and with good form. Whenever possible,
we left oaks as residual stems. Trees removed included
American beech (Fagus grandifolia), red maple, sas-
safras (Sassafras albidum), and hickory (Carya spp.).
A contract logging company conducted the harvest.

Measurements

Vegetation Measurements

We collected pre-treatment vegetation data in Au-
gust and September 2000 and implemented treatments
during early 2001. We collected post-treatment vege-
tation data in August and September 2001 and 2003.
Within each treatment cell, we established 3 permanent
sampling plots for vegetative measurements. To pre-
vent edge effect and measurement overlap, we located
each plot at least 30.5 m from the cell edge and at
least 30.5 m from another plot.

We utilized a handheld spherical densiometer (For-
est Densiometers Bartlesville, Oklahoma, USA) to es-
timate canopy cover. Readings were taken at points 5.5
m from plot center in each of the 4 cardinal directions.

When stationed at each direction, 4 measurements
were taken, one in each cardinal direction, for a total
of 16 measurements per plot.

We measured herbaceous coverage at each sam-
pling plot. We established 3 transects, 11.3 m long,
around plot center at 0, 120, and 240�. A measuring
tape was stretched the length of the transect and her-
baceous coverage by species was recorded.

We measured density of understory vegetation using
a density board (Nudds 1977). The density board was
1.8 m tall and was divided into 4 45.7-cm sections. An
observer located at plot’s center visually estimated the
proportion of each section obscured by vegetation at a
distance of 14.9 m. We used a ranking system with 5
categories to record data: 1 � 0–20% coverage, 2 � 21–
40% coverage, 3 � 41–60% coverage, 4 � 61–80%
coverage, 5 � 81–100% coverage. We took density
board readings directly up-slope and down-slope from
plot center to calculate an average for the plot.

We recorded woody regeneration by species and
height class (stems �10 cm tall; 10 cm to 1.4 m tall)
using a 3.6 m radius circular plot, counting all woody
stems less than 1.4 m tall. We chose these size cate-
gories to accurately measure the vegetation that pro-
vided brooding cover to turkeys.

Soft Mast Collection

We collected ripened fleshy fruit from low-grow-
ing plants once per month July through September
2001 and June through September 2002. We estab-
lished 3 line transects (50 m � 2 m each) systemati-
cally within each treatment replicate and collected all
ripened fruits within the transect area. Transects were
spaced approximately 25 m apart and at least 5 m from
the edge of each cell to prevent sampling plants im-
pacted by an edge effect. We stored collected fruits in
a freezer and then dried the samples at 40�C for 4 days
(Campo and Hurst 1980). After drying, fruit was iden-
tified, counted, and weighed to quantify soft mast pro-
duction for each treatment.

White Oak Sampling and Mast Collection

Because white oaks are capable of providing a
more consistent annual food source for wild turkeys,
we monitored individual white oaks to document their
response to treatments. During September 2001, 29
white oak trees were selected and marked within the
4 stands of the study area. Selected trees occupied
dominant or co-dominant positions within the canopy.
Tree diameter at breast height ranged from 30 to 74
cm. We selected white oaks within the shelterwood
and wildlife retention cut treatments and the controls.
None were selected within treatments that were
burned. The number of trees selected within the shel-
terwood harvest, wildlife retention cut, and control
were 10, 10, and 9, respectively. Growth measure-
ments included crown diameter (measured with a tran-
sect tape, with measurements perpendicular and par-
allel to slope) and were recorded in 2001 and 2002.

In addition to measuring tree characteristics, we
also monitored acorn production by placing 3 mast
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Table 1. Mean (� SE) canopy cover by year and treatment at
Chuck Swan State Forest and Wildlife Management Area, Union
County, Tennessee, 2000, 2001, and 2003.

Year Treatment % Canopy covera

2000b Control 96.98 (0.20) A

Uncut Burned 97.29 (0.21) A

Shelterwood 96.91 (0.19) A

Wildlife Retention Burned 96.87 (0.28) A

Wildlife Retention Cut 97.34 (0.20) A

2001c Control 97.39 (0.12) A

Uncut Burned 94.28 (0.70) AB

Shelterwood 86.70 (1.35) C

Wildlife Retention Burned 89.16 (1.08) BC

Wildlife Retention Cut 92.77 (0.80) AB

2003d Control 87.90 (1.15) A

Uncut Burned 84.56 (1.42) AB

Shelterwood 76.91 (1.71) BC

Wildlife Retention Burned 63.78 (2.95) D

Wildlife Retention Cut 72.68 (1.73) CD

a Means with the same letter are not different (P � 0.05).
b Treatment effect: F � 0.67, df � 4,43, P � 0.649.
c Treatment effect: F � 13.37, df � 4,43, P � 0.001.
d Treatment effect: F � 16.23, df � 4,43, P � 0.0001.

baskets directly beneath the crown of each tree. Bas-
kets were constructed with a mesh fabric material at-
tached to a pipe and supported approximately 1 m
above ground by 3 wooden stakes. The opening of
each basket represented 1 m2. We collected acorns
weekly from September through December 2001 and
2002. A float test was conducted to identify sound
acorns. All acorns were counted, but only sound
acorns were weighed to quantify annual yields.

To determine acorn predation by wildlife (e.g.,
squirrels [Sciurus spp.] and chipmunks [Tamais stria-
tus]), we placed marked acorns in baskets within each
treatment. The rate of acorn predation was determined
by the proportion of marked acorns removed between
collection intervals.

Invertebrate Sampling

Peak hatching of wild turkeys in the southern Ap-
palachians occurs during May and June (Pack et al.
1980, Davis 1992, Harper 1998, Norman et al. 2001).
Thus, we collected invertebrates during 4 sampling pe-
riods (1 � mid-May, 2 � late May, 3 � mid-June, 4
� late June) in 2002. We sampled invertebrates using
a portable vacuum sampler and 0.1 m2 bottomless box
with a lid (Harper and Guynn 1998) to collect inver-
tebrates available to wild turkey poults on the vege-
tation and on top of the leaf litter. This method also
allowed invertebrate density and biomass to be quan-
tified per unit area.

We established 3 sampling locations systematically
in each treatment and control cell in each stand. Loca-
tions were situated at least 30.5 m apart and from the
edge of each replicate to prevent sampling edge habitats.
We assigned bearings 0, 120, and 240� to each sampling
location, representing 3 sub-samples. Subsamples were
located by pacing 5 m from plot center in each direction.
At each subsampling location, we placed the box on the
ground to trap all invertebrates within the area. We vac-
uumed the vegetation and top layer of leaf litter into the
sample bags. All sample bags were stored in a freezer
to prevent decomposition (Murkin et al. 1996). We sort-
ed contents in white trays where invertebrates were re-
moved and placed in vials. Vials were opened and oven-
dried for 48 hours at 60�C (Murkin et al. 1996). All
invertebrates were counted, weighed, and classified to
taxonomic order for each treatment.

Data Analysis

We averaged data by plot and analyzed them using
Analysis of Variance (General Linear Model (GLM)
procedure; SAS Institute 2000). Class variables used
were stand and treatment. The GLM tested for differ-
ences within years between treatments using the stand-
treatment interaction as an error term. We separated
means using Tukey’s mean separation technique. The
Shapiro-wilk test, the W value, was used to test the
normality of the data. A W of 0.90 or higher indicated
normally distributed data. Some data were transformed
using the natural log � 0.05 method. For data presented
by year, year 2000 is the pre-treatment year and years
2001, 2002, and 2003 are the post-treatment years.

We separated invertebrate data means using the
Least Square Means technique. An analysis of covari-
ance was performed on invertebrate density and bio-
mass using herbaceous cover as a covariate.

RESULTS

Canopy Cover

There was no difference in mean canopy cover
prior to treatment. Means ranged from 96.87 to
97.33%. In the first year after treatment, the shelter-
wood had less canopy cover than the control, the uncut
burned treatment, and the wildlife retention cut (Table
1). The wildlife retention cut with prescribed fire had
less canopy cover than the control. By the third year
post-treatment, the wildlife retention cut with pre-
scribed fire had less canopy cover than any other treat-
ment except the unburned wildlife retention cut (Table
1). The shelterwood and wildlife retention cut had less
cover than the control or uncut burned treatment.

Herbaceous Understory

No differences between treatments were detected in
mean herbaceous coverage prior to treatment (F � 0.41,
df � 5, 42, P � 0.838). Mean percent coverage was
5.63–12.25%. In post-treatment year 2001, means were
2.29 to 8.3% and in year 2003, means were 4.91 to
12.92% (2001: F � 0.98, df � 5, 42, P � 0.440; 2003:
F � 0.60, df � 5, 42, P � 0.704). Similarly, no dif-
ferences were detected in mean herbaceous height (F
� 1.08, df � 5, 42, P � 0.386). Pretreatment means
ranged from 7.5 to 12 cm. In 2001, mean average
height ranged from 5.9 to 10.8 cm and in 2003, means
ranged from 7.7 to 19 cm (2001: F � 2.20, df � 5, 42,
P � 0.072; 2003: F � 1.87, df � 5, 42, P � 0.121).
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Table 2. Mean (� SE) vegetation density (1–5 rating) by treatment at Chuck Swan State Forest and Wildlife Management Area,
Union County, Tennessee, 2000, 2001, and 2003.

Year Treatment

Density board rankinga

Section 1 Section 2 Section 3 Section 4

2000b Control 2.92 (0.32) A 1.79 (0.19) A 1.77 (0.23) A 1.69 (0.21) A

Uncut Burned 2.48 (0.25) A 1.54 (0.16) A 1.31 (0.12) A 1.19 (0.12) A

Wildlife Retention Cut 2.50 (0.32) A 1.58 (0.24) A 1.75 (0.31) A 1.83 (0.28) A

Wildlife Ret. Burned 2.46 (0.27) A 1.77 (0.20) A 1.65 (0.20) A 1.48 (0.15) A

Shelterwood 3.40 (0.26) A 2.20 (0.26) A 1.83 (0.17) A 1.81 (0.21) A

2001c Control 2.63 (0.29) ABC 1.81 (0.20) AB 1.60 (0.15) AB 1.46 (0.14) AB

Uncut Burned 1.71 (0.15) A 1.23 (0.11) A 1.42 (0.23) A 1.15 (0.08) A

Wildlife Retention Cut 2.83 (0.19) BCD 1.83 (0.18) AB 1.35 (0.12) A 1.15 (0.07) A

Wildlife Ret. Burned 1.98 (0.18) AB 1.33 (0.14) A 1.17 (0.09) A 1.10 (0.06) A

Shelterwood 3.75 (0.21) D 3.04 (0.24) C 2.54 (0.24) C 2.48 (0.24) C

2003d Control 2.27 (0.27) A 1.60 (0.19) A 1.35 (0.12) AB 1.17 (0.09) A

Uncut Burned 2.19 (0.29) A 1.63 (0.25) A 1.27 (0.13) A 1.13 (0.09) A

Uncut Burned 2.19 (0.29) A 1.63 (0.25) A 1.27 (0.13) A 1.13 (0.09) A

Wildlife Retention Cut 3.44 (0.32) AB 2.48 (0.30) AB 1.75 (0.22) ABC 1.29 (0.17) A

Wildlife Ret. Burned 4.13 (0.23) B 3.35 (0.27) B 2.10 (0.19) BC 1.40 (0.14) AB

Shelterwood 4.06 (0.23) B 3.46 (0.29) B 2.79 (0.30) C 2.25 (0.26) B

a Means with the same letter are not different (P � 0.05).
b Section 1 treatment effect: F � 1.20, df � 4,43, P � 0.327; Section 2: F � 2.08, df � 4,43, P � 0.087; Section 3: F � 0.76, df � 4,43,
P � 0.581; Section 4: F � 2.07, df � 4,43, P � 0.089.
c Section 1 treatment effect: F � 9.17, df � 4,43, P � 0.001; Section 2: F � 14.43, df � 4,43, P � 0.001; Section 3: F � 8.42, df � 4,43,
P � 0.001; Section 4: F � 10.29, df � 4,43, P � 0.001.
d Section 1 treatment effect: F � 4.95, df � 4,43, P � 0.001; Section 2: F � 4.89, df � 4,43, P � 0.001; Section 3: F � 4.77, df � 4,43,
P � 0.002; Section 4: F � 3.76, df � 4,43, P � 0.007.

Table 3. Mean (� SE) number of stems of woody regeneration
(ac) by size class and treatment at Chuck Swan State Forest
and Wildlife Management Area, Union County, Tennessee,
2000, 2001, and 2003.

Year Treatment

Stems (ac)
Under 10 cm

Talla
Stems (ac) Over

10 cm Talla

2000b Control 11,840 (1,431) A 44,273 (5,832) A

Uncut Burned 14,557 (1,851) A 40,260 (5,590) A

Shelterwood 13,795 (2,586) A 44,579 (5,114) A

Wildlife Ret. Burned 15,713 (1,777) A 29,566 (4,498) A

Wildlife Retention
Cut

15,299 (2,296) A 33,016 (5,007) A

2001c Control 13,911 (1,558) A 24,518 (3,230) A

Uncut Burned 42,322 (3,470) B 34,868 (4,502) A

Shelterwood 8,755 (1,369) A 24,247 (2,774) A

Wildlife Ret. Burned 49,247 (9,168) B 35,315 (6,051) A

Wildlife Retention
Cut

16,550 (2,196) A 35,352 (4,929) A

2003d Control 9,869 (1,695) A 24,083 (2,228) A

Uncut Burned 7,862 (890) A 19,428 (2,492) A

Shelterwood 6,771 (811) A 22,505 (2,244) A

Wildlife Ret. Burned 6,825 (1,548) A 25,938 (3,634) A

Wildlife Retention
Cut

6,486 (937) A 21,250 (2,546) A

a Means iwth the same letter are not different (P � 0.05).
b ANOVA statistics: treatment effect under 10 cm tall: F � 0.60, df
� 4,43, P � 0.698; over 10 cm tall: F � 0.97, df � 4,43, P � 0.450.
c ANOVA statistics: treatment effect under 10 cm tall: F � 13.44, df
� 4,43, P � 0.001; over 10 cm tall: F � 1.44, df � 4,43, P � 0.229.
d ANOVA statistics: treatment effect under 10 cm tall: F � 0.97, df
� 4,43, P � 0.446; over 10 cm tall: F � 0.41, df � 4,43, P � 0.839.

Vertical Vegetation Density

There was no difference between treatments in the
year prior to treatment in any section of the density
board. Post-treatment, several differences were appar-
ent (Table 2). Most important for wild turkeys, differ-

ences were detected in sections 1 and 2 of the density
board. The control and the uncut burned treatment
contained less vegetation density than the wildlife re-
tention cut with prescribed fire and the shelterwood.

Woody Regeneration

The number of woody regeneration stems �10 cm
tall in the understory did not differ among treatments
in the year prior to treatment. However, in the year
immediately following treatment, the uncut burned
treatment and the wildlife retention cut with prescribed
fire had more woody regeneration stems under 10 cm
tall than any other treatment (Table 3). The number of
woody regeneration stems �10 cm tall did not differ
among treatments after the second post-treatment.

Soft Mast Production

Soft mast production was highly variable within
treatments. There was no statistical difference between
treatments in the 2 years after treatment implementa-
tion (2001: F � 2.07, df � 4, 115, P � 0.067; 2002:
F � 0.84, df � 4, 155, P � 0.519). Soft mast pro-
duction was highly variable on the study site, resulting
in extremely high standard errors. In 2001, mean pro-
duction of soft mast ranged from 0 g/ha in the uncut
burn to 243 g/ha in the control. In 2002, means ranged
from 120 g/ha in the control to 19,583 g/ha in the
uncut burn.

White Oak Sampling and Mast Collection

The number of acorns produced (per m2 of crown
area) and mass (g/m2 of crown area) of acorns pro-
duced from the 29 individual white oaks monitored did
not differ prior to treatment in 2001 (number: F �
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1.11, df � 2, 24, P � 0.344; mass: F � 1.74, df � 2,
24, P � 0.195) or 2002 (number: F � 1.12, df � 2,
24, P � 0.341; mass: F � 0.97, df � 2, 24, P �
0.452). In 2001, the mean number of acorns produced
ranged from 1.07 in the control to 3.23 acorns per m2

of crown area in the wildlife thinning. Mean mass of
the acorns produced ranged from 1.29 in the control
to 6.98 g/m2 of crown area in the wildlife thinning. In
2002, the mean number of acorns produced ranged
from 2.93 in the control to 6.10 acorns per m2 of crown
area in the shelterwood while mean mass of the acorns
produced ranged from 6.62 in the control to 14.43 g/
m2 of crown area in the wildlife thinning. The crown
area of the white oaks also did not differ among treat-
ments (2001: F � 1.38, df � 2, 27, P � 0.269; 2002:
F � 0.82, df � 2, 27, P � 0.452). In 2001, mean
crown area was 91.49 m2 in the shelterwood and in-
creased by 25% to 114.74 m2 in 2002. Similarly, the
2001 mean crown area in the wildlife thinning was
132.8 m2 and in 2002, it was 143.13 m2, an increase
of 8%. Predation of acorns averaged 5% in 2001 and
12.7% in 2002 across all sites (Basinger 2002).

Invertebrates

Invertebrate biomass did not differ among treat-
ments (F � 0.39, df � 4, 44, P � 0.813). The analysis
of covariance revealed a weak relationship between
invertebrate density/biomass and herbaceous cover (P
� 0.086). Mean density ranged from 75 invertebrates/
m2 in the uncut burn to 132.5 invertebrates/m2 in the
control. Mean invertebrate biomass was lowest in the
uncut burn (0.148 g/m2) and highest in the wildlife
burn (0.200 g/m2).

DISCUSSION

Killing trees by girdling and spraying does not hap-
pen quickly. Within the wildlife retention cuts, oversto-
ry canopy cover and residual basal area continued to
decrease into the third year after treatment as the re-
maining treated trees died. Although reduction in can-
opy cover occurred more slowly in the wildlife reten-
tion cuts than the shelterwood harvests (where trees
were physically removed), there was little difference in
vegetation response between those treatments after 3
years. In addition, leaving standing snags and downed
woody material provides habitat and food resources for
a variety of wildlife. In 2003, canopy cover decreased
by 10% in the control and uncut burned treatment. In
the control area, we feel this difference was because of
measurement variation between individual measurers as
well as the possibility that there may have been a minor
loss in canopy cover naturally. The uncut burned treat-
ment likely saw an additional decline in year 3 canopy
cover as a result of continued loss of midstory vege-
tation damaged by prescribed fire.

Herbaceous cover is important for brooding cover
and forage availability. We were surprised herbaceous
cover did not increase in any of the treatments. Treat-
ment areas averaged less than 10% herbaceous cov-
erage prior to treatment and that pattern continued

through 3 years post-treatment. Jackson (2002) re-
ported that although new species entered the site after
treatment, specifically pokeberry (Phytolacca ameri-
cana) and fireweed (Erechtites hieracifolia), no sig-
nificant changes in the number of species or density
of particular species occurred following treatment.
Naturally, various sites may respond differently, de-
pending on site conditions, past management history,
and the seedbank present.

We recognize thinning rate can influence the com-
position of responding vegetation; however, we feel
site conditions largely determine vegetation response
following initial treatment. Removing �35% of the
stocking level promoted increased woody cover with
an increased incidence of epicormic sprouting (Sander
et al. 1983). In Pennsylvania, a lighter thinning pro-
duced more herbaceous cover (Wunz 1989). After
thinning 30–70% of the basal area in 26–50 year-old
Appalachian cove hardwoods, Beck and Harlow
(1981) found understory vegetation increased more
than 42% 3 years after cutting. Trees represented most
of the increase (seed regeneration) the first year after
cutting; however, an equal amount of herbaceous veg-
etation was produced the second year. Peak production
of understory vegetation was reached in the third year
and began to decline by the fourth year. Herbaceous
response was increased on higher quality, mesic sites
than on lower quality, xeric sites, which were more
similar to our study site.

On our study sites, we believe additional treatment
(e.g., prescribed fire, herbicide application) is needed
to control woody stem regeneration and stimulate in-
creased herbaceous cover. The level of basal area re-
duction did not influence understory composition. Bas-
al area reduction in the wildlife retention cuts occurred
slowly over 3 years post-treatment. Once full basal
area reduction was realized, percent canopy cover had
been gradually reduced to approximately 64–73% (Ta-
ble 1). The majority of the responding vegetation was
woody, from the first year post-treatment to the third
year post-treatment.

When a forest canopy has been closed for many
decades and prescribed fire has been suppressed, there
may be a flush of less-desirable vegetation (woody
sprouts from light-seeded species, such as maple and
yellow poplar) following the first burn (Brose and Van
Lear 1998) and the herbaceous seedbank may be re-
duced over time. Where woody stem density is exces-
sive and dominates the understory, prescribed fire and/
or an herbicide application may be necessary to allow
herbaceous vegetation to become the dominant
groundcover. Some hardwood stems, especially oaks,
re-sprout quickly from existing root-stock, while prob-
lematic species (e.g., red maple, sassafras, and yellow
poplar) are much more susceptible to fire, depending
on season of burn (Van Lear and Watt 1992, Suther-
land et al. 1997). Prescribed fire on a regular rotation
(2–4 years) after the forest canopy has been opened
can stimulate additional herbaceous cover (Masters et
al. 1993). Increased herbaceous growth after a thinning
followed by controlled burning enhanced wild turkey
brood range in oak-hickory forests of West Virginia
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(Pack et al. 1988). Burning or thinning alone did not
produce the desired herbaceous response, nor did a
controlled burn followed by thinning.

Even with little herbaceous response, we believe
nesting habitat for wild turkeys was enhanced greatly
by all silvicultural treatments implemented at Chuck
Swan, especially the wildlife retention cut with pre-
scribed fire and shelterwood harvest. Increased cover
near ground level (Tables 2 and 3) provided the struc-
ture identified as quality nesting cover by Hillestad and
Speake (1970) and Everette et al. (1985). In the south-
ern Appalachians, the majority of wild turkey nests
were located in mature mesic stands (Davis 1992, Harp-
er 1998). Virtually all nests, however, were positioned
amongst slash, dense underbrush, or other debris.

Hard mast production is naturally variable. That is
compounded by the fact that individual trees may be
inherently better producers than others (Beck 1977,
1989; Healy et al. 1999; Greenberg 2000). Thinning
oak stands has resulted in increased acorn production,
and the greatest difference in mast production between
thinned stands and unthinned stands may be during
years of overall poor acorn production (Healy 1997).
Many years of acorn collection data, however, are re-
quired to substantiate this effort. In the short term (1–
5 years post-treatment), a better gauge for potential
mast production is crown size, rather than actual acorn
yield. The majority of acorns are produced on large,
healthy tree crowns and within a forest system (as op-
posed to an orchard), the only way to increase mast
production is to encourage the tree’s crown to expand.
The average increase in crown size of white oaks on
our shelterwood treatment sites increased more rapidly
initially than those in the wildlife retention cuts. This
was a result of the adjacent competition being removed
in the shelterwood treatments, whereas the competition
in the wildlife retention cuts remained alive and ab-
sorbed sunlight and nutrients for 1–2 years post-treat-
ment before finally ceasing to produce leaves. Mast pro-
duction among the white oaks selected will continue to
be monitored over time to assess the effect of treatments
on crown size as well as year-to-year variability and the
mast-bearing potential of individual trees.

Soft mast production is also quite variable. Fol-
lowing the treatments that involved burning or soil
scarification (shelterwood), soft mast production in-
creased substantially, especially pokeberry. However,
because of its patchy nature along the sampling tran-
sects, a statistical difference was not detected among
treatments. Nonetheless, the increased availability of
soft mast was noteworthy, especially considering its
importance in the diet of wild turkeys (Hurst 1992).

Invertebrate abundance is an important consider-
ation for brood survival (Everette et al. 1980, Metzler
and Speake 1985); however, invertebrate abundance
doesn’t necessarily mean an adequate food source is
available (Harper et al. 2001). Invertebrate biomass
was very similar in all treatments and controls. Avail-
ability was not. Broods can forage more safely and
feeding rates are higher when there is overhead pro-
tective cover (woody or herbaceous). Quality brooding
cover also provides substrate for invertebrates, making

them more available to poults (Rogers 1985). Inver-
tebrates under the leaf litter are largely unavailable to
poults, because the poults don’t begin scratching until
fall (Healy et al. 1975, Healy 1985). For this reason,
only those invertebrates associated with the understory
vegetation and those on top of the litter layer were
sampled in our study, providing a true estimate of in-
vertebrate availability. Interestingly, invertebrate avail-
ability on our study sites was almost identical to that
found at ruffed grouse brood locations in hardwood
forests of western North Carolina (18.14–20.34 mg/
m2; Fettinger 2002).

Invertebrate availability remained high throughout
all sampling periods (mid-May, late May, mid-June,
late June; Basinger 2003). These findings suggest in-
vertebrates are not a limiting factor in mixed hardwood
forests (regardless of treatment) and that quality brood-
rearing cover is a more important consideration. If
quality cover is present (understory structure), inver-
tebrates will be available throughout the brood-rearing
period. Quality cover increases invertebrate availabil-
ity by placing invertebrates within reach of the poults
and allows them to forage longer with less visibility
to predators.

Management Implications

Silvicultural prescriptions can enhance mixed
hardwood forests for wild turkeys. The main objec-
tives should be to enhance conditions for nesting and
brood rearing and increase mast production. In many
stands, there is little understory vegetation present,
which limits nesting and brood-rearing cover and soft
mast production. Increased sunlight is needed to stim-
ulate additional growth. Our data suggest this can be
accomplished through wildlife retention cuts and shel-
terwood harvests. Prescribed fire alone in a closed can-
opy stand did not produce the desired results of in-
creased groundcover. However, the addition of pre-
scribed fire after a wildlife retention cut stimulated ad-
ditional vegetation growth. One burn, however, is not
enough to create optimal brood-rearing conditions in
forested habitat that hasn’t been burned in many de-
cades. Woody sapling density can become problematic
and additional fire and/or an herbicide application may
be necessary. Future research on our study sites will
include additional early growing-season fire and an
herbicide prescription in an effort to reduce woody
stems and stimulate additional herbaceous growth.

Many landowners are interested in improving their
forestland for turkeys, but don’t want to harvest tim-
ber. This is especially true for landowners with small
acreage. A wildlife retention cut with prescribed fire
is probably the best recommendation for those land-
owners. However, if management of private lands de-
pends on financial return from the property, a shelter-
wood harvest should be considered. If a shelterwood
harvest is implemented, and wildlife is a primary con-
sideration, special attention should be given to which
trees are selected for harvest. Obviously, it is benefi-
cial to retain as many mast producers (with quality
form) as possible. Likewise, both hard-mast producers



206 Habitat Ecology of Wild Turkeys

(oaks, American beech) and soft-mast producers (e.g.,
black cherry [Prunus serotina], serviceberry [Amelan-
chier arborea], dogwood) should be kept in a wildlife
retention cut. The most important factor, however, is
identifying individual trees that are fairly consistent
producers and freeing them of adjacent competition to
allow their crowns to expand and produce as much
mast as possible. Thinning for forestry purposes may
not enhance mast production on a stand-wide basis;
however, thinning can enhance mast production when
non-mast producers or inherently poor producers are
removed.
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WILD TURKEY BROOD
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Abstract: Thinning and spring burning are used in pine and pine-hardwood forests to restore red-cockaded woodpecker
(Picoides borealis; RCW) habitat; however, concerns regarding impacts on non-target species have arisen. We examined
eastern wild turkey (Meleagris gallopavo silvestris) brood habitat on 2 areas, one managed for RCW (Caston Creek
Wildlife Management Area; CCWMA), and the other under traditional pine management (Leaf River Wildlife Man-
agement Area; LRWMA). Brood habitat use differed from availability on both areas. On CCWMA, mature pine stands
managed for RCW (RCWP) were selected least relative to other available habitats. Ground cover conditions created
by grasses may have impeded movement and foraging of young poults. Habitats used by broods on CCWMA were
pole stands, fields, and regeneration. On LRWMA, broods selected hardwood, field, and pole stands. Broods used
stands that were burned �3 years prior on both areas. In a study of nest site selection on CCWMA, turkeys used
RCWP for nesting; therefore, we recommend interspersing RCW stands with wild turkey brood habitat. Interspersion
will provide nesting and brood cover in close proximity while allowing managers to meet RCW habitat goals.

Proceedings of the National Wild Turkey Symposium 9:209–215
Key words: brood, eastern wild turkey, forest management, growing season burn, habitat, Meleagris gallopavo
silvestris, Mississippi, Picoides borealis, red-cockaded woodpecker.

After adopting an ecosystem management ap-
proach to forest policy, the U.S. Forest Service revised
forest plans with management directions for the en-
dangered RCW (U.S. Forest Service 1995). Current
RCW range is fragmented across much of the south-
eastern United States and many of the largest popu-
lations occur on National Forest lands; therefore, the
U.S. Forest Service has made RCW recovery a priority
on �800,000 ha (Bowman et al. 1999). Although the
wild turkey occurs throughout RCW range, little is
known regarding impacts of RCW management on
wild turkeys.

Ideal conditions for RCW are characterized by 80–
100 year old pine stands, especially longleaf (Pinus
palustris), with a low stocking level (12–18 m2/ha),
sparse midstory, and open understory (Hovis and La-
bisky 1985, Hooper and Harlow 1986). Forest man-
agement prescriptions include thinning, hardwood

1 Present address: Pennsylvania Game Commission, 2001
Elmerton Ave., Harrisburg, Pennsylvania, 17110, USA.

2 E-mail: benjjones@state.pa.us
3 Present address: Pheasants Forever, 1783 Buerkle Circle,

St. Paul, Minnesota, 55110, USA.
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Table 1. Forest type, age (years), acronym, and study area
composition (%) for wild turkey habitats on Caston Creek
(CCWMA) and Leaf River (LRWMA) Wildlife Management Areas,
Mississippi, 1999–2000.

Forest type Age Acronym

Study site (%)

CCWMA LRWMA

Mature pine 30–80 PINE 4 51
Mature pine-hardwood mix 30–80 MIX 54 1
Mature hardwood 30–80 HDWD 3 21
RCW mature pine 30–80 RCWP 4 0
Pole stage 11–29 POLE 18 13
Regeneration 0–10 REGEN 4 7
Private pine-hardwood mix 30–80 PRIV 12 6
Field NA FIELD 1 1

Red-cockaded woodpecker habitat is characterized by 80–100 year old pine stands with low stocking levels, sparse midstory and
open understory dominated by grasses (left). On an area managed for RCW habitat (right), wild turkey broods used closed canopy
(75–100%) pole stands, where herbaceous groundcover provided foraging habitat for poults while allowing the brood hen a zone of
visibility to detect predators (B. Jones).

midstory removal, and frequent use of prescribed fire,
especially during the growing season. With regard to
the wild turkey, concerns have been raised over hard-
wood removal and direct impacts of spring burning on
nests and young poults (Sisson and Speake 1994,
Bowman et al. 1999).

Wild turkey poult survival is an important factor
in the species’ population dynamics (Kurzejeski and
Vangilder 1992). Mortality during the first 2 weeks
after hatch is generally high (Vangilder 1992); how-
ever, predation losses may be reduced through provi-
sion of quality habitat (Everett et al. 1980, Metzler and
Speake 1985). Structural characteristics of brood hab-
itat have been described in detail and key components
include, herbaceous understory with abundant inver-
tebrates, protective cover for poults, and a zone of vis-
ibility for brood hens to detect predators (Porter 1992).
These requirements are often met in fields, pastures or
forest openings (Everett et al. 1980, Metzler and
Speake 1985, Peoples et al. 1996) although appropriate
management can create desirable conditions on forest-
ed sites (Healy 1985, Phalen et al. 1986, Williams et
al. 1997).

Studies have reported wild turkey brood habitat
across a wide range of forest types; however, none
have examined habitat in relation to forest manage-

ment for RCW. We studied wild turkey brood habitat
use on 2 study sites in southern Mississippi to address
this issue. Caston Creek Wildlife Management Area
(CCWMA) was intensively managed for RCW while
LRWMA was managed under traditional pine pre-
scriptions. Future management on LRWMA may in-
clude treatments to provide additional habitat for RCW
colonies established on adjacent areas. The purpose of
this research was to investigate wild turkey brood hab-
itat use in relation to forest management practices
commonly used for RCW.

STUDY AREA

Caston Creek Wildlife Management Area

Caston Creek Wildlife Management Area (11,253
ha) was within Homochitto National Forest in south-
west Mississippi (Franklin and Amite counties). Soils
were lower thin loess, southern Mississippi valley silty
upland. Mean daily temperature was 18�C, and mean
annual precipitation was 153 cm. Caston Creek was in
the Homochitto River drainage, a transition zone be-
tween longleaf pine stands to the east and mixed pine-
hardwood stands to the west (Frost et al. 1986). Due
to physiographic location, CCWMA contained a
unique combination of pine and hardwood forest (Ta-
ble 1).

Habitat classifications were based on forest type,
stand age, and management prescriptions. Regenera-
tion stands (REGEN; 0–10 years) were small clearcuts
or ‘‘bugspots’’ cut to control southern pine beetle
(Dendroctonus frontalis) outbreaks and promote long-
leaf pine regeneration (U.S. Forest Service 1982).
Bugspots were not planted, but allowed to regenerate
naturally on a cut and leave basis. Pole-timber (POLE;
11–30 years) represented stands after complete canopy
closure before trees reached mature sawtimber status.
Mature pine (PINE) and mixed pine-hardwood (MIX;
30–80 years old) were managed under 2 regimes. Saw-
timber stands with active RCW groups (RCWP) were
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thinned to 11.5–14.0 m2/ha basal area. Long timber
rotations (�70 years) and active hardwood mid-story
removal also characterized RCWP. Mature stands with-
out active RCW groups included pure PINE and MIX.
These were well stocked (�20m2/ha) on a 35-year ro-
tation. Mixed pine-hardwood and PINE occupied 54%
and 4% of CCWMA, respectively. Mature hardwoods
(HDWD) were along permanent stream drainages. Be-
cause of their location within streamside management
zones, timber harvest was not implemented in most
HDWD. Several private landholdings within CCWMA
contained grazed pasture and hayfields (FIELD) and
small areas of mixed pine-hardwood (PRIV).

Prescribed burning was carried out during winter
and spring on a 2–3 year rotation. A growing season
burn was any fire that occurred after 15 April. In most
years, �30% of burning activities occurred during the
growing season. The primarily objective of growing
season burning was to maintain desirable habitat con-
ditions for RCW.

Leaf River Wildlife Management Area

Leaf River Wildlife Management Area (16,915 ha)
was located within Desoto National Forest in Perry
County, southeast Mississippi. Soils were mixed
loamy, clay, and sandy coastal plain materials. Mean
daily temperature was 18�C, with mean annual precip-
itation of 153 cm. Located in the Lower Coastal Plain,
LRWMA was within the historical range of longleaf
pine. During this study, longleaf pine forest was the
dominant cover type.

Because of differences in geographic location and
forest management prescriptions, habitat types differed
from those on CCWMA. Regeneration stands were
harvested and planted to loblolly or longleaf pine. Un-
like the small bugspots on CCWMA, average patch
size of REGEN was 15 ha. Mature pine and MIX were
well stocked (�20m2/ha) on 35-year rotations. In con-
trast to CCWMA, PINE occupied 51% whereas MIX
occupied only 1%. There were no RCWP stands on
LRWMA. Mature hardwoods were found along per-
manent and ephemeral stream drainages. Food plots (n
� 73, FIELD) averaged 0.48 ha. Several small private
landholdings within the area consisted of mixed pine-
hardwood. Prescribed burn rotation during the study
was 4–7 years. Most burning occurred during the dor-
mant season, although growing season burns were
used on a site-specific basis to maintain desirable con-
ditions around gopher tortoise (Gopherus polyphemus)
colonies.

METHODS

Data Collection

We captured turkeys using cannon nets and rocket
nets from mid-January to early March 1999 and 2000.
We handled animals in accordance with Institutional
Animal Care and Use Committee (IACUC), Mississip-
pi State University Protocol No. 98-012. Turkeys were
placed immediately into transport boxes, then handled

and processed individually. Sex and age were deter-
mined by methods described by Larson and Taber
(1980). Females were equipped with patagial wing
tags (Knowlton et al. 1964) and a mortality-sensitive
ATS (Advanced Telemetry Systems, Isanti, Minnesota,
USA) transmitter. Transmitters weighed approximately
90g and were attached ‘‘backpack’’ style (Everett et
al. 1978). All turkeys were released at their respective
capture sites.

Turkey locations were triangulated from �3 per-
manent telemetry stations (N � 307 CCWMA, N �
336 LRWMA). Stations were georeferenced using
Trimble Global Positioning System units (Trimble
Navigation Limited, Sunnyvale, California, USA).
Signals were received using Telonics TR-2 receivers
(Telonics, Mesa, Arizona, USA), Clark model H7050
headphones (David Clark Company, Worcester, Mas-
sachusetts, USA), and hand-held 4-element antennas.
For each location, technicians recorded time, azimuth,
turkey activity (moving or still), and a relative measure
of signal strength (1 � weakest, 5 � strongest). A
maximum of 12 minutes was allotted between first and
last azimuths to minimize error from bird movement.
Bearing error was assessed using beacons at 17 fixed
locations. Each tracker recorded 15 azimuths/beacon.

Females were monitored throughout the reproduc-
tive season. If a female hatched a brood, she was lo-
cated 3 times daily from hatch until 14 days after
hatch. Females with young broods were monitored in-
tensively because the first 2 weeks of life mark a crit-
ical period when mortality is greatest and survival
largely depends on habitat characteristics (Everett et
al. 1980, Healy 1985, Metzler and Speake 1985, Peo-
ples et al. 1995). One location was recorded during
each of 3 time periods: morning (0700–1100), mid-
day (1101–1500), and evening (1501–1900).

Only those females with �1 poult alive at 2 weeks
post-hatch were considered for habitat analyses. Brood
presence or absence was determined by homing on
females. We approached cautiously and determined
presence of poults through observation of female
brooding behavior or direct observation of poults.
When possible, we avoided flushing the brood. Flush
counts were used early in the study but were avoided
after a red-shouldered hawk (Buteo lineatus) was ob-
served killing a poult as it ‘‘lost-called’’ following a
flush count. By homing on broods, we often were suc-
cessful in determining brood presence or absence with-
out flushing the brood.

Data Analysis

Telemetry data were converted to x, y coordinates
in LOCATE II (Nams 2000). Location files were im-
ported into ArcView (Version 3.2, Environmental Sys-
tems Research Institute, Redlands, California, USA).
Geographic Information Systems (GIS) were devel-
oped for each study site using color infrared aerial
photographs, 1:24,000 U.S. Geologic Survey 7.5-min
quadrangles, U.S. Forest Service Continuous Inven-
tory of Stand Condition (CISCS) data, and ground
truthing.
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Table 2. Mean home range (95% kernel) and core area (50%
kernel) size for wild turkey broods on Caston Creek Wildlife
Management Area (CCWMA), and Leaf River Wildlife Manage-
ment Area (LRWMA), Mississippi, 1999–2000.

Site Kernel n
Mean
(ha) SE

Mini-
mum

Maxi-
mum

CCWMA 95 13 155 40 23 470
50 13 26 9 2 122

LRWMA 95 8 330 87 59 739
50 8 55 14 11 114

Table 3. Simplified ranking matrix of wild turkey brood habitat preference based on comparison of habitats within home ranges and
availability across the study area on Caston Creek Wildlife Management Area, Mississippi, 1999–2000.

Habitat
type

Habitat typea

POLE FIELD REGEN MIX HDWD PRIV PINE RCWP Rankb

POLE � � ���c ��� � ��� ��� 1
FIELD � � � � ��� ��� ��� 2
REGEN � � � � � � ��� 3
MIX ��� � � � � � ��� 4
HDWD ��� � � � � � ��� 5
PRIV � ��� � � � � � 6
PINE ��� ��� � � � � � 7
RCWP ��� ��� ��� ��� ��� � � 8

a FIELD � privately owned pasture and hay field, REGEN � regeneration areas, MIX � mature mixed pine hardwood, HDWD � mature
hardwood, PRIV � privately owned mature hardwood and hardwood regeneration, PINE � mature pine, RCW � mature pine, thinned to basal
area �80 ft2/ac.
b 1 � greatest, 8 � least.
c Triple sign indicates significance at P � 0.05.

We used the Animal Movement Extension (Hooge
and Eichenlaub 1997) in ArcView to calculate adap-
tive kernel home range (95%) and core area (50%)
contour intervals (Worton 1989). To determine ade-
quate sampling (minimum locations) required for
home ranges, kernel area estimates were calculated us-
ing from 4 to 32 locations. Area was then plotted
against number of locations to determine sampling lev-
el at which area variation decreased and became as-
ymptotic.

Habitat use was compared to availability at the
study area scale (Johnson 1980). Availability was de-
fined by movement potential of females with broods.
We measured the linear distance each female traveled
from successful nest sites to central points in respec-
tive brood home ranges (Jennrich and Turner 1969).
The greatest distance traveled from a nest to a brood
range was 4.45 km. This distance defined the maxi-
mum movement potential of females with poults;
therefore, buffers with 4.45 km radii were placed
around each successful nest site. Buffers were then
merged and projected on GIS coverages to define
availability. Habitat use was ascertained by the pro-
portion of habitat types within 95% kernel home rang-
es. Use was compared to availability through compo-
sitional analysis (Aebischer et al. 1993). Relative ranks
of habitat use were assigned by calculating pairwise
differences in use versus availability for corresponding
habitat log-ratios. Significance tests were used to ex-
amine differences in relative preference among ranked
habitats (Aebischer et al. 1993).

Years since last burn (YSB) was calculated for

stands that contained brood core areas. Time since pre-
vious burn was calculated by subtracting the year of
last burn from the year of brood use. Stands that were
burned during the same year as brood use were as-
signed a 0. Season of last burn (dormant vs. growing
season) also was recorded. Because prescribed burns
were not conducted on private land, YSB was not cal-
culated for broods with core areas in PRIV and
FIELD.

RESULTS
We radio-tagged and monitored 137 female tur-

keys. On CCWMA, 54 were captured in 1999 fol-
lowed by 15 in 2000. On LRWMA, 26 were captured
in 1999 and 42 in 2000. Overall, 97 nests produced
37 broods. Minimum sampling for home range esti-
mation, as determined by location-area curves, was 16
locations/brood. Our sampling intensity exceeded the
minimum for all broods that survived the 2-week post-
hatch period (mean locations/brood � 30.0, SE � 1.3).
Bearing error was 8.33� � 6.03 on CCWMA and 8.17�
� 7.04 on LRWMA. Road systems on both areas al-
lowed close access to most radio tagged turkeys. Mean
distance from brood locations to telemetry stations was
195 m (SE � 10).

Home Range and Habitat Use

CCWMA

Twenty-four broods were monitored during 2 re-
productive seasons. Percentage of females with �1
poult alive at 14 days post-hatch was 56% (10/18) in
1999, and 83% (5/6) in 2000. Thirteen broods were
used for home range and habitat analysis. Mean home
range size was 155 ha (SE � 40), and mean core area
size was 26 ha (SE � 9) (Table 2).

Brood habitat use differed from availability (P �
0.001, 	2

7 � 24.46). Top ranked habitats were POLE,
FIELD, and REGEN; however, relative preference did
not differ among these habitats (Table 3). Mature
mixed pine-hardwood stands were similar in relative
preference to FIELD and REGEN. Relative to avail-
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Table 4. Simplified ranking matrix of wild turkey brood habitat
preference based on comparison of habitats within home ranges
and availability across the study area on Leaf River Wildlife Man-
agement Area, Mississippi, 1999–2000.

Habitat
type

Habitat typea

HDWD PINE POLE FIELD REGEN MIX Rankb

HDWD ���c � ��� ��� ��� 1
PINE ��� � � � ��� 2
POLE � � � � � 3
FIELD ��� � � � � 4
REGEN ��� � � � � 5
MIX ��� ��� � � � 6

a FIELD � privately owned pasture and hay field, REGEN � regen-
eration areas, MIX � mature mixed pine hardwood, HDWD � ma-
ture hardwood, PRIV � privately owned mature hardwood and hard-
wood regeneration, PINE � mature pine, RCW � mature pine,
thinned to basal area �80 ft2/ac.
b 1 � greatest, 6 � least.
c Triple sign indicates significance at P � 0.05.

able habitats, mature pine managed for RCW was se-
lected least. Mean years since burn for brood core ar-
eas was 1.75 years (SE � 0.31). With the exception
of FIELD, habitats used by broods had been burned
�3 years prior. Season of last burn in core areas was
dormant season for 7/8 broods.

LRWMA

On LRWMA, 8 broods were monitored during 2
reproductive seasons. Percentage of females with �1
poult alive at 14 days post-hatch was 80% (4/5) in
1999 and 50% (4/8) in 2000. Eight broods were used
for home range and habitat analysis. Mean home range
size was 330 ha (SE � 87), and mean core area size
was 55 ha (SE � 14) (Table 2).

Brood habitat use differed from availability (P �
0.001, 	2

5 � 20.80). The highest ranked habitat was
HDWD and the least ranked habitat was MIX (Table
4). Fields, POLE, and PINE were at a middle ranking
with no difference in relative preference among them.
Mean years since burn of core areas was 1.9 years (SE
� 0.37) and most habitats used by broods had been
burned �3 years prior. Season of last burn in core
areas was dormant season for 7 broods and growing
season for 1 brood.

DISCUSSION
Landscape scale forest management for RCW has

broad implications for many wildlife species, includ-
ing the wild turkey. Thinning and prescribed burning
in upland pine forests open the canopy and create dis-
tinct changes in vegetation and invertebrate commu-
nities (Masters et al. 1998, New and Hanula 1998).
Wild turkey broods have specific foraging and cover
requirements and are especially sensitive to changes in
understory structure.

Consistent with other research, broods used vari-
ous forest types and openings with moderate herba-
ceous ground cover. Frequency of prescribed fire was
an important determinant of habitat use. On CCWMA,
broods used pole and mixed pine-hardwood stands that

were burned on a 2–3 year rotation. Similar forest
types were not used on LRWMA where longer burning
rotations promoted dense midstory and an understory
that lacked herbaceous cover. In the absence of fre-
quent burning in upland pine, most broods on
LRWMA used mature bottomland hardwoods. On
CCWMA, broods did not use bottomland hardwoods.
Other studies in Mississippi also reported brood use of
various forest types depending on fire frequency. Phal-
en et al. (1986) found broods used mature bottomland
hardwoods on an area where pine stands were burned
infrequently. In east-central Mississippi, broods used
14–20 year old pine plantations that were burned 3
years before use (Burk et al. 1990). Palmer (1990)
reported that brood hens used mature pine and hard-
woods that had been burned 3 years prior.

We could not assess impacts of season of burn
(dormant vs. growing) on brood habitat because burn
types were not adequately replicated across either
study site. Sisson and Speake (1994) found spring
burns did not improve habitat conditions beyond what
could be attained through dormant season burning and
suggested detrimental effects on nesting would out-
weigh potential benefits. In a study of nesting habitat,
Jones (2001) suggested that if growing season fire was
necessary to improve RCW habitat, relatively small
burns (�300 ha) could be conducted in a mosaic
across the landscape to minimize direct impacts on
nesting turkeys.

Mature pine managed for RCW was the least
ranked habitat for brood use on CCWMA. Ground
cover consisted of grasses in the family Poaceae, pre-
dominantly broom sedge (Andropogon glomeratus),
big bluestem (A. gerardii), and little bluestem (Schi-
zachyrium scoparium). Although grasses provide nest-
ing habitat (Chamberlain 1999, Jones 2001), thick
ground cover conditions formed a physical barrier that
impeded movement and foraging by young poults.
Further, the height of grasses in RCWP (0.5–1.0 m)
did not allow surveillance by brood hens. Although
ground cover conditions in RCW managed pine were
similar to regeneration cuts, regeneration stands were
relatively small (x̄ � 8 ha, SE � 1.1), and broods
effectively foraged along their perimeter. Miller (1997)
also reported turkey use along clearcut perimeters 1–2
years after establishment. Broods did not use the larger
clearcut patches (x̄ � 13.0, SE � 1.2) on LRWMA.

Similar to other methods of habitat use analysis,
compositional analysis is subject to scrutiny (Bingham
and Brennan 2004). We acknowledge the potential for
Type I error, especially with numerous habitat types
and relatively small sample sizes (�30 animals). How-
ever, few wild turkey brood habitat studies have re-
ported sample sizes greater than our study. Further,
ours is the most comprehensive examination of im-
pacts of RCW habitat management on turkeys to date
and trends in the data are apparent.

MANAGEMENT IMPLICATIONS
Our study emphasizes the importance of maintain-

ing desirable midstory and understory conditions for
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wild turkey broods. Openings (predominantly privately
owned fields and pasture) comprised �2% of our study
sites. Creation of additional openings on these areas is
unlikely; therefore most brood habitat will be provided
through forest management. Prescribed burning has
long been recommended and remains an essential tool
for managing pine-dominated forests in the southeast-
ern United States. Turkey broods did not use mature
upland pine stands that had been thinned and burned
for RCW habitat. Although ground cover is important
to wild turkey poults, dense conditions in these stands
may result in limited movement and foraging (Healy
1985, Palmer 1990). Pine stands managed for RCW
are used by turkeys for nesting. Interspersion of RCW
stands with other habitats can provide nesting and
brooding cover in close proximity; however, as pro-
portion of the landscape managed for RCW increases,
broods may be forced into smaller areas with increased
exposure to predators (Chamberlain 1999). Future re-
search should ascertain the appropriate level of inter-
spersion that will minimize negative impacts on tur-
keys while allowing managers to meet RCW manage-
ment goals.
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Abstract: Habitat use has not been described for male Rio Grande wild turkeys (Meleagris gallopavo intermedia)
in the northern extent of their native range. We described roost tree characteristics and compared the vegetative
characteristics of diurnal habitat used for different behaviors (displaying, loafing, and foraging) by male Rio Grande
wild turkeys in the Texas Panhandle and southwestern Kansas. Most (70.9%) trees used as roosts were eastern
cottonwoods (Populus deltoides), but black locusts (Robinia pseudoacacia) (19.1%) and netleaf hackberries (Celtis
reticulata) (5.7%) were also frequently used. Mean roost tree diameter at breast height (dbh), height, and height
of the lowest branch was 49.9 cm, 13.6 m, and 3.4 m, respectively. Areas used for displaying were characterized
by low visual obstruction and low shrub density. Areas used for loafing had greater densities of trees and large
shrubs than random sites. Despite having low visual obstruction, foraging areas were not otherwise different from
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random sites. Spring foraging areas had less visual obstruction than summer foraging areas, with spring foraging
areas similar to displaying areas and summer foraging areas similar to loafing areas. Habitat management for male
Rio Grande wild turkeys should focus on protecting remaining riparian roost areas and encouraging cottonwood
regeneration. Openings for displaying and brushy areas for loafing should be created or maintained in proximity
to traditional roosts.

Proceedings of the National Wild Turkey Symposium 9:217–229
Key words: behavior, displaying, foraging, habitat, Kansas, loafing, Meleagris gallopavo intermedia, riparian
restoration, roosts, Texas Panhandle.

Habitat requirements of male Rio Grande wild tur-
keys are not well known. The majority of Rio Grande
wild turkey habitat research has taken place in South
Texas or on the Edwards Plateau (Thomas et al. 1966,
Beasom 1970, Haucke 1975, Baker et al. 1980, Bea-
som and Wilson 1992). Furthermore, research on fe-
males has far exceeded that of males. Knowledge of
male turkey habitat selection, as well as current habitat
management decisions in the northern portion of Rio
Grande wild turkey range, are based on studies from
other turkey subspecies or on Rio Grande wild turkeys
in other regions. Kothmann and Litton (1975) provid-
ed the only male Rio Grande habitat study in West
Texas, and they recognized that range expansion in
West Texas has been facilitated by use of power line
poles as roosts. Baker et al. (1980) described seasonal
habitat characteristics of male Rio Grande wild turkeys
in South Texas. Several other studies (Clark 1985,
Lambert et al. 1990, Godwin et al. 1992, Palmer et al.
1996, Miller et al. 1999) investigated seasonal habitat
use by eastern wild turkey (M. g. silvestris) males and
found that they varied among geographic locations.

As part of a larger study, we studied habitat se-
lection of male Rio Grande wild turkeys in the Texas
Panhandle and southwestern Kansas from January
2000 through August 2002. Our objectives were to
quantify male Rio Grande wild turkey roost tree char-
acteristics and define the vegetative characteristics of
areas used for displaying, loafing, and foraging.

STUDY AREA
Our study was conducted at 1 Kansas and 3 Texas

study sites. The Kansas site was centered on the Cimar-

1 Present address: Texas Parks and Wildlife Department,
Gene Howe Wildlife Management Area, 15412 FM 2266, Ca-
nadian, TX 79014, USA.

2 E-mail: warren.ballard@ttu.edu
3 Present address: Kentucky Department of Fish and Wild-

life Resources, 1 Sportsman’s Lane—Wildlife Annex, Frankfort,
KY 40601, USA.

4 Present address: US Fish and Wildlife Service, Upper Co-
lumbia Fish and Wildlife Office, 11103 E. Montgomery Drive,
Spokane, WA 99206, USA.

5 Present address: Texas Parks and Wildlife Department, Pat
Mayes Wildlife Management Area, 4998 CR 2131, Detroit, TX
75436, USA.

6 Present address: Tennessee Wildlife Resources Agency,
Ellington Agricultural Center, P.O. Box 40747, Nashville, TN
37204, USA.

ron National Grasslands in Morton County, Kansas, and
adjacent Stevens County, Kansas, and Baca County, Col-
orado. The 3 Texas sites were centered on the Matador
Wildlife Management Area (Matador) in Cottle and Mot-
ley counties, the Salt Fork of the Red River (Salt Fork)
in Donley and Collingsworth counties, and the Gene
Howe Wildlife Management Area (Gene Howe) in Hem-
phill County. Spears et al. (2002) provided a general
description of the vegetative communities at each of the
4 study sites. Boundaries of each study site were deter-
mined by turkey movements. Functional study areas
were approximately 25,801 ha, 9,798 ha, 6,656 ha, and
5,237 ha for Kansas, Matador, Salt Fork, and Gene
Howe, respectively. Land uses at the 4 study sites in-
cluded production of cattle, cotton, wheat, and grain sor-
ghum. Oil production also occurred at the Kansas and
Gene Howe sites. Grazing occurred at varying intensities
on most public and private land throughout all study
areas, both in uplands and in riparian areas. There were
spring and autumn hunting seasons at the 3 study sites
in the Texas Panhandle and on the western edge of the
Kansas site and a spring-only season at the remainder of
the Kansas study site.

METHODS

We captured turkeys with drop nets (Glazener et
al. 1964), rocket nets (Schemnitz 1994), or walk-in
traps (Davis 1994) on sites baited with whole kernel
corn or milo from January through late February or
early March each year. We classified turkeys as juve-
niles (approximately 0.5 years) or adults (�1.5 years)
based on standard methods (Pelham and Dickson
1992). For the purposes of this study, we considered
a turkey an adult starting 1 January of their second
year (approximately 1.5 years). We recorded sex and
weight (kg), and fitted turkeys with a backpack-style
radio-transmitter (AVM Instruments, Livermore, Cal-
ifornia, USA [Kansas]; Advanced Telemetry Systems,
Isanti, Minnesota, USA [Matador, Salt Fork, Gene
Howe]) and a butt-end aluminum leg band (National
Band and Tag Company, Newport, Kentucky, USA).
Transmitters (�120 g) with mortality sensors were at-
tached using nylon overbraid harness (Advanced Te-
lemetry Systems, Isanti, Minnesota, USA). We cen-
sored turkeys surviving �14 days post-capture due to
potential capture-related mortality (Spraker et al. 1987,
Nicholson et al. 2000).

The majority (94.6%) of vegetation measurements
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were made during spring and summer. We visually lo-
cated turkeys using a handheld 3-element yagi antenna
(AF Antronics, White Heath, Illinois, USA). We col-
lected data at each site from 15 January 2000 until 31
August 2002 except at the Kansas site where moni-
toring ended on 30 June 2001 when all males were
either dead or their transmitters had ceased operation.
We stratified turkey locations into 4 time blocks
(morning, mid-day, evening, and roost) so that each
bird was sampled at different times of day throughout
sampling periods (Otis and White 1999). Roost period
was from dusk until dawn. Other time blocks were of
equal length and varied as length of daylight changed.
We used a Trimble Geoexplorer 2 or Geoexplorer 3
(Trimble Navigation Limited, Sunnyvale, California,
USA) Global Positioning System (GPS) to record the
coordinates of all visual turkey locations. Base stations
within 250 km of each study site were used for dif-
ferential correction.

Male turkey observations were categorized as 1 of
4 behaviors (roosting, displaying, loafing, or foraging).
Roosting occurred when male turkeys perched in trees
overnight. Displaying behavior required that �1 male
turkey was involved in strutting in front of females,
presumably for mating purposes, or in front of other
males, presumably for purposes of establishing peck-
ing order. Behavior was categorized as loafing if male
turkeys were observed resting in the shade of trees or
large shrubs during the day. Behavior was categorized
as foraging if male turkeys were observed feeding,
pecking, or scratching at the ground. Instances where
turkeys were disturbed prior to observing a behavior
were excluded from analyses.

We measured vegetative characteristics at sites used
by male Rio Grande wild turkeys within a week of the
visual observation. A 10- � 20-m quadrat oriented north
and south was centered on each visually-obtained turkey
location. All trees, defined as woody plants �10 cm in
diameter, were classified by species. Diameter at breast
height (dbh; cm) or diameter below the lowest trunk
split, total height (m), and height of lowest branch (m)
were also measured for trees in roosting plots. Trees were
also classified as to whether they were used as roosts,
based upon accumulations of droppings underneath. All
coarse woody debris items, defined as woody debris at
least 10 cm in diameter, were counted inside the quadrat.

A 20-m transect was oriented north and south
through the center of the quadrat. We sampled visual
obstruction (n � 10 per plot) on alternating sides of this
transect at 2-m intervals with a modified visual obstruc-
tion pole (Robel et al. 1970). This pole was 1 m tall,
2.54 cm in diameter, and was painted with 10 alternating
red and white bands (each 10 cm wide). The obstruction
pole was attached to a 1-m tall observation pole with a
4-m rope or chain. We recorded the total number of
bands on the obstruction pole that were visible from the
top of the observation pole, which was placed perpen-
dicular to, and 4 m from, the transect. Also, at 40-cm
intervals directly below the rope or chain connecting the
obstruction pole to the observation pole, we classified
ground cover as grass, shrub, forb, bare ground, litter, or
other to estimate percent cover of major vegetative cat-
egories within the plot.

We used a 2-m cover pole (Hagan et al. 1996) to
determine the structure of the understory vegetation.
Observers walked along the 20-m transect while hold-
ing the pole parallel to the ground and perpendicular
to the transect at a height of 0.5 m. We classified all
woody vegetation �10 cm in diameter and �0.5 m in
height contacting the pole along the 2- � 20-m belt
transect by species and recorded in the appropriate
height category (0.5–1 m, 1–2 m, or 2–4 m).

For each observed turkey location for which veg-
etation was measured (location plots), a paired random
plot was also measured. The center of the random plot
was located 50 m from the visual location, in 1 of the
4 sequentially chosen cardinal directions (north, east,
south, and west). Vegetative characteristics at random
plots were measured using the same methods as the
visual location plots.

In addition to data collected from our vegetation
plots, we collected age data on black locust trees to
determine approximate ages of those being used for
roosts. Ring counts and diameters were measured on
recently cut stumps at Gene Howe and Salt Fork. We
did not have permission to cut or core live trees. We
used simple linear regression to test for a linear rela-
tionship between age and diameter (Zar 1999).

In order to better determine the ranges of turkeys
at each study site, we located turkeys 1–3 times per
week during late winter, spring, and summer (our pri-
mary field season) and approximately once every 1–2
weeks throughout the remainder of the year using a
truck-mounted dual 4-element yagi null-peak antenna
system (Advanced Telemetry Systems, Isanti, Minne-
sota, USA) (Samuel and Fuller 1994). Triangulations
consisted of �2 (usually �3) sequential bearings taken
at fixed stations along roads. We used the maximum
likelihood estimator method (Lenth 1981) in LOAS
(Ecological Software Solutions 1999) to calculate lo-
cations from raw bearings. We triangulated test trans-
mitters in known locations to estimate system biases
for antenna calibration and bearing standard deviations
(7.75� to 10.59�) for calculation of error ellipses
around locations (Ecological Software Solutions
1999). Error ellipses were used to identify potential
data entry or data collection errors; however, regard-
less of error ellipse size, each azimuth was individually
investigated. If it was suspected that the turkey had
moved a considerable distance between azimuths, or
that the estimated location was not within the possible
range of the receiver (�3.20 km on flat terrain) for �1
azimuths, we discarded the location.

Roosting Habitat

We used forward stepwise logistic regression (P
� 0.20 to enter or remove a variable; Hosmer and
Lemeshow 1989) to differentiate between trees used
as roosts and other trees in the roost vegetation plot
that showed no sign of being used as roosts, as deter-
mined by the presence or absence of droppings un-
derneath each tree. Diameter at breast height, height
of the lowest branch, and overall tree height were char-
acteristics considered in the logistic regression. We



220 Habitat Ecology of Wild Turkeys

Table 1. Comparison of tree characteristics using forward stepwise logistic regression (P � 0.20 to enter or remove a variable), and
Mann-Whitney U-tests between male Rio Grande wild turkey roost trees (n � 141) and unused trees (n � 188) in the immediate
vicinity from January 2000 through August 2002 in the Texas Panhandle and southwestern Kansas. Means are provided for comparison
to the literature. Medians are provided because Mann-Whitney tests compare medians of ranked data.

Species Variable

Mean � SE

Used Unused

Forward stepwise LRa

Estimate SE P

Median (range)

Used Unused

Mann-Whitney

U P

Cottonwood trees; 87.0% of cottonwood trees were classified correctly by the resulting model.
intercept �8.858 1.741 �0.001
dbh (cm)b 57.76 � 2.71 27.97 � 1.10 0.155 0.035 �0.001 49.65 (19.70–163.50) 28.00 (10.60–47.80) 538.5 �0.001
Height (m) 13.65 � 0.42 8.02 � 0.45 0.297 0.091 0.001 13.00 (6.00–26.00) 8.00 (0.00–15.00) 758.5 �0.001
HLB (m)c 3.61 � 0.23 3.05 � 0.22 0.002 0.002 0.160 3.88 (0.00–9.00) 3.00 (0.00–7.00) 2,438.5 0.244

Black locust trees; 74.1% of black locust trees were classified correctly by the resulting model.
intercept �6.143 1.582 �0.001
dbh (cm) 32.00 � 2.07 17.55 � 1.22 0.204 0.054 �0.001 30.10 (11.50–59.20) 16.80 (6.80–38.10) 735.5 �0.001
Height (m) 14.67 � 0.47 8.43 � 1.03 N/Ad N/A N/A 16.00 (8.00–17.00) 7.00 (1.00–22.00) 795.5 �0.001
HLB (m) 2.48 � 0.20 1.71 � 0.26 0.005 0.003 0.072 2.00 (1.00–5.00) 1.00 (0.00–6.00) 923.5 �0.001

Netleaf hackberry trees; 62.5% of netleaf hackberry trees were classified correctly by the resulting model.
intercept �10.744 4.492 0.017
dbh (cm) 21.14 � 2.00 15.24 � 1.66 0.218 0.129 0.092 21.50 (13.80–30.60) 13.10 (10.00–34.50) 21.0 0.012
Height (m) 10.50 � 0.60 7.00 � 0.79 0.709 0.346 0.041 10.50 (7.00–12.00) 8.00 (1.00–11.00) 16.0 0.005
HLB (m) 4.34 � 0.52 2.82 � 0.59 N/A N/A N/A 4.38 (2.25–6.00) 3.50 (0.00–6.00) 41.0 0.220

All trees; 79.5% of all trees were classified correctly by the resulting model.
intercept �7.004 0.817 �0.001
dbh (cm) 49.88 � 2.23 21.93 � 0.77 0.103 0.017 �0.001 42.30 (11.50–163.50) 19.95 (6.80–86.80) 3063.5 �0.001
Height (m) 13.63 � 0.33 7.60 � 0.30 0.223 0.047 �0.001 13.00 (6.00–26.00) 7.00 (0.00–22.00) 3430.0 �0.001
HLB (m) 3.37 � 0.18 1.82 � 0.13 0.004 0.001 �0.001 3.00 (0.00–9.00) 1.37 (0.00–7.00) 7543.0 �0.001

a LR � logistic regression.
b dbh � diameter at breast height.
c HLB � height of lowest branch.
d N/A indicates that the variable was not selected by forward stepwise logistic regression.

also used Mann-Whitey U-tests (Zar 1999) to compare
medians of roost tree measurements.

Diurnal Habitat

We calculated the functional study area at each study
site by plotting a 99% fixed kernel home range based
on all male turkey locations for each site. Both triangu-
lations (location error x̄ � 84.7 m) and visual locations
were used in the home range calculations (Kansas: n �
793; Gene Howe: n � 1,966; Salt Fork: n � 2,267;
Matador: n � 2,990). We defined available habitat as the
area within the respective functional study area at a study
site. We manually photo-interpreted digital orthographic
quadrangles to determine the percent of each general
vegetation type within each functional study area. We
ground-truthed our GIS coverages at the same time veg-
etation measurements were made.

For vegetation-type analyses, we defined vegetation
types the following way: (1) wooded riparian—areas in
the floodplain typically dominated by eastern cotton-
woods or other large trees; (2) brushy riparian—areas in
the floodplain dominated by shrubs, such as saltcedar
(Tamarisk gallica) or Russian olive (Eleagnus angusti-
folia); (3) open riparian—areas in the floodplain domi-
nated by grasses and occasional brush; (4) wooded up-
land—areas outside of the floodplain dominated by trees
such as netleaf hackberry, post oak (Quercus stellata),
gum bumelia (Bumelia lanuginosa), or western soapber-
ry (Sapindus drummondi), including shelterbelts; (5)
brushy upland—areas outside the floodplain dominated
by shrubs such as honey mesquite (Prosopis glandulo-

sa), shinnery oak (Q. havardii), or skunkbush sumac
(Rhus aromatica); (6) open upland—areas outside the
floodplain dominated by grasses and occasional sand
sagebrush (Artemisia filifolia); and (7) agricultural—any-
thing planted, including food plots.

We assessed Rio Grande wild turkey vegetation-
type selection (third-order habitat selection; Johnson
1980) by behavior, based upon male turkey visual lo-
cations, using chi-square tests (Zar 1999) and simul-
taneous Bonferroni confidence intervals (Neu et al.
1974). We compared the use of each of these vegeta-
tion types based upon male visual location plots with
the relative availability of each vegetation type within
the functional study area at each study site. This ex-
plored whether male Rio Grande wild turkeys selected
for or against major vegetation types.

We studied habitat use by behavior on a study-wide
scale by comparing vegetative characteristics between vi-
sual turkey locations and a random subset of all random
locations from the larger, concurrent study (referred to
hereafter as random locations). We used forward step-
wise logistic regression (P � 0.20 to enter or remove a
variable; Hosmer and Lemeshow 1989) to differentiate
between visual locations and random locations, and
Mann-Whitey U-tests (Zar 1999) to compare medians of
vegetation variables. This explored whether vegetative
characteristics differed between areas used by male Rio
Grande wild turkeys and random points in areas occu-
pied by turkeys.

We also studied habitat use by behavior on a local
scale by comparing vegetative characteristics between
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visual turkey locations and paired random locations 50
m away (referred to hereafter as paired random loca-
tions). We used forward stepwise logistic regression
(P � 0.20 to enter or remove a variable; Hosmer and
Lemeshow 1989) to differentiate between visual lo-
cations and paired random locations, and Mann-Whit-
ey U-tests (Zar 1999) to compare medians of vegeta-
tion variables. This explored whether vegetative char-
acteristics differed between areas where turkeys were
observed and the immediate vicinity. We considered
all results significant at � � 0.05. This research was
approved by the Texas Tech University Animal Care
and Use Committee (Protocol numbers 99917 and
01173B).

RESULTS

We fitted 128 juvenile and 132 adult male turkeys
with radio-transmitters during our study. After censor-
ing turkeys that survived �14 days post-capture, 107

juvenile and 115 adult males were available for anal-
yses. We measured vegetation at 285 visual location
plots (72 displaying, 71 loafing, 85 foraging, and 57
roosting) and 219 paired random plots. An additional
734 random locations from the larger, concurrent study
were also used for estimating vegetative characteristics
on a study-wide scale.

Roosting Habitat

Roost areas ranged from single trees to large
groves (�1 ha) of cottonwoods, black locusts, or
mixed stands. Male turkeys were observed roosting in
100 eastern cottonwood trees, 27 black locust trees, 8
netleaf hackberry trees, 2 American elm trees (Ulmus
americana), 2 osage orange trees (Maclura pomifera),
and 2 western soapberry trees. Average dbh, height,
and height of the lowest branch of roost trees were
49.88 cm, 13.63 m, and 3.37 m, respectively (Table
1). The formula for the probability that a tree was suit-
able for use as a roost was

�7.004	0.103(dbh[cm])	0.223(height[m])	0.004(height of lowest branch[m])e
p(Roost Tree) � .

�7.004	0.103(dbh[cm])	0.223(height[m])	0.004(height of lowest branch[m])1 	 e

The formula correctly classified 79.5% of the roost
trees. Univariately, dbh and height were significantly
greater for roost trees (Table 1).

The formulas for the probability that a tree was

suitable for use as a roost for individual species (east-
ern cottonwood, black locust, and netleaf hackberry,
respectively) were

�8.858	0.155(dbh[cm])	0.297(height[m])	0.002(height of lowest branch[m])e
p(Cottonwood) � ,

�8.858	0.155(dbh[cm])	0.297(height[m])	0.002(height of lowest branch[m])1 	 e
�6.143	0.204(dbh[cm])	0.005(height of lowest branch[m])e

p(Black Locust) � , and
�6.143	0.204(dbh[cm])	0.005(height of lowest branch[m])1 	 e

�10.744	0.218(dbh[cm])	0.709(height[m])e
p(Netleaf Hackberry) � .

�10.744	0.218(dbh[cm])	0.709(height[m])1 	 e

The formulas correctly classified 87.0%, 74.1%, and
62.5% of the cottonwood, black locust, and netleaf
hackberry roost trees, respectively. Tree height and
dbh were greater for roost trees than for other trees
measured in roost vegetation plots for each individual
species (eastern cottonwood, black locust, and netleaf
hackberry [Table 1]). Additionally, average height of
the lowest branch of roost trees was greater than that
of other trees measured in roost vegetation plots for
black locusts (Table 1).

Little cottonwood regeneration and moderate black
locust regeneration was detected. In all, 471 of 2,344
(20.1%) vegetation plots measured in our study and the
concurrent study contained cottonwood trees in the over-
story. Of those, 9 (1.9%) had �1 cottonwood seedling
or sapling in the 2- � 20-m transect that measured the
understory. Additionally, 7 plots without cottonwoods in

the overstory had regeneration, indicating that roost tree
replacement may be in jeopardy (Table 2). Forty-seven
cottonwood seedlings or saplings were found in all plots.
In contrast, 13 of the 16 (81.3%) plots with black locust
trees (the second-most commonly used roost tree species
in our study) in the overstory had regeneration. An ad-
ditional 18 plots without black locust trees also had re-
generation (Table 2). In all, 177 black locust seedlings
or saplings were counted despite the fact that black lo-
custs were present in small groves at 2 of the 4 study
sites.

Eleven black locust tree stumps were available for
age data. They ranged from 6.5–23.5 cm in diameter
and from 23–47 years in age. A linear relationship (y
� 0.8579x 	 15.107; R2 � 0.4313, P � 0.028) existed
between diameter and age. The 27 black locust trees
used as roosts ranged from 11.5–59.2 cm in diameter
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Table 2. Regeneration (seedlings or saplings �0.5 m in height,
�10 cm dbh) of eastern cottonwoods and black locusts mea-
sured at Rio Grande wild turkey locations from January 2000
through August 2002 in the Texas Panhandle and southwestern
Kansas.

Species-Study
area

Tree in
overstorya Regenerationb

Additional
regenerationc

Cottonwoods
Gene Howe 47 0 0
Kansas 332 4 4
Matador 73 3 0
Salt Fork 29 2 3
Total 471 9 7

Black Locusts
Gene Howe 1 0 10
Kansas 0 0 0
Matador 0 0 0
Salt Fork 15 13 8
Total 16 13 18

a Total number of plots with �1 of the given species in the overstory.
b Of the plots with �1 of the given species in the overstory, those
with regeneration (�1 seedling or sapling).
c Plots with regeneration (�1 seedling or sapling) of the given spe-
cies without that species being present in the overstory.

with 6 falling within the range of the stumps available
to us. However, if we can assume that the linear re-
lationship continued at larger diameters, then the es-
timated range in age of black locust trees used as
roosts was 27–79 years (x̄ � 49).

Diurnal Habitat
Vegetation Type

Males avoided open riparian vegetation types at
Gene Howe and avoided brushy upland vegetation
types at Matador when displaying. At Salt Fork, dis-
playing males selected wooded riparian vegetation
types and avoided open upland vegetation types.
Across all study sites, males generally avoided open
upland vegetation types for displaying (Table 3).

Males loafing at Gene Howe avoided open riparian
vegetation types, while at Salt Fork, they avoided
brushy upland vegetation types. In Kansas, loafing
males avoided open upland vegetation types. No se-
lection was detected at Matador. However, across all
study sites, males typically avoided open upland veg-
etation types for loafing (Table 3).

For males foraging at Gene Howe, open riparian
vegetation types were avoided. In Kansas, males se-
lected wooded riparian vegetation types and avoided
open upland vegetation types for foraging. No selec-
tion was detected at Matador or Salt Fork for foraging
males; however, across all study sites, males typically
avoided agricultural vegetation types and open upland
vegetation types while foraging (Table 3).

Vegetative Characteristics: Visual Locations
Compared to a Subset of Random Locations

The formulas for the probability that a location
was suitable for a particular behavior (displaying, loaf-
ing, and foraging, respectively) were

20.783�0.064(%visual obstruction)�0.048(%shrub)�0.019(%forb)	0.213(2–4 m shrubs per 40 m )e
p(Displaying) � ,20.783�0.064(%visual obstruction)�0.048(%shrub)�0.019(%forb)	0.213(2–4 m shrubs per 40 m )1 	 e

2�0.815	0.027(%litter)	0.452(2–4 shrubs per 40 m )e
p(Loafing) � , and2�0.815	0.027(%litter)	0.452(2–4 shrubs per 40 m )1 	 e

2 20.127�0.048(%visual obstruction)�0.047(%shrub)	0.311(#shrub species per 40 m )	0.235(2–4 m shrubs per 40 m )e
p(Foraging) � .2 20.127�0.048(%visual obstruction)�0.047(%shrub)	0.311(#shrub species per 40 m )	0.235(2–4 m shrubs per 40 m )1 	 e

The formulas correctly classified 80.6%, 52.1%, and
74.1% of the displaying, loafing, and foraging loca-
tions, respectively. Univariately, displaying locations
had less visual obstruction, shrub cover, and forb cover
than random locations. Loafing locations had more
trees, 1–2 m shrubs and 2–4 m shrubs than random

locations. Foraging locations also had less visual ob-
struction than random locations (Table 4).

Vegetative Characteristics: Visual Locations Com-
pared to Paired Random Locations.—The logistic re-
gression models contrasting visual locations for each
behavior (displaying, loafing, and foraging, respective-
ly) with paired random locations were

2 2 20.568�0.144(%shrub)	0.103(0.5–1 m shrubs per 40 m )�0.269(1–2 m shrubs per 40 m )	0.139(2–4 m shrubs per 40 m )e
p(Displaying) � 2 2 20.568�0.144(%shrub)	0.103(0.5–1 m shrubs per 40 m )�0.269(1–2 m shrubs per 40 m )	0.139(2–4 m shrubs per 40 m )1 	 e

2 2�0.839	0.039(%visual obstruction)�0.047(%shrub)	0.016(%bare ground)	0.138(#trees per 200 m )	0.134(2–4 shrubs per 40 m )e
p(Loafing) � 2 2�0.839	0.039(%visual obstruction)�0.047(%shrub)	0.016(%bare ground)	0.138(#trees per 200 m )	0.134(2–4 shrubs per 40 m )1 	 e

0.271�0.035(%shrub)e
p(Foraging) �

0.271�0.035(%shrub)1 	 e
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Table 3. Chi-square analysis and simultaneous confidence in-
tervals for vegetation types used for displaying versus availabil-
ity, loafing versus availability, and foraging versus availability,
respectively, for male Rio Grand wild turkeys from January 2000
through August 2002 in the Texas Panhandle and southwestern
Kansas. The overall chi-square test statistic and associated P-
value follows the study area site label.

Behavior
Study Site

Vegetation type
Expected
proportion

Observed
proportion

Bonferroni
intervals

Lower Upper

Displaying
Gene Howe (Observed: n � 22; x2

6 � 9.977; P � 0.126)
Agriculture 0.018 0.000 0 0
Open riparian 0.189 0.000a 0 0
Brushy riparian 0.171 0.364 0.088 0.640
Wooded riparian 0.093 0.136 0.000 0.333
Open upland 0.476 0.455 0.169 0.740
Brushy upland 0.046 0.045 0.000 0.165
Wooded upland 0.008 0.000 0 0

Kansas (Observed: n � 8; x2
4 � 8.559; P � 0.073)

Agriculture 0.064 0.000 0 0
Open riparian 0.060 0.250 0.000 0.644
Brushy riparian 0.062 0.125 0.000 0.426
Wooded riparian 0.109 0.250 0.000 0.644
Open upland 0.705 0.375 0.000 0.816

Matador (Observed: n � 23; x2
6 31.523; P � 0.001)

Agriculture 0.051 0.000 0 0
Open riparian 0.008 0.043 0.000 0.158
Brushy riparian 0.166 0.217 0.000 0.449
Wooded riparian 0.023 0.043 0.000 0.158
Open upland 0.139 0.304 0.046 0.562
Brushy upland 0.582 0.217b 0.000 0.449
Wooded upland 0.029 0.174 0.000 0.387

Salt Fork (Observed: n � 19; x2
6 � 43.017; P � 0.001)

Agriculture 0.060 0.000 0 0
Open riparian 0.132 0.158 0.000 0.383
Brushy riparian 0.018 0.053 0.000 0.190
Wooded riparian 0.052 0.368b 0.071 0.666
Open upland 0.236 0.053b 0.000 0.190
Brushy upland 0.419 0.263 0.000 0.535
Wooded upland 0.083 0.105 0.000 0.295

Pooled Study Sites (Observed: n � 72; x2
6 � 44.925; P � 0.001)

Agriculture 0.056 0.000 0 0
Open riparian 0.074 0.083 0.000 0.171
Brushy riparian 0.091 0.208 0.080 0.337
Wooded riparian 0.080 0.181 0.059 0.303
Open upland 0.484 0.292b 0.148 0.436
Brushy upland 0.196 0.153 0.039 0.267
Wooded upland 0.020 0.083 0.000 0.171

Loafing
Gene Howe (Observed: n � 11; x2

6 � 45.489; P � 0.001)
Agriculture 0.018 0.000 0 0
Open riparian 0.189 0.000a 0 0
Brushy riparian 0.171 0.273 0.000 0.634
Wooded riparian 0.093 0.000 0 0
Open upland 0.476 0.545 0.142 0.949
Brushy upland 0.046 0.000 0 0
Wooded upland 0.008 0.182 0.000 0.495

Kansas (Observed: n � 17; x2
4 � 22.590; P � 0.001)

Agriculture 0.064 0.000 0 0
Open riparian 0.060 0.176 0.000 0.415
Brushy riparian 0.062 0.235 0.000 0.500
Wooded riparian 0.109 0.294 0.009 0.579
Open upland 0.705 0.294b 0.009 0.579

Matador (Observed: n � 25; x2
6 � 28.594; P � 0.001)

Agriculture 0.051 0.000 0 0
Open riparian 0.008 0.040 0.000 0.145
Brushy riparian 0.166 0.200 0.000 0.415
Wooded riparian 0.023 0.160 0.000 0.357
Open upland 0.139 0.120 0.000 0.295

Table 3. Continued.

Behavior
Study Site

Vegetation type
Expected
proportion

Observed
proportion

Bonferroni
intervals

Lower Upper

Brushy upland 0.582 0.400 0.136 0.664
Wooded upland 0.029 0.080 0.000 0.226

Salt Fork (Observed: n � 18; x2
6 � 24.847; P � 0.001)

Agriculture 0.060 0.000 0 0
Open riparian 0.132 0.056 0.000 0.201
Brushy riparian 0.018 0.000 0 0
Wooded riparian 0.052 0.278 0.000 0.562
Open upland 0.236 0.333 0.034 0.632
Brushy upland 0.419 0.167b 0.000 0.403
Wooded upland 0.083 0.167 0.000 0.403

Pooled Study Sites (Observed: n � 71; x2
6 � 49.121; P � 0.001)

Agriculture 0.056 0.000 0 0
Open riparian 0.074 0.070 0.000 0.152
Brushy riparian 0.091 0.169 0.049 0.289
Wooded riparian 0.080 0.197 0.070 0.324
Open upland 0.484 0.282b 0.138 0.425
Brushy upland 0.196 0.183 0.060 0.307
Wooded upland 0.020 0.099 0.003 0.194

Foraging
Gene Howe (Observed: n 16; x2

6 � 10.306; P � 0.112)
Agriculture 0.018 0.000 0 0
Open riparian 0.189 0.000a 0 0
Brushy riparian 0.171 0.375 0.049 0.701
Wooded riparian 0.093 0.000 0 0
Open upland 0.476 0.625 0.299 0.951
Brushy upland 0.046 0.000 0 0
Wooded upland 0.008 0.000 0 0

Kansas (Observed: n � 20; x2
4 � 18.709; P � 0.001)

Agriculture 0.064 0.050 0.000 0.176
Open riparian 0.060 0.050 0.000 0.176
Brushy riparian 0.062 0.100 0.000 0.273
Wooded riparian 0.109 0.400b 0.118 0.682
Open upland 0.705 0.400b 0.118 0.682

Matador (Observed: n � 24; x2
6 � 8.147; P � 0.228)

Agriculture 0.051 0.000 0 0
Open riparian 0.008 0.042 0.000 0.151
Brushy riparian 0.166 0.208 0.000 0.431
Wooded riparian 0.023 0.000 0 0
Open upland 0.139 0.083 0.000 0.235
Brushy upland 0.582 0.583 0.313 0.854
Wooded upland 0.029 0.083 0.000 0.235

Salt Fork (Observed: n � 25; x2
6 � 16.154; P � 0.013)

Agriculture 0.060 0.000 0 0
Open riparian 0.132 0.080 0.000 0.226
Brushy riparian 0.018 0.000 0 0
Wooded riparian 0.052 0.200 0.000 0.415
Open upland 0.236 0.280 0.038 0.522
Brushy upland 0.419 0.280 0.038 0.522
Wooded upland 0.083 0.160 0.000 0.357

Pooled Study Sites (Observed: n � 85; x2
6 � 30.010; P � 0.001)

Agriculture 0.056 0.012b 0.000 0.043
Open riparian 0.074 0.047 0.000 0.109
Brushy riparian 0.091 0.153 0.048 0.258
Wooded riparian 0.080 0.153 0.048 0.258
Open upland 0.484 0.318b 0.182 0.453
Brushy upland 0.196 0.247 0.121 0.373
Wooded upland 0.020 0.071 0.000 0.145

a Considered biologically significant, as indicated when the observed
proportion was 0 and the expected proportion was �0.1.
b Indicates a significant difference at P � 0.05, as indicated when
the expected proportion fell outside of the Bonferroni intervals.
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Table 4. Comparison of vegetative characteristics using forward stepwise logistic regression (P � 0.20 to enter or remove a variable)
and Mann-Whitney U-tests between male Rio Grande wild turkey locations and a subset of random locations from January 2000
through August 2002 in the Texas Panhandle and southwestern Kansas. Means are provided for comparison to the literature. Medians
are provided because Mann-Whitney tests compare medians of ranked data.

Variable

Mean � SE

Location Randomb

Forward stepwise LRa

Estimate SE P

Median (range)

Location Random

Mann-Whitney

U P

Displaying (n � 72) versus Random (n � 72); 80.6% of displaying locations were classified correctly by the resulting model.
Intercept 0.783 0.304 0.010
Coarse woody debris per

200 m2 2.042 � 0.758 1.944 � 0.438 N/Ac N/A N/A 0.0 (0–50) 0.0 (0–18) 2455.0 0.584
% visual obstruction 3.903 � 0.833 10.278 � 1.330 �0.064 0.028 0.020 0.0 (0–33) 7.0 (0–47) 1447.0 �0.001
% grass cover 47.528 � 3.182 45.597 � 3.190 N/A N/A N/A 47.0 (1–100) 45.0 (0–98) 2491.0 0.687
% shrub cover 3.000 � 0.792 8.542 � 1.390 �0.048 0.033 0.140 1.0 (0–51) 4.0 (0–50) 1786.0 0.001
% bare ground cover 16.042 � 2.041 14.431 � 1.981 N/A N/A N/A 10.0 (0–72) 8.0 (0–75) 2359.0 0.352
% forb cover 11.569 � 1.603 15.069 � 1.467 �0.019 0.014 0.163 7.0 (0–72) 13.0 (0–52) 1948.5 0.010
% litter cover 19.778 � 2.476 12.597 � 1.597 N/A N/A N/A 16.0 (0–89) 8.0 (0–61) 2137.5 0.069
Trees per 200 m2 2.000 � 0.487 2.222 � 0.564 N/A N/A N/A 0.0 (0–21) 0.0 (0–25) 2516.5 0.763
Shrub species per 40 m2d 0.917 � 0.141 1.153 � 0.146 N/A N/A N/A 0.5 (0–5) 1.0 (0–6) 2248.5 0.170
0.5–1 m shrubs per 40 m2 3.750 � 1.065 12.264 � 5.461 N/A N/A N/A 0.0 (0–64) 1.0 (0–360) 2272.0 0.201
1–2 m shrubs per 40 m2 0.931 � 0.248 1.736 � 0.634 N/A N/A N/A 0.0 (0–9) 0.0 (0–43) 2310.0 0.260
2–4 m shrubs per 40 m2 0.972 � 0.381 0.347 � 0.114 0.213 0.152 0.161 0.0 (0–24) 0.0 (0–6) 2511.5 0.748

Loafing (n � 71) versus Random (n � 71); 52.1% of loafing locations were classified correctly by the resulting model.
Intercept �0.815 0.266 0.002
Coarse woody debris per

200 m2 3.437 � 0.775 1.972 � 0.443 N/A N/A N/A 1.0 (0–41) 0.0 (0–18) 2108.0 0.092
% visual obstruction 12.272 � 1.434 10.113 � 1.339 N/A N/A N/A 10.0 (0–55) 7.0 (0–47) 2196.5 0.186
% grass cover 36.958 � 3.065 45.183 � 3.208 N/A N/A N/A 32.0 (1–93) 45.0 (0–98) 2082.0 0.074
% shrub cover 8.127 � 1.119 8.662 � 1.404 N/A N/A N/A 6.0 (0–49) 4.0 (0–50) 2367.0 0.531
% bare ground cover 14.282 � 1.985 14.634 � 1.998 N/A N/A N/A 11.0 (0–79) 8.0 (0–75) 2455.5 0.791
% forb cover 16.000 � 1.662 14.944 � 1.482 N/A N/A N/A 13.0 (0–69) 13.0 (0–52) 2456.0 0.792
% litter cover 20.690 � 2.649 12.761 � 1.611 0.027 0.011 0.011 12.0 (0–84) 8.0 (0–61) 2045.0 0.052
Trees per 200 m2 4.901 � 0.679 2.254 � 0.571 N/A N/A N/A 3.0 (0–22) 0.0 (0–25) 1531.0 �0.001
Shrub species per 40 m2d 1.549 � 0.168 1.169 � 0.147 N/A N/A N/A 1.0 (0–5) 1.0 (0–6) 2131.5 0.112
0.5–1 m shrubs per 40 m2 5.042 � 1.078 12.437 � 5.536 N/A N/A N/A 1.0 (0–46) 1.0 (0–360) 2491.5 0.906
1–2 m shrubs per 40 m2 3.606 � 0.660 1.761 � 0.643 N/A N/A N/A 1.0 (0–22) 0.0 (0–43) 1975.0 0.026
2–4 m shrubs per 40 m2 2.324 � 0.582 0.352 � 0.115 0.452 0.155 0.004 0.0 (0–30) 0.0 (0–6) 1764.5 0.002

Foraging (n � 85) versus Random (n � 85); 74.1% of foraging locations were classified correctly by the resulting model.
Intercept 0.127 0.238 0.594
Coarse woody debris per

200 m2 1.600 � 0.440 2.035 � 0.426 N/A N/A N/A 0.0 (0–27) 0.0 (0–18) 3407.0 0.522
% visual obstruction 5.844 � 0.950 10.404 � 1.234 �0.048 0.020 0.020 3.0 (0–52) 7.0 (0–47) 2664.5 0.003
% grass cover 42.224 � 2.997 46.741 � 3.047 N/A N/A N/A 40.0 (0–100) 49.0 (0–98) 3286.0 0.309
% shrub cover 5.212 � 0.789 7.859 � 1.217 �0.047 0.028 0.089 2.0 (0–35) 3.0 (0–50) 3202.0 0.201
% bare ground cover 14.447 � 1.493 13.635 � 1.815 N/A N/A N/A 11.0 (0–56) 7.0 (0–75) 3110.5 0.118
% forb cover 15.659 � 1.697 14.929 � 1.365 N/A N/A N/A 12.0 (0–74) 12.0 (0–52) 3493.0 0.710
% litter cover 15.224 � 2.106 11.400 � 1.401 N/A N/A N/A 6.0 (0–78) 6.0 (0–61) 3422.0 0.553
Trees per 200 m2 2.635 � 0.599 2.024 � 0.482 N/A N/A N/A 0.0 (0–32) 0.0 (0–25) 3364.5 0.440
Shrub species per 40 m2d 1.447 � 0.165 1.129 � 0.133 0.311 0.149 0.037 1.0 (0–6) 1.0 (0–6) 3284.5 0.307
0.5–1 m shrubs per 40 m2 6.588 � 1.895 13.059 � 5.188 N/A N/A N/A 1.0 (0–142) 1.0 (0–360) 3579.5 0.918
1–2 m shrubs per 40 m2 2.247 � 0.606 1.565 � 0.540 N/A N/A N/A 0.0 (0–34) 0.0 (0–43) 3346.5 0.407
2–4 m shrubs per 40 m2 0.812 � 0.233 0.329 � 0.102 0.235 0.124 0.058 0.0 (0–16) 0.0 (0–6) 3195.5 0.194

a LR � logistic regression.
b Random includes a subset of all random locatiosn from this and the larger, concurrent study.
c N/A indicates that the variable was not selected by forward stepwise logistic regression.
d Because shrub species per 40 m2 is not linear, this refers to the 40 m2-belt transect used to tally shrubs of the different height classes.

The formulas correctly classified 80.6%, 62.0%, and
71.8% of the displaying, loafing, and foraging loca-
tions, respectively. Displaying locations had less visual
obstruction, shrub cover, shrub species, 0.5–1 m
shrubs, and 1–2 m shrubs than paired random loca-
tions. Loafing locations had more coarse woody de-
bris, litter cover, trees, and 2–4 m shrubs than paired
random locations. Vegetative characteristics at forag-
ing locations did not differ from paired random loca-
tions (Table 5).

Male foraging locations appeared to differ be-
tween spring and summer. Spring foraging locations

had less visual obstruction and litter cover than sum-
mer foraging locations (Table 6).

DISCUSSION
Roosting Habitat

Turkeys selected the largest and tallest trees from
those immediately available. Overall, roost tree heights
and diameters were similar to those reported for Merri-
am’s wild turkeys (Schemnitz et al. 1985, Wakeling and
Rogers 1998) and Rio Grande turkeys from other areas
(Crockett 1973, Haucke 1975, Quinton et al. 1980).
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Table 5. Comparison of vegetative characteristics using forward stepwise logistic regression (P � 0.20 to enter or remove a variable)
and Mann-Whitney U-tests between male Rio Grande wild turkey locations and paired random locations from January 2000 through
August 2002 in the Texas Panhandle and southwestern Kansas. Means are provided for comparison to the literature. Medians are
provided because Mann-Whitney tests compare medians of ranked data.

Variable

Mean � SE

Location Random

Forward stepwise LRa

Estimate SE P

Median (range)

Location Random

Mann-Whitney

U P

Displaying (n � 72) versus Dependent Random (n � 68); 80.6% of displaying locations were classified correclty by the resulting model.
Intercept 0.568 0.224 0.011
Coarse woody debris per

200 m2 2.042 � 0.758 1.559 � 0.612 N/Ab N/A N/A 0.0 (0–50) 0.0 (0–38) 2264.5 0.444
% visual obstruction 3.903 � 0.833 10.275 � 1.761 N/A N/A N/A 0.0 (0–33) 5.5 (0–85) 1605.5 �0.001
% grass cover 47.528 � 3.182 44.529 � 3.366 N/A N/A N/A 47.0 (1–100) 42.5 (0–98) 2294.5 0.522
% shrub cover 3.000 � 0.792 9.926 � 1.951 �0.144 0.045 0.001 1.0 (0–51) 4.0 (0–83) 1602.5 �0.001
% bare ground cover 16.042 � 2.041 12.779 � 1.638 N/A N/A N/A 10.0 (0–72) 8.0 (0–54) 2249.5 0.408
% forb cover 11.569 � 1.603 11.382 � 1.872 N/A N/A N/A 7.0 (0–72) 7.5 (0–72) 2417.0 0.897
% litter cover 19.778 � 2.476 18.485 � 2.182 N/A N/A N/A 16.0 (0–89) 12.5 (0–73) 2426.0 0.927
Trees per 200 m2 2.000 � 0.487 1.853 � 0.380 N/A N/A N/A 0.0 (0–21) 0.0 (0–13) 2401.5 0.846
Shrub species per 40 m2c 0.917 � 0.141 1.456 � 0.188 N/A N/A N/A 0.5 (0–5) 1.0 (0–7) 1964.0 0.044
0.5–1 m shrubs per 40 m2 3.750 � 1.065 8.485 � 1.991 0.103 0.038 0.006 0.0 (0–64) 1.5 (0–85) 1930.5 0.031
1–2 m shrubs per 40 m2 0.931 � 0.248 3.162 � 0.748 �0.269 0.091 0.003 0.0 (0–9) 0.0 (0–32) 1914.5 0.026
2–4 m shrubs per 40 m2 0.972 � 0.381 0.868 � 0.252 0.139 0.090 0.125 0.0 (0–24) 0.0 (0–10) 2303.5 0.547

Loafing (n � 71) versus Dependent Random (n � 70); 62.0% of loafing locations were classified by the resulting model.
Intercept �0.839 0.356 0.018
Coarse woody debris per

200 m2 3.437 � 0.775 1.771 � 0.612 N/A N/A N/A 1.0 (0–41) 0.0 (0–24) 1717.5 0.002
% visual obstruction 12.272 � 1.434 10.810 � 1.818 0.039 0.020 0.050 10.0 (0–55) 6.0 (0–71) 2057.5 0.078
% grass cover 36.958 � 3.065 42.914 � 3.276 N/A N/A N/A 32.0 (1–93) 41.0 (0–97) 2176.5 0.203
% shrub cover 8.127 � 1.119 10.400 � 1.794 �0.047 0.021 0.028 6.0 (0–49) 3.5 (0–69) 2451.0 0.889
% bare ground cover 14.282 � 1.985 12.071 � 2.180 0.016 0.011 0.130 11.0 (0–79) 7.0 (0–95) 2124.5 0.137
% forb cover 16.000 � 1.662 18.486 � 1.961 N/A N/A N/A 13.0 (0–69) 13.5 (0–72) 2310.5 0.472
% litter cover 20.690 � 2.649 11.929 � 1.941 N/A N/A N/A 12.0 (0–84) 6.5 (0–76) 1786.0 0.004
Trees per 200 m2 4.901 � 0.679 1.886 � 0.492 0.138 0.046 0.003 3.0 (0–22) 0.0 (0–21) 1402.5 �0.001
Shrub species per 40 m2c 1.549 � 0.168 1.357 � 0.151 N/A N/A N/A 1.0 (0–5) 1.0 (0–6) 2316.0 0.486
0.5–1 m shrubs per 40 m2 5.042 � 1.078 17.186 � 8.366 N/A N/A N/A 1.0 (0–46) 1.5 (0–574) 2265.0 0.364
1–2 m shrubs per 40 m2 3.606 � 0.660 5.900 � 2.059 N/A N/A N/A 1.0 (0–22) 1.0 (0–108) 2419.0 0.786
2–4 m shrubs per 40 m2 2.324 � 0.582 0.800 � 0.232 0.134 0.077 0.084 0.0 (0–30) 0.0 (0–9) 1947.5 0.027

Foraging (n � 85) versus Dependent Random (n � 81); 71.8% of foraging locations were classified correctly by the resulting model.
Intercept 0.271 0.196 0.167
Coarse woody debris per

200 m2 1.600 � 0.440 1.420 � 0.428 N/A N/A N/A 0.0 (0–27) 0.0 (0–22) 3306.0 0.659
% visual obstruction 5.844 � 0.950 7.494 � 1.217 N/A N/A N/A 3.0 (0–52) 4.0 (0–62) 3219.0 0.470
% grass cover 42.224 � 2.997 39.531 � 2.893 N/A N/A N/A 40.0 (0–100) 34.0 (0–100) 3264.0 0.564
% shrub cover 5.212 � 0.789 7.765 � 1.106 �0.035 0.019 0.065 2.0 (0–35) 4.0 (0–48) 2967.5 0.125
% bare ground cover 14.447 � 1.493 15.852 � 1.961 N/A N/A N/A 11.0 (0–56) 10.0 (0–87) 3412.5 0.923
% forb cover 15.659 � 1.697 16.667 � 1.905 N/A N/A N/A 12.0 (0–74) 11.0 (0–73) 3334.5 0.727
% litter cover 15.224 � 2.106 14.111 � 1.956 N/A N/A N/A 6.0 (0–78) 8.0 (0–78) 3413.5 0.925
Trees per 200 m2 2.635 � 0.599 2.173 � 0.464 N/A N/A N/A 0.0 (0–32) 0.0 (0–17) 3326.0 0.707
Shrub species per 40 m2c 1.447 � 0.165 1.531 � 0.174 N/A N/A N/A 1.0 (0–6) 1.0 (0–8) 3350.5 0.766
0.5–1 m shrubs per 40 m2 6.588 � 1.895 6.765 � 1.562 N/A N/A N/A 1.0 (0–142) 1.0 (0–76) 3398.5 0.887
1–2 m shrubs per 40 m2 2.247 � 0.606 5.037 � 1.432 N/A N/A N/A 0.0 (0–34) 0.0 (0–85) 3106.5 0.278
2–4 m shrubs per 40 m2 0.812 � 0.233 1.000 � 0.281 N/A N/A N/A 0.0 (0–16) 0.0 (0–16) 3365.0 0.802

a LR � logistic regression.
b N/A indicates that the variable was not selected by forward stepwide logistic regression.
c Because shrub species per 40 m2 is not linear, this refers to the 40 m2- belt transect used to tally shrubs of the different height classes.

The most common roost tree across all study areas
was the eastern cottonwood (100 of 141). Cottonwood
seedlings are a favored browse species and they are eas-
ily killed by brief moisture stress, caused either by
drought or competition with encroaching saltcedar (Har-
low et al. 1991). Due to these factors, the Texas Pan-
handle and southwestern Kansas may lose a high per-
centage of their turkey roost trees due to old age without
sufficient regeneration to replace them. Of 471 vegeta-
tion plots with cottonwood trees in the overstory, only
9 had cottonwood saplings or seedlings in the understo-
ry. Furthermore, many of the older cottonwood trees
were in various stages of decline. We suggest the above

factors, as well as browse pressure from deer (Odoco-
ileus spp.) and increased livestock grazing in riparian
areas may be preventing cottonwood regeneration.

Though commonly used as roosts in our study (27
of 141), there has been no prior mention in the liter-
ature of turkeys using black locusts as roosts. A typical
black locust roost tree was about 32.0 cm dbh, 14.7 m
tall, and had its first branch 2.5 m off the ground. At
the Salt Fork study site, a large grove of black locust
trees was used as a year-round roost. This may prove
important as cattle, deer, drought, and saltcedar con-
tinue to affect the survival of highly palatable and wa-
ter dependent cottonwood seedlings. Black locusts are
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Table 6. Comparison of vegetative characteristics using Mann-Whitney U-tests between male Rio Grande wild turkey spring foraging
(n � 29) and summer foraging (n � 39) locations from March 2000 through August 2002 in the Texas Panhandle and southwestern
Kansas. Means are provided for comparison to the literature. Medians are provided because Mann-Whitney tests compare medians
of ranked data.

Variable

Mean � SE

Spring Summer

Median (range)

Spring Summer

Mann-Whitney

U P

Coarse woody debris per 200 m2 1.793 � 0.998 1.103 � 0.437 0.0 (0–27) 0.0 (0–14) 549.0 0.838
% visual obstruction 3.448 � 0.773 9.353 � 1.809 2.0 (0–14) 6.0 (0–52) 365.0 0.013
% grass cover 42.966 � 6.139 44.051 � 3.921 33.0 (0–100) 45.0 (0–85) 533.0 0.687
% shrub cover 4.172 � 1.150 6.487 � 1.340 0.0 (0–21) 4.0 (0–35) 444.5 0.134
% bare ground cover 13.966 � 3.151 11.154 � 1.725 5.0 (0–54) 7.0 (0–56) 530.0 0.660
% forb cover 16.310 � 3.708 18.667 � 2.000 8.0 (0–74) 16.0 (0–47) 428.5 0.089
% litter cover 10.690 � 3.478 14.256 � 2.525 3.0 (0–78) 8.0 (0–71) 388.0 0.028
Trees per 200 m2 4.276 � 1.490 1.385 � 0.386 0.0 (0–32) 0.0 (0–9) 493.5 0.372
Shrub species per 40 m2a 1.276 � 0.317 1.410 � 0.207 1.0 (0–6) 1.0 (0–4) 487.5 0.333
0.5–1 m shrubs per 40 m2 3.621 � 1.387 5.538 � 1.550 0.0 (0–36) 2.0 (0–39) 459.0 0.187
1–2 m shrubs per 40 m2 1.345 � 0.537 3.615 � 1.224 0.0 (0–11) 1.0 (0–34) 431.5 0.097
2–4 m shrubs per 40 m2 0.414 � 0.189 1.256 � 0.474 0.0 (0–4) 0.0 (0–16) 473.5 0.254

a Because shrub species per 40 m2 is not linear, this refers to the 40 m2-belt transect used to tally shrubs of the different height class.

less water dependent than cottonwoods (Harlow et al.
1991). Their seedlings are armed with spines and are
less palatable than cottonwoods. Occasionally, they
may be poisonous to livestock (Petrides and Petrides
1998). Increased sapling survival was apparent at our
study sites as 13 of 16 plots with black locusts in the
overstory showed regeneration.

Ring counts of actual roost trees were not possible
because we did not have permission to cut or core trees
where black locusts occurred. According to ring counts
of a sample of black locusts from 2 groves, the average
age of black locusts used as turkey roosts was 49
years. It should be noted that the range of trees used
in the ring count regression did not contain the mean
dbh for black locusts used as roosts. However, it did
contain the dbh of the 6 smallest trees used as roosts.
If, however, the linear relationship held for older trees,
the estimated range in ages of black locusts used as
roosts was 27–79 years.

Diurnal Habitat

Male Rio Grande wild turkeys displayed in a variety
of different vegetation types. At the Salt Fork site, male
Rio Grande wild turkeys preferred wooded riparian veg-
etation types. However, they showed no selection at any
of the other sites. Despite the need for open areas in
which to display, males avoided open upland vegetation
types, illustrating their close connection with river cor-
ridors. They used areas that had lower visual obstruction
and lower shrub densities than both random areas on the
study-wide scale and local paired random areas. Trees
were uncommon, but were present in some plots if the
understory was open, particularly at Salt Fork. Most
wooded displaying areas were in upland stands of trees,
such as under groves of black locusts. Baker et al. (1980)
reported that spring ranges for male Rio Grande wild
turkeys in South Texas were in open, riparian savannahs
and displaying occurred in mowed areas near brushy es-
cape cover. Typical displaying habitat for eastern wild
turkeys (Lewis 1964, Speake et al. 1975, Clark 1985,
Ielmini et al. 1992) was similar to our findings except
that previous studies have not reported that displaying

occurred under forest canopy. A common thread was
increased use of small openings (Lewis 1964, Speake et
al. 1975, Clark 1985, Ielmini et al. 1992) or edges (Hol-
brook et al. 1987) during spring when males were dis-
playing.

Male Rio Grande wild turkeys also used a variety
of vegetation types for loafing. They did not select for
any particular vegetation type; however, they avoided
open riparian and open upland vegetation types at
Gene Howe and Kansas, respectively. Because single
male turkeys could use anything from the shade of a
single tree or large shrub to an entire cottonwood gal-
lery, loafing vegetative characteristics varied consid-
erably from one loafing location to the next. This was
evident by the relatively low percentage of correctly
classified loafing plots by logistic regression. The
models classified random areas (78.9% and 77.1% for
random areas on the study-wide scale and paired ran-
dom areas, respectively) better than loafing areas in-
dicating that variation in characteristics was greater
among loafing areas than among random locations. For
comparison, the correct random plot classifications
ranged from 40.7% to 55.6% for all displaying and
foraging logistic regressions. Greater densities of trees
and larger shrubs were found at loafing locations than
at both random areas on the study-wide scale and at
local paired random areas. In general, shrubs or trees
needed to be large enough to provide a canopy under
which turkeys could rest and avoid the sun and yet
have horizontal cover. Loafing areas for Merriam’s
wild turkeys had smaller Ponderosa pines, greater
amounts of downed wood, greater cover between 92
cm and 184 cm, less herbaceous vegetation, greater
percent canopy closure, greater distance to openings,
shorter horizontal sight distances for turkey silhou-
ettes, and greater slope than random locations (Wake-
ling and Rogers 1998).

Only males in Kansas showed selection for a par-
ticular vegetation type when foraging. There, they se-
lected for wooded riparian vegetation. Foraging areas
had less visual obstruction than random areas through-
out turkey range. Merriam’s wild turkeys avoided areas
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with high densities of gamble oak (Quercus gambelii)
or rocky ground cover when foraging and foraging ar-
eas were often associated with man-made trails or
roads (Wakeling and Rogers 1998).

Areas where turkeys fed did not, however, differ
from the immediate surroundings. This suggested that
turkeys fed opportunistically at a microhabitat scale.
Further evidence for opportunistic foraging was the
difference between spring and summer foraging areas.
Foraging areas during spring had less visual obstruc-
tion than those during summer. Perhaps, this is due to
the amount of new growth that is often present in later
spring and summer. Alternatively, this may have been
due to a shift in primary male behavior from display-
ing to loafing. Spring male turkey movements and hab-
itat selection have been thought to be due to breeding
behaviors (Watts 1968, Godwin et al. 1990, Hurst et
al. 1991). Spring foraging areas were similar to dis-
playing areas which made up about 57% of male be-
haviors during spring while loafing accounted for only
15% of the behavior. Summer foraging areas were sim-
ilar to loafing areas which made up about 53% of male
behaviors during summer, while displaying accounted
for only 6%. This suggested that foraging areas may
have been driven by proximity to areas suitable for
displaying during spring and loafing during summer.
The former is more probable than the latter as our
logistic regression formula for loafing had a relatively
low correct classification rate.

MANAGEMENT IMPLICATIONS

Habitat management for male Rio Grande wild
turkeys in the northern extent of their native range
should focus on regeneration of riparian areas for
roosting. Cottonwoods were the most common tree
species used for roosting, yet we found older trees to
be in various stages of decline and observed little re-
generation. Riparian restoration to promote increased
seasonal flooding along with deferment from grazing
in riparian areas may be necessary to ensure the lon-
gevity of these cottonwood belts. Planting black lo-
custs to compensate for cottonwood decline may be a
secondary method of ensuring roosting habitat.

It appeared that turkeys will readily use black locusts
as roosts, even if cottonwoods are locally available.
Black locust seedling and sapling survival is likely great-
er than that of cottonwoods as browsing by wildlife and
cattle, drought, and competition for water with encroach-
ing saltcedars all limit cottonwood regrowth (Harlow et
al. 1991, Petrides and Petrides 1998). Beneficial aspects
of black locusts other than their apparent use as turkey
roosts include nitrogen fixing root systems, frequent use
as an erosion control species (particularly in shelterbelts)
(Harlow et al. 1991), and high yield of seeds that are
eaten by many wildlife species (Petrides and Petrides
1998). Planting black locusts for future turkey roost trees
may be a viable option if cottonwood abundance contin-
ues to decline.

A current trend in ranch management in the Roll-
ing Plains of Texas is focusing on the removal of in-
vasive brush species such as mesquite, redberry juni-

per (Juniperus pinchotii), and saltcedar. However,
shrub cover is utilized by turkeys for summer loafing.
Therefore, protection of some larger shrubs and small
trees as potential loafing sites is important if managing
for turkey habitat.

Openings, if small and well interspersed, are also
important for displaying activities. Turkeys are tolerant
of habitat management, such as moderate mechanical
brush and timber control (Gore 1973, Bryant and Nish
1975, Scott and Boeker 1975, Quinton et al. 1980,
Schemnitz et al. 1985), prescribed burning (Scott and
Boeker 1975, Godwin et al. 1992, Palmer et al. 1996),
and road development (Baker et al. 1980, Clark 1985).
Therefore, openings should be created if absent or un-
common. Foraging seemed to take place in and around
areas used for displaying and loafing. Therefore, sup-
plemental foraging areas need not be created; however,
the addition of small food plots may provide both for-
aging and displaying opportunities during spring (Gore
1973, Clark 1985).
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Abstract: Selection of suitable nesting habitat is commonly thought to be the catalyst for long-range movements of
female Rio Grande wild turkeys (RGWT; Meleagris gallopavo intermedia) from their winter to reproductive ranges.
However, distribution of female RGWTs across the landscape also could be an adaptation to avoid predation or
competition for other resources. Thus, we hypothesized a priori that greater dispersion of female RGWTs across the
landscape during the reproductive season should be linked to decreased population stability. We tested this hypothesis
by comparing distances between reproductive-range centers (spatial distribution distance) for radio-marked female
RGWTs on 2 study areas each in regions of declining and stable wild turkey abundance in the Edwards Plateau
(EP) of Texas. During the first 2 years of the study, spatial distribution (km) in the stable region was significantly
(P � 0.001) larger in the declining region. During the third year, one stable site had a larger (P � 0.001) spatial
distribution than the declining sites as well as the other stable site. There was no significant (P � 0.112) difference
between the 2 declining study sites. These data support the contention that the spatial distribution of suitable nesting
sites may be as important to RGWT population stability as the mere presence of suitable nesting sites.

Proceedings of the National Wild Turkey Symposium 9:231–235
Key words: breeding, dispersal, landscape-scale, Meleagris gallopavo intermedia, movements, Rio Grande wild
turkey, spatial distribution, Texas.

Movement of female RGWT from their winter to
reproductive ranges comprises the largest portion of
annual movement for RGWTs; these movements typ-
ically are larger than for other subspecies of wild tur-
keys (Thomas et al. 1966, Schmutz and Braun 1989,
Keegan and Crawford 2001). Those studying RGWTs
generally follow the lead of eastern wild turkey (M. g.
silvestris) biologists in assuming that limited resources

induce larger ranges and longer distance movements
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Fig. 1. Number of Rio Grande wild turkeys observed per 100
km2 by Texas Parks and Wildlife Department biologists during
August production surveys for Bandera, Kerr, and Real counties,
Texas, and the remainder of the Edwards Plateau (EP), 1978–
2004. Remainder of EP excludes counties with a mean value of
�1 turkey observed per 100 km2 (Taylor, Val Verde, Coke, Pe-
cos, Kinney, Medina, Comal, Travis, Coleman, Burnet, Runnels,
and Brewster counties).

(Taylor 1949, Porter 1977, Exum et al. 1987, Godwin
et al. 1996, Thogmartin 2001).

Badyaev et al. (1996) proposed that selection of
suitable nesting habitat was the catalyst for long-dis-
tance movements of eastern wild turkeys. Numerous
studies also have shown there is a tendency for female
RGWTs to return to a given area to nest (Ellis and
Lewis 1967, Hayden 1980, Keegan and Crawford
2001). Thus, it is possible that female RGWTs return
to nesting areas because they found nesting habitat
suitable previously. This fact alone, however, is inad-
equate to explain an individual hen’s initial long-dis-
tance movement because, while suitable nesting habi-
tat may be recognizable, it is not known what drives
the initial long-distance movement or the nest-selec-
tion process. For these reasons, availability of suitable
nesting sites cannot easily be quantified and subse-
quent preference/avoidance calculated. Consequently,
while the hypothesis that long-distance movement to
breeding areas is associated with selection of suitable
nest sites seems plausible, it also is possible that this
hypothesis is simply grounded in the expectation that
because female RGWTs nest after long-distance move-
ments, they must move a long distances to find a suit-
able nest site. This assumption has not been rigorously
tested for wild turkeys, so it may have gained support
primarily through repetition (Romesburg 1981).

If one makes the assumption that the search for
suitable nesting habitat is indeed the catalyst for long-
distance movements by female RGWTs, 2 logical con-
clusions can be drawn. One is that, in an area with
abundant suitable nesting habitat, hens should not
move as far as in areas with a lesser abundance of
suitable nesting habitat. Another conclusion, assuming
all other environmental variables are similar (e.g., hab-
itat components, predation rates, etc.), is that if an area
has more suitable nesting habitat, it should support a
more stable population than regions with less suitable
nesting habitat.

Data collected by Texas Parks and Wildlife De-
partment (TPWD) biologists in cooperation with land-
owners and managers in the Edwards Plateau ecore-
gion of Texas (EP; Gould 1962) demonstrated that
RGWT abundance has declined since the late 1970s in
the southeastern portion of the plateau, particularly in
Bandera, Kerr, and Real counties, while it remained
relatively stable throughout the remainder of the EP
(Figure 1). Moreover, D. A. Jones (Texas A&M Uni-
versity, unpublished data) demonstrated in 2001 that
brood survival was significantly (P � 0.019) greater
for a study site in the stable as compared to the de-
clining region, while nest success was not different (P
� 0.807).

Given this information, it follows that RGWT fe-
males in the region characterized by declining RGWT
abundance should be expected to disperse a greater
distance across the landscape in search of suitable
nesting habitat than females in the region, which in
turn should move shorter distances.

The objective of our study was to test the hypoth-
esis that female RGWTs in the declining region dis-
perse further during the breeding season than those in

the stable region. We also addressed the alternative
hypothesis that RGWT hens not only seek out a nest
site meeting their requirements, but also attempt to
separate themselves somewhat from other breeding fe-
males, possibly as an adaptation to avoid nest preda-
tion and competition for brood resources. Specifically,
we determined whether distances between reproduc-
tive-range centers for female RGWTs in the EP dif-
fered between study areas in regions of declining and
stable wild turkey abundances and the direction of
such differences.

STUDY AREAS
Our study areas were located in the southeastern

portion of the EP in Kerr, Real, Bandera, and northern
Medina counties, Texas (Figure 2). This portion of the
EP is predominately classified as rangeland and is
characterized by rocky limestone outcroppings, flat-to-
rolling divides with rocky, but fertile soils, and an av-
erage annual precipitation of 38–89 cm (Oakes et al.
1960). Gould (1962) identified the climax vegetation
community as tall and mid-size grasses including var-
ious species of bluestems (Andropogon spp.), gramas
(Bouteloua spp.), and panicum (Panicum spp.). Mid
and over-story vegetation included Ashe juniper (Jun-
iperus ashei), live oak (Quercus virginiana fusifor-
mes), and shinnery oak (Q. pungens vaseyana). In ad-
dition, important turkey roosting trees found along riv-
er bottoms included bald cypress (Taxodium disti-
chum), cottonwood (Populus deltoides), and pecan
(Carya illnoinensis) (Glazener 1967, Quinton et al.
1980, Reagan and Morgan 1980).

The stable and declining regions were delineated
by Texas A&M University (TAMU) and TPWD per-
sonnel. Study sites were selected based on their func-
tion as winter roosting sites for RGWTs and willing-
ness of landowners–managers to participate. We se-
lected 2 study sites each from both the stable and de-
clining regions (Figure 2). Stable site A (SA) was a
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Fig. 2. Location of study sites for Rio Grande wild turkey proj-
ect in the Edwards Plateau of Texas.

4,880-ha site located in the stable region in northern
Kerr County, approximately 20.9 km west of Hunt,
Texas. Stable site B (SB) was an 845-ha site located
in Real County, approximately 9.4 km north of Lea-
key, Texas. Declining site A (DA) was a 4,922-ha site
in the declining region of Bandera County, approxi-
mately 18.8 km west of Medina, Texas. Declining site
B (DB) was a 6,100-ha site located in northern Medina
County, approximately 17.0 km southwest of Bandera,
Texas. Sites SA and DA were the same sites where D.
A. Jones (Texas A&M University, unpublished data)
conducted his study in 2001.

These study sites were in close proximity to each
other (Figure 2), resulting in similar precipitation pat-
terns, vegetation types, and topography. No vegetative
differences at or near nest sites were detected between
stable and declining sites (Randel 2003). The relative
abundance of potential nest predators was similar on
all study sites (Willsey 2003). No turkey hunting oc-
curred on any of the study areas, but neighboring
ranchers allowed turkey hunting during both the spring
and fall hunting seasons (Randel 2003).

METHODS
We trapped RGWTs using modified walk-in traps

(Davis 1994, Peterson et al. 2003) during winter when
turkeys were gathered in flocks. During 2001, only 2
sites (1 stable and 1 declining; D. A. Jones, Texas
A&M University, unpublished data) were trapped.
Birds were equipped with battery-powered mortality-
sensitive radio transmitters (64.2–95.0 g; Advanced
Telemetry Systems, Isanti, Minnesota, USA) and alu-
minum leg bands unique to each individual. Each bird
was aged, sexed, weighed, and had blood taken via
jugular puncture for related disease and genetic stud-
ies. Radiomarked turkeys were located by homing and

triangulation from �3 fixed (Global Positioning Sys-
tem) telemetry stations (Silvy 1975, White and Garrott
1990) at random intervals and �3 times weekly (Swi-
hart and Slade 1985). Locations and error polygons
were estimated using LOAS software (Location of a
Signal; Ecological Software Solutions, Sacramento,
California, USA). Telemetry error was controlled by
eliminating estimated locations with error ellipses �5
ha (Miller 1993) or estimated locations �4,827 m from
the farthest telemetry station.

We focused on females during the reproductive
season (16 Mar–15 Aug) to test our hypothesis. Sam-
ple size was the number of females with �10 locations
for the season (Jenrich and Turner 1969, Hoffman
1991, Badyaev et al. 1996). Ranges were calculated in
hectares as 95% kernels (Worton 1989), and the arith-
metic mean center of each individual turkey range was
found using ArcView Spatial Analyst software (Ver-
sion 2.0, Environmental Systems Research Institute,
Redlands, California, USA) and Animal Movement
Extension (Hooge and Eichenlaub 1997).

The distances between the arithmetic centers of all
radiomarked females in each population were calcu-
lated to find spatial distribution distances. Because
spatial distribution distances were normally distribut-
ed, we analyzed data for each year and for each region
(stable and declining) using t-tests (first year), and AN-
OVA and LSD tests (subsequent years) to determine
if there were significant (P � 0.05) differences be-
tween regions and years.

RESULTS

During the first year of the study (2001), spatial
distribution (km) in SA was significantly (P � 0.001)
larger than in DA (Table 1). A similar pattern was
found the second year (2002), with stable-site spatial
distribution distances being roughly twice as large as
those in the declining sites (P � 0.001, Table 1). There
were no significant differences between sites in the
same region, but both DA and DB had significantly (P
� 0.001) smaller spatial distribution distances than did
the stable sites. During the third year (2003), mean
distribution distance in SA was again significantly (P
� 0.001) larger than the declining sites, but also sig-
nificantly (P � 0.001) larger than SB (Table 1). There
was no significant (P � 0.112) differences in mean
distribution distance between the 2 declining study ar-
eas or DA and SB in year 3 (P � 0.373), but DB was
significantly (P � 0.043) larger than SB in that year.

DISCUSSION

The larger spatial distribution distances found in
both study sites in the stable region during the first
and second years, and in SA in the third year, do not
support the hypothesis that female RGWTs in areas
characterized by declining turkey abundance disperse
further than those in areas not characterized by declin-
ing trends in abundance. Similarly, D. A. Jones (Texas
A&M University, unpublished data) established that
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Table 1. Mean distance (km) between arithmetic mean centers of breeding ranges for female Rio Grande wild turkeys in 2 study
areas in regions characterized by stable (SA and SB) and declining (DA and DB) turkey abundance in the Edwards Plateau, Texas,
16.

Year

Region

Declining

DA

n x̄ SD

DB

n x̄ SD

Stable

SA

n x̄ SD

SB

n x̄ SD

2001 21 3.85 2.04 NA 23 7.49 5.62 NA
2002 26 3.40 2.07 9 4.11 2.65 28 8.47 4.68 10 8.01 6.55
2003 22 3.73 2.30 11 4.15 2.09 26 5.23 4.09 10 3.48 2.25

while nest success was not significantly (P � 0.807)
different, brood rearing success was greater (P �
0.019) in SA than DA. Taken together, these data are
consistent with the alternative hypothesis that, regard-
less of resource availability, there is some degree of
spatial distribution required by female RGWTs during
the reproductive season for there to be a stable popu-
lation.

The smaller spatial arrangement of females during
the reproductive season in SB appears counter to the
findings in the first 2 years. It is important to note,
however, the existence of a confounding factor asso-
ciated with SB in the third year. This reproductive sea-
son was characterized by drought, with few females
leaving hen flocks to even attempt nesting (Randel
2003).

The anomaly in year 3 for SB prompted a retro-
spective evaluation of the sample sizes for all study
sites for that year. We calculated the percentage of fe-
males located sufficient times to create a breeding
range. For DA, DB, and SA, the results were 95.65,
78.57, and 92.86%, respectively. For SB, only 34.48%
of females had sufficient locations to create a breeding
range. This lack of comparable sample sizes for SB in
year 3 probably influenced the statistical analysis for
that year.

Based on our results, we suggest that the driving
force behind dispersion during the breeding season is
not simply the availability of suitable nest sites (Bad-
yaev et al. 1996). We contend that spatial distribution
of females across the landscape during the reproduc-
tive season also may be an important component of
population stability. Specifically, RGWT hens may not
only seek out a nest site meeting their requirements,
but also attempt to separate themselves from other
breeding females, possibly as an adaptation to avoid
nest or brood predation and/or avoid potential com-
petition for brood resources.

Further research at a landscape level should be
conducted to compare habitat characteristics between
breeding ranges used by females in both regions char-
acterized by stable and declining RGWT numbers. If
these habitat characteristics are found similar, it would
lend further support to the spacing hypothesis. Further,
ranges that were unused by reproductive females could
be analyzed for these same habitat characteristics,
thereby creating a baseline habitat suitability index that
could be used in future management practices.

MANAGEMENT IMPLICATIONS
Research to date suggests that RGWTs range much

further than other subspecies of wild turkeys (Taylor
1949, Thomas et al. 1966, Porter 1977, Schmutz and
Braun 1989, Keegan and Crawford 2001). For this rea-
son, the traditional approach that directs management
recommendations to individual landowners and man-
agers may be misguided, at least for RGWTs. To ren-
der management recommendations relevant to land-
owner cooperatives operating at a landscape level,
wildlife managers must better understand the habitat
characteristics consistently associated with female
RGWTs during the reproductive season. Currently,
more accurate, reliable, and efficient geospatial anal-
yses are available, enabling these habitat characteris-
tics to be accurately analyzed at a landscape scale. Un-
occupied areas not possessing these characteristics
could be manipulated to create them, thereby increas-
ing the area females could use during the reproductive
season. The framework required to complete this task
can be laid now by establishing landowner coopera-
tives where habitat management can be completed at
a scale relevant to RGWTs.
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Abstract: Rio Grande wild turkey (RGWT; Meleagris gallopavo intermedia) abundance in the southeastern portion
of the Edwards Plateau (EP) of Texas has been declining for decades, whereas trends in abundance for the
northwestern portion of the EP have remained stable. Our objective was to determine if nesting rates, nest success,
and vegetation at nest sites differed between the 2 regions, and if differences existed, whether they could explain
the decline of RGWT abundance in the southeastern EP. Vegetation variables, including height, percent coverage
of bare ground, forbs, and grass as well as visual obstruction, litter depth, distance to nearest edge, tree and shrub
density, and tree canopy area, were taken at nest sites and 10 m in each cardinal direction from the center of each
nest to determine if these factors were associated with nest success and if they differed by region. There were no
differences in nesting rates or nest success between stable and declining regions within a given year. Hens on
both stable and declining regions selected nest sites with greater visual obstruction, litter depth, and litter cover
than areas immediately surrounding nest sites. There were no differences detected when successful and unsuc-
cessful nests were compared. Our results do not support the hypothesis that differences in nesting rates, nesting
success, and nest-site vegetation account for the lower wild turkey abundance in the southeastern EP.
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Predation is the primary cause of nest failure for
many avian species. This does not necessarily mean,
however, that nest predation ultimately influences pop-
ulation dynamics. In an extensive review of the effects
of predation on avian populations, Newton (1993)

found little evidence to suggest predation influenced
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Fig. 1. Number of Rio Grande wild turkeys observed per 100
km2 by Texas Parks and Wildlife Department biologists during
summer production surveys for Bandera, Kerr, and Real coun-
ties, Texas, and the remainder of the Edwards Plateau (EP),
1975–2003 (excludes counties in the EP with a mean value of
�1 turkey observed per 100 km2 including Taylor, Val Verde,
Coke, Pecos, Kinney, Medina, Comal, Travis, Coleman, Burnet,
Runnels, and Brewster counties).

number of individuals in the breeding population for
most avian species. He did, however, find that ground-
nesting game birds were the exception to this rule.
Similar results were found by Tapper et al. (1996) and
Grant et al. (1999). Thus, nest concealment and cryptic
coloring of incubating birds are critical to the nesting
success for ground-nesting birds (Ricklefs 1969, Man-
kin and Warner 1992).

Several studies have addressed the influence of
nesting rates (hens attempting nest/total marked hens)
and nest success (number of nests hatching 1 poult/
number of total nests laid) on eastern wild turkey
(EWT; M. g. silvestris) populations. Nesting success
was an important factor accounting for differences in
EWT recruitment among years (Everett et al. 1980,
Vander Haegen et al. 1988). Miller et al. (1998) found
that low rates of nest initiation coupled with average
nest success translated into lower recruitment of tur-
keys in central Mississippi. Similarly, nesting rate was
a better predictor of EWT production indices (poults
alive 4 weeks post hatch/females alive 1 Apr) in Vir-
ginia and West Virginia than was poult survival (Nor-
man et al. 2001).

Some researchers have speculated that nest-site lo-
cation is important to nest success and brood survival
(�1 poult surviving to 14 days). After hatching, poults
begin feeding on solid foods as the yolk sac is ab-
sorbed, and need a diet much higher in protein during
this period of rapid growth than do adults (Hurst
1992). Poults spend up to 24 hours in areas adjacent
to the nest before moving to brood-rearing areas (Cook
1972). Lazarus and Porter (1985) suggested that wild
turkeys might select nest sites based on proximity to
brood-rearing habitat, with distances from the nest to
brood-rearing sites decreasing as the breeding season
progresses. For these reasons, vegetative characteris-
tics near wild turkey nests probably not only influence
nesting success, but also brood survival.

Less effort has been expended to determine how
nesting rates and success might influence RGWT pop-
ulations. Cook (1972) studied RGWTs in the EP of
Texas from 1968–1971. Because nests were located
through random searches (e.g., walking pastures, lo-
cated by roadside maintenance crews, etc.), nesting
rates could not be determined; 48.7% of 121 nests
were successful. Reagan and Morgan (1980) found
that 52.8% of 53 hens radio-tracked in the EP from
1973–1978 attempted to nest. Of the 53, 35.7% (n �
19) were successful. Nest-site characteristics were not
reported by either Cook (1972) or Reagan and Morgan
(1980). Other studies of RGWTs (Day et al. 1991,
Keegan and Crawford 1999, Lehman et al. 2000) re-
ported vegetation characteristics at nest sites. However,
these 3 studies were outside of the historic range
(South Dakota and Oregon) of RGWT and most of the
vegetation characteristics associated with nests were
region-specific plants.

Numbers of RGWTs began declining in the south-
eastern portion of the EP sometime between the stud-
ies by Cook (1972) and Reagan and Morgan (1980),
while abundance in the northwestern EP remained sta-
ble (Figure 1). While Texas Parks and Wildlife De-

partment (TPWD) personnel conducted production and
harvest surveys for RGWTs within the EP, there have
been few research studies conducted in this area since
1980. Insufficient long-term data exist to determine
whether nesting rate, nest success, and/or vegetation
at nest sites can account for declining RGWT numbers
in the southeastern portion of the EP.

The objective of our study was to determine
whether differences in vegetative characteristics at nest
sites could account for differences in RGWT abun-
dance trends between the northwestern (stable) and
southeastern (declining) regions of the EP (Figure 1).
Specifically, we determined if there were differences
in: (1) nesting rates between regions of stable and de-
clining RGWT abundances; (2) nest success between
regions of stable and declining RGWT abundances; (3)
vegetation characteristics at nest sites and areas sur-
rounding the nest sites between regions of stable and
declining RGWT abundances; and (4) vegetative char-
acteristics at successful and unsuccessful nest-site lo-
cations.

STUDY AREA

Two study areas each were selected within both
regions of declining and stable wild turkey abundance
in the EP (Figure 2). Study areas within the stable
region were located in Real and Kerr counties. The
Kerr County study area (approximately 4,843 ha), was
located northwest of Hunt and the Real County study
area (approximately 984 ha) was north of Leakey, Tex-
as. Both study areas within the declining region were
located in Bandera County. One was northwest of Me-
dina, and the other south of Bandera, Texas (approxi-
mately 8,858 and 2,910 ha, respectively). Livestock
grazing occurred on all study areas except in Real
County. The study areas near Bandera and Hunt were
primarily calf-cow operations, with lease hunting as
supplemental income. Turkey hunting did not occur on
any study area, but surrounding ranches allowed tur-
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Fig. 2. Location of study sites for Rio Grande wild turkey proj-
ect in the Edwards Plateau, Texas.

key hunting during both the fall and spring hunting
seasons.

The EP had a precipitation range of 38.1–83.8 cm
from west to east, respectively (Gould 1962). Typi-
cally, rainfall was most abundant in May, June, and
September. Soils of the EP were generally shallow,
ranging in textures from dark clayey and loamy to
moderately alkaline silty-clay to non-calcareous clay
and clay loams, on a limestone base (Natural Resourc-
es Conservation Service 1990a, 1990b, 1991a, 1991b).

Predominate climax grasses included switchgrass
(Panicum verigatum), bluestems (Andropogon spp.,
Bothriochloa spp., and Schizachyrium scoparium),
gramas (Bouteloua spp.), Indiangrass (Sorghastrum
natans), wildrye (Elymus spp.), curly mesquite (Hilar-
ia belangeri), and buffalograss (Buchloe dacytloides)
(Gould 1962, Correll and Johnson 1970). Due to de-
creased fire frequency, there were dense stands of
Ashe juniper (Juniperus ashei) interspaced with live
oak (Quercus fusiformis) savanna (Fowler and Dunlap
1986, Miller et al. 1995).

METHODS

Trapping

We used pre-baited walk-in funnel traps (Davis
1994, Peterson et al. 2003) to capture RGWTs in the
morning (0500–1100 hours) during winter, 2001–
2003. We removed birds from traps using a golf club
shaft modified with a shepherd’s crook on the end be-
fore feeding activity decreased or intraspecific aggres-
sion occurred (typically within 30 min). After removal,
we immediately placed each turkey into a darkened
plywood box (1 � 1 � 0.5 m) constructed of marine
grade (1.9-cm thick) plywood until it could be pro-
cessed.

We physically inspected each turkey for external
injuries and parasites. We collected specific informa-
tion including body mass (kg), sex, and age (juvenile
or adult). We fitted birds with a numbered aluminum
leg band (supplied by TPWD with individual identi-
fication numbers and TPWD mailing address), and a
mortality sensitive radio-transmitter (Advanced Telem-
etry Systems, Isanti, Minnesota, USA). We observed
all released birds to determine if they ran or flew, and
if individuals had to adjust to transmitters.

Monitoring

We monitored all RGWTs using standard radio-
telemetric techniques (Samuel and Fuller 1996) until
a transmitter failed, death, or study completion. We
usually tracked each turkey 3 times per week from
established georeferenced radio-telemetry receiving
stations (referenced on topographical maps) on each of
the 4 study areas. We determined daily locations by
taking individual signals from �3 stations with signal
directions (determined by compass) and plotting on a
map to determine location polygons for each given
bird.

When we located RGWT hens in the same area
�3 times, we assumed nest initiation had occurred. If
hens remained at the same location �6 times (2
weeks), we attempted to locate the nest. We located
individual nest-site locations by walking in with a
hand-held 3-element yagi antenna and tracking receiv-
er (Advanced Telemetry Systems, Isanti, Minnesota,
USA) and circling the hen. We monitored nesting hens
�3 times per week with radio-telemetry to determine
hatch date or cause of nest failure. We determined nest
fate when hens were found off the nest �2 times in
succession; we used this approach to decrease the
chances of disturbing nesting hens that were feeding
or watering at the time radio-telemetry locations were
taken.

Nesting Rates and Success

We calculated nesting rates for juvenile females,
adult females, and total females on both the stable and
declining regions. We calculated nesting rate as the
number of females reaching nest incubation divided by
the number of females alive on 1 April of the given
year (Cowardin et al. 1985). Nests were considered
successful if 1 poult hatched from the nest and unsuc-
cessful if predated or abandoned.

Vegetation Analyses

We used the point-center-quarter (PCQ) method
(Cottam and Curtis 1956) to determine tree density,
shrub density, and tree canopy coverage at nest loca-
tions. We took measurements distance to nearest tree
(height �2 m), shrub (height �2 m), and edge (i.e.,
rivers, fences, and roads) in 4 quadrants centered at
the nest site, and a we calculated a mean for each
variable.

We used a 20 � 50 cm-quadrat frame (Dauben-
mire 1959), constructed of 1.3-cm diameter PVC pipe,
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Table 1. Nesting rate of adult female (AF) and juvenile female
(JF) Rio Grande wild turkeys on stable and declining regions in
the Edwards Plateau of Texas, 2001–2003.

Year

Stable

AF

% n

JF

% n

Total

% n

Decline

AF

% n

JF

% n

Total

% n

2001 39.4 37 33.3 3 37.2* 40 64.0 26 0.0 2 57.1* 28
2002 37.5 12 18.2 21 31.4 33 50.0 17 16.7 8 43.8 25
2003 6.0 30 5.5 16 5.8* 46 15.9 28 0.0 3 14.3* 31
Total 23.4 79 12.5 40 20.8* 119 42.4 71 7.7 13 37.8* 84

* Significant difference between regions at P � 0.05.

Table 2. Vegetation characteristics of successful (n � 23) and
unsuccessful (n � 50) Rio Grande wild turkey nest sites in the
Edwards Plateau of Texas, 2001–2003.

Characteristic

Successful

x̄ SE

Unsuccessful

x̄ SE

Percent cover 61.8 8.2 67.4 4.1
Cover height (m) 3.3 0.3 3.3 2.9
Robel pole (dm) 4.7 0.7 4.6 0.4
Vegetation height (cm) 13.1 5.7 9.4 2.0
Litter depth (cm) 4.4 0.7 4.3 0.3
Trees (trees/ha/100) 9.8 6.2 7.6 2.7
Canopy area (m2/10) 1.6 2.6 1.7 2.0
Edge (m) 51.4 8.3 51.6 3.7
Shrubs (shrubs/ha/10,000) 34.9 31.1 10.2 0.5

to determine percent bare ground, forbs, and grass at
nest sites and 10 m from the nest site in the 4 cardinal
directions. We determined percent cover using Dau-
benmire’s (1959) 1–6 scale. Additional measurements
taken within the quadrat frame were vegetation height
and litter depth in the 4 corners of the quadrat frame.
We averaged the measurements for data analysis.

We used a Robel range pole (Robel et al. 1970) to
determine horizontal obstruction of vision (OV) at the
center of the nest site and 10 m from this point in the
4 cardinal directions. We averaged measurements tak-
en at the latter locations for data analysis.

Statistical Analysis

We analyzed vegetation characteristics by year,
study region, and site (nest or 10 m away from nest)
to determine if vegetation characteristics at nest sites
differed from the immediate surrounding area. Because
these data were non-normally distributed, we em-
ployed non-parametric approaches. We used chi-
squared tests (Ott and Longnecker 2001) to determine
differences between nesting rates and nesting success
between study regions within and among years. We
used a Kruskal-Wallis test (Ott and Longnecker 2001)
to compare vegetation characteristics at nest sites with-
in stable and declining regions among years (2001–
2003). We used a Mann-Whitney U test (Ott and
Longnecker 2001) to determine differences in vege-
tation characteristics at nest sites between stable and
declining regions within years (i.e., stable 2001 vs. de-
clining 2001), and between successful and unsuccess-
ful nest sites. We used a Wilcoxson signed-rank test
(Ott and Longnecker 2001) to determine if RGWT
hens selected vegetation characteristics at nest sites
that differed from those 10 m from the nest sites (sur-
rounding area) of the same region. We used the Sta-
tistical Package for the Social Sciences statistical soft-
ware (SPSS Version 11.0 2003) for all analyses.

RESULTS
We calculated nesting rates for each study region

based on juvenile, adult, and all females for each of
the 3 years (Table 1). Nesting rates were lower for
juvenile than adult females in all years on both stable
and declining regions. Overall nesting rates were high-
est in 2001 and lowest in 2003 (Table 1). The overall
(all females; 2001–2003) nesting rate was 20.8% (n �

119) on stable regions and 37.8% (n � 84) on declin-
ing regions, with a nesting rate of 27.8% (n � 205)
for all females (Table 1). Nesting rates were greater on
the declining region in 2001 (P � 0.017), 2003 (P �
0.025), and combined (2001–2003; P � 0.006) than
on the stable region. No statistical differences (P �
0.061) were detected in 2002 between stable and de-
clining regions. The combined nesting rates for juve-
nile and adult females in both stable and declining
regions during all years of the study were 20.8 (n �
119) and 37.8% (n � 84), respectively.

Nest success for 2001 was 47.1 and 55.6% for
study areas in the stable (n � 17) and declining regions
(n � 18), respectively. Nest success for 2002 was
16.7% and 15.4% on the stable (n � 12) and declining
regions (n � 13), respectively. During the 2003 sea-
son, nest success was 40.0% and 25% on the stable (n
� 5) and declining regions (n � 8), respectively. For
the 3-year period, combined stable region nests (n �
34) had a success rate of 35.3%, while nests on the
declining regions (n � 39) had a success rate of
35.9%. There was no statistical (P � 0.355) difference
between these values.

We were unable to detect differences (P � 0.681)
among vegetation characteristics at successful and un-
successful nest sites (Table 2). Individual vegetation
characteristics were compared between years. There
was no difference found for any of the vegetation char-
acteristics at nest sites in the stable region between
years. However, when comparing data between years,
within the declining region, vegetation at nest sites was
shorter in 2002 (P � 0.012), taller in areas surrounding
nest sites in 2003 (P � 0.021), and litter depth at nest
sites was deeper in 2002 (P � 0.022; Table 3).

Rio Grande wild turkey hens on both stable and
declining regions (subscripts s and d denote samples
collected at study areas within stable and declining re-
gions, respectively) selected nest sites with similar
vegetation characteristics. However, vegetation at nest
sites differed from that present 10 m away. Vegetation
at nest sites had greater visual obstruction (Ps � 0.001,
Pd � 0.001), shorter height (Ps � 0.004, Pd � 0.001),
greater litter depth (Ps � 0.001, Pd � 0.002), less forb
cover (Ps � 0.001, Pd � 0.002), less grass cover (Ps

� 0.002, Pd � 0.003), greater litter cover (Ps � 0.001,
Pd � 0.001), and less bare ground cover (Ps � 0.001,
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Table 3. Mean (� SE) vegetation characteristics at nest sites (N) and surrounding areas (S) in regions of stable and declining Rio
Grande wild turkey abundance in the Edwards Plateau of Texas, 2001–2003.

Characteristic

Stable

2001

x̄ SE

2002

x̄ SE

2003

x̄ SE

Declining

2001

x̄ SE

2002

x̄ SE

2003

x̄ SE

Percent cover 71.7 6.2 74.5 7.5 38.8 13.2 71.3 7.6 63.3 9.7 14.4
Cover height (m) 0.5 0.1 0.3 0.0 2.1 1.8 3.6 3.3 0.3 0.0 0.2 0.1
Robel pole (dm)(N) 5.1 0.7 4.6 1.1 3.9 0.9 4.6 0.8 5.2 0.8 3.5 1.4
Robel pople (dm)(S) 1.6 0.3 2.2 0.7 1.9 0.4 1.7 0.3 2.6 0.8 2.1 0.2
Vegetation height (cm)(N) 12.2 4.4 10.6 7.0 10.6 4.5 9.0 5.5 7.6a 1.9 15.5 2.5
Vegetation height (cm)(S) 12.6 1.5 20.6 3.8 20.4 5.8 12.2 2.1 19.5 3.2 24.4a 6.3
Litter depth (cm)(N) 4.5 0.7 5.6 1.0 3.1 0.7 3.6 0.4 4.9a 0.9 3.8 0.3
Litter depth (cm)(S) 1.4 0.3 2.2 0.4 4.1 1.9 1.7 0.4 3.9 0.9 1.9 0.5
Trees (trees/ha/100) 2.2 1.0 5.3 2.6 23.1 42.4 9.3 5.9 1.8 0.6 16.9 34.8
Canopy area (m2/10) 4.2 1.0 4.4 1.3 12.8 14.5 3.9 0.6 5.4 0.9 9.8 7.1
Edge (m) 62.1b 6.4 51.1 11.2 46.2 7.9 47.6b 5.6 44.1 8.2 81.3 15.3
Shrubs (shrubs/ha/10,00) 17.7 13.8 60.7 51.9 17.0 35.4 10.7 5.6 29.3 16.8 84.7 15.6

a Significant difference between years within the declining region at P � 0.05.
b Significant difference between regions at P � 0.05.

Table 4. Vegetation characteristics at all nest sites and sur-
rounding areas in regions of declining and stable Rio Grande
wild turkey abundance in the Edwards Plateau of Texas, 2001–
2003.

Characteristic

Stable (n � 34)

Nest

x̄ SE

Surrounding

x̄ SE

Declining (n � 39)

Nest

x̄ SE

Surrounding

x̄ SE

Robel pole (dm) 4.7* 0.5 1.9* 0.3 4.7* 0.5 2.1* 0.3
Vegetation

height (cm)
11.4* 3.1 16.9* 1.9 9.4* 2.9 15.5* 2.0

Litter depth (cm) 4.5* 0.5 2.4* 0.5 4.1* 0.4 2.5* 0.4
Forb cover (%) 1.0* 2.5 3.0* 0.5 1.0* 0.5 4.0* 1.0
Grass cover (%) 4.0* 1.0 21.0* 1.0 3.0* 1.0 11.0* 1.0
Litter cover (%) 67.5* 3.0 13.0* 1.0 67.5* 1.0 13.0* 1.0
Bare ground

cover (%)
2.0* 1.0 11.0* 1.0 2.5* 0.5 11.0* 1.0

* Significant at P � 0.05.

Pd � 0.001) than was found 10 m away from nest sites
(Table 4).

In 2001, the average distance of a nest site (n �
35) to the nearest edge was greater on the stable region
than on the declining region (P � 0.034; Table 3). Due
to low sample sizes during 2002 (n � 25) and 2003
(n � 13), data from nest sites were pooled for analysis.
No statistical differences were detected for pooled
2002 and 2003 vegetation characteristics at nest sites
between stable and declining regions.

DISCUSSION

Nesting Rates and Success

Turkeys from the declining region had nesting
rates higher than hens on the stable region in all years,
which was counter to our hypothesis of greater nesting
rates on the stable region. Nesting rates observed on
both the stable and declining regions of the EP were
lower than those found by Reagan and Morgan (1980),
the only other study conducted on the EP to determine
nesting rates. They found that 31.3% (n � 32) of ju-
venile and 85.7% (n � 21) of adult hens initiated a
nest (1973–1978). Overall nesting rates from both
Reagan and Morgan (1980) and our study were lower
than those found by Vangilder et al. (2000) for EWTs
in Missouri (1989–1998; 74.4�5.6%, n � 385). Be-
cause nesting rates were higher on the declining region
compared to the stable region during all years of the
study (Table 1), it is unlikely that nesting rates alone
accounted for declining turkey abundance in the south-
eastern EP.

Although observed nesting success in the EP was
highest in 2001, overall nesting success for the 3-year
study (stable � 35.3%; declining � 35.9%) was sim-
ilar to that reported by Cook (1972) and Reagan and
Morgan (1980) for RGWT in the EP. The highest nest
success rate for the EP (48.8%) was reported by Cook
(1972). Reagan and Morgan (1980) reported an overall
nest success rate of 37.5%. Our results were less than
those reported by Keegan and Crawford (1999) for

RGWT in Oregon (60.0%; n � 96), and Lehman et
al. (2000) for RGWT in South Dakota (59.0%; n �
64), but were similar to results of Vangilder et al.
(2000) for EWT in Missouri (36.2�6.1%; n � 385),
and higher than values (combined initial and renesting)
obtained by Miller et al. (1998) for EWTs in central
Mississippi from 1984–1996 (27.9%; n � 219). Be-
cause nesting success in both stable and declining re-
gions of the EP was similar to some previous reports
from this region and for both RGWTs and EWTs else-
where, it is unlikely that nesting success alone ac-
counted for declining RGWT abundance in the south-
eastern EP.

Although Norman et al. (2001) reported that nest-
ing rate was a better predictor of production in EWTs
than nesting success, we found that neither nesting rate
nor nesting success alone could account for declining
RGWT abundance in the southeastern EP. For this rea-
son, it appears that some other factor, such as differ-
ences in brood rearing success, might better explain
lower recruitment into the reproductive population of
the southeastern as opposed to the northwestern EP.
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Nest-Site Characteristics

Hens selected nest sites with greater visual ob-
struction, litter depth, and cover than areas immediate-
ly surrounding nest sites. Hens also appeared to avoid
nesting in areas with a large percentage of grass, forbs,
or bare ground as well as areas of tall vegetation on
all study areas. This apparent avoidance might be re-
lated to selection of nest sites in areas with high OV,
because these areas occurred within shrub dominated
areas (e.g., shin oak [Quercus havardii] motts or dense
Ashe juniper stands) having reduced amounts of grass,
forbs, and bare ground. These data were similar for
RGWT nests in both stable and declining regions. Our
results are similar to those of other studies addressing
nesting in western turkey populations. For example,
nest plots of RGWT hens in northeastern Colorado
were characterized by greater canopy cover, more
shrubs, fewer grasses, and greater understory cover
than random paired plots (Schmutz et al. 1989). Sim-
ilarly, Lutz and Crawford (1987) found Merriam’s wild
turkey (M. g. merriami) hens in eastern Oregon se-
lected nest sites with significantly higher shrub den-
sities and OV. Thus, our findings are consistent with
the notion that hens select nest sites with more dense
vegetation than surrounding areas, apparently to in-
crease concealment and to better see approaching pred-
ators (Day et al. 1991). Because hens selected nest
sites with greater OV, future research should attempt
to identify preferred substrates, other than ‘‘knee high’’
cedar (Ashe juniper; Juniperus ashei). With the dom-
inance of cedar it would be helpful to understand if
this is preferred or convenient nesting habitat. While
cedar dominates much of the Texas Hill Country, the
selection for immature ‘‘knee high’’ cedar by nesting
RGWT provides inadequate camouflage for nest con-
cealment from predators.

In summary, hens appeared to select certain veg-
etation characteristics for nest sites. Most authors
studying vegetation at nests of western turkey popu-
lations have found that visual obstruction and litter
depth at nest sites were correlated with nesting success
(e.g., Lutz and Crawford 1987, Schmutz et al. 1989,
Day et al. 1991). This was not the case in our study.
We found that vegetation characteristics selected by
hens appeared to remain consistent for both stable and
declining regions, with the majority of differences
found among years within the declining region. Be-
cause there were no differences in nest success be-
tween regions within years, but there were differences
among years, it is likely that differences in nest suc-
cess reflect the ‘‘boom-bust’’ reproductive success typ-
ical of many galliforms, rather than differences in veg-
etation at the nest site.

Although differences in vegetation at nest sites and
the surrounding area were noted, few differences in
the vegetation associated with nests were found be-
tween regions of stable and declining RGWT numbers
in the EP. As reflected by similar nesting rates and
nesting success for RGWT hens in both stable and
declining regions of the EP, we cannot conclude that
vegetative cover at nest sites was poorer in the declin-

ing region. Therefore, it is likely that the influence of
other life-history stages of RGWTs, such as brood
rearing, might account for the declining reproductive
population in the southeastern EP.

MANAGEMENT IMPLICATIONS

Our results suggest there are reasons other than
nesting vegetation, nesting rate, and nesting success
that account for differing trends in RGWT numbers in
the EP. Based on our results it appears the differing
range management practices on each ranch were not a
limiting factor to the survival and growth of turkey
populations in the EP. Possible reasons for declining
numbers such as brood survival, anthropogenic
change/encroachment, and other potential limiting fac-
tors (i.e., invertebrate abundance and predator levels)
are currently being investigated by Texas A&M Uni-
versity.
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Abstract: We studied nest habitat selection and characteristics of extralimital Rio Grande wild turkeys (Meleagris
gallopavo intermedia) in southwestern Oregon to provide information about this important component of wild
turkey ecology and to identify forest management strategies that will optimize preferred nesting habitat. Between
March 1989 and July 1991 we identified 126 nest sites of 55 radiomarked females that were part of a recently
introduced population (�10 years) and quantified habitat at 3 spatial scales in a hierarchical approach. Only
regenerating mixed-conifer stands that were clearcut within 10 years were selected by nesting females (17% of
observations, P � 0.05). Dense mature mixed conifer stands were used less than expected (P � 0.05) whereas
meadows and dense sapling/pole conifer habitats were not used. Nest sites were characterized by dense horizontal
screening (�93% from 0 to 30 cm above ground), understory vegetation �20 cm tall, and low shrubs covering
37 to 69% of nest sites. Land managers should implement forest management strategies that provide mosaics of
relatively small regenerating stands, dense young conifer stands, and mixed hardwood/conifer woodland and
savanna cover types with abundant understory vegetation including low shrubs to provide optimal nesting habitat
for Rio Grande turkeys in the Oregon Cascade Range.

Proceedings of the National Wild Turkey Symposium 9:245–252
Key words: habitat management, Meleagris gallopavo intermedia, nest characteristics, nest habitat, Oregon, ra-
diotelemetry, Rio Grande turkey.

Rio Grande turkeys were native to the southcentral
Great Plains, but translocation programs resulted in
population establishment in 9 western states (Wunz
1992). Variability in wild turkey movements and home
ranges among geographic regions and subspecies was
attributed primarily to differences in resource avail-
ability (Brown 1980). Although use of cover types in-
dicated a high level of adaptability, turkeys were se-
lective with respect to vegetative characteristics within
cover types (Holbrook et al. 1987).

Habitat use by Rio Grande turkeys in their native
range was studied extensively (e.g., Beasom 1970,
Ransom et al. 1987), but few researchers described
nest sites quantitatively. Habitat use by females has
direct bearing on annual recruitment and maintenance
of populations (Lindzey 1967) and annual recruitment
is further influenced by nesting habitat because pre-
dation on females and nests may limit population
growth (Ransom et al. 1987). Nest sites used by Mer-

riam’s wild turkeys (M. g. merriami) were usually lo-
cated in relatively dense understory cover or logging
slash (Lutz and Crawford 1987), which provides a
high level of concealment (Holbrook et al. 1987), and
therefore influences predation on females and nests
(Beasom 1970). Descriptions of nest sites used by ex-
tralimital Rio Grande turkeys were scarce, and we are
unaware of any in the Pacific Northwest. Availability
of nest habitat and proximity to habitats that provide
other requirements (e.g., brood-rearing habitat and
roosts) may influence turkey use of an area. Because
of the importance of nesting and nest habitat to annual
recruitment in wild turkey populations, we quantified
nest site characteristics and investigated nesting habitat
used by Rio Grande turkey females in southwestern

1 Present address: Idaho Department of Fish and Game, P.O.
Box 1336, Salmon, ID 83467.

2 E-mail: tkeegan@idfg.idaho.gov
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Oregon to establish a better understanding of these
habitat needs and provide information for land man-
agement decisions in the Pacific Northwest.

STUDY AREA

The 675-km2 study area was located in the upper
South Umpqua River Basin, Douglas County, Oregon.
The area was dissected with steep east-west ridges, and
elevation ranged from 310 to 1,525 m. Annual rainfall
from 1989 through 1991 was 6 cm below the long-
term average of 102 cm (Douglas County Public
Works Department, unpublished data). Temperatures
during the study were within 2�C of regional 30-year
mean temperatures (3�C in Jan and 19�C in Jul; Na-
tional Oceanic and Atmospheric Administration 1989–
1991).

Diverse edaphic and geologic conditions produced
a heterogeneous association of plant cover types
(Franklin and Dyrness 1973:130). Three nonforested
(�10% tree cover) cover types accounted for 12% of
the study area: recent clearcut (�10 yr since harvest),
brushfield, and meadow-pasture. Mixed hardwood-co-
nifer savannas (10–40% canopy cover) and woodlands
(�40% canopy cover) contained �30% hardwoods,
primarily Oregon white oak (Quercus garryana) and
Pacific madrone (Arbutus menziesii), and occupied 9%
of the area. Remaining cover types (79% of the area)
were seral stages of mixed-conifer stands dominated
by Douglas-fir (Pseudotsuga menziesii). In mixed-co-
nifer stands, canopy closure �70% was considered
dense, whereas closure �70% was classified as open.
Mature, mixed-conifer stands contained overstory
trees �50 cm dbh and �110 years old, and accounted
for 53% of the area. Young conifer stands covered
14% of the area and were characterized by trees that
were 23–50 cm dbh and 30–110 years old. Sapling-
pole conifer stands (11% of the area) were �30 years
old, with trees �23 cm dbh. Detailed habitat descrip-
tions were provided by Keegan and Crawford (1997).
The Oregon Department of Fish and Wildlife (ODFW)
released 58 Rio Grande turkeys from Texas and Kan-
sas on the study area in 1982 and 1983.

METHODS

Capture and Radio Telemetry

We used rocket nets to capture 36 adult and 40
yearling females during January 1989 and from De-
cember 1989 to February 1990. Individuals were
equipped with 90–110-g radiotransmitters containing
motion-sensitive switches; expected transmitter life
was 1–3 years. All radiotagged turkeys included in
analyses survived �2 weeks after release. At the be-
ginning of the 1991 nesting season, 21 adult females
were still carrying functional transmitters. Specific
methods for capture and radiotelemetry were described
by Keegan and Crawford (1999). We followed wild
bird research guidelines of the American Ornitholo-
gists’ Union (1988).

Habitat Quantification

We estimated characteristics of overstory (woody
plants �3 m tall), midstory (woody plants �3 m tall,
but beneath canopy), shrub (woody plants 1–3 m tall),
and understory (woody and herbaceous plants �1 m
tall) strata at randomly selected sites and nest sites
with methods described by Keegan and Crawford
(1997). Description of sites included quantification of
the following physiographic and vegetative (overstory
and midstory) variables: percent slope, aspect, eleva-
tion, percent non-forested habitat within 0.3 km, spe-
cies composition, tree density, basal area, percent cov-
er, and canopy height. Sampling of shrub and under-
story vegetation included quantification of tall shrub
cover, understory height, understory groundcover, and
horizontal screening. Nests served as focal points for
sampling habitat characteristics and measurements
were repeated at 2 points located 30 m from nests at
random compass bearings. Measurements at nest sites
typically occurred within 30 days of nest termination.

Statistical Analyses

Habitat availability was defined by a minimum
convex polygon (Mohr 1947) for all annual female
locations (except we excluded 2 females that moved
�30 km to areas outside the South Umpqua River
drainage) (Keegan and Crawford 2001). We employed
Chi-square analysis to test the null hypothesis that cov-
er types were used in proportion to availability (Neu
et al. 1974, Byers et al. 1984). When null hypotheses
were rejected, we calculated simultaneous confidence
intervals to identify which cover types contributed to
differences in use and whether use was greater or less
than expected.

Initially, use and availability were analyzed within
and between nest types (first or renest) and female age-
classes (within constraints imposed by sample size).
Preliminary analyses indicated that habitat use did not
differ with nest type or female age (regardless of
whether multiple nests for individual females were in-
cluded). Consequently, observations were pooled ac-
cordingly for examination of habitat use.

Habitat characteristics were analyzed with a series
of univariate and multivariate procedures. We com-
bined nests (based on year, female age, or nest success)
within each cover type because of small sample sizes.
However, first nest attempts and renesting attempts
were examined separately. We did not find differences
in nest habitat characteristics based on success and
pooled observations for further analyses. All data sets
were examined to assess outliers, normality, multi-
colinearity, and homogeneity of variance-covariance
matrices. We noted wide variance for several obser-
vations, but few distinct outliers were identified and
inclusion of those observations did not alter results.
When �2 variables were highly correlated (r � 0.7),
we selected those variables with the greatest ecological
relevance and/or management application that contrib-
uted to the most parsimonious description of relation-
ships.

We used analysis of variance to help identify var-
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Table 1. Habitats used by nesting Rio Grande turkey females (n � 59), Douglas County, Oregon, 1989–1991 (n � 133 nests).

Cover type No. nests

Percent

Available Used Selectiona

Nest successb

(%)

Recent clearcut 23 6.1 17.3 � 62
Meadow-pasture 0 2.5 0 �
Brushfield 3 3.8 2.3 0 33
Open, sapling-pole, mixed-coniferc 13 3.4 9.8 0 50
Dense, sapling-pole, mixed-conifer 0 8.0 0 �
Dense, young, mixed-conifer 22 14.4 16.5 0 78
Dense, mature, mixed-conifer 36 48.9 27.1 � 69
Open, mature, mixed-conifer 6 4.3 4.5 0 40
Mixed hardwood-conifer woodlandd 19 6.8 15.0 0 37
Mixed hardwood-conifer savanna 10 2.0 7.5 0 60

a 0 represents use in proportion to availability, � represents greater use than expected, and � represents less use than expected (P � 0.05).
b Infertile clutches incubated �30 days considered successful, excludes observer induced abandonment.
c In conifer cover types open defined as canopy closure �70%.
d Woodland defined as canopy closure �40%, savanna canopy closure was �40%.

iables that differed between groups (e.g., random sites
and nests) and reduce the number of variables entered
in multivariate procedures. Stepwise discriminant anal-
ysis (SAS 1989) was employed to select optimal sets
of variables for separation of groups of observations.
We then subjected the reduced variable sets selected
in stepwise procedures to canonical analyses of dis-
criminance to determine correlations between discrim-
inating variables and canonical functions. Results of
discriminant function analyses should be considered
descriptive. Lack of compliance with inherent assump-
tions of these procedures can produce unpredictable
distortion and alter resulting interpretations.

To better understand relationships of individual
habitat characteristics important to wild turkeys, we
compared several habitat variables with paired and un-
paired t-tests. For example, we used paired t-tests to
determine whether understory cover, understory veg-
etation height, or horizontal screening differed be-
tween nests sites (10-m diameter) and sites 30 m away
from those same nests.

RESULTS
Habitat Use

Nests (n � 133) were located in 8 cover types
(Table 1) and use of habitats by nesting females was
disproportionate to availability (P � 0.05). Meadow-
pasture and dense, sapling-pole, mixed conifer were
unused, and dense, mature conifer was used less than
expected (P � 0.05). Recent clearcut was the only cov-
er type used more than expected (P � 0.05), whereas
use of remaining cover types did not differ from avail-
ability. Although use of hardwood-conifer woodland
and savanna stands (examined separately) did not ex-
ceed availability (P � 0.15), when hardwood-conifer
stands were combined, use was greater than expected
(P � 0.01).

Patterns of nest habitat use changed from year to
year. During 1989, recent clearcut was most commonly
used for nesting (30%); however, �13% of nests oc-
curred in this cover type in subsequent years. Dense,
mature conifer stands received the most use during
1990 (36%). Dense, young and mature conifer each

accounted for 26% of nests in 1991. Only use of recent
clearcuts changed substantially when first nests and re-
nests were examined separately (first nests were initi-
ated in clearcuts in proportion to availability and re-
nests were located in clearcuts more often than ex-
pected).

For all years combined, females were most suc-
cessful in the 3 most frequently used cover types:
dense, young conifer (78%), dense, mature conifer
(69%), and recent clearcut (62%) (Table 1). Nests in
brushfields, hardwood-conifer woodlands, and open,
mature conifer were least likely to hatch.

Nest Site Characteristics

We completed habitat measurements at 126 nest
sites during the study. Number of nests used for this
analysis was less than the number included in habitat
use analysis because we were unable to locate 7 nests
before females left nests or died. First nest attempts (n
� 87) accounted for 69% of all nests and we identified
39 renesting attempts (second, third, and fourth nests
within a year).

As expected, overstory characteristics differed
among cover types and between nest attempts (Tables
2 and 3). However, several understory variables at first
nests were relatively consistent among cover types
(Table 4). For example, understory vegetation height
at first nests was �20 cm in all cover types. Further,
horizontal screening from 0 to 30 cm was �93% and
screening from 30 to 60 cm ranged from 73 to 100%
at first nests regardless of cover type. High horizontal
screening at nests apparently was provided by low
shrubs. Low shrubs were the dominant understory
component at first nest sites (37–69%) in all cover
types whereas grass contributed least to ground cover
estimates (2–11%). Forbs, bare ground, and woody de-
bris each accounted for �11% of ground cover at first
nests. Forbs and bare ground reached their highest
coverage (25% and 22%) in dense, mature conifer. The
greatest amounts of woody debris occurred in clearcuts
(34%). The pattern of understory composition was
similar for renesting attempts but differed in some cov-
er types, particularly hardwood-conifer savanna (Table
5).
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Table 2. Overstory and midstory habitat characteristics at Rio Grande turkey first nests (n � 87), Douglas County, Oregon, 1989–
1991.

Variableb

Clearcut
(n � 13)

x̄ SE

Shrub
(n � 3)

x̄ SE

Open SPCa

(n � 9)

x̄ SE

Dense YC
(n � 17)

x̄ SE

Dense MC
(n � 26)

x̄ SE

Open MC
(n � 5)

x̄ SE

HCW
(n � 9)

x̄ SE

HCS
(n � 5)

x̄ SE

Overstory
Ht (m) 15 3 7 2 15 1 27* 1 42 2 44 6 17 2 15 4
Dbh (cm) 22 7 12 4 23 1 34 1 66* 3 72 8 28 4 25 6
Basal area (m2/ha) 2 1 5 2 10 1 19 3 38 4 13 1 11 2 5 1
Density (no./ha) 82 33 262 166 258 66 181 26 111 12 35 10 213 40 170 90

Midstory
Ht (m) 3 1 2 2 6 1 8 0.5 13 1 10 1 5 0.4 5 1
Dbh (cm) 4 1 4 4 8 1 11 1 15 1 13 1 8 1 6 2
Basal area (m2/ha) 0.2 0.1 1 1 2 0.5 4 1 11 2 3 1 2 0.4 1 0.2
Density (no./ha) 69 22 254 254 334 110 345 55 381 45 139 40 403 109 141 42

Canopy cover (%) 14 4 14 6 47 4 69 4 77 3 35 9 57 5 35 5
Elevation (m) 789 61 555 3 669 77 573 31 676 31 662 87 601 42 538 62
Slope (%) 15 2 20 8 16 2 14 2 18 2 17 4 15 3 16 3
Non-forest within 0.3 km (%) 25* 3 18 7 5 3 3 1 4 1 8 4 7 3 3 2

a SPC � sapling-pole conifer, YC � young conifer, MC � mature conifer, HCW � hardwood-conifer woodland, HCS � hardwood-conifer
savanna.
b Variable means followed by an asterisk were selected by stepwise discriminant analysis when compared to randomly located sites within the
same cover type.

Table 3. Overstory and midstory habitat characteristics at Rio Grande turkey renests (n � 39), Douglas County, Oregon, 1989–1991.

Variableb

Clearcut
(n � 10)

x̄ SE

Open SPCa

(n � 3)

x̄ SE

Dense YC
(n � 4)

x̄ SE

Dense MC
(n � 8)

x̄ SE

Open MC
(n � 1)

x̄ SE

HCW
(n � 10)

x̄ SE

HCS
(n � 3)

x̄ SE

Overstory
Ht (m) 13 3 18 0.4 32 5 46 4 42 18 1 12 1
Dbh (cm) 20 4 25 4 40 4 74 6 49 30 3 22 2
Basal area (m2/ha) 2 1 3 0.3 14 4 42 7 14 6 1 6 2
Density (no./ha) 36 8 54 12 111 25 99 21 68 86 13 107 28

Midstory
Ht (m) 3 1 6 1 12 3 13 1 15 6* 0.4 5 0.2
Dbh (cm) 4 2 8 2 11 2 15 2 17 9 1 9 1
Basal area (m2/ha) 1 1 1 1 4 1 10 2 10 2 0.4 1 0.1
Density (no./ha) 128 59 185 44 319 68 425 69 327 256 42 104 43

Canopy cover (%) 14 7 29 8 64 11 84 3 48 46 5 38 5
Elevation (m) 709 44 645 24 693 122 742 77 495 622 38 636 7
Slope (%) 16 7 10 1 13 1 16 3 10 12 1 16 4
Non-forest within 0.3 km (%) 16* 3 0 0 1 1 5 2 0 6 1 11 5

a SPC � sapling-pole conifer, YC � young conifer, MC � mature conifer, HCW � hardwood-conifer woodland, HCS � hardwood-conifer
savanna.
b Variable means followed by an asterisk were selected by stepwise discriminant analysis when compared to randomly located sites within the
same cover type.

We noted consistently greater values for understo-
ry height, low shrub cover, and horizontal screening
(0–30 cm) in a comparison of nests sites to locations
30 m away from nests (P � 0.001). These differences
were, with few exceptions, universal with respect to
cover type and nest attempt. Although we did not
quantify nest distribution with respect to travel lanes,
we estimated that 60% of nests were �50 m from ob-
vious travel lanes (e.g., animal or skid trail, or road).

During 3 years of study, 23 nests were located in
recent clearcuts. Horizontal screening from 30 to 60
cm and amount of non-forested habitat within 0.3 km
discriminated between first nest sites (n � 13) and ran-
domly located sites. Differences between first nest
sites and random sites accounted for 74% of canonical
function variation (P � 0.001). Nest sites were char-
acterized by more forested habitat within 0.3 km and
more horizontal screening than at random sites. The

same variables discriminated between renests and ran-
dom sites in clearcuts (a situation unique to the clear-
cut cover type). Discrimination between renests and
random sites was stronger than for first nests with 82%
of canonical function variance was attributed to site
differences (P � 0.001). Horizontal screening at all
nests in clearcuts was approximately 55% greater than
at random sites.

We located 21 nests in dense, young conifer stands
and 4 variables allowed discrimination between first
nests (n � 17) and random sites: understory vegetation
height, overstory tree height, woody debris, and hori-
zontal screening (60–90 cm). These variables account-
ed for 75% of canonical variation (P � 0.001). First
nest sites had taller understory vegetation and oversto-
ry trees, more woody debris, and more horizontal
screening from 60 to 90 cm than random sites.

Hardwood-conifer woodlands contained 15% of
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Table 4. Understory habitat characteristics at Rio Grande turkey first nests (n � 87), Douglas County, Oregon, 1989–1991.

Variableb

Clearcut
(n � 13)

x̄ SE

Shrub
(n � 3)

x̄ SE

Open SPCa

(n � 9)

x̄ SE

Dense YC
(n � 17)

x̄ SE

Dense MC
(n � 26)

x̄ SE

Open MC
(n � 5)

x̄ SE

HCW
(n � 9)

x̄ SE

HCS
(n � 5)

x̄ SE

Tall shrub cover (cm/10 m) 66 10 288 102 85 34 98 27 95 19 139 48 98 42 81 18
Horizontal screening (%)

0–30 cm 96 2 100 0 97 2 94 3 93* 2 95* 3 93 3 96 3
30–60 cm 88* 3 100 0 91 4 82 4 74 5 83 9 77 7 90 6
60–90 cm 74 4 99 1 76 9 64* 6 53 5 71 11 62 9 79 9
90–120 cm 62 5 99 1 75 9 57 5 47 5 65 14 60 8 62 11

Understory ht (cm) 26 4 60 4 21 4 30* 4 30 3 40 9 35 5 37 4
Understory cover (%)

Grass 11 5 5 3 4* 1 4 3 2 1 8 3 7 3 11 5
Forb 14 2 13 3 19 4 16 3 25 4 22 5 11 3 20 6
Bare 16 3 15 4 18 4 19 3 22 3 11 6 14 2 13 3
Low shrub 37 5 69 11 39 7 44 5 45 4 53 6 49* 7 47* 4
Debrisc 34 5 11 1 30 6 26* 4 13* 2 16 6 28* 7 20 7

a SPC � sapling-pole conifer, YC � young conifer, MC � mature conifer, HCW � hardwood-conifer woodland, HCS � hardwood-conifer
savanna.
b Variable means followed by an asterisk were selected by stepwise discriminant analysis when compared to randomly located sites within the
same cover type.
c Dead and down woody material �1 cm diam.

Table 5. Understory habitat characteristics at Rio Grande wild turkey renests (n � 39), Douglas County, Oregon, 1989–1991.

Variableb

Clearcut
(n � 10)

x̄ SE

Open SPCa

(n � 3)

x̄ SE

Dense YC
(n � 4)

x̄ SE

Dense MC
(n � 8)

x̄ SE

Open MC
(n � 1)

x̄ SE

HCW
(n � 10)

x̄ SE

HCS
(n � 3)

x̄ SE

Tall shrub cover (cm/10 m) 51 16 136 20 55 27 90 32 56 73 20 39 38
Horizontal screening (%)

0–30 cm 96 2 100 0 88 6 93 3 93 92* 3 78 7
30–60 cm 91* 2 100 0.1 64 13 73 7 66 78 5 67 11
60–90 cm 71 6 92 4 48 13 53 6 43 57 6 48 15
90–120 cm 66 8 68 8 49 13 51 6 29 53 8 36 18

Understory ht (cm) 29 5 51* 2 19 1 31* 3 18 30 4 14* 1
Understory cover (%)

Grass 11 6 11 5 1 0.3 3 1 41 16 5 15 8
Forb 16 4 43 4 13 2 21 4 2 14 2 5 1
Bare 16 2 11 1 19 1 16* 3 12 21 4 50 10
Low shrub 34 3 38 10 50* 5 50 6 48 44 6 22 10
Debrisc 32 6 13 4 26 5 18 3 5 16 2 10 1

a SPC � sapling-pole conifer, YC � young conifer, MC � mature conifer, HCW � hardwood-conifer woodland, HCS � hardwood-conifer
savanna.
b Variable means followed by an asterisk were selected by stepwise discriminant analysis when compared to randomly located sites within the
same cover type.
c Dead and down woody material �1 cm diam.

all measured nest sites. Nine nests were first attempts
and 10 were renesting attempts, making hardwood-co-
nifer woodland the only cover type in which renesting
attempts exceeded first attempts. Low shrub cover and
woody debris discriminated between first attempts and
random sites, accounting for 85% of variation in the
canonical function (P � 0.001, but complicated by an
unequal variance-covariance matrix). Low shrub and
woody debris coverage at nests were 5 and 3.5 times
greater than values at random sites in hardwood-co-
nifer woodlands. Midstory tree height and horizontal
screening from 0 to 30 cm discriminated between ran-
dom locations and renests. Based on discriminant anal-
ysis, 76% of canonical function variance was attrib-
utable to differences between renesting locations and
random sites (P � 0.001). Renests in hardwood-coni-
fer woodlands were typified by increased horizontal
screening and shorter midstory trees compared with
random sites. Horizontal screening from 0 to 30 cm at

nests was 50% greater than at random sites (92% vs.
60%).

Relatively few females nested in hardwood-conifer
savanna stands: 5 nests were first attempts and 3 were
renesting attempts. A canonical function including
shrub cover accounted for 85% of variation between
first nest sites and random locations (P � 0.001). First
nest sites were characterized by more low shrub cover
than random locations. Understory vegetation height
discriminated between random and renesting locations
and 80% of canonical function variation was attributed
to differences between locations (P � 0.007). Under-
story vegetation at random sites was shorter than at
nest bowls.

Dense, mature conifer stands contained more nests
(n � 34) than any other cover type, but canonical anal-
ysis provided weak discrimination (40–50%) between
nests and random sites. Horizontal screening in the 0–
30 cm stratum at first nests was 90% compared with
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72% at random locations and contributed most to dis-
crimination. Understory vegetation at renesting loca-
tions was 2 times taller than at random sites and bare
ground only occupied one-half as much area at renests.
Similarly, discrimination between nest sites and ran-
dom locations in open sapling/pole conifer was weak
(50%), but grass cover at random sites was 3.5 times
that observed at nests.

All nests were pooled for analysis of aspect use.
Females nested at sites with easterly aspects (45�–135�)
more often than expected (P � 0.05), used west and
north aspects less than expected (225�–45�, P � 0.05),
and nested on southerly aspects (135�–225�) in propor-
tion to availability.

DISCUSSION

Nest Habitat Use

In contrast to Merriam’s turkeys in the northern
Cascades of Oregon (located 260 km north of the
Douglas County study area; Lutz and Crawford 1987),
Rio Grande turkey females nested in most available
habitats and 6 of 10 cover types were used in propor-
tion to availability. Merriam’s turkey females used
thinned sapling/pole conifer stands more than expected
and �90% of successful nests were located in that cov-
er type (Lutz and Crawford 1987). Only 2 of 133 Rio
Grande turkey nests were located in comparable
stands. Cover type use by nesting Merriam’s turkeys
in South Dakota was not different from availability
(Rumble and Hodorff 1993), more closely resembling
habitat selection patterns in our study area.

Although annual shifts in cover-type use were ap-
parent in our study, there was no evidence of concur-
rent changes in nest success. Nest success was highest
in the 3 most frequently used cover types, but success
in all cover types was equal to or exceeded that re-
ported in many other studies (e.g., Porter et al. 1983,
Vangilder et al. 1987). High nest success in a variety
of habitats led us to speculate that Rio Grande turkeys
are relatively plastic with regard to nesting habitat at
the cover type scale. Whereas Merriam’s turkey nest
location and success in northcentral Oregon seemed
closely associated with a single stand condition (Lutz
and Crawford 1987), Rio Grande turkey females were
successful in a variety of cover types and stand con-
ditions.

Contrary to observations of Day et al. (1991) and
Schmutz et al. (1989), we did not observe a trend to-
ward initiation of late season nests (particularly re-
nesting attempts) in open habitats nor for females to
renest in ‘‘opposite’’ habitats (e.g., first nest in wood-
land and second nest in grassland). Indeed, �50% of
subsequent nest attempts (within and among years, n
� 43) by Rio Grande turkey females were in the same
cover types as previous nests. Differences between our
findings and those of Day et al. (1991) and Schmutz
et al. (1989) may have been a consequence of their
renesting sample sizes (2 and 4). Conversely, temporal
nest habitat use patterns may have reflected different
plant phenology among areas. Both Day et al. (1991)

and Schmutz et al. (1989) indicated that grass-forb
cover types provided increased nest cover as nest sea-
sons progressed. In Oregon, however, cover in grass-
forb associations decreased as dry conditions typically
caused plant senescence by mid- to late nesting season
and low shrubs provided most of the cover at nests.

Nest Site Characteristics

Although we noted considerable variation among
cover types, a small number of understory variables
were useful for characterizing nests. Height and den-
sity of understory vegetation (particularly low shrubs)
were frequent contributors to discriminant functions.
Grass and forb cover rarely were useful for discrimi-
nating between nest sites and random sites; the role of
woody debris was difficult to discern.

Some structural characteristics that differentiated
nests from random sites were similar for Rio Grande
and Merriam’s turkey females in Oregon (Lutz and
Crawford 1987). Specifically, nests in both areas were
characterized by relatively dense shrub cover and
sparse grass and forb cover. Greater shrub cover at nest
sites compared to surrounding areas and random sites
also were noted by Day et al. (1991), Schmutz et al.
(1989), and Rumble and Hodorff (1993). In most cov-
er types, Rio Grande turkey females nested in rela-
tively isolated patches (�20 m diam) of low shrubs,
as indicated by shrub cover, horizontal screening, and
vegetation height differentials for immediate nest sites
compared to sites 30 m from nests. Rumble and Ho-
dorff (1993) thought that nest site selection was based
on areas �5 m in diameter and noted that vegetation
at nests (23 cm) was taller than in surrounding areas.
We noted a similar trend; average vegetation height at
nests was 30 cm and decreased to �20 cm in surround-
ing areas. Patch size used for nesting in our study area
was smaller than the �80 m noted by Badyaev (1995).

Horizontal screening values at nests frequently ex-
ceeded values from surrounding locations in both
Oregon study areas. Screening at Merriam’s turkey
nests was attributed primarily to logging slash al-
though low shrubs also contributed (Lutz and Craw-
ford 1987), whereas low shrubs were the main source
of screening at Rio Grande turkey nests and amounts
of slash varied. Patterns of greater horizontal screening
at Rio Grande turkey nests were consistent with ob-
servations of nests of other subspecies across the U.S.
(Porter 1992, Badyaev 1995). Our estimates of hori-
zontal cover below 60 cm were the same as those re-
ported by Schmutz et al. (1989).

Our observation that nest success was largely un-
related to habitat characteristics agreed with results
from South Dakota (Rumble and Hodorff 1993) and
Colorado (Schmutz and Braun 1989) and may indicate
that turkeys were not habitat-limited with respect to
potential nest sites. Conversely, Badyaev (1995) found
strong correlation between nest success and understory
density in a wild turkey population where nest success
was very low (17%). Badyaev therefore concluded
nest predation was a strong influence on nest site se-
lection and suitable nesting habitat was limited. Selec-
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tion of nest sites with similar dense understory cover
in our study area supports the idea that predation pres-
sure likely influenced nest site selection to some de-
gree, but relatively high nest success supports our con-
tention that suitable nesting habitat was abundant.

Disproportionate use of easterly slopes for nesting
may have reflected cover type distribution in south-
western Oregon where mixed hardwood-conifer stands
and open sapling-pole conifer stands were more com-
mon on drier east and south facing slopes. Rumble and
Hodorff (1993) did not observe disproportionate use
of aspects in South Dakota.

MANAGEMENT IMPLICATIONS

Our research indicated that Rio Grande turkeys
were better able to use a variety of cover types than
Merriam’s turkeys in the northern Oregon Cascades.
High nest success in several cover types and use of
most available cover types for nesting indicated that
Rio Grande turkeys would persist under a variety of
habitat conditions, including some apparently not con-
ducive to Merriam’s turkey populations. We speculate
that, in a relative sense, Rio Grande turkeys are gen-
eralists compared with Merriam’s turkeys and, there-
fore, recommend that managers consider available
habitat and likely future land management scenarios
before selecting a subspecies for translocation. Rio
Grande turkeys will likely fare better than Merriam’s
turkeys in relatively disturbed environments in the
Oregon Cascades. Esthetic and economic returns of
translocation programs will be enhanced by selection
of subspecies best suited to regional habitat conditions.

Although Rio Grande turkeys used a variety of
cover types successfully, several management practic-
es would enhance nest habitats. The clearcutting meth-
od of regenerating mixed-conifer stands provided nest
habitat for approximately 10 years after timber har-
vest. Because nests were located at sites with �30%
nonforested habitat within 0.3 km, relatively small
clearcuts will likely receive more use than larger clear-
cuts. When regenerating stands developed into the
dense (�70% canopy cover) sapling-pole stage they
were no longer used for nesting. When compatible
with other objectives, patch thinning in dense, sapling-
pole stands and prescribed burning to reduce dense
shrub cover in brushfields should improve stands for
nesting (e.g., provide 35–55% low shrub cover). Fe-
males resumed nesting in mixed-conifer stands when
stand age reached 30 years (�23 cm dbh) and contin-
ued through stand maturity. In contrast to Merriam’s
turkey management, moderate slash treatment may be
desirable in Oregon’s Rio Grande turkey range; patch-
es of low shrub cover (�20 m diam) should be main-
tained for nesting cover. Conservation of mixed hard-
wood/conifer habitats (particularly oak woodland and
savanna complexes) would maintain habitat diversity
and should benefit wild turkeys and other wildlife spe-
cies.

Because dense mature conifer was used less than
expected for nesting, roosting (T. Keegan and J. Craw-

ford, Oregon State University, unpublished data),
brood rearing (Keegan and Crawford 1997), and year-
round use (Keegan and Crawford 2001), Rio Grande
turkeys will likely persist in landscapes dominated by
relatively young forests (30–110 years old and 23–50
cm dbh). However, dense mature conifer was frequent-
ly used for most components of turkey life-history
(ranked first or second for nest, brood, roost, and sum-
mer habitat use; Keegan and Crawford 1997, 2001,
unpublished data).

Therefore, we do not recommend reducing aver-
age stand age or extensive harvest of mature timber as
a means of increasing Rio Grande turkey numbers.
Further, the variety of cover types used by wild turkeys
in our study area suggests timber management goals
should include interspersion of cover types and age
classes within cover types to meet habitat needs of
wild turkeys. Such interspersion stands in contrast to
current landscapes composed of large expanses of
even-aged conifer found in some parts of the Pacific
Northwest.
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Abstract: We employed a 3-level hierarchical approach to study roosting habitat of Rio Grande wild turkeys
(Meleagris gallopavo intermedia) to increase understanding of habitat needs and provide information for managing
forested landscapes in the Pacific Northwest. Roost locations (n � 375) were obtained year-round (Feb 1989–Jan
1991) from 76 radiomarked females that were part of a recently introduced population (�10 years) in southwestern
Oregon. At the largest scale, adult females selected dense, young, mixed-conifer stands and hardwood-conifer
woodlands (P � 0.05); 58% of roosts occurred in these cover types. Females with broods also selected hardwood-
conifer woodlands (P � 0.05), which accounted for 35% of their roost locations. At the forest stand scale, turkeys
typically roosted in trees as large as or larger than others available in the stand. The finest scale was individual
roost trees, which averaged 106 years old, 50 cm diameter at breast height (dbh), and 33 m tall. Douglas-fir
(Pseudotsuga menziesii) was the only species used more often than expected for roosting (P � 0.05), comprising
77% of roost trees. To accommodate wild turkey roost habitat needs, timber management plans must include an
appropriate juxtaposition and balance of age classes of mixed-conifer stands over time and in relation to other
habitats used by wild turkeys.

Proceedings of the National Wild Turkey Symposium 9:253–259
Key words: Meleagris gallopavo intermedia, Oregon, radiotelemetry, Rio Grande wild turkey, roost habitat, roost
trees, timber management.

Rio Grande turkeys were native to the southcentral
Great Plains, but translocation programs resulted in es-
tablishment of populations in 9 western states (Wunz
1992). Wild turkeys require roost sites that provide
protection from predators and adverse weather condi-
tions (Crockett 1973). Roost tree availability and prox-
imity to habitats that provide other requirements (e.g.,
food and cover) influence wild turkey use of an area.
Rio Grande turkeys in Texas possibly were limited by
distribution of roost sites (Glazener 1967) and birds
frequently roosted on man-made structures. Boeker
and Scott (1969) conjectured that availability of suit-
able roosts may limit the range of Merriam’s wild tur-
keys (M. g. merriami). Further, fidelity to roost sites
(seasonal or annual) plays an important role in wild
turkey ecology and management because changes to
traditionally used sites can alter turkey use of an area.

Wild turkeys often roost in the largest trees within
a stand (Crockett 1973, Mackey 1984), but species of
trees selected for roosting differed widely among geo-
graphic regions and subspecies. Crockett (1973) in-

vestigated roost site characteristics of a native Rio
Grande turkey population and several researchers ex-
amined roosts used by extralimital Merriam’s turkey
populations in western states (Mackey 1984, Lutz and
Crawford 1987, Rumble 1992). However, we are not
aware of any descriptions of roost sites used by Rio
Grande turkeys outside of their native range, and par-
ticularly in the Pacific Northwest.

Because of overall habitat differences and poten-
tial differences among subspecies (Vangilder 1992),
we questioned the applicability of existing information
and management recommendations to the Rio Grande
subspecies in forest-dominated habitats in the Pacific
Northwest. We focused our research on females be-
cause of implications for annual recruitment and pop-
ulation trend. Our objectives were to 1) increase un-
derstanding of roost habitat use, 2) compare roost hab-

1 Present address: Idaho Department of Fish and Game, P.O.
Box 1336, Salmon, ID 83467.

2 E-mail: tkeegan@idfg.idaho.gov
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itat use by Rio Grande turkeys in the southern Oregon
Cascades to that of Merriam’s turkeys in the northern
Oregon Cascades, and 3) provide information for man-
aging forested landscapes in the Pacific Northwest to
accommodate wild turkey populations.

STUDY AREA
The 675-km2 study area was located in the upper

South Umpqua River Basin, Douglas County, Oregon.
The area was dissected with steep east-west ridges, and
elevation ranged from 310 to 1,525 m. Annual rainfall
from 1989 through 1991 was 6 cm below the long-
term average of 102 cm (Douglas County Public
Works Department, unpublished data). Temperatures
during the study were within 2�C of regional 30-year
mean temperatures (3�C in Jan and 19�C in Jul; Na-
tional Oceanic and Atmospheric Administration 1989–
1991). Diverse edaphic and geologic conditions pro-
duced a heterogeneous association of plant cover types
(Franklin and Dyrness 1973:130). Three nonforested
(�10% tree cover) cover types accounted for 12% of
the study area: recent clearcut (�10 yr since harvest),
brushfield, and meadow-pasture. Mixed hardwood-co-
nifer savannas (10–40% canopy cover) and woodlands
(�40% canopy cover) contained �30% hardwoods,
primarily Oregon white oak (Quercus garryana) and
Pacific madrone (Arbutus menziesii), and occupied 9%
of the area. Remaining cover types (79% of the area)
were seral stages of mixed-conifer stands dominated
by Douglas-fir. In mixed-conifer stands, canopy clo-
sure �70% was considered dense, whereas closure
�70% was classified as open. Mature mixed-conifer
stands contained overstory trees �50 cm dbh and
�110 years old, and accounted for 53% of the area.
Young conifer stands covered 14% of the area and
were characterized by trees that were 23–50 cm dbh
and 30–110 years old. Sapling-pole conifer stands
(11% of the area) were �30 years old, with trees �23
cm dbh. Detailed habitat descriptions were provided
by Keegan and Crawford (1997). The Oregon Depart-
ment of Fish and Wildlife (ODFW) released 58 Rio
Grande turkeys from Texas and Kansas on the study
area in 1982 and 1983.

METHODS
Capture and Radio Telemetry

We used rocket nets to capture turkeys during Jan-
uary 1989 and from December 1989 to February 1990.
Age was determined by characteristics of primary
feathers (Larson and Taber 1980), and individuals
were equipped with 90–110-g radiotransmitters at-
tached with a modified backpack harness (Kenward
1987:103). Transmitters had motion-sensitive switch-
es; expected transmitter life was 1–3 years. We fol-
lowed wild bird research guidelines of the American
Ornithologists’ Union (1988).

In January 1989, we equipped 26 adult and 19
yearling females with transmitters. Fifteen adults and
15 yearlings (considered adult during the second year)

survived to 1990. We equipped 10 more adults and 21
yearlings with transmitters during the 1989–1990 trap-
ping season, bringing the total sample to 36 adult and
40 yearling females. All radiotagged turkeys included
in analyses survived �2 weeks after release. On 31
January 1991, 25 adult females were still carrying
functional transmitters.

We located females by triangulation from �3 lo-
cations or by visual observation �2 times/week from
February 1989 through January 1991. Each female
was located while roosting (1 hr after sunset to 1 hr
before sunrise) at least once in each 2-week interval.
Signals were generally monitored daily to identify tim-
ing of mortalities and general locations.

We randomly selected 1 active roost site/week for
measurement of site characteristics; a different female
was selected for each roost-site location (within a tra-
ditional 3-month season) to ensure different birds con-
tributed to roost measurements. Roost trees were iden-
tified by visual observation of turkeys or presence of
droppings under trees. We recorded sex and age com-
position of flocks at roost sites.

For defining female-poult flocks, we considered
young birds poults until 12 weeks of age. We verified
brood survival by audio or visual evidence weekly un-
til all poults perished or until broods were integrated
into autumn flocks.

Habitat Quantification

We estimated characteristics of overstory and
midstory strata at randomly selected sites and roost
sites with methods described by Keegan and Crawford
(1997). Description of sites included quantification of
the following physiographic and vegetative variables:
percent slope, aspect, elevation, percent non-forested
habitat within 0.3 km, species composition, tree den-
sity, basal area, percent cover, and canopy height. In-
dividual roost trees were examined to determine spe-
cies, height, height to lowest living and dead limbs,
dbh, and age. Age of trees was determined from in-
crement borings.

Statistical Analyses

Habitat availability was defined by a minimum
convex polygon (Mohr 1947) for all female locations
(except we excluded 2 females that moved �30 km to
areas outside the South Umpqua River drainage). Non-
forested (�10% tree cover) cover types (recent clear-
cut, brushfield, and meadow/grassland) were not used
by roosting wild turkeys and therefore, not considered
as available roost habitat (i.e., non-forest was disre-
garded and availability was recalculated based on 7
forested cover types).

We used Chi-square analysis to test the null hy-
pothesis that cover types were used in proportion to
availability (Neu et al. 1974, Byers et al. 1984). When
null hypotheses were rejected, simultaneous confi-
dence intervals were calculated to identify which cover
types contributed to differences in use and whether use
was greater or less than expected. Initially, use and
availability were analyzed within and among years,
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Table 1. Habitats used for roosting by adult (n � 315 locations) and female-poult (n � 60 locations) Rio Grande wild turkey flocks,
Douglas County, Oregon, 1989–1991.

Cover type Available (%)

Adults

No. roosts Selectiona

Females with poults

No. roosts Selection

Open sapling/pole mixed coniferb 3.9 4 � 0 �
Dense sapling/pole mixed conifer 9.1 3 � 0 �
Dense young mixed conifer 16.4 129 � 15 0
Dense mature mixed conifer 55.8 93 � 22 �
Open mature mixed conifer 4.9 16 0 2 0
Mixed hardwood/conifer woodlandc 7.7 55 � 21 �
Mixed hardwood/conifer savanna 2.3 15 0 0 �

a 0 indicates use in proportion to availability, � indicates greater use than expected, and � indicates less than expected (P � 0.05).
b In conifer cover types, open defined as canopy closure �70%.
c Woodland defined as canopy closure �40%, savanna canopy closure was �40%.

traditional 3-month seasons, and female age-classes
(within sample size constraints). Preliminary analyses
indicated that habitat use did not differ with year or
age of females. Consequently, roost habitat use was
separated for 2 seasonal-social groups: females with
poults �12 weeks and all other flocks of mixed sex
and age composition during all seasons. Observations
were pooled accordingly for analysis of habitat use.

We analyzed data sets with a series of univariate
and multivariate procedures. Data sets were examined
to assess outliers, normality, multicolinearity, and ho-
mogeneity of variance-covariance matrices. Although
wide variability was noted for several observations, we
detected few distinct outliers and inclusion of those
observations did not alter results or interpretations.
When �2 variables were highly correlated (r � 0.7),
we selected those variables with the greatest ecological
relevance and/or management application that contrib-
uted to the most parsimonious description of relation-
ships.

We used analysis of variance to help identify var-
iables that differed between groups (e.g., random sites
and roosts). We compared several habitat variables
with paired and unpaired t-tests to better understand
relationships of individual habitat characteristics im-
portant to wild turkeys. For example, we used paired
t-tests to test if tree dbh differed between roost sites
(20-m diameter) and sites 30 m away from those same
roosts.

RESULTS
Habitat Use

Analysis of roost habitat use was based on 375
locations. Adult flocks accounted for 315 locations and
we located 60 roosts used by female-poult flocks.
Adult and female-poult use of roost habitats were dis-
proportionate to availability (P � 0.005). Although
adults roosted in all forested cover types, 88% of
roosts were located in dense, young conifer, dense, ma-
ture conifer, and hardwood-conifer woodland (Table
1). Of cover types used frequently by adults, dense,
young conifer and hardwood-conifer woodland were
used more than expected and dense, mature conifer
was used less than expected (P � 0.05).

Females with poults used hardwood-conifer wood-

land more than expected and dense, mature conifer less
than expected. More than 96% of female-poult roosts
were located in the 3 cover types used extensively by
adult flocks. In contrast to adults, female-poult flocks
used hardwood-conifer savanna less than expected and
used dense, young conifer in proportion to availability.
Both social groups used dense and open, sapling-pole,
conifer cover types less than expected and used open,
mature conifer as expected.

Roost Site Characteristics

We quantified habitat characteristics of 99 roosts
(79 adult flocks, 20 female-poult flocks) containing
565 trees. All but 1 roost selected for intensive mea-
surement were located in 4 cover types: dense, young
conifer; dense, mature conifer; open, mature conifer;
and hardwood-conifer woodland.

Preliminary analyses indicated that stand charac-
teristics at roosts in dense, and open, mature conifer
were comparable. Therefore, roosts in these 2 cover
types were pooled (for roost stand and roost tree char-
acteristic analyses only). Further, with respect to roost
stand characteristics within cover type, we did not ob-
serve differences among years, seasons, or social
groups, so roost stand characteristics were pooled
within cover type.

As expected, random site characteristics (Table 2)
and roost stand and roost tree characteristics differed
among cover types. Average overstory tree height in
roost stands ranged from 24 m in hardwood-conifer
woodlands to 37 m in mature conifer (Table 3) and
tree dbh ranged from 36 cm to 58 cm. Midstory tree
characteristics and densities were similar in young and
mature conifer roost stands. Overstory tree density was
lowest in mature conifer stands (131 trees/ha) and
highest in dense, young conifer (217 trees/ha). Basal
area of overstory trees ranged from 16.4 m2/ha in hard-
wood-conifer woodland to 38.5 m2/ha in mature co-
nifer roost stands. The amount of non-forest habitat
within 0.3 km of roosts averaged �6% in all cover
types.

Characteristics of individual roost trees differed
among cover types and between social groups. Roost
trees used by adults in mature conifer stands averaged
40 m tall, 66 cm dbh, and were �150 years old (Table
4). Adults roosted in smaller trees in dense, young
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Table 2. Characteristics of randomly selected forested habitats in Rio Grande wild turkey study area, Douglas County, Oregon, 1990–
1991 (modified from Keegan and Crawford 1997).

Variable

Dense
young conifer

(n � 11)

x̄ SE

Dense
mature conifer

(n � 15)

x̄ SE

Open
mature conifer

(n � 2)

x̄ SE

Hardwood/conifer
woodland
(n � 7)

x̄ SE

Overstory
Height (m) 22 1 50 2 43 11 16 1
Dbh (cm) 30 1 82 4 86 25 25 3
Basal area (m2/ha) 31 6 52 5 14 7 10 1
Density (no./ha) 396 70 100 12 23 1 213 31

Midstory
Height (m) 8 1 15 1 10 2 7 1
Dbh (cm) 11 1 16 1 16 2 9 1
Basal area (m2/ha) 10 3 16 2 2 0.4 4 1
Density (no./ha) 1005 250 545 82 82 1 701 153

Canopy cover (%) 83 4 91 3 31 9 61 7
Non-forest within 0.3 km (%) 5 2 6 2 11 1 15 4
Elevation (m) 710 57 808 59 1072 74 15 2
Slope (%) 15 2 19 3 15 2 14 2

Table 3. Structural characteristics of roost stands used by Rio
Grande wild turkeys, Douglas County, Oregon, 1989–1991.

Variable

Dense
young
conifer

(n � 42)

x̄ SE

Mature
conifer

(n � 41)

x̄ SE

Hardwood/
conifer

woodland
(n � 15)

x̄ SE

Overstory
Height (m) 29 1 37 1 24 1
Dbh (cm) 39 1 58 2 36 2
Basal area (m2/ha) 26 1 39 4 16 2
Density (no./ha) 217 18 131 12 163 22

Midstory
Height (m) 11 0.4 12 1 8 1
Dbh (cm) 14 1 14 1 11 1
Basal area (m2/ha) 10 1 12 2 10 3
Density (no./ha) 546 48 563 63 797 187

Canopy cover (%) 89 2 82 3 79 3
Non-forest within 0.3 km (%) 6 1 6 2 4 1
Elevation (m) 599 22 600 22 604 24
Slope (%) 21 2 18 2 14 3

conifer and hardwood-conifer woodland stands, rang-
ing from 28 to 31 m tall, 44 to 50 cm dbh, and 87 to
118 years old. Roost trees used by females with poults
averaged 21 to 32 m tall, 39 to 50 cm dbh, and 80 to
117 years old depending on cover type. Among all
cover types and social groups, the average roost tree
was 33 m tall, 50 cm dbh, and 106 years old. Greater
numbers of trees/roost used by adults reflected larger
flocks (autumn and winter) and a tendency for poults
to roost in the same tree as brood females.

Within dense, young conifer and hardwood-conifer
woodland cover types, differences between roost trees
used by adult and female-poult flocks were small. In
mature conifer stands, female-poult roost trees were
smaller (height and dbh) with living limbs closer to
the ground than trees used by adults (P � 0.03). In
mature conifer cover types, adult and female-poult
flocks roosted in trees with smaller height and dbh
than trees at randomly located sites (P � 0.007). Com-
parisons in dense, young conifer and hardwood-conifer
woodland were mixed. Adults roosted in larger (height

and dbh) than average trees (P � 0.001) in both cover
types. Heights of roost trees used by female-poult
flocks did not differ from random trees in hardwood-
conifer woodland or dense, young conifer (P � 0.10),
but roost tree dbh was larger (P � 0.05).

Within cover type and social group, differences
between height and dbh of roost trees compared to
trees 30 m away from roost centers were inconsistent.
Adult roost tree diameters were larger (P � 0.03) than
surrounding trees in all cover types and roost tree
height was greater in mature conifer stands (P � 0.01).
Height and dbh of roost trees used by female-poult
flocks did not differ (P � 0.14 to 0.62) from surround-
ing trees in roost stands.

Use of available aspects for roosting was similar
for adult and female-poult flocks. Northerly aspects
(315�–45�) were used less than expected by adult
flocks (P � 0.01), but use of other aspects did not
differ from availability. Although the trend of aspect
use by female-poult flocks paralleled that of adults, use
did not differ from availability (probably because of
relatively low sample size; n � 20). When adult and
female-poult roosts were combined, northerly aspects
were used less than expected and southerly aspects
were used more than expected (P � 0.01).

Turkeys roosted in 11 species of trees (Table 5).
Adult use of tree species was disproportionate to avail-
ability (P � 0.005), but female-poult flocks used spe-
cies as they occurred in stands (P � 0.50). Douglas-
fir and ponderosa pine (Pinus ponderosa) accounted
for �90% of adult roost trees, whereas 9 other species
were used infrequently: sugar pine (P. lambertiana),
incense-cedar (Calocedrus decurrens), white fir (Abies
concolor), western redcedar (Thuja plicata), Oregon
ash (Fraxinus latifolia), Oregon white oak, California
black oak (Q. kelloggii), bigleaf maple (Acer macro-
phyllum), and Pacific madrone. Only Douglas-fir was
used more than expected by adults (P � 0.05). Adult
turkeys roosted in white fir, white oak, and madrone
less often than expected and other species were used
in proportion to availability.

Female-poult flocks roosted in 7 species of trees
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Table 4. Characteristics of roost trees used by adult and female-poult Rio Grande wild turkey flocks, Douglas County, Oregon, 1989–
1991.

Variablea

Dense young conifer

Adult
(n � 351)

x̄ SE

Female-poult
(n � 21)

x̄ SE

Mature conifer

Adult
(n � 150)

x̄ SE

Female-poult
(n � 13)

x̄ SE

Hardwood/conifer woodland

Adult
(n � 24)

x̄ SE

Female-poult
(n � 5)

x̄ SE

Height (m) 31 0.4 26 1.6 40 0.9 32 2.4 28 1.9 21 4.2
Dbh (cm) 44 0.7 41 2.3 66 2.0 50 5.0 50 3.2 39 6.2
Age (yr) 87 1.6 81 3.1 154 7.8 117 9.8 118 14.0 80 5.4
LLL (m) 13 0.3 10 1.2 15 0.5 11 1.1 10 1.2 7 0.6
LDL (m) 6 0.2 6 0.8 9 0.5 7 1.4 6 1.1 4 1.0
Tree/site 10 2.1 3 1.2 5 0.9 2 0.2 2 0.4 1 0.3
Bird/site 16 3.3 10 2.3 9 2.1 7 1.2 5 1.2 4 1.9

a LLL � lowest live limb, LDL � lowest dead limb.

Table 5. Roost tree use by adult (n � 526 trees) and female-
poult (n � 39 trees) Rio Grande wild turkey flocks, Douglas
County, Oregon, 1989–1991.

Tree
species

Available
(%)

Adults

No.
trees

Selec-
tiona

Females with
poults

No.
trees

Selec-
tion

Douglas fir 68.9 408 � 27 0
Ponderosa pine 11.2 69 0 2 0
Sugar pine 2.7 19 0 0 0
Incense cedar 4.7 14 0 2 0
White fir 4.0 8 � 1 0
Otherb 1.9 5 0 7 0
Oregon white oak 3.3 2 � 0 0
Pacific madrone 3.2 1 � 0 0

a 0 indicates use in proportion to availability, � indicates greater use
than expected, and � indicates less than expected (P � 0.05).
b Other species included bigleaf maple, California black oak, Oregon
ash, and western redcedar. Red alder and western hemlock were
available but unused.

with Douglas-fir accounting for 70%. We did not ob-
serve female-poult flocks roosting in 4 species used
infrequently by adults (sugar pine, white oak, madro-
ne, and ash). However, female-poult use of some al-
ternate tree species (incense-cedar, western redcedar,
white fir, black oak, and bigleaf maple) exceeded use
by adults. We did not observe any turkeys roosting in
western hemlock (Tsuga heterophylla) or red alder
(Alnus rubra).

DISCUSSION

Habitat Use

Differences in cover types hampered direct com-
parisons of roost habitat use between Rio Grande tur-
keys in the southern Oregon Cascades and Merriam’s
turkeys in the northern Oregon Cascades (Lutz and
Crawford 1987). However, some aspects of roost hab-
itat use were similar for the populations. Mature mixed
conifer was used frequently by both populations, but
was used more than expected by Merriam’s turkey
flocks (75% of roosts, 14% availability) and less than
expected by Rio Grande turkey flocks (30% of roosts,
56% availability). Because tree-growth patterns dif-
fered between study areas, trees in many mature mixed

conifer stands described by Lutz and Crawford (1987)
were similar in size to trees in young mixed conifer
stands in Douglas County. Indeed, combined use of
young and mature conifer stands by Rio Grande tur-
keys (71%) was similar to use of mature conifer stands
by Merriam’s turkeys. Both populations avoided sap-
ling/pole stands, but use of mixed hardwood-conifer
forests differed. Relatively strong roost habitat selec-
tion patterns by Rio Grande turkeys contrasted with
findings for Merriam’s turkeys in South Dakota (Rum-
ble 1992).

Habitat Characteristics

Comparisons of roost characteristics among stud-
ies were difficult because of differences in variables
measured and geographic regions. Several differences
were apparent among roosts used by Rio Grande tur-
keys in Oregon and Merriam’s turkeys in Oregon (Lutz
and Crawford 1987) and Washington (Mackey 1984).
Canopy cover at Rio Grande turkey roosts (84%) was
greater than reported for Merriam’s turkeys (20–58%)
in other areas (Lutz and Crawford 1987, Rumble
1992). Height, dbh, and lowest living limbs of roost
trees used by Rio Grande turkeys were greater than
reported by Mackey (1984). By contrast, Merriam’s
turkeys in Washington roosted in stands with greater
basal area and lower canopy height (Mackey 1984)
than those used by Rio Grande turkey females. Values
for roost tree height and dbh in southwestern Oregon
exceeded those reported for Merriam’s turkeys in
South Dakota (Rumble 1992). Larger trees may have
been more available in our study area because of great-
er precipitation compared to more inland sites. Al-
though dbh and height to lowest living limb of roost
trees used by Rio Grande and Merriam’s turkey fe-
male-poult flocks in Oregon were similar, adult Mer-
riam’s turkey females in Oregon roosted in larger di-
ameter trees (Lutz and Crawford 1987) than those in
our study area.

Absolute values of roost characteristics differed
among areas, but some patterns of use were similar.
Within some mature conifer stands, female-poult
roosts used by both subspecies in Oregon were differ-
entiated from adult roosts in that they consisted of
smaller, younger trees with lowest living limbs closer
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to the ground. Although the same trend was evident
for Rio Grande turkey female-poult flocks, the rela-
tionship was not significant in cover types other than
mature conifer. We observed trends toward use of larg-
er than average trees by Rio Grande turkeys that were
consistent with reports for some Merriam’s popula-
tions. However, we did not discern strong selection for
the tallest trees available noted by Mackey (1984) and
Lutz and Crawford (1987). Rather, relative roost tree
size varied with cover type and social group. Adult
flocks roosted in larger dbh trees than those available
in the surrounding stand (i.e., 30 m away), but roost
trees used by female-poult flocks were not different
from surrounding trees. Similar trends were described
by Rumble (1992).

Compared with random sites in younger cover
types (dense conifer, hardwood-conifer woodland), Rio
Grande turkey adults roosted in stands consisting of
larger than average trees, but roost stands in mature
conifer cover types contained smaller than average
trees. Relatively lower tree densities in some devel-
oping younger stands may have led to development of
branch structures more conducive to roosting (partic-
ularly in dense, young conifer). A different pattern of
tree and stand development could explain roost tree
use patterns in dense mature conifer stands; smaller
trees might have branches better suited to roosting at
lower heights than very large trees that had undergone
high degrees of self-pruning during early stand devel-
opment. Porter (1992) stressed the importance of hor-
izontal branch structure for roosting and Rumble
(1992) felt that branch structure was more important
than tree diameter.

Because Rio Grande turkeys in this study did not
select the largest, oldest trees available, they may be
less sensitive to even-age timber management systems
than Merriam’s turkeys and may be able to better uti-
lize areas with larger amounts of medium/young forest
stands (�50 cm dbh and �110 years old) or stands at
the lower end of our large/mature classification. Con-
versely, stand selection within dense, young conifer
and hardwood-conifer woodland cover types indicated
turkeys used older stands with lower overstory tree
densities. Further, fragmentation of hardwood-conifer
woodlands, as measured by forested habitat within 0.3
km, may discourage use of this frequently used roost
habitat.

In contrast to Porter (1992), we observed selection
of southerly aspects and avoidance of north-facing
slopes for roosting. Mild winter climate in our study
area may ameliorate requirements for thermoregula-
tory protection afforded by northeasterly slopes, but
Merriam’s turkeys often roosted in exposed situations
(R. S. Lutz, Texas Tech University, personal commu-
nication), indicating that thermoregulatory needs may
be tempered by other factors. For example, north-fac-
ing slopes in our study area often supported denser
understory vegetation or deeper snow in winter that
may have discouraged wild turkey use.

Tree species with relatively low branches (e.g.,
maple) and smaller understory species (e.g., black oak)
on upslope sites probably provided easier access for

poults than taller canopy dominants. Female-poult use
of tree species in proportion to availability was con-
sistent with use of individual trees that were indistin-
guishable (height and dbh) from adjacent trees. Adult
Rio Grande turkeys in Oregon roosted in Douglas-firs
frequently (78%) and use exceeded availability. Mer-
riam’s turkeys in Washington roosted primarily in
Douglas-fir (Mackey 1984), whereas Merriam’s fe-
males in Oregon most often used ponderosa pine (Lutz
and Crawford 1987). However, these other researchers
did not report tree species use relative to availability.

MANAGEMENT IMPLICATIONS

Our research indicated that Rio Grande turkeys
may be able to use a wider variety of cover types for
roosting than Merriam’s turkeys in the Oregon Cas-
cades. Use of several cover types for roosting indicated
that Rio Grande turkeys may persist under a variety
of habitat conditions, including some not conducive to
Merriam’s turkey populations. We speculate that, in a
relative sense, Rio Grande turkeys are generalists com-
pared with Merriam’s turkeys and, therefore, recom-
mend that managers consider available habitat and
likely future land management scenarios before se-
lecting a subspecies for translocation. Rio Grande tur-
keys will likely fare better than Merriam’s turkeys in
relatively disturbed environments in the Oregon Cas-
cades. Esthetic and economic returns of translocation
programs will be enhanced by selection of subspecies
best suited to regional habitat conditions.

Only unforested cover types and sapling/pole
stands resulting from relatively recent perturbations
were virtually unused for roosting. Maintaining or in-
creasing areas of mixed hardwood/conifer habitats
(particularly oak woodland complexes) would ensure
availability of roost habitat as well as benefit other
wildlife.

Because dense mature conifer was avoided for
roosting, Rio Grande turkeys may exist in landscapes
dominated by relatively young forests (30–110 years
old and 23–50 cm dbh). Conversely, because wild tur-
keys use a variety of cover types for other life-history
needs (Keegan and Crawford 1997, 2001), very large
expanses of young, even-aged conifer stands typical of
some areas of western Oregon may preclude use by
wild turkeys. Further, we caution that average roost
trees were 50 cm dbh and 106 years old and, therefore,
at the upper limit of our ‘‘young’’ stand classification
criteria. Conifer stands in this age class exceed many
current harvest rotations. Lastly, dense, mature conifer
received heavy use for most components of turkey life-
history (ranked first or second for roost habitat, first
for summer habitat [Keegan and Crawford 2001], and
second for brood rearing [Keegan and Crawford
1997]). Therefore, we do not recommend reducing av-
erage stand age or extensive harvest of mature timber
as a means of increasing Rio Grande turkey numbers.
In order to meet the full range of habitat needs of wild
turkeys and other species, timber management plans
should incorporate appropriate juxtaposition and age
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classes of conifer stands over time and in relation to
other cover types.
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Abstract: State and provincial wildlife management agencies adjoining the Canadian/United States border are
faced with public interest for expanding wild turkey (Meleagris gallopavo) populations northward. This manuscript
reviews research on tolerance of wild turkeys for severe winter weather conditions and survival in northern climates
and suggests future research necessary for northern turkey introduction programs. A survey of northern state and
provincial wildlife agency biologists indicated that most agencies have successfully translocated wild turkeys north
of the ancestral limit and that the most important management concerns for northern turkeys were weather, food
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State and provincial wildlife management agencies
adjoining the Canadian/United States border are faced
with public interest for expanding wild turkey popu-
lations northward (Glines 2003). This presents an op-
portunity for wild turkey managers to continue to work
with the public on a successful program restoring wild
turkeys not only to the species’ ancestral range but also
introducing the species and turkey hunting into new
areas well north of the ancestral range. However, is-
sues and unanswered questions indicate a need for
careful planning and research before intensifying fu-
ture wild turkey expansion efforts into northern eco-
systems.

There was little discussion of expanding wild tur-
keys northward 20 years ago. At that time, a need for
northern wild turkey research was not apparent. In the
past decade we have advanced our knowledge on the
tolerance of this species for winter weather (Gray and
Prince 1988, Oberlag et al. 1990, Haroldson et al.
1998, Coup and Pekins 1999). However, there is a lack
of information regarding wild turkey ecology in north-
ern habitats that differ significantly from the traditional
turkey range, how winter severity impacts wild turkeys
at the population level, and effective management
techniques for northern wild turkey populations.

At the Eighth National Wild Turkey Symposium
in 2000, more than a dozen northern wild turkey bi-

ologists met informally to discuss northern wild turkey
management activities. The group began drafting ques-
tions for a survey of wild turkey management activi-
ties and populations in northern states and southern
provinces. The results of this survey are included in
this manuscript. We discussed the need for a confer-
ence focusing on northern turkey issues. The result
was the Northern Wild Turkey Workshop held in Jan-
uary 2003 (Kimmel et al. 2003). Information from this
workshop, which had more than 100 attendees and 34
presentations, is discussed.

In this manuscript, we review research on toler-
ance of wild turkeys for severe winter weather con-
ditions and survival in northern climates and suggest
future research necessary for northern turkey introduc-
tion programs. We provide information on current
wildlife management programs from a survey of
northern state and provincial wildlife agency biolo-
gists. Finally, we explore both the issues and oppor-
tunities facing wildlife managers who must balance
public requests to move wild turkeys northward with
implementing sound natural resources management
policies.

1 E-mail: richard.kimmel@dnr.state.mn.us
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NORTHERN WILD TURKEY
RESEARCH

Haroldson (1996) indicated that the northern limit
of wild turkey distribution is likely determined by in-
teractions of temperature, food availability (influenced
by snow cover), and habitat quality. However, pre-
dicting impacts of weather on turkey survival is dif-
ficult, because the different weather factors are seldom
in synchrony (Porter and Gefell 1996).

Turkeys can survive extreme winter weather con-
ditions in the existing range provided the birds are able
to find food (Porter et al. 1980, Haroldson et al. 1998,
Hamel et al. 2003). Some wildlife agencies, especially
in the northern turkey range, provide supplemental
feed, such as feeders and standing-corn food plots
(Austin and DeGraff 1975, Wunz and Hayden 1975,
Porter et al. 1980). Supplemental winter feeding for
wild turkeys has been reported as far south as Texas
(Thomas et al. 1973).

Haroldson (1996) noted that supplemental foods,
such as agricultural crops or livestock manure on
fields, are important for survival during periods of se-
vere winter weather in Minnesota. Austin and DeGraff
(1975) found that turkeys in New York used supple-
mental feeds during periods where snow depths ex-
ceeded 30 cm. Porter et al. (1980) noted survival was
higher in an area with corn food plots during severe
winter weather conditions in Minnesota. However,
Wunz and Hayden (1975) reported that turkeys starved
during winter when extended periods of deep snow
prevented foraging, even when supplemental food was
present. More recently, Kane (2003) observed that
some newly-transplanted turkeys in Minnesota starved
during a winter with deep snow even when released
close to standing corn food plots and feeders, appar-
ently because they did not find the supplemental food.
A relationship between survival of northern wild tur-
key populations and food from agricultural operations
is apparent. Roberts et al. (1995) suggested mixed ag-
ricultural/forest landscapes benefit wild turkeys ex-
posed to severe winters. Kane (2003) demonstrated a
positive relationship between survival of wild turkeys
north of the ancestral range and the presence of agri-
culture in forested landscapes. In contrast wild turkeys
translocated to a heavily forested area in northcentral
Wisconsin failed to survive (K. Warnke, Wisconsin
Department of Natural Resources, personal commu-
nication).

Haroldson et al. (1998) assumed that availability
of natural winter foods is inversely related to snow
depth. Starvation of turkeys during extended periods
of deep snow was observed in Pennsylvania (Wunz
and Hayden 1975), Minnesota (Porter et al. 1980,
Kane 2003), and Ontario (Nguyen et al. 2003). Roberts
et al. (1995) suggested that winter mortality among
adult females begins between 40–59 days of exposure
to prolonged deep snow (�25.4 cm) in New York.
Wright et al. (1996) noted that localized starvation in
Wisconsin occurred during a winter with 49 consecu-
tive days of deep snow and cold temperatures.

Low winter temperature extremes that turkeys en-

dure in the existing range are not life threatening, pro-
vided food is available for thermoregulation (Harold-
son et al. 1998). Lewis (1963) noted daily home range
in Michigan varied inversely with snow depth and di-
rectly with temperature. Haroldson et al. (1998) esti-
mated the lower critical temperature for wild turkeys
is 10.9�C and the lower lethal temperature is ��54�C.
Haroldson (1996), using predictive models to estimate
metabolic responses of wild turkeys to winter weather
in Minnesota, found that for every 10�C decrease in
temperature below 11�C, the cost of thermoregulation
increased by 60 kcal/day.

Except for the benefits of agricultural habitats,
there is little clear information on natural habitats that
may benefit wild turkey survival in the northern wild
turkey range. Lewis (1963) and Porter (1977) provided
descriptive information on winter habitat used by wild
turkeys. There has been some research on winter roost-
ing areas in Michigan (Lewis 1963), Rhode Island
(Kilpatrick et al. 1988), New Hampshire (Kilpatrick et
al. 1990), and Minnesota (Ermer et al. this volume).
As suggested by Kilpatrick et al. (1990) and Ermer et
al. (this volume), roosting areas, particularly conifers,
could provide thermoregulation benefits to turkeys
during periods of low winter temperatures accompa-
nied by high winds.

Turkeys respond behaviorally to winter weather.
However, no apparent physiological response to con-
serve body heat has been found (Haroldson et al.
2001). Porter (1977) found that turkeys in Minnesota
moved to wintering areas. Turkeys in New Hampshire
were observed to restrict movements and range, use
shelter, and shift to supplemental food when winter
severity increased (Coup and Pekins 1999). In Min-
nesota wild turkeys have been observed in and around
barns and machinery on farms in search for food dur-
ing severe winters (G. Nelson, Minnesota Department
of Natural Resources, personal communication).

Winter severity increases with elevation, just as
with latitude. However, there has been little research
on turkey survival as related to elevation. Austin and
DeGraff (1975) found lower survival rates during se-
vere weather for wild turkeys introduced into the
southern Adirondack Mountains in New York. During
winters with deep snow depths, turkeys moved to low-
er elevations and open southern exposure slopes where
snow was not as deep. Migration of turkeys to lower
elevations and areas with farms has been observed
during winter in South Dakota (Rumble and Anderson
1996, Lehman et al. 2003).

The impact of severe winter weather on hen con-
dition and reproductive potential the following spring
has been observed in related species (Gullion 1970).
Wild turkey recruitment potentially can be impacted
by winter weather. Porter et al. (1983) noted a strong
correlation between winter severity and reproductive
performance of females that survived to breed. Severe
winter weather was associated with reduced body con-
dition, hatching success, and recruitment. Gray and
Prince (1988) reported metabolic costs for thermoreg-
ulation below the lower critical temperature were
greater for female wild turkeys than for males.
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Fig. 1. Ancestral range, current range, and location of north-
ernmost release sites obtained from a 2004 survey of northern
wild turkey biologists.

It is becoming more apparent that turkeys’ toler-
ance for human contact increases when snow condi-
tions intensify the need for food. As human tolerance
increases, the potential for agricultural depredations
and urban turkey problems increases. Kulowiec and
Haufler (1985) reported wild turkeys in Michigan
moved to wintering areas on active farms following
the first snowfall. Winter movements to ranches and
farmsteads in South Dakota appeared to be influenced
by availability of natural foods and snow cover (Leh-
man et al. 2003). Moriarty and Leuth (2003) noted that
urban areas in Minnesota provide winter food and
shelter for wild turkeys resulting in a fast-growing tur-
key population that is tolerant of human activities. Ur-
ban turkey complaints to Minnesota Department of
Natural Resources staff in the Minneapolis/St. Paul
area have increased from an average of 2.3 complaints/
year from 1999–2001 to 15.7 complaints/year from
2002–2004 (B. Lueth, Minnesota Department of Nat-
ural Resources, personal communication). Gillespie
(2003) noted urban complaints in Manitoba resulted in
a trapping program to remove problem turkeys. Gruber
et al. (2004) reported 12.5% of respondents to a survey
(n � 40) reported negative human/turkey interactions
in northwestern Minnesota. Landowners expressed
concerns about turkeys at bird feeders, on decks, in
yards close to houses, turkeys blocking traffic, and ag-
gressive turkey behavior towards a young child.

SURVEY OF NORTHERN WILD
TURKEY BIOLOGISTS

A survey (Appendix A), initially conducted in
2002 (Krueger 2003) and updated in 2004, was mailed
to wildlife agency turkey biologists in the 11 states
and 7 provinces along the Canadian/United States bor-
der. Follow-up phone calls and/or e-mail messages
were sent to non-respondents. Responses were ulti-
mately received from all 18 states and provinces sur-
veyed in 2002 and 16 of 18 states and provinces in
2004.

Biologists were asked to indicate the northern
boundary where wild turkeys have been established at
least 5 years and identify their northernmost release
site (Figure 1). Wild turkey distribution has expanded
northward since 1999 (Tapley et al. 2001) and is well
beyond the ancestral range identified by Schorger
(1966) (Figure 1). Turkeys were found statewide in
New Hampshire, New York, and Vermont. Biologists
in Alberta, Manitoba, and Quebec felt that turkey dis-
tribution will not expand further north in their prov-
inces (Table 1). In Montana, turkeys were thought to
be at the northern limit, but are expanding to interior
areas of the state that were not previously occupied.
Nova Scotia was the only surveyed state/province
without an established wild turkey population.

Of 16 states and provinces with translocation pro-
grams, all have had successful releases north of the
ancestral limit, and 10 have had unsuccessful release
attempts as well (Table 1). Causes of unsuccessful re-
leases include harsh weather conditions and food lim-

itations. Eight of the surveyed agencies monitor winter
weather conditions for wildlife and 7 have northern
turkey research data available from within their state/
province (Table 1).

The northernmost wild turkey populations (estab-
lished at least 5 years) have generally originated from
birds within the respective state or province (Table 2).
Translocation was used to establish turkeys in 12
states/provinces, but turkey populations have also ex-
panded into northern areas on their own. Only Mani-
toba and Saskatchewan do not have a hunting season
on their northernmost population.

Turkey populations at the northernmost range are
found in a variety of habitats, including some with
minimal amounts of forested land. Agricultural habi-
tats were reported present in all northernmost areas,
and agricultural food sources (e.g., waste grain, corn
silage, feedlots, manure) were most often listed as the
major winter food source. Most agencies do not pro-
vide supplemental food for wild turkeys, although 5
reported having a wildlife food plot program. Only 4
agencies have not received wild turkey depredation or
nuisance complaints from the northernmost range.
However, most agencies indicated ‘few’ complaints
(Table 2). Biologists listed coyotes, great-horned owls,
and bobcats as major predators of northern wild tur-
keys.

The top 3 management concerns of surveyed bi-
ologists were weather, food availability, and habitat
limitations. When asked to identify the most important
limiting factor for northern wild turkeys, biologists rat-
ed weather and food equally. Other management is-
sues/problems included winter feeding, game farm
birds, depredation, and public pressure to transplant
birds into questionable habitat.

Agency plans for turkey range expansion and re-
search were also addressed in the survey (Table 3).
Thirteen agencies do not have a written plan for mov-
ing turkeys northward, and 13 are not intending to re-
lease turkeys north of currently existing populations.
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Table 1. Wild turkey release information, status of weather monitoring, and availability of northern turkey research data obtained
from a 2004 survey of northern wild turkey biologists.

State/Province
Turkeys reached

northern limit?

Successful releases
north of ancestral

line?

Unsuccessful
releases north of
ancestral line?

Agency monitor
weather conditions?

Research data
available?

Alberta Yes Yes No No No
British Columbiad No Yes Yes No No
Idaho Don’t know Yes Yes No Yes
Maine Don’t know Yes Yes Yes (for deer) No
Manitoba Yes Yes Yes Yes No
Michigan Don’t know Yes Yes Yes Yes
Minnesota No Yes No Yes Yes
Montana Yes Yes Yes No Yes
New Hampshire Yesa Yes No Yes Yes
New York Yesa Yes No No No
North Dakota No Yes Yes No No
Nova Scotia No Nob Yesc No No
Ontario No Yes No Yes Yes
Quebecd Yes None attempted None attempted No No
Saskatchewan Don’t know Yes Yes No No
Vermont Yesa Yes No Yes No
Washington No Yes Yes No Yes (limited)
Wisconsin Don’t know Yes Yes Yes No

a Turkeys present in entire state.
b No authorized releases to date.
c Illegal game farm releases.
d Did not respond to 2004 survey. Data shown is from 2002 survey.

Table 2. Information from the northernmost wild turkey populations (established at least 5 years) obtained from a 2004 survey of
northern wild turkey biologists.

State/Province Source of birds?
Expanded or
transplanted?

Hunting
season?

Forest type
(% forest)

Agriculture
present?

Food
provided

by agency?
Crop

complaints?

Turkey/
human

complaints?

Alberta Nebraska Transplanted Spring only Mixed (60%) Yes No Few Few
British Columbiaa Unknown Expanded Spring only Conifers (80%) Yes No None None
Idaho Unknown Transplanted Spring and fall Conifers (30%) Yes Yesb Several Few
Maine Within state Expanded Spring only Mixed (90%) Yes No Few Few
Manitoba Within province Both No Hardwoods

(50%)
Yes No None Few

Michigan Within state Expanded Spring and fall Mixed (80%) Yes Yesb Several Few
Minnesota Within state Transplanted Spring only Mixed (20%) Yes Yesb Few Few
Montana Hatchery eggs Transplanted Spring and fall Mixed (98%) Yes No Few Several
New Hampshire Within state Expanded Spring and fall Mixed (95%) Yes No None None
New York Within state Both Spring and fall Mixed (50%) Yes No Several Few
North Dakota Within state Both Spring and fall Hardwoods

(�5%)
Yes Yesb Few Several

Nova Scotia N/A N/A N/A N/A N/A N/A N/A N/A
Ontario Within province Transplanted Spring only Mixed (55%) Yes No Few None
Quebeca Unknown (no re-

leases)
Expanded Fall only Mixed (20%) Yes No None None

Saskatchewan Unknown Transplanted No Conifers (un-
known)

Yes No None None

Vermont Within state Both Spring only Mixed (94%) Yes Yesb Several None
Washington Wyoming and

South Dakota
Transplanted Spring and fall Conifers (50%) Yes No Many Several

Wisconsin Within state Both Spring and fall Mixed (�65%) Yes No Few Few

a Did not respond to 2004 survey. Data shown is from 2002 survey.
b Food plots and/or corn seed for planting food plots was provided.

The remaining agencies are planning limited releases,
will decide on a case by case basis, or do not know
the status of future northern releases. Similarly, 13
agencies do not have a policy or plan for providing
winter food for wild turkeys, even though food avail-
ability was a common concern among biologists for
northern turkey survival. Most agencies reported that
they receive either light or moderate public pressure
for northern expansion of wild turkeys. Conversely, 10

agencies reported some opposition to expansion. Sev-
enteen agencies reported a need for more northern tur-
key research, but only 8 have research projects under-
way or planned (Table 3).

ISSUES AND OPPORTUNITIES
We classified discussion regarding wild turkey

management in northern latitudes into 4 general cate-
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Table 3. Agency policies and plans for wild turkey expansion, providing winter food, pressures related to expansion, and future
research outlook. Information was obtained from a 2004 survey of northern wild turkey biologists.

State/Province

Policy/plan
for

expansion?

Planning
northern

releases?

Policy/plan
for providing
winter food?

Public
pressure to

expand?
Opposition to
expansion?

Future
research
planned?

Is research
needed?

Alberta No No No Light Light No Yes
British Columbiaa No No No Light None No Yes
Idaho Yes No Yes None Light No Yes
Maine Yes Limited No Moderate None No Yes
Manitoba No Limited No Light None Yes Yes
Michigan No No No Moderate Light Yes Yes
Minnesota Yes Limited No Moderate Moderate Yes Yes
Montana Yes No Yes Light Light No Yes
New Hampshireb No No No Light None Yes Yes
New Yorkb No No No None None Yes Yes
North Dakota No No No Light None No Yes
Nova Scotia No No No Moderate Moderate No Yesc

Ontario No Unknown No Moderate Light No Yes
Quebeca No No No Light Moderate Yes Yes
Saskatchewan No No No None None No No
Vermontb No No Yes None None Yes Yes
Washington No No Yes Moderate Moderate No Yes
Wisconsin Yes Case by case Yes Light Light Yes Yes

a Did not respond to 2004 survey. Data shown is from 2002 survey.
b Turkeys occupy entire state.
c Research is needed if wild turkeys ever get released in Nova Scotia.

gories: (1) wildlife management opportunities and is-
sues, (2) ecosystem considerations, (3) economic op-
portunities and issues, and (4) the potential for in-
creased recreation. These categories are interrelated,
and we made no attempt to discuss any one without
considering the others.

Wildlife Management

Introducing wild turkeys into new areas can be an
exciting challenge for wildlife management. However,
some wildlife managers expressed concerns about new
management demands resulting from northern turkey
releases. These demands become problems for wildlife
management offices that are already short of money
and staff. Adding any new species, program, or hunt-
ing season requires additional attention from wildlife
managers and can deplete resources needed for other
important wildlife management programs. Also, ques-
tions about management of wild turkeys in northern
habitats remain unanswered: what survival rates
should be expected for turkeys in northern hardwood/
conifer habitats, can wildlife managers alter habitats to
enhance turkey survival, and is supplemental feeding
required?

Expanding wild turkey populations northward pro-
vides an opportunity for wildlife managers to continue
work with the public on a successful program restoring
wild turkeys to their ancestral range and beyond. How-
ever, there are several issues related to expanding pop-
ulations: (1) it is unknown if wildlife management
techniques currently used for wild turkeys in northern
habitats will be effective further north, (2) there is po-
tential for the public to demand winter feeding pro-
grams for northern wild turkeys, (3) disease problems
could result from concentrating birds at winter feeding
sites, (4) there could be additional demands on limited
wildlife management budgets and staff time, (5) north-

ern wild turkeys may increase depredation and urban
nuisance complaints, and (6) forest management for
wild turkeys may not be compatible with current man-
agement practices for existing species in northern lat-
itudes (e.g., early succession forest management for
ruffed grouse [Horton 2003]).

The Ecosystem

Ecologists, conservationists, and wildlife manag-
ers recognize that there can be ecological consequenc-
es when introducing any exotic species, such as wild
turkeys, into an area where the species has not existed
in the past. If we view an ecosystem as a complex
system of living organisms that are interrelated, adding
any new organism to this mix will alter the balance in
ways that may not be immediately obvious. History
has demonstrated that many exotic species have caused
huge problems, even if unintended and unexpected.
Elton (1958) reviews problems from various invasive
species, problems he refers to as ‘‘ecological explo-
sions.’’ Ring-necked pheasants (Phasianus colchicus)
have negatively impacted other North American game-
birds in a variety of different ways (Kimmel 1988).
For wild turkeys we have a history of more than a
half-century expanding the wild turkey range usually
relatively short distances from the ancestral range and
usually within North America. The only species
thought to be negatively impacted at this time is the
human species. However, there is concern for impacts
on other species, especially as turkeys are moved into
different plant associations with a different group of
native wildlife. What are the costs to society to correct
potential ecological problems that might result from
northern turkey introductions? However, ecosystems
have changed since the European settlement of North
America and management for the ‘pristine’ presettle-
ment condition may not be reasonable or appropriate.
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Agriculture has created a stable source of winter food,
which has made northern expansion of the wild turkey
range possible.

A potential opportunity of expanding populations
is that wild turkeys add diversity to a northern eco-
system. However, there are several issues related to
expanding turkey populations and the ecosystem: (1)
the potential impacts of wild turkeys on northern na-
tive flora, fauna, and their ecosystem relationships are
unknown, (2) the potential for wild turkeys to alter
northern ecosystems is unknown, and (3) the suitabil-
ity of winter weather and non-traditional habitats for
wild turkey populations is unknown.

Economics

Expanding wild turkey range may provide in-
creased economic opportunities. Money raised by con-
servation/sport hunting groups can increase when con-
servation groups can expand into new areas. However,
whether new money is generated or just shifted from
one group to another is unknown. Expanding wild tur-
key populations northward would increase potential
public interest in fundraisers and memberships for
groups like the National Wild Turkey Federation
(NWTF). Money raised by NWTF provides critical
support for wild turkey research and management.
Also, increased license revenues for wildlife manage-
ment agencies are created by expanding wild turkey
hunting opportunities. Baumann et al. (1990) identified
significant economic inputs from spring wild turkey
hunting. However, negative economic impacts from
expanding wild turkeys northward may also be pos-
sible, because of increased demands on wildlife man-
agement budgets, shifting money and other resources
away from native species, and potential exotic prob-
lems.

Expanding wild turkeys northward can provide the
opportunity for increased revenues from conservation
fundraisers and hunting seasons. However, there are
issues related to turkey translocations and economics:
(1) expanding wild turkeys northward could result in
increased demands on wildlife management budgets
for wild turkey management activities, potential dep-
redation and urban problems, and staff time, and (2)
potential wild turkey damage to ecosystems may be
expensive to correct.

Recreation

Turkey hunting has expanded as wildlife managers
restored wild turkeys to their original range and be-
yond. There are many thousands of hunters in North
America looking for more turkey hunting opportuni-
ties. In spring 2004 in Minnesota, there were approx-
imately 45,000 applicants for about half that number
of spring turkey hunting permits. Hence, NWTF mem-
bers and other sportsmen are asking for turkey releases
north of the current population (Glines 2003).

Expanding wild turkeys northward may result in
increased hunting and viewing opportunities. However,
there are potential issues which include: (1) landowner
tolerance of another hunting season in northern lati-

tudes is unknown, (2) turkeys in northern latitudes
may not develop or maintain populations that would
withstand hunting, and (3) turkeys in northern latitudes
may become exotic pests that reduce recreational op-
portunities for native species.

FINAL COMMENTS

The success of wildlife managers in restoring wild
turkeys to their original range and then expanding that
range has been impressive. Wildlife managers have
successfully established populations to levels that pro-
vide hunting opportunities throughout the ancestral
range. Today wild turkeys have been established in
areas where they apparently never existed in the past
and excited the public with hunting and viewing op-
portunities. It is not surprising that the public asks for
more releases in areas, such as northern latitudes,
where few thought turkeys would exist just a few de-
cades ago.

Over and over again, wild turkeys have proven
their resiliency to thrive in areas previously considered
inadequate. Turkeys have proven that, once established
in an area, they can continue to expand to places where
few wildlife professionals expected them to survive.
In his keynote address for the Eighth National Wild
Turkey Symposium in 2000, John B. Lewis noted how
the wild turkey experts of the 1970s questioned deci-
sions to move turkeys into mixed forest/agricultural
areas, which today support high wild turkey popula-
tions and successful hunting seasons. Lewis (2001)
noted that turkeys adapting to agricultural habitats was
one of the biggest surprises of the turkey restoration
program. Today, research results indicate that food
provided by agriculture may be the key to survival of
turkeys in northern latitudes. It is interesting that the
forest/agricultural landscapes that concerned wildlife
professionals in more southern latitudes 30 years ago,
might enable northern expansion of wild turkey pop-
ulations in the current century. On the other hand, hab-
itat generalists such as wild turkeys possess potential
to displace native species. While negative impacts on
native species have not been documented during the
decades that wildlife managers have been translocating
wild turkeys, a possibility for negative impacts does
exist.

It is plausible that a speaker at a future National
Wild Turkey Symposium may reflect on our efforts to
move turkey populations further north as an opportu-
nity that we took advantage of with great success, the
beginning of an ecological disaster, or an effort that
didn’t succeed, wasting resource dollars and wildlife
managers’ energies.
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Appendix A. Survey instrument used in 2002 and 2004 for a survey of wildlife agency turkey biologists in the 11 states and
7 provinces along the Canadian/United States border.

NORTHERN WILD TURKEY MANAGEMENT SURVEY

Name/Title:

State or Province:

PART I—WHERE WE ARE NOW:

1) On the attached map (see page 6), draw the proven northern boundary of current wild turkey distribution in your state/province (i.e., where
wild turkeys have been established at least 5 years).

2) In your opinion, does the boundary in question 1 represent the northern limit for wild turkeys to survive?
Yes No Don’t Know

3) Where is the northernmost wild turkey release in your state/province? (mark on the attached map on page 6)
What is the closest town?

4) Have there been successful wild turkey releases (i.e., resulting in a breeding population) north of the ancestral northern limit in your state/
province? (refer to ancestral range map on page 7) Yes No

IF YES: Are the released turkey populations expanding on their own? Yes No Don’t Know
Do these populations require managed food plots and/or winter feeding for survival?
Yes No Don’t Know

5) Have there been unsuccessful wild turkey releases (i.e., not resulting in a breeding population) north of the ancestral northern limit in your
state/province? (refer to ancestral range map on page 7) Yes No

IF YES: What were the apparent causes of the unsuccessful release(s)? (check all that apply)
Harsh weather conditions Habitat limitations
Food limitations Predators
Other (please describe):

6) Does your agency monitor winter weather conditions (ex., winter severity index)? Yes No
IF YES, please describe what measurements are taken.

7) Do you have research data available on wild turkeys transplanted north of the ancestral line in your state/province?
Yes No

IF YES: What type of research? (check all that apply)
Survival/Mortality
Habitat Use/Selection
Movements
Reproduction
Other (please describe):
When was the research conducted?
Briefly describe results or provide a copy of a research report(s) or abstract(s) along with the survey.

8) Please answer the following questions based on your Northernmost wild turkey population that has been established at least 5 years:
a) What is the latitude?
b) Closest town?
c) Source of birds?
d) Did the turkeys expand into the area on their own or were they transplanted? Expanded Transplanted

When were the turkeys first detected or transplanted?
e) Is there a hunting season? Yes No

If yes, when is the season? Spring only Spring and Fall
f) What is the predominant forest type? Hardwoods Conifers Mixed Hardwood/Conifer
g) What percentage of the habitat is forest? %Forest %Other (Describe):
h) Is agriculture present? Yes No

If yes, what types of crops?
i) What are the major winter food sources for wild turkeys in the area?
j) Does your agency provide food plots in the area? Yes No
k) Does your agency provide food for winter feeding of wild turkeys in the area? Yes No
l) How many annual complaints does your agency receive of wild turkeys damaging crops in the area?

None Few Several Many
m) How many annual complaints does your agency receive of wild turkey/human interactions in the area?

None Few Several Many
n) What are the major predators of wild turkeys in the area?



272 Turkeys on Their Northern Range

Appendix A. Continued.

9) What are your management concerns and/or problems in the northern wild turkey range? (check all that apply)
Habitat limitations
Weather conditions
Food availability
Depredation
Predation
Public pressure to transplant northward
Pen-raised (game farm) turkeys
Winter feeding
Turkey management diverting funds from other wildlife management programs
Turkeys may impact other wildlife species
Other (please describe):

10) In your opinion, what parameter(s) best describes the northern limiting factor for wild turkeys?

PART II—WHERE ARE WE GOING?

1) Does your agency have a written policy/plan for moving wild turkeys northward? Yes No

IF YES, please briefly describe or provide a copy of the policy/plan with the completed survey.

2) What are your agency’s plans for wild turkey releases north of currently existing populations for the next 5 years?
No releases Limited releases As many releases as possible
Comments:

3) Does your agency have a written policy/plan for providing winter food for wild turkeys? Yes No

IF YES, please briefly describe or provide a copy of the policy/plan with the completed survey.

4) How much public pressure does your agency receive for continued northern expansion of wild turkeys?
Heavy Moderate Light None

IF PRESSURE is received:
Is a formal group(s) requesting releases? Yes No
If yes, what group(s)?
Where is the public requesting birds? (location, habitat, etc.)

5) How much opposition does your agency receive from ecologists, wildlife managers or the public for continued northern expansion of wild
turkeys? Heavy Moderate Light None

IF OPPOSITION is received, what are the reasons for their concerns? (check all that apply)
Habitat limitations
Weather conditions
Food availability
Depredation
Predation
Public pressure to transplant northward
Pen-raised (game farm) turkeys
Winter feeding
Turkey management diverting funds from other wildlife management programs
Turkeys may impact other wildlife species
Other (please describe):

6) Is there future wild turkey research planned for your state/province? Yes No

IF YES, what type of research? (check all that apply)
Survival/Mortality
Habitat Use/Selection
Movements
Reproduction
Other (please describe):
When is the project(s) expected to start?
Who will lead the research?

7) What are the research needs for northern wild turkey populations in your state/province? (check all that apply)
No research needed
Survival/Mortality
Habitat Use/Selection
Movements
Reproduction
Other (please describe):
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Abstract: Northern populations of eastern wild turkeys (Meleagris gallopavo sylvestris) extend beyond their
historic northern range and are exposed to longer, more extreme winter conditions than ancestral populations.
Winter mortality is a common management concern, and survival is a function of energy balance that is influenced
primarily by snow depth and condition that dictate use and availability of forage, mobility, and activity. The winter
bioenergetics of northern populations were examined by reviewing standard and maintenance energy requirements,
forage use and nutrition, body condition, activity and behavioral adaptations, and field metabolic rate. Nutritional
value of winter diets is inversely related to snow depth with ground diets dominated by acorns or corn of highest
metabolizable energy. Shrub and tree/seep diets typically eaten during periods of food restriction require 3 times
higher intake than ground diets to meet daily energy demands. Effective thermoregulation, substantial body fat,
and low field metabolic rate (FMR) are physiological adaptations for energy conservation, particularly during
periods of restricted food availability and negative energy balance. In such situations adult hens have survival
advantage over juvenile hens due to more body fat and lower FMR (kJ/kg/d). Use of available supplemental food
is predictable and a function of energy balance that is strongly influenced by snow conditions that reduce quantity
and quality of forage. The persistence and stability of many northern populations of wild turkeys may depend on
their use of supplemental food during winter. The potential for management conflict exists as biologists attempt
to restrict purposeful feeding of game species.

Proceedings of the National Wild Turkey Symposium 9:273–280
Key words: behavior, bioenergetics, energy, fat, field metabolic rate, food, Meleagris gallopavo sylvestris, nutri-
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The successful restoration of the eastern wild tur-
key in the northeastern United States and the Great
Lakes region has produced productive and, for the
most part, persistent populations that exist well beyond
their historic northern range (Wunz and Pack 1992).

This range expansion occurred because of change in
forest habitat, agricultural influences, active manage-
ment programs, and the adaptability of wild turkeys.

1 E-mail: Pete.Pekins@unh.edu
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Thus, turkeys at the fringe of their northern range are
exposed to longer, more extreme and variable winter
conditions than historical populations. Effective man-
agement of northern populations requires knowledge
and understanding of bioenergetics because winter se-
verity, particularly prolonged, deep powder snow, is
often directly related to winter mortality and geograph-
ic range (Healy 1992b, Kubisiak et al. 2001). The in-
fluence of winter on survival of wild turkeys can be
examined from a bioenergetic perspective that extends
to nutrition, activity, condition, thermoregulation, and
energy balance. The intent of this paper is to sum-
marize and demonstrate uses of winter bioenergetic
data to aid management of northern populations of
eastern wild turkeys.

LITERATURE REVIEW

Food Habits and Nutrition

Wild turkeys are best adapted for ground foraging
that is often compromised by snow conditions in
northern habitats; thus, their winter diet and intake
varies regionally and temporally. Their winter diet
ranges from highly variable (�20 species at least 1%
volume; Korschgen 1967) to severely restricted (e.g.,
entirely corn; Porter et al. 1980, Timmins 2003).
Ground, shrub, and tree forage have all constituted
�10% of the winter diet including acorns (Quercus
spp.), field corn, grasses and sedges, sensitive fern
(Onoclea sensibilis), beechnuts (Fagus grandifolia),
cherries (Prunus sp.), sumacs (Rhus sp.), ferns and
mosses, and wild grapes (Vitis sp.). Agricultural and
woodlot habitats provide greater forage diversity than
forestland, particularly persistent tree and shrub fruits
above snow (e.g., barberry [Berberis sp.], rose hips
[Rosa multiflora], apple [Malus sp. and Cratageus
sp.]). Specialized habitats such as seeps, streams, and
steep slopes often provide key forages (e.g., green veg-
etation, invertebrates, seeds, fern spores) when mobil-
ity is restricted (Porter 1992, Wunz and Pack 1992).

Distinction between forested, agricultural, and
woodlot (forested-agricultural-suburban mix) habitats
is necessary to evaluate forage use and availability rel-
ative to energy balance. Acorns are considered the
dominant winter food in forestland, although beech-
nuts are as important in certain areas and years
(Korschgen 1967). The importance of beechnuts prob-
ably increases latitudinally as beech replaces oak as
the dominant hard mast producing species in northern
forests. Corn is as important as hard mast in agricul-
tural areas (Porter et al. 1980, 1983; Vander Haegan
et al. 1989; Healy 1992b). However, a key difference
is that standing/waste corn usually provides a stable,
concentrated forage source (Porter et al. 1980) often
attracting dense, local populations (Healy 1992a),
whereas mast availability fluctuates with annual pro-
duction and snow condition. Turkeys with access to
corn in agricultural habitats had higher over-winter
survival than turkeys in forestland during extreme
winters in Minnesota (Porter et al. 1980), Massachu-
setts (Vander Haegan et al. 1989), and Vermont (Hay-

den 1980). Conversely, populations receiving supple-
mental food in forested and woodlot habitats main-
tained energy balance in a severe winter in New
Hampshire, whereas an agricultural population using
manure had a negative energy balance (Hamel 2002).
The use, influence, and dependence of northern pop-
ulations on inadvertent (e.g., backyard birdfeeders, si-
lage pits) and purposeful supplementary feeding (e.g.,
feeding stations) present challenges to traditional as-
sessment of habitat carrying capacity and winter se-
verity (Hamel 2002, Timmins 2003).

The nutritional value of 8 common winter foods
was measured in mixed diets fed to captive turkeys
(Decker et al. 1991). Diets were constructed to simu-
late 3 conditions of forage availability/snow condi-
tions: complete access to ground forage (acorn/corn-
dominated diets), moderate access to ground forage
(fruiting shrub-dominated diets), and restricted access
to ground forage (tree/seep-dominated diets). The di-
gestibility of all diets was high (65–84% of gross en-
ergy, 3.1–4.0 kcal/dry g matter), intake was inversely
related to dry matter content, and turkeys maintained
body weight on all diets at 80% of stable intake. The
ground forage diets (acorn/corn) provided highest me-
tabolizable energy (ME) with lowest intake. Fruiting
shrub diets were ranked midway on a relative nutri-
tional scale. Although the seep diet (sensitive fern) had
the lowest ME and required the highest intake, it was
high in protein. A turkey would need to triple its intake
(wet weight) of the shrub and tree/seep diets to provide
the ME equivalent of the ground diet.

Overall, the Decker at al. (1991) study indicated
that nutritional value of winter diets declines as snow
depth restricts mobility and availability of preferred
ground forage. Of consequence to energy balance and
nutrition of northern populations is that the absolute
availability and density of fruiting shrubs and seeps
will vary locally, particularly given restricted mobility,
yet without ground forage, gross intake must increase
to maintain energy balance. Thus, although any mixed
diet could theoretically meet energy needs, the rela-
tionship between food availability and mobility will
largely determine the actual nutritional value available
on the landscape. For example, Wright et al. (1996)
reported starvation in Wisconsin when deep snow re-
stricted movement, despite available forage within
one-half mile.

Much restoration and success of northern turkey
populations, especially beyond their historic range, has
been linked to dairy farms because of the availability
of waste corn in fields and spread manure during win-
ter (Wunz 1992, Wunz and Pack 1992, Kubisiak et al.
2001). Ironically, new practices in manure storage
have reduced spread manure on many dairy farms dur-
ing winter. Recent observations indicate that turkeys
are increasingly feeding in large numbers in silage pits
and feeding yards that provide concentrated food
sources (Timmins 2003). Turkeys transplanted in cen-
tral Ontario failed to use manure in winter and Nguyen
et al. (2003) suggested that habitat structure and fa-
miliarity be considered in introduction efforts.

Large flocks (�150 birds) are now common on
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farms in northern New Hampshire where winter sur-
vival was near 100% despite �65 cm snow depth for
2 months (Timmins 2003). Survival of marked birds
using backyard supplemental food in northern New
Hampshire was also 100%, despite snow depth �50
cm for �30 days (Hamel 2002). Not surprisingly, both
movement and daily energy expenditure were low for
birds using supplemental food (Coup and Pekins 1999,
Hamel 2002). Clearly, assessment of nutritional car-
rying capacity must account for behavioral adaptations
by wild turkeys to exploit new food resources that are
increasingly important for their energy balance and
survival in northern areas where non-agricultural for-
age is predictably limited by snow depth. Furthermore,
the tendency of wild turkeys to depredate agricultural
foods when natural forage is unavailable raises man-
agement issues that should be addressed prior to trans-
locating turkeys into new range.

Activity: Roost Sites and Movement

Eastern wild turkeys presumably select or have af-
finity to roost in conifers during winter (Bailey and
Rinell 1967, Gray 1986, Kilpatrick et al. 1988, Vander
Haegan et al. 1989). Large white pines (Pinus strobus)
with horizontal, open branching are used most often
in New England. Structure, rather than species, prob-
ably influences use on a regional basis as hemlock
(Tsuga canadensis) is also used commonly in the
northeast (Healy 1992a, Porter 1992). The proximity
of roost trees to open water has been noted in forested
areas (Kilpatrick et al. 1988, 1990), but open water is
probably not a strict requirement, rather, roost trees are
associated with forage in nearby seeps and streams.
Similarly, roost trees in agricultural habitat are usually
proximate to fields with waste corn, manure, or stored
silage (Porter et al. 1980, Vander Haegan et al. 1989,
Timmins 2003).

Coniferous roost sites provide energy-saving mi-
crohabitats by reducing wind speed and radiative heat
loss, as shown with other galliforms such as ruffed
grouse (Bonasa umbellus; Thompson and Fritzell
1988) and blue grouse (Dendragapus obscurus; Pekins
et al. 1997). However, winter roosting in deciduous
trees is not uncommon in the northeast (Healy 1992a,
Coup and Pekins 1999). The necessity of coniferous
roost trees, particularly in dry, low wind conditions,
seems questionable given the thermoregulatory ability
of eastern wild turkeys (Oberlag et al. 1990, Coup and
Pekins 1999), and their use may reflect weather and/
or resource conditions. The energetic value of large
conifers and their proximity to forage is probably most
important in northern habitats where mobility and food
availability are inversely related to snow depth (Wunz
and Pack 1992).

Mobility and daily movement are dictated by snow
depth and condition. Powder snow hinders mobility at
15–20 cm, and �30 cm can prevent movement (Austin
and DeGraff 1975, Healy 1992a). Starvation occurred
in Pennsylvania when snow depth was �30 cm for �2
weeks (Wunz and Hayden 1975, Wunz 1981, Healy
1992b), in Wisconsin when deep snow persisted for 49

days (Wright et al. 1996), and in New York at 40–59
days with prolonged deep snow (Roberts et al. 1995).
Close proximity of roost trees and forage is ideal dur-
ing periods of restricted mobility and food availability
(Porter et al. 1980, Vander Haegan et al. 1989, Wunz
and Pack 1992, Roberts et al. 1995). Home range and
movement decline with restricted mobility (Healy
1992a). Home range and daily movements of flocks
accessing supplemental food in New Hampshire were
only 12 ha and �500 m, respectively, in a severe win-
ter; corresponding values in a snowless winter were
about 10 times larger (Hamel 2002). To access sup-
plemental food in deep powder snow, 1 flock created
packed, single-file trails similar to those made by win-
tering deer to reduce their energetic cost of travel.

Body Weight and Condition

The average body weight of wild turkey hens cap-
tured during winter in Massachusetts and New Hamp-
shire ranged from 4.0–4.4 kg for adults and 3.3–3.8
kg for juveniles (Vander Haegan et al. 1989, Coup and
Pekins 1999, Hamel 2002); hens in Minnesota were
considerably larger (adults: 4.2–5.7 kg; juveniles: 3.7–
4.8 kg); however, they lost appreciable weight (�20%)
between captures (Porter et al. 1980). Juvenile hens
lose weight faster than adult hens when food is re-
stricted. Over 18 days with limited availability of ma-
nure, juvenile hens lost 11–17% and adults 9–10% of
body weight in New Hampshire (Hamel 2002). Re-
covery from 30% weight loss is possible with re-
sumption of intake at moderate levels (Hayden and
Nelson 1963).

Wild turkeys maintain 15–20% body fat in winter
(Bailey and Rinell 1967), Coup and Pekins 1999, Ha-
mel 2002) that is critically important during extended
periods of restricted food availability. This physiolog-
ical adaptation is uncommon to most northern galli-
forms that typically maintain about 5% body fat and
rarely face winter forage restriction (Thomas et al.
1975, Bergerud and Gratson 1988).

Based on estimates calculated from total body wa-
ter measured with doubly labeled water, body fat is
positively related to body weight in adult hens (Hamel
2002; Equation 1):

2R � 0.59, P � 0.05;

body fat (g) � 571.3 � (kg body weight) � 1696. (1)

This relationship indicates that body fat in adult
hens more than doubles absolutely (about 300 to 875
g) and proportionally (9 to 19%) as body weight in-
creases from 3.5 to 4.5 kg. Conversely, hens weighing
�3.0 kg have minimal body fat. Research with captive
hens indicates that body fat falls below a critical
threshold of �5% body fat for adult hens weighing
2.5–2.7 kg (P. Pekins, University of New Hampshire,
unpublished data); Hayden and Nelson (1963) sug-
gested that hens could endure 30% weight loss and 2.0
kg (0% body fat based on Equation 1) was a critical
starvation weight.

Although no similar statistical relationship was
found with juvenile hens, a similar trend existed and
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more importantly, juvenile hens were smaller and had
less body fat than adults (Coup and Pekins 1999, Ha-
mel 2002). Average percent body fat measured in hens
during 4 winters in New Hampshire ranged from 13–
19% in adults and 11–14% in juveniles. The energy
available from this body fat was equivalent to an es-
timated 13–22 days of the adult energy requirement
and 12–13 days of the juvenile energy requirement
(Coup and Pekins 1999, Hamel 2002). The 12–13 days
of energy associated with body fat of juveniles is sim-
ilar to the 2-week estimate commonly associated with
onset of winter mortality during periods of complete
food restriction (Healy 1992b, Wunz and Pack 1992).
Because juveniles are smaller and have proportionally
less body fat than adults, they are at greater risk of
malnutrition and starvation. Not surprisingly, the mor-
tality rate of juvenile hens was higher than adults in
flocks with restricted food availability in Minnesota
(Porter et al. 1980). These data indicate that turkeys
rely on fat storage to endure periods of food restric-
tion, and the duration of restriction causes differential
mortality rates because of age-related, physiological
differences.

Energy Requirements, Thermoregulation, and
Existence Metabolism

The standard metabolic rate (SMR; energy expen-
diture of a non-stressed, inactive, post-absorptive bird
at thermoneutral temperature) and thermoregulatory
energy costs are baseline data required to evaluate ba-
sic temperature-energy expenditure relationships of
wild turkeys, and more importantly, are essential to
partition and evaluate their daily energy budget. Four
studies (Gray and Prince 1988, Oberlag et al. 1990,
Haroldson et al. 1998, Coup and Pekins 1999) de-
signed to provide these data produced highly variable
results: 20–30% difference in SMR and a range of
�15 to 10�C for the lower critical temperature in win-
ter (Tlc; temperature below which metabolic rate ex-
ceeds SMR to maintain homeostasis). However, there
was similarity (�10% range in reported values) among
the studies with regard to metabolic rate measured at
0 to �20�C, ambient temperatures most commonly ex-
perienced by northern populations.

Because SMR and thermoregulation are required
to explain and model energy balance of wild turkeys,
I chose to use data from the lab at the University of
New Hampshire. The SMR values of adult and juve-
nile hen turkeys used in this paper were 0.461 (Ob-
erlag et al. 1990) and 0.511 mL O2/g/hr (Coup and
Pekins 1999), respectively, with an energy equivalent
of 19.6 kJ/L O2. It was further assumed that no ther-
moregulatory costs were incurred by free-ranging tur-
keys above �10�C. The justification for using these
data is described below.

Only our SMRs were similar to that of domestic
turkeys (MacLeod et al. 1985) and within 10% of
SMR predicted from allometric equations (Robbins
1993). Two separate studies in New Hampshire (Ob-
erlag et al. 1990, Coup and Pekins 1999) produced
similar results; food consumption of captive turkeys

was not related to Ta from �10 to 5�C (Coup and
Pekins 1999) as would be predicted if turkeys were
thermally stressed ��5�C, and we found that the SMR
of juvenile hens was about 10% higher than that of
adult hens, an age-specific result common to most met-
abolic studies. Further, if the fall and winter Tlc were
well above mean seasonal Ta in northern regions, as
reported by Gray and Prince (1988) and Haroldson et
al. (1998), the winter energy budget would be domi-
nated by thermoregulatory costs, an unlikely scenario
for large birds (Robbins 1993, and related behavior
[e.g., constant use of sheltered roosts]).

Existence metabolism (EM) is defined as the me-
tabolism of a fed turkey that maintains body weight
(�3%; Gessaman 1987), and provides an estimate of
daily energy expenditure that includes thermoregula-
tion and minimal activity. The EM of 4 juvenile hens
in large cages was measured during winter by mea-
suring their metabolizable energy intake (MEI) of
grain and fecal production in 5-day periods (Coup and
Pekins 1999). The mean EM was 365�17 kJ/kg/d or
about 1.4 � SMR. Existence metabolism was not cor-
related with Ta (range of �10 to 3�C) and daily con-
sumption was about 90 g grain. Subtracting EM from
the daily energy budget of a free-ranging bird would
identify additional energy costs associated with free-
ranging activity and environmental influences.

Energy Balance and Field Metabolic Rate

Energy balance is achieved when daily energy
(food) intake equals daily energy expenditure. Weight
loss indicates negative energy balance, and the rate of
weight loss is a function of the relative proportions of
food and tissue energy used to meet energy expendi-
ture. Daily energy expenditure is the sum total of en-
ergy costs associated with all phases of life, and was
originally estimated with time-activity budgets devel-
oped from winter observations of free-ranging turkeys
(Gray 1986); simultaneous comparison with data of
captive turkeys indicated that the budgets were under-
estimated.

An alternative to using time-activity budgets is the
doubly labeled water method which provides measure-
ment of carbon dioxide production of free-ranging an-
imals over extended periods (days), as well as an es-
timate of body condition (body fat) from measurement
of total body water at capture. Carbon dioxide pro-
duction is converted to its energy equivalent and re-
ferred to as FMR; partitioning of FMR into propor-
tional costs of activity/time/energy source is possible
with other data. This technique offers tremendous po-
tential to analyze the interrelationships of weather, en-
vironmental conditions, food availability, behavior,
and physiology affecting energy balance.

The ratio of FMR:SMR identifies the proportion
of energy costs above minimum (SMR). Typical an-
nual FMR:SMR ratios range from 2–3 (Robbins
1993), but seasonal ratios vary depending upon state
of productivity, activity, and environmental influences.
Previous winter measurements of northern galliforms
(e.g., blue grouse and white-tailed ptarmigan [Lagopus



Winter Bioenergetics of Wild Turkeys • Pekins 277

Fig. 1. The predicted number of days until fat depletes in adult
and juvenile wild turkey hens when food intake during winter is
varied as a proportion of the field metabolic rate (FMR). The
shaded areas indicate the range of days using the average (low-
er bound) and largest hens (upper bound) captured in winter in
northern New Hampshire (Hamel 2002).

leucurus]) yielded ratios �2.0 (Pekins et al. 1994,
Thomas et al. 1994). Further, FMR:EM ratios indicate
the increased activity cost associated with free-ranging
turkeys versus birds with minimal activity.

The winter FMR of eastern wild turkeys was mea-
sured in 2 studies during 4 winters in New Hampshire;
individual turkeys were measured for 12–26 consecu-
tive days (Coup and Pekins 1999, Hamel 2002). The
average FMRs of each winter were remarkably similar
despite variable weather and snow conditions; adult
hen FMR was 323–356 kJ/kg/d and juvenile hen FMR
was 367–400 kJ/kg/d. Average juvenile hen FMR was
10–14% higher than adult hen FMR. The FMR:SMR
ratios ranged from 1.3–1.6 for adults and 1.5–1.8 for
juveniles. Although adult ratios were slightly lower,
the similarity of juvenile EM (365 kJ/kg/d) and FMR
(367–400 kJ/kg/d) points to the efficiency of all birds.
Overall, these ratios are considered low and indicative
of efficient energy conservation by free-ranging wild
turkeys in variable winter conditions.

I calculated daily activity costs as a proportion of
FMR by subtracting the cost of nocturnal roosting,
which I considered thermoneutral (i.e., ��10�C).
Roosting costs were assumed equal to resting meta-
bolic rate, which is the metabolism of a fed bird at
rest. Resting metabolic rate has not been measured in
wild turkeys, but was 1.14 � SMR in sage grouse
(Centrocercus urophasianus; Sherfy and Pekins 1994).
Relative to adults, nocturnal roosting of juvenile hens
is proportionally more expensive because of their
higher SMR, which also elevates the cost of any ac-
tivity. This effect, in large part, explains why the FMR
of juvenile hens is 10% higher than that of adult hens.
During 4 winters in New Hampshire, daily activity
costs were similar in 3 winters (59–65%), and higher
in 1 of 2 winters with unrestricted mobility (71%;
Coup and Pekins 1999). Overall, daily movement isn’t
considered a major part of FMR (Garland 1983, Alt-
man 1987) and will be minimal when mobility is re-
stricted by snow; the energy cost of turkeys moving
3,400 m daily was estimated as only 6% of FMR (Ha-
mel 2002).

Energy (food) intake can be calculated as the dif-
ference between FMR and the tissue energy associated
with weight loss. The rate of weight loss can be related
to body weight and body fat to predict the temporal
influence of food availability on body condition. The
FMR studies in New Hampshire provided the oppor-
tunity to measure individual weight loss over 12–26
days. Although most treatment groups realized energy
balance by accessing supplemental food, 1 group had
limited access to manure only and lost 12% body
weight in 18 days. Hamel (2002) estimated that their
intake (corn in manure) represented only 22% of ju-
venile and 36% of adult FMR, and that body fat would
deplete in 14 and 21 days, respectively. It is not co-
incidental that if the extrapolated body weight of a
juvenile hen in 14 days was �3.0 kg, that fat would
deplete in a time period similar to that associated with
mortality from food restriction in field and laboratory
studies, and that adult hens had advantage over juve-
niles in this food restricted situation.

ANALYSIS AND DISCUSSION

The combination of FMR, body weight and fat,
and forage nutritional data provides an opportunity to
evaluate energy balance in varied winter conditions.
The age class difference in body weight, body fat, and
winter mortality of hens suggests that adults have ad-
vantage over juveniles in food restricted situations. To
evaluate this, I modeled the proportional contribution
of body fat to FMR under variable intake regimes to
predict the number of days until fat depletion. Adult
and juvenile hens were assigned body weights corre-
sponding to the average (4.1 and 3.3 kg, respectively)
and heaviest body weights (4.6 and 4.1 kg, respective-
ly) measured by Hamel (2002). Their FMRs (344 and
378 kJ/kg/d, respectively; Hamel 2002) were convert-
ed to absolute energy costs (kJ/bird) and intake energy
was set at 0, 25, 50, and 75% of FMR. The body fat
(g) corresponding to body weight (Equation 1; Hamel
2002) was converted to its energy equivalent (38.9 kJ/
g; Dargolts 1973), and the time (days) until fat deple-
tion was calculated by dividing total fat energy by the
difference between FMR and intake energy.

This exercise (Figure 1) illustrated that despite
20% higher FMR (kJ/bird), adult hens have a distinct
advantage (days until fat depletion) over juveniles
whenever food is restricted, and that the advantage in-
creased with higher food intake. Surprisingly, the large
juvenile realized minimal advantage over the average
juvenile in comparison to the adults (width of band).
Juvenile food intake had to approach 35% of FMR to
prevent fat depletion before 21 days, a delay realized
by adults at 0% intake. Further, at 75% intake, adults
were projected to have about 80 days of fat reserves,
about 1 month more than juveniles. Considering that
many northern populations occupy areas with �90
days of snow cover, the advantages of age class and
food availability are apparent. Given the constraints
upon energy balance and survival when food is re-
stricted, the adaptive response by northern wild tur-
keys to use supplemental food sources is understand-
able, if not predictable.
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Fig. 2. A comparison of the daily energy intake by adult and
juvenile wild turkey hens experiencing variable intake levels dur-
ing winter. Three diets were used to simulate variable food re-
striction related to snow depth. Addition of 50 g of corn com-
pensated for most of the energy deficit below the field metabolic
rate (FMR) that occurred at low intake levels.

To illustrate the potential impact of supplemental
feeding on energy balance during food restriction, I
modeled daily energy intake as a function of the 3 diet
types described previously (ground, shrub, tree/seep).
I simulated food intake at 4 levels (50, 100, 200, and
300 wet g/day). Energy intake was calculated from
dietary nutritional data corresponding to the diet types
(dry matter and ME data; Decker et al. 1991). When
intake energy was less than FMR, I simulated a dietary
supplement of 50 g corn (786 kJ of ME; Decker et al.
1991). I assumed the difference between FMR and to-
tal energy intake was met by tissue energy.

This exercise illustrated a large energetic differ-
ence between a ground diet and shrub and tree/seep
diets given equal intake (Figure 2). Intake approxi-
mated FMR at about 100 g for the ground diet and
about 300 g for the shrub and tree/seep diets. In com-
parison, Decker et al. (1991) observed that captive
hens maintaining body weight ate about 110 and 450
g of these diets, respectively. If intake declined to
�300 g, the shrub and tree/seep diets required increas-
ingly higher energy replacement to meet FMR; a 200-g
intake level required fat energy to equal about 35% of
FMR. However, addition of 50 g of corn nearly elim-
inated the negative energy balance of these diets at 100
g intake level (Figure 2). Although somewhat arbi-
trary, 50 g of corn is easily consumed by a hen based
upon crop weight data (Hurst 1992) and intake rate of
captive hens (Decker et al. 1991). This small amount
provided �50% of FMR and represents the equivalent
of �20 days of fat reserves of a juvenile hen (Figure
1). These bioenergetic data provide further evidence
of the importance of agriculture, as well as the lure

and impact of supplemental feeding on northern turkey
populations.

SUMMARY

Eastern wild turkeys have physiological adapta-
tions for energy conservation in northern environments
including effective thermoregulation, substantial body
fat, and low FMR. Nutritional status can be predicted
from body weight based on a positive relationship be-
tween body weight and body fat. Adult hens have a
threshold body weight of about 3.0 kg when body fat
is minimal. Nutritional value of winter diets is inverse-
ly related to snow depth and intake requirements in-
crease substantially when snow eliminates availability
of ground diets high in acorns, beechnuts, or corn. The
duration of food restriction is the primary factor af-
fecting energy balance, body condition, and mortality.

The lower body fat and higher FMR of juvenile
hens places them at greater risk than adult hens during
periods of food restriction. Juvenile hens will deplete
body fat in about 2 weeks without food and in 3 weeks
with intake equal to 50% of FMR; adult hens will
deplete body fat in about 20 and 40 days, respectively.
High mortality of juvenile hens would limit population
growth (Roberts and Porter 1996).

Because snow depth often restricts natural forage
in northern regions, it is not surprising that wild tur-
keys access supplemental food to maintain energy bal-
ance. In agricultural areas, the potential for depreda-
tion of standing and stored crops should be considered
prior to translocating wild turkeys into new range. Ar-
guably, supplemental food could be necessary for
maintaining stable northern populations of wild tur-
keys, particularly when and where snow limits ground
forage, and agricultural forage is unavailable. This re-
gional situation is often confounded by increased pub-
lic interest in viewing and attracting wild turkeys, and
near unanimous agreement of state, federal, and pri-
vate biologists to discourage purposeful feeding of
game species.
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Abstract: Selection of winter microhabitats that minimize heat loss from wind and radiation can potentially reduce
thermoregulatory energy requirements and increase survival of wild turkeys (Meleagris gallopavo). In this study
we compared winter microclimatic and microhabitat characteristics of nocturnal roost sites and diurnal activity
sites in an attempt to identify features of roost sites that may reduce thermoregulatory energy demands of eastern
wild turkeys (M. g. silvestris) in Minnesota. During the winters of 1997–1999, we compared weather and habitat
characteristics at 119 paired roost and activity sites of 27 radio-tagged female wild turkeys. Turkeys traveled only
396 � 32 m (x̄ � SE) from diurnal activity sites to nocturnal roost sites, offering little evidence of deliberate
travel to preferred roost habitats. Roost and activity sites both provided protection from wind, which averaged
12.2 km/h greater at open sites (P � 0.001). Wild turkeys used roost sites characterized by a higher canopy (P
� 0.001) and, in the severe winter of 1997, larger diameter overstory trees (P � 0.020) and greater overstory
stem density (P � 0.018) than at activity sites. Turkeys selected coniferous forest stands for 26.0% of their roosts,
even though conifers formed �1% of the study area. However, daily selection of conifer roosts was not signifi-
cantly greater (P � 0.219) on cold nights than warm nights. Turkeys selected upper and lower slopes for diurnal
activity sites (P � 0.001), where they had easy access to ridgetop and valley cropland. Most activity (45.3%) and
roost (47.8%) sites were located on slopes facing south to southwest. Winter roost sites in this study were better
described by proximity to available food than by characteristics of favorable microclimates.
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The historic northern distribution of wild turkeys
likely was limited by winter severity, but advanced as
far north as central Wisconsin and southern Minnesota
during periods with mild winters (Leopold 1931). Af-
ter wild turkeys were extirpated from much of their

northern range in the late 1800s, Minnesota Depart-

1 Present address: 42924 146th Street, Webster, SD 57274,
USA.

2 E-mail: kurt.haroldson@dnr.state.mn.us
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ment of Natural Resources initiated a trap and trans-
plant program in 1964 to reestablish and expand east-
ern wild turkey (M. g. silvestris) range in Minnesota
(Minnesota Department of Natural Resources 1983).
Many release sites were north of the ancestral range
(Kennamer and Kennamer 1990), exposing the birds
to harsher, more prolonged winter weather than expe-
rienced by historical populations.

Winter weather appears to affect survival of north-
ern wild turkeys as a function of energy balance, rather
than direct mortality (Haroldson 1996, Coup and Pe-
kins 1999). Below the lower critical temperature esti-
mated between 11�C (Gray and Prince 1988, Harold-
son et al. 1998) and �16�C (Oberlag et al. 1990), wild
turkey energy demands for thermoregulation increase
linearly with decreasing air temperature. Because win-
ter temperatures may remain below �16�C for several
weeks in northern turkey range, wild turkeys must
meet thermoregulatory energy demands by increasing
food consumption, reducing energy expenditure, or us-
ing energy reserves (i.e., body fat). Mortality rates
have increased substantially when deep snow restricted
food availability over a prolonged period and energy
reserves were exhausted (Austin and Degraff 1975,
Wunz and Hayden 1975, Porter et al. 1980, Roberts et
al. 1995, Wright et al. 1996).

Selection of winter microclimates that minimize
heat loss from wind and radiation to the open sky can
reduce thermoregulatory energy requirements (Wals-
berg 1986, Thompson and Fritzell 1988, Pekins et al.
1991, Sherfy and Pekins 1995) and potentially in-
crease survival of wild turkeys. Thermoregulatory en-
ergy demands of nocturnally inactive birds (e.g., wild
turkeys) are greatest during winter nights when birds
are resting and air temperature is lowest. Because tur-
keys spend more than 50% of their time on roost dur-
ing winter (Prince and Gray 1986), selection of roost
microclimates may influence turkey energy expendi-
tures more than selection of diurnal microclimates. Fe-
male wild turkeys should benefit from microclimate
selection more than males because metabolic costs for
thermoregulation are greater for females than males
(Gray and Prince 1988). Thompson and Fritzell (1988)
determined that ruffed grouse (Bonasa umbellus) re-
duced nocturnal energy expenditure 33% by using
snow roosts and 19% by using conifer roosts that min-
imized radiative heat loss.

Information is lacking on characteristics of winter
roosting areas used by eastern wild turkeys in the mid-
western United States. We hypothesized that if wild
turkeys select favorable microclimates for winter
roosting, then roost sites should differ from diurnal
activity sites in microclimatic and microhabitat fea-
tures. The objectives of this study were to (1) compare
winter microclimatic and microhabitat characteristics
of nocturnal roost sites and diurnal activity sites, and
(2) identify features of roost sites that may reduce ther-
moregulatory energy demands of wild turkeys at the
northern periphery of their range.

STUDY AREA
The study area encompassed 90,877 ha of private

and publicly owned land on and around Whitewater

Wildlife Management Area in Wabasha and Winona
counties in southeastern Minnesota. Elevations ranged
from 180 to 450 m above sea level with steep, forested
slopes separating ridgetop and valley cropland. Corn,
soybeans, and alfalfa were the principal crops in the
region with dairy farming as the major farm practice.
The study area included 40% cultivated land, 30% de-
ciduous forest, 22% grassland, 4% water and wetlands,
2% shrubland, and 2% rural or urban development.
Less than 1% of the area was made up of coniferous
forest and mixed coniferous-deciduous forest. Oaks
(Quercus spp.) were the dominant deciduous forest
species. Conifers were distributed in small patches (x̄
� 2.2 ha) and were dominated by red cedar (Juniperus
virginiana) or plantations of white pine (Pinus stro-
bus) and red pine (P. resinosa).

Cumulative winter (Dec-Mar) snowfall averaged
90.1 cm and winter temperature ranged from an av-
erage daily high of �0.1�C to an average daily low of
�11.0�C at Winona, Minnesota (Minnesota Climatol-
ogy Working Group 1950–2000), which was located
approximately 30 km southeast of the study area. In
51 years of measurements, daily temperature fell be-
low �16�C (the lowest estimate of wild turkey lower
critical temperature; Oberlag et al. 1990) an average
of 31 days/winter (range 2–66 days/winter). Our study
period was characterized by moderate to mild winter
weather. Cumulative snowfall during 1997, 1998, and
1999 ranked twenty-first, forty-second, and twenty-
ninth, respectively, and mean daily temperature ranked
thirtieth, fifty-first, and forty-ninth, respectively, with
a rank of one being most severe, for the 51-year period
1950–2000 at Winona, Minnesota. Snow did not ap-
pear to limit mobility of wild turkeys or access to food
for extended periods during the 3-year study. Winter
survival rates of radiomarked birds were high (0.80 in
1997, 0.92 in 1998, 0.93 in 1999), and virtually all
mortality was associated with predation (B. D. Berg,
South Dakota State University, unpublished data).

METHODS

We trapped wild turkeys using rocket nets during
January–March 1997 and 1998. We fitted females with
a mortality-sensitive, backpack-style radio transmitter
(Advanced Telemetry Systems, Isanti, Minnesota,
USA) that weighed an average of 92 g (�2.0% of
body weight) and we released them at the capture site.
We allowed turkeys a 7-day adjustment period post-
capture before we collected habitat data (Nenno and
Healy 1979).

During the 3-year study, we located diurnal activ-
ity sites and nocturnal roost sites 2–3 days/week dur-
ing winter (December–March) only. Each day we lo-
cated both the activity and roost sites of 2–4 radio-
marked birds. Because wild turkeys are grouped into
small flocks during winter (Healy 1992), we randomly
selected birds from different flocks to monitor each
day. We treated roost and activity sites occupied by
�1 radiomarked bird as one observation. We located
activity sites between sunrise and 1500 hours by fol-
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lowing the signal from radiomarked birds using a 4-
element, hand-held, yagi antenna and receiver (Ad-
vanced Telemetry Systems, Isanti, Minnesota, USA)
until we could visually observe the birds or their fresh
tracks in the snow. We subsequently located roost sites
after sunset by following a radio signal directly to the
flock containing the target bird. Activity sites were lo-
cated with minimal apparent disturbance to the flock,
whereas we were unable to approach roost sites with-
out flushing the flock. We used a global positioning
system (GPS) receiver to determine geographic coor-
dinates of activity and roost sites.

Weather Measurements

We measured air temperature (mercury-in-glass
thermometer) and wind speed (wind meter, Dwyer In-
struments, Michigan City, Indiana, USA) 1.4 m above
ground level, and snow depth on the ground below
roost trees at night immediately after the birds were
located on their nocturnal roosts. We acknowledge that
ground conditions may not have reflected those in the
forest canopy where turkeys roosted, but we reasoned
that turkeys may have selected their roost sites based
on conditions on the ground shortly before flying into
the roost. In 1998 and 1999, we also measured air
temperature, wind speed, and snow depth at diurnal
activity sites at night by returning to the activity site
within 1 hour of measuring weather conditions at the
respective nocturnal roost sites. In 1997, we measured
snow depth at diurnal activity sites when the birds
were located during the day and not revisited at night
to measure temperature and wind. To assess weather
conditions at the time when turkeys generally fly into
their nocturnal roost, we measured temperature and
wind speed one-half hour before sunset each sampling
day in all years at randomly selected open sites (actual
turkey locations could not be measured without dis-
turbing the birds).

Microhabitat Measurements

We quantified vegetative characteristics at each
roost and activity site by measuring all woody stems
within a 0.025-ha circular plot (James and Shugart
1970) centered at the midpoint of nocturnal roost trees
and diurnal activity, respectively. We identified species
and measured diameter at breast height (dbh) using a
diameter tape. We considered any woody stem �10.2
cm dbh to be part of the overstory, whereas we con-
sidered smaller woody stems part of the understory.
From these measures, we calculated mean overstory
dbh, overstory basal area, density of overstory trees,
and density of understory trees. We estimated height
of the top of the general canopy and percent slope with
a clinometer. We estimated aspect from a downhill
compass bearing. Based on the dominant overstory
species, we classified vegetation as deciduous forest,
coniferous forest, or grass-agriculture. We classified
topographic position as upper-slope (upper 25% of
slope including ridge), mid-slope, or lower-slope (low-
er 25% of slope including valley). We measured dis-

tance between activity and roost sites using a geo-
graphic information system.

Analyses

We used regression analysis (INSIGHT, SAS In-
stitute 1995) to determine if distance traveled by tur-
keys from activity to roost sites was associated with
snow depth, temperature, and wind speed. We calcu-
lated an F-statistic for each independent variable in the
model, and examined plots of residuals for evidence
of independence and constant variance.

We compared temperature and wind speed among
activity, roost, and open sites using a randomized
block design with block equal to day; means were
compared using Scheffé’s test (Zar 1996). We paired
data collected from activity sites with roost data, and
compared parameters using paired-difference t-tests
(Zar 1996).

We used paired t-tests to compare snow depths
between nocturnal roost sites and diurnal activity sites.
We also used paired t-tests to compare microhabitat
characteristics (i.e., canopy height, overstory dbh,
overstory basal area, overstory density, understory
density) between forested roost and forested activity
sites. We determined differences among years in mi-
crohabitat characteristics at activity and roost sites us-
ing analysis of variance. Because most microhabitat
measurements were related to trees, we excluded ac-
tivity sites occurring in grass-agriculture vegetation in
comparisons of microhabitat characteristics. However,
we included all sites in comparisons of percent slope
and aspect. We used chi-square tests of independence
to compare topographic classes and aspect between
roost and activity sites. We were unable to conduct
analyses using repeated measures because of missing
values due to random selection of turkeys each winter.

We used chi-square tests of independence and
Fisher’s exact test (Zar 1996) to evaluate the hypoth-
eses that use of vegetative type was independent of
year for both roost and activity sites and to determine
if vegetative type at roost sites was independent of
vegetative type at activity sites. More complex cate-
gorical modeling was not appropriate because of the
number of zero counts in cells. We used the chi-square
test for differences in probabilities to compare propor-
tional use of conifer roost sites on cold versus warm
nights. For this evaluation, we calculated a daily wind
chill index (National Oceanic and Atmospheric Ad-
ministration 2001) from temperature and wind speed
at open sites one-half hour before sunset. We classified
weather as cold when the wind chill index was
��16�C; else weather was classified as warm. We re-
peated this analysis using temperature alone to classify
weather. We performed all statistical analyses, except
the regression analyses described previously, using
SAS (SAS Institute 1996) and considered differences
significant at � � 0.05.

RESULTS
During 3 winters, we monitored a total of 27 fe-

male wild turkeys (13 juveniles and 14 adults) from
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Table 1. Mean (� SE) temperature (�C), wind speed (km/h),
and snow depth (cm) at wild turkey activity (n � 119) and roost
sites (n � 119), and random open sites (n � 119) in south-
eastern Minnesota, 1997–1999. Means with same letters across
rows are not different (P � 0.05).

Year Parameter Activity sitea Roost site Open site

1997 Temperature �6.2 (0.68) A �6.6 (0.57) A

Wind speed 1.38 (0.24) A 13.25 (1.34) B

Snow depth 24.32 (2.42) A 30.13 (1.54) B

1998 Temperature �1.3 (1.14) A �3.4 (1.10) B �3.5 (1.05) B

Wind speed 1.79 (0.43) A 0.95 (0.28) A 9.10 (1.32) B

Snow depth 9.03 (1.71) A 8.72 (1.62) A

1999 Temperature �12.1 (1.03) A �13.9 (1.03) B �13.8 (0.93) B

Wind speed 3.03 (0.62) A 0.98 (0.32) A 18.87 (1.25) B

Wind speed 3.03 (0.62) A 0.98 (0.32) A 18.87 (1.25) B

Snow depth 21.33 (2.06) A 21.33 (2.08) A

a Activity site weather was measured at night �1 hour after weather
was measured at the paired roost site.

Table 2. Mean (� SE) canopy height (m), overstory dbh (cm), overstory basal area (m2/ha), overstory and understory density (stems/
ha), and slope (%) at wild turkey activity and roost sites (n � 119) in southeastern Minnesota, 1997–1999. Comparisons of all
microhabitat parameters except slope excluded grass-agriculture sites.

Year
Microhabitat
parameter Activity site Roost site t df P

1997 Canopy height 11.00 � 1.10 17.85 � 0.80 �4.785 1 �0.001
Overstory dbh 19.14 � 1.47 23.64 � 0.95 �2.451 1 0.020
Basal area 18.37 � 2.45 30.22 � 1.31 �5.119 1 �0.001
Overstory density 451.03 � 46.42 610.32 � 50.29 �2.522 1 0.018
Understory density 1332.00 � 271.37 984.52 � 120.71 1.107 1 0.277
Slope 26.74 � 3.64 39.50 � 2.91 �3.392 1 0.002

1998 Canopy height 14.35 � 0.72 18.63 � 1.00 �3.739 1 �0.001
Overstory dbh 24.56 � 1.52 26.81 � 1.11 �1.127 1 0.269
Basal area 22.85 � 2.12 30.62 � 1.79 �2.481 1 0.019
Overstory density 417.33 � 29.00 462.67 � 32.30 �0.898 1 0.376
Understory density 1320.00 � 132.98 1165.33 � 126.99 0.862 1 0.396
Slope 23.18 � 3.21 41.56 � 2.67 �5.473 1 �0.001

1999 Canopy height 13.34 � 1.02 18.03 � 0.70 �4.109 1 �0.001
Overstory dbh 22.79 � 1.21 23.69 � 0.96 �0.657 1 0.517
Basal area 24.07 � 2.43 24.59 � 2.58 �0.157 1 0.877
Overstory density 505.18 � 37.66 480.00 � 50.61 0.492 1 0.627
Understory density 820.74 � 96.23 672.59 � 88.08 1.322 1 0.198
Slope 16.21 � 2.36 39.55 � 2.25 �8.740 1 �0.001

21 geographically separate flocks in southeastern Min-
nesota. Radiomarked birds were located during Feb-
ruary–March 1997 (n � 14 birds), January–February
1998 (n � 25 birds), and December 1998–February
1999 (n � 17 birds). The actual number of radio-
marked birds in the field at any time varied with trap
success and mortality. We collected snow depth and
habitat information from 38 paired roost and activity
sites in 1997. In 1998 and 1999, we collected snow
depth, temperature, wind speed, and habitat informa-
tion from 39 and 42 paired sites, respectively. We also
collected temperature and wind speed data from 38,
39, and 42 random open sites in 1997, 1998, and 1999,
respectively.

Weather Measurements

Turkeys traveled 396 � 32 m (x̄ � SE) from di-
urnal activity sites to nocturnal roost sites. Distance
traveled was inversely related to snow depth, described
by the equation: distance � 1792.37–24.78 	 snow

depth. Although significant (F1,117 � 12.138, P �
0.001), snow depth explained �10% (R2 � 0.094) of
the variation in distance traveled from activity to roost
sites. Temperature (F1,117 � 1.718, P � 0.322) and
wind speed (F1,117 � 0.275, P � 0.601) did not con-
tribute significantly to the model.

Temperatures did not differ between roost and ran-
dom open sites in 1997 (F1 � 1.92, P � 0.174; Table
1). However, temperature at activity sites averaged
1.9�C warmer than roost and open sites in 1998 (F2 �
13.70, P � 0.001) and 1999 (F2 � 12.26, P � 0.001).
Mean wind speed averaged 12.2 km/h greater at ran-
dom open sites than roost and activity sites in 1997
(F1 � 86.49, P � 0.001), 1998 (F2 � 36.34, P �
0.001), and 1999 (F2 � 169.16, P � 0.001). Snow at
roost sites averaged 5.8 cm deeper than at activity sites
in 1997 (t1 � �2.875, P � 0.007; Table 1). However,
we detected no differences between snow depths at
roost and activity sites in 1998 (t1 � 1.424, P � 0.164)
or 1999 (t1 � 0.0, P � 1.000). Total snow depth at
activity and roost sites measured �25.4 cm for 42 con-
secutive days in 1997, 8 consecutive days in 1998, and
25 consecutive days in 1999. Powder snow depth was
generally much less than total snow depth each year
due to periodic melts that formed a supporting crust
(B. D. Berg, South Dakota State University, unpub-
lished data).

Microhabitat Measurements

Wild turkeys used roost sites characterized by a
significantly higher canopy than at forested activity
sites in all years (Table 2). During 1997, when weather
conditions were most severe, turkeys used roost sites
with overstory trees having larger dbh and greater bas-
al area than at activity sites. In comparison, overstory
dbh did not differ between roost and activity sites dur-
ing the more mild winters of 1998 and 1999 (Table 2).
Overstory stem density was greater at roost sites than
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Fig. 1. Topographic location of wild turkey activity and roost
sites (n � 119) in southeastern Minnesota, 1997–1999.

Fig. 2. Aspect of wild turkey roost (n � 115) and activity sites
(n � 86) in southeastern Minnesota, 1997–1999. N � north, NE
� northeast, E � east, SE � southeast, S � south, SW �
southwest, W � west, NW � northwest.

activity sites only in 1997; however, understory stem
density was not different between activity and roost
sites in any year (Table 2).

Many microhabitat characteristics at activity and
roost sites were similar among years (P � 0.05). How-
ever, canopy height (F2,83 � 3.29, P � 0.042) and over-
story dbh (F2,85 � 3.91, P � 0.024) at activity sites
differed among years, with the top of the general can-
opy higher and mean dbh of overstory trees larger at
activity sites in 1998 than in 1997 (Table 2). At roost
sites, mean dbh of overstory trees was larger in 1998
(F2,85 � 3.24, P � 0.044) and there were fewer over-
story stems/ha (F2,85 � 3.32, P � 0.041) than in 1997.
Understory density at roost sites in 1999 was less than
in 1998 (F2,85 � 4.51, P � 0.014, Table 2).

Turkeys selected steeper slopes for roost sites than
for activity sites (including forested and grass-agricul-
ture sites) in all years (Table 2). For all years, selection
of roost site topographic location was related to activ-
ity site topographic location (
2

4 � 12.722, P � 0.013).
For example, when turkeys were active at the bottom
of the slope, they were more likely to roost at the
bottom or middle of the slope. When turkeys were
active at the top of the slope, they roosted at the top
or middle of the slope. Furthermore, turkeys used up-
per and middle slopes more than lower slopes for
roosting (
2

2 � 4.302, P � 0.038), whereas they used
upper and lower slopes more than middle slopes for
activity (
2

2 � 33.899, P � 0.001; Figure 1). We ob-
served no difference (
2

4 � 0.113, P � 0.737) among
aspects between roost and activity sites. Most activity
(45.3%) and roost (47.8%) sites were located on slopes
facing south to southwest (Figure 2).

For all years, we located 74.0% of roost sites in
deciduous forest and 26.0% in conifer forest, whereas
56.3% of activity sites were located in deciduous for-
est, 17.6% in conifer forest, and 26.1% in grass-agri-
culture vegetation. Turkey selection of roost vegetation
was independent of activity site vegetation in 1997 (
2

6

� 8.108, P � 0.230), 1998 (
2
2 � 1.434, P � 0.488),

and 1999 (
2
6 � 10.195, P � 0.117). Use of vegetation

type for roost sites was independent of year (
2
2 �

2.105, P � 0.349). Furthermore, the proportional use
of conifer roost sites was similar during nights when
the wind chill index (
2

1 � 1.514, P � 0.219) or tem-
perature (
2

1 � 0.084, P � 0.772) one-half hour before

sunset was above or below �16�C. In contrast, use of
vegetation type at activity sites differed by year (
2

4 �
12.394, P � 0.015). During the winters with deeper
snow (1997 and 1999), turkeys used conifer vegetation
at 23.7% and 23.8% of activity sites, respectively, ver-
sus 5.1% of activity sites during the relatively snow-
free winter of 1998.

DISCUSSION
If wild turkeys selected winter roost sites at ran-

dom, they might be expected to roost in the nearest
tree at the end of the day. Thus, we hypothesized that
the distance between diurnal activity and nocturnal
roost sites would approach zero if roost site selection
was random. In fact, we observed an average move-
ment of �400 m from activity to roost sites, and that
turkeys usually remained in the same topographic lo-
cation. This limited degree of movement contributed
little evidence that turkeys deliberately traveled to pre-
ferred roost sites. Turkey movements are restricted in
15–20 cm of powder snow, and severely restricted at
25–30 cm (Lewis 1963, Austin and DeGraff 1975,
Vander Haegen et al. 1989, Wright et al. 1996). Al-
though we observed that distance between activity and
roost sites was weakly but inversely related to snow
depth, powder snow reached restrictive depths infre-
quently during the moderate-mild winters of this study
(B. D. Berg, South Dakota State University, unpub-
lished data). We conclude that availability of preferred
roost and activity habitats was not limited by deep
snow during our study.

Temperatures at roost sites were slightly lower
than at activity sites, but we considered this difference
small and biologically insignificant. Roost and activity
sites both provided significant protection from wind,
which was much stronger at open sites. We acknowl-
edge that wind speed was likely greater in the forest
canopy where turkeys roosted than near the ground
where we measured. Future research should focus on
microclimate at the precise roost location, which has
been done for other galliforms (Thompson and Fritzell
1988, Pekins et al. 1991, Sherfy and Pekins 1995).

Use of coniferous cover for winter roosting can
reduce heat loss due to convection (wind) and radia-
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tion to the open sky (Walsberg 1985, Thompson and
Fritzell 1988, Pekins et al. 1991). Although conifer
habitat comprised �1% of our study area, 26.0% of
nocturnal roost sites were in conifer stands. Despite
the seasonal preference for conifer roost habitat, daily
selection of conifer roosts was not significantly greater
on cold versus warm nights; this was true when cold
was defined by wind chill index or temperature alone.
The predominant (74.0%) use of deciduous roost sites
regardless of weather suggests that conifer roosts were
not essential under the conditions of our study (unre-
stricted mobility and access to food). Winter roosting
in deciduous trees by northern turkeys is common
(Healy 1992, Porter 1992, Coup and Pekins 1999), al-
though Kilpatrick et al. (1988, 1990) reported exclu-
sive use of conifers in Rhode Island and New Hamp-
shire. When snow limits mobility and food availability,
however, selection of favorable microclimates, such as
conifer roost sites, may significantly enhance winter
survival. Glover (1948), Vander Hagen et al. (1989),
Jansen (1992), and Coup and Pekins (1999) reported
a strong preference for conifer roost sites during pe-
riods of deep snow, especially when located near for-
aging habitats.

We observed that turkeys in southeastern Minne-
sota used roost sites characterized by a higher canopy
and, in the severe winter of 1997, larger dbh overstory
trees and greater overstory stem density than at activ-
ity sites. Similarly, Kilpatrick et al. (1988, 1990) re-
ported that eastern wild turkeys in Rhode Island and
New Hampshire preferred to roost in areas dominated
by tall, large diameter white pines. Chamberlain et al.
(2000) found that adult female wild turkeys in Missis-
sippi selected mature pine and pine-hardwood stands
as roost sites. Mackey (1984) and Lutz and Crawford
(1987) suggested that Merriam’s turkeys (M. g. mer-
riami) needed very large diameter (i.e., �50 cm dbh)
trees for roosting. In contrast, Rumble (1992) deter-
mined that trees �23 cm dbh were sufficient for Mer-
riam’s wild turkeys in the Black Hills, South Dakota.
A flock of eastern wild turkeys in Wisconsin used a
17-year-old conifer plantation extensively for winter
roosting (Jansen 1992). These observations suggest
that tall, large diameter trees may be preferred, but are
not necessary for winter roost sites.

Goerndt (1983), Mackey (1984), and Rumble
(1992) reported that turkeys roosted most frequently
on the upper third of the slope. During our study, tur-
keys roosted most on upper and middle slopes, and
roost sites were generally in the same topographic
class as the corresponding activity site from that day.
Selection of the top and bottom of slopes for diurnal
activity may have reflected easier access to ridgetop
and valley cropland in our study area. Most roost and
activity sites in this study had a southerly aspect,
which may have provided thermoregulatory benefits
from incoming solar radiation during the day and pro-
tection from prevailing northwesterly winds during
day and night. In addition, south-facing activity sites
would permit greater mobility due to reduced snow
depth (Porter et al. 1980), as we observed in the more
severe winter of 1997. Eastern wild turkeys in New

York (Austin and DeGraff 1975) and Rhode Island
(Kilpatrick et al. 1988), and Merriam’s turkeys in the
Black Hills (Rumble and Anderson 1996) also pre-
ferred southerly aspects for roost sites.

MANAGEMENT IMPLICATIONS

An evaluation of thermoregulatory behavior such
as winter roost selection must be conducted within the
broader context of energy balance. Our data provided
little evidence that turkeys selected winter roost sites
characterized by favorable microclimates, even when
temperatures and wind chill indices fell below �16�C,
the lowest estimated lower critical temperature of wild
turkey hens (Oberlag et al. 1990). Rather, turkeys in
our study apparently balanced their winter energy bud-
gets through alternate behaviors. Turkeys selected ac-
tivity sites in or near habitats where food was avail-
able, allowing for increased energy intake. Nocturnal
roosts were located near activity sites, reducing energy
expenditure for travel. Southerly aspects, with greater
sun and less wind and snow, were preferred sites for
both activity and roosting.

Winter roost sites in this study were better de-
scribed by proximity to available food than by char-
acteristics of favorable microclimates. Conifer roost
sites may be more important to wild turkey energy
balance when snow restricts mobility and food avail-
ability, but this cannot be determined without addi-
tional research. Access to a dependable source of food
is a necessary component of winter habitat, and may
be the primary determinant of winter survival in north-
ern turkey range.
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Abstract: Ontario initiated wild turkey (Meleagris gallopavo silvestris) restoration efforts in 1984 and within 20
years had restored or established populations across much of southeastern and southwestern portions of the prov-
ince. Within these areas, it is believed that expansion of agricultural and changing land use has extended suitable
range into landscapes well beyond known historic range. There was interest in establishing wild turkey into other
areas; however, expansion of turkey populations was not viewed by all groups as either desirable or appropriate.
Through knowledge gained from assessment of habitat suitability, overlaying habitat information on historic dis-
tribution, factoring in land-use change, and by considering prevailing weather patterns, we developed a terrestrial
ecozone framework to define the spatial extent for turkey range expansion. At present, we consider the Mixedwood
Plain Ecozone to represent a biologically suitable and ecologically appropriate framework for wild turkey expan-
sion in Ontario. Using the Mixedwood Plain Ecozone boundary, a simple risk-based decision tree was developed
to deal with ecological, social, and economic risks of releasing turkeys at new locations in Ontario.
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Wild turkeys were extirpated from Ontario in the
early 1900s. The known historic range of wild turkeys
just prior to extirpation was documented by Allison
(1976). Confirmed wild turkey records were docu-
mented in a 27,000-km2 area of southwestern Ontario.
This area represents only a small percentage of the
approximate 917,000-km2 land area of the province of
Ontario.

Wild turkey restoration efforts began in 1984, and
by 1987 a total of 274 birds were transferred into On-
tario from 6 U.S. states. Active trap and transfer from
within Ontario has contributed to the growth of On-
tario’s wild turkey population. In total, 4,400 birds
were trapped and released at 275 sites in Ontario be-
tween 1984 and March 2004 (Malhiot 2005). The pop-
ulation is currently estimated at more than 80,000

birds. These birds are distributed across agricultural
southern Ontario from Chatham in the west to Corn-
wall in the east and north to the Canadian Shield. Due
to the influences of agriculture, and to some extent,
milder climatic conditions, the occupied range in
southern Ontario is now considerably larger than the
estimated historic range.

With the success of wild turkey restoration came
requests to expand wild turkey range to new areas of
the province through trap and transfer. Turkey releases
were requested for forested areas of the Canadian
Shield in central and northern Ontario and small patch-

1 E-mail: karen.bellamy@mnr.gov.on.ca
2 E-mail: bruce.pollard@ec.gc.ca
3 Present address: Canadian Wildlife Service, 17 Waterfowl

Lane, Sackville, New Brunswick, E4L 1G6, Canada.
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es of agricultural land in northern Ontario. Although
it appeared that suitable habitat might have existed at
some of these locations, it was not known if turkeys
would survive severe winters in these areas. Other
questions were also raised regarding possible impacts
of turkeys on other species and potential economic and
social impacts.

It was difficult to respond to requests for releases
in landscapes that were significantly different or geo-
graphically isolated from that of southern Ontario. It
was also desirable to be able to deal with these re-
quests in a fair, comprehensive manner instead of on
a case-by-case basis as they arose. The 1994 draft wild
turkey management plan for Ontario identified turkey
releases in ‘‘all suitable habitats,’’ but did not establish
any geographic boundary for turkey restoration in On-
tario (Ontario Ministry of Natural Resources [OMNR].
1994. Wild turkey management plan for Ontario
(draft). OMNR, Peterborough, Ontario, Canada).

In 2003, a proposed release of wild turkeys on St.
Joseph’s Island near Sault Ste. Marie was challenged
under Ontario’s Environmental Assessment Act. Con-
cerns were raised about potential environmental im-
pacts including unknown ecosystem impacts of releas-
ing wild turkeys beyond known historic turkey range,
competition with other species, and the possibility that
predator control might be necessary.

From a management agency perspective, there was
also a need to know when wild turkey restoration in
the province would be completed. Experience in other
jurisdictions has found that requests for releases con-
tinued for years after restoration was deemed to be
complete. Sound rationale to respond to requests for
releases now and into the future was needed. Also, a
landscape level framework was needed to plan future
releases that would complete the wild turkey restora-
tion in Ontario and would also provide a boundary
where turkeys would be actively managed in the prov-
ince.

Identifying Potential Suitable Wild Turkey
Habitat in Ontario—Sudbury Experimental
Release

By the late 1990s turkey populations had been re-
stored to most areas of agricultural southern Ontario
through active trap and transfer and natural range ex-
pansion. It was not known if the habitat and climatic
conditions found outside of southern Ontario could
support self-sustaining turkey populations. Defining
the extent of suitable habitat in Ontario was viewed as
a necessary step in determining future restoration ef-
forts.

In 1999, a proposal for an experimental release of
wild turkeys near Sudbury was approved to assess the
potential for northern areas in the Boreal Shield Eco-
zone of the province to support self-sustaining turkey
populations. The release site, located in a 200-km2 area
of mixed forest and agriculture on the Precambrian
Shield near St. Charles, 30 km southeast of Sudbury,
was approximately 160 km north of the existing north-
ern range of wild turkeys in southern Ontario. Mod-

erately severe winters occurred every second year,
whereas very severe winters occurred every 5 years
(Nguyen 2001). An average of 67 days had �25 cm
of snow and continuous snowcover was the norm be-
tween December and March. Snow depths exceeded
25 cm for 38 days during the mild winter of 1999–
2000 and for 111 days during the severe winter of
2000–2001. Total snowfall was similar to some areas
of the province where turkeys were well established.

In late winter of 1999, 36 turkeys (26 female, 10
male) from New York and southern Ontario were re-
leased. In March of 2000, an additional 13 hens were
released. All hens were fitted with radio transmitters
and monitored until the spring of 2001. Four success-
ful broods were documented in 1999 and 2 hens with
broods were seen with poults in the spring of 2000.
Approximately 15 birds (including 2 hens) survived
the severe winter of 2001, but there were no reports
of successful nesting.

Results of the research indicate that predation had
considerable impact on the survival of both adult and
juvenile birds as well as nesting success (Nguyen
2001, Nguyen et al. 2003). Informal reports estimate
the population in 2004 at approximately 200 birds (C.
Brownson, Ontario Federation of Anglers and Hunters,
personal communication). Although a low density
population continues to persist in the area, little growth
in the population has occurred. Results of the experi-
mental release suggest that the habitat may be suitable
for low density populations.

Identifying Ecologically Suitable Areas for Wild
Turkeys in Ontario

Although the Sudbury experimental release helped
to define the limits of suitable habitat for wild turkeys
in Ontario, the question of where it was ecologically
appropriate to release wild turkeys in the province re-
mained unanswered.

Although other jurisdictions face similar issues,
we were not aware of any framework delineating eco-
logical boundaries specifically for the purposes of
managing wild turkeys. However, we are aware of the
use of a landscape level planning framework for the
North American Bird Conservation Initiative (NABCI)
based on ecological boundaries (Anonymous 1999).

Wild turkeys in Ontario evolved in the Mixedwood
Plain Ecozone (Figure 1; as defined by the National
Ecological Framework [http://www.ec.gc.ca/soer-ree/
E n g l i s h / F r a m e w o r k / N a r D e s c / Z o n e . c f m ?
EcozoneID�9]). Known historic range for wild tur-
keys in the early 1900s just prior to extirpation (Alli-
son 1976), supports this assumption. Little is known
about the historic range of wild turkeys in Ontario pri-
or to this when populations were likely at higher levels
and more broadly distributed. As agriculture spread
across southern Ontario in the first half of the 20th

century, it is likely that wild turkeys would also have
expanded their range naturally, had they not been ex-
tirpated.

The Boreal Shield and Hudson Plains Ecozones
are also found in Ontario. A number of factors includ-
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Fig. 1. Ontario wild turkey distribution by ecozone, 2003.

ing fauna were used to define boundaries of ecoregions
and ecozones within the National Ecological Frame-
work. Ecoregions can be characterized by distinctive
regional ecological factors including climate, physi-
ography, vegetation, soil, water and fauna (Wiken
1986, Marshall and Schutt 1999).

Wild turkeys would have evolved with other spe-
cies of flora and fauna within the Mixedwood Plain
Ecozone. Therefore, it seems unlikely that restored
wild turkey populations would interact with other spe-
cies of this ecozone differently than they had 75 years
earlier. Given that evolutionary processes operate over
long time frames, the absence of wild turkeys from the
Mixedwood Plains landscape of Ontario for 75 years
is unlikely to impact or change evolutionary or eco-
system processes. Possible impacts of wild turkey re-
leases, such as competition with, or predation on or
by, other species, have been raised in Ontario as well
as in other jurisdictions. Ecosystem processes such as
competition and predation should be considered an ap-
propriate component of healthy functioning ecosys-
tems within the Mixedwood Plains Ecozone. We are
not aware of any documentation suggesting ecosystem
impairment as a result of restoring wild turkey popu-
lations and concluded that wild turkeys are an appro-

priate ecosystem element of the Mixedwood Plain
Ecozone in Ontario.

Social and Economic Considerations Within the
Turkey Management Framework

Decisions to restore wild turkey populations in
certain locations almost always consider potential so-
cial and economic impacts. In Ontario, social consid-
erations typically include increased recreational op-
portunities (hunting and viewing), the intrinsic value
of restoring an extirpated species, and new or strength-
ened relationships between government and non-gov-
ernment partners. Economic considerations typically
include potential revenue associated with new recrea-
tional opportunities, costs of management (including
administration of hunts and collection of harvest data),
and costs associated with potential nuisance issues and
agricultural damage.

Stakeholder groups often place a wide range of
values on the potential social and economic impacts
of releasing or actively managing wild turkeys. Effec-
tively dealing with these is essential to good decision
making.
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Fig. 2. Risk-based decision tree developed for wild turkey releases in Ontario.
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A Risk-Based Decision Tree for Wild Turkey
Releases in Ontario

Decisions on where wild turkeys should be re-
leased and managed required consideration of ecolog-
ical, social, and economic factors. With the maturation
of the program, we identified a need to establish a
process that managers across the province could use
to guide these decisions and improve consistency and
accountability. As a result, a simple risk-based deci-
sion tree was developed (Figure 2).

The mission of the OMNR is to ‘‘manage natural
resources in an ecologically sustainable way to ensure
that they are available for the enjoyment and use of
future generations’’ (OMNR 2005). Given our man-
date for ecological sustainability, we incorporated an
ecological boundary defined by the Mixedwood Plain
Ecozone into the decision tree. The ecological com-
ponent of the decision process is positioned as the first
step in order to ensure that OMNR’s mandate of eco-
logical sustainability is met prior to considering social
and economic values. In addition to considering
whether a proposed release is located within the
Mixedwood Plain Ecozone, other potential ecological
risks are considered including possible impacts on oth-
er species or components of the ecosystem. If the level
of ecological risk is acceptable, the decision tree
guides the manager to further consider social and eco-
nomic risks before a final decision is made.

Informed decision making based on sound risk
management practices is promoted in all areas of the
provincial government (Ontario Ministry of Finance
2002). Assessing ecological, social and economic risks
associated with releasing wild turkeys in Ontario is
determined by evaluating the likelihood of the risk oc-
curring, the potential impact of the risk and the re-
versibility of the decision. These factors are evaluated
subjectively and then combined prior to deciding if the
level of overall risk is acceptable or not. For example,
in evaluating the risk that a turkey release may have
on a rare species of insect, we would determine the
likelihood that a turkey would encounter and consume
the insect. In making this determination, we would
consider if habitats overlapped spatially and temporal-
ly. Potential impact of the risk would consider the im-
pact on the insect population if turkeys did eat the rare
insects. This would consider the designation (e.g.,
globally endangered) of the insect as well as the num-
ber of locations where they are known to occur. Fi-
nally, we would evaluate the potential reversibility of
a decision to release turkeys. Is the site geographically
isolated in a manner that would facilitate removal of
all wild turkeys if desired? A combined subjective as-
sessment of risk is made, based on the evaluation of
these 3 factors. Once risk is assessed a decision re-
garding the appropriate course of action is made. This
action plan may incorporate strategies to manage or
mitigate risks where possible.

The decision tree is designed to be used by local
and provincial level resource managers and could be
shared with partners to improve their understanding of
decisions made regarding wild turkey releases. Al-

though the decision tree defines a standard process to
be followed across the province, local managers ana-
lyze the risk and make determinations on the accept-
able level of ecological, social, and economic risk
within the Mixedwood Plains Ecozone. This allows
managers to use local information and values in the
decision making process.

Implications for Ontario

The use of an ecological boundary has defined the
wild turkey management area in Ontario. Trap and
transfer and other management activities can be con-
sidered within this geographic boundary. The decision
tree allows local managers to incorporate local con-
cerns and values into decisions by determining what
levels of ecological, social, and economic risk they are
prepared to take. Local managers are also responsible
and accountable for these decisions. The decision tree
also helps improve consistency of decisions regarding
wild turkey releases across the province.

At this juncture, it is not anticipated that active
wild turkey management (e.g., trap and transfer) will
occur outside of the Mixedwood Plain Ecozone; how-
ever, this does not preclude passive management of
wild turkeys (e.g., taking advantage of possible hunt-
ing opportunities) if wild turkey populations naturally
expand beyond the Mixedwood Plain Ecozone.
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Abstract: Merriam’s turkeys (Meleagris gallopavo merriami) in the Black Hills feed in ponderosa pine (Pinus
ponderosa) forest habitats during winter, but some birds centralize winter activities within or near farmsteads that
provide waste grain as supplemental food. The objective of our research was to determine if female Merriam’s
turkeys that wintered in association with supplemental food from livestock feeding had different survival rates
than birds that wintered within ponderosa pine forest. We captured and radiomarked 94 females over a 4-year
period. Winter (1 Dec–31 Mar) survival of Merriam’s females wintering in association with livestock feeding and
farmsteads (Ŝ � 0.94, SE � 0.03) was not different from females wintering in forest habitats (Ŝ � 0.92, SE �
0.03). Annual survival of adult females (mean Ŝ � 0.67, SE � 0.09) varied among years (range � 0.54–0.83)
from 2001–2003 based on Kaplan-Meier estimates. Lowest seasonal survival occurred during spring (1 Apr–30
Jun) (adult Ŝ � 0.83, SE � 0.04; yearling Ŝ � 0.64, SE � 0.13). Mammalian predators accounted for the highest
percentage of mortality (47.2%). Primary mammalian predators were coyotes (Canis latrans) and bobcats (Lynx
rufus) based on evidence from infrared camera photos and dorsal guard hair identification. Survival in the southern
Black Hills was similar or higher than rates reported for Merriam’s turkey from both its indigenous range and
introduced range.
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Merriam’s turkeys in the Black Hills are nonindig-
enous. The southern Black Hills population originated
with transplants from Colorado and New Mexico in
1950 and 1951 (Peterson and Richardson 1975). The
Black Hills population of Merriam’s turkeys supports
a spring harvest of male turkeys typically ranging from
1,500 to 2,500 birds (Huxoll 2003, 2004). Merriam’s
turkeys in forested habitats of the Black Hills feed on
ponderosa pine seed, kinnikinnick (Arctostaphylos
uva-ursi) fruits, and grasses during winter (Rumble
and Anderson 1996a, 1996b). However, many Black

Hills turkeys have centralized wintering activities (i.e.,
roosting, feeding, and loafing) within or near cattle
feeding operations. This farmstead wintering behavior
has developed in other regions of the wild turkey’s
range (Vander Haegen et al. 1989, Wunz 1992) and
may provide some benefits to turkeys in enhanced sur-
vival and reproduction (Porter et al. 1983, Vander Hae-

1 E-mail: Chad.Lehman@state.sd.us
2 Present address: 13329 US HWY 16A, Custer, SD 57730,

USA.
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gen et al. 1988, Wunz 1992, Hoffman et al. 1996, Leh-
man et al. 2001). Farmsteads indirectly provide high-
energy foods such as oats and corn for turkeys as
waste grain from livestock feeding operations. In ad-
dition, farmsteads may provide turkeys some protec-
tion from predators during winter and the early part of
spring due to the close proximity of humans.

Severe winter weather can limit northern turkey
populations (Healy 1992) and food sources can be crit-
ical for survival during winter (Porter et al. 1980, Van-
der Haegen et al. 1988). Within South Dakota, inves-
tigators have reported winter survival and causes of
mortality for eastern wild turkeys (M. g. silvestris)
(Leif 1997, Lehman et al. 2001) and Rio Grande wild
turkeys (M. g. intermedia) (Lehman et al. 2001). In
the central Black Hills, annual survival of Merriam’s
females varied from 33 to 76% (Rumble et al. 2003).
In Arizona, annual survival of Merriam’s turkeys av-
eraged 57% (Rumble et al. 2003) and in Montana sur-
vival averaged 45% (Thompson 1993). Spring is a pe-
riod of high female mortality for Merriam’s turkeys in
South Dakota and southeastern Montana (Thompson
1993, Flake and Day 1996, Rumble et al. 2003). Pre-
dominant causes of wild turkey mortality in the Mid-
west are predation, severe weather, starvation, illegal
killing, and hunting (Porter 1978, Vangilder 1995,
Vangilder and Kurzejeski 1995, Wright et al. 1996,
Leif 1997, Lehman et al. 2001). However, survival and
cause-specific mortality information is generally lack-
ing for Merriam’s turkeys (Rumble et al. 2003). The
objectives of this study were to (1) obtain survival and
cause-specific mortality information on female Merri-
am’s turkeys in the southern Black Hills, and (2) de-
termine if birds that wintered in association with farm-
steads and associated supplemental feeds had different
survival rates than birds that wintered within ponde-
rosa pine forest.

STUDY AREA

The study area was in the southern portion of the
Black Hills physiographic region of southwestern
South Dakota (Johnson et al. 1995). Elevations range
from 930 to 1627 m above mean sea level. Three soil
associations (Mathias-Butche-Rockoa, Paunsaugunt-
Vanocker, and Tilford-Spearfish) characterize much of
the study area’s rocky ridges, rolling plateaus, drain-
ages, canyon walls, and mountain valleys (Kalvels
1980). The study area had a continental climate with
mean annual precipitation of 44.02 cm and mean an-
nual temperature of 7.78�C (National Climatic Data
Center 1971–2000). The woodland habitat was char-
acteristic of xeric conditions, and was dominated by
ponderosa pine with an understory composed of west-
ern snowberry (Symphoricarpos occidentalis), com-
mon juniper (Juniperus communis), and greater den-
sities of Rocky Mountain juniper (J. scopulorum) in
the western portion of the study area (Hoffman and
Alexander 1987). Dominant grasses on the study area
included Kentucky bluegrass (Poa pratensis), smooth
brome (Bromus inermis), little bluestem (Schizachyr-

ium scoparium), needle and thread (Stipa comata),
sideoats grama (Bouteloua curtipendula), western
wheatgrass (Pascopyrum smithii), and blue grama
(Bouteloua gracilis) (Johnson and Larson 1999).

METHODS

Capture and Radiotelemetry

Wild turkeys were captured in winter using cannon
nets (Dill and Thornsberry 1950, Austin et al. 1972),
rocket nets (Thompson and Delong 1967, Wunz 1984),
and drop nets (Glazener et al. 1964) over bait. We
classified females as either adult (�1 year old) or year-
ling (�1 year old) based on barring on the ninth and
tenth primary feathers (Williams 1961) and weighed
birds to the nearest 0.1 kg. Birds were fitted with 98-g
backpack mounted radiotransmitters equipped with ac-
tivity signals and a mercury switch mortality sensor
set to activate after 8 hours of inactivity. Wild turkeys
were located by triangulation and visual locations 5–6
days per week using hand-held yagi antennae.

Survival and Cause-specific Mortality

We estimated seasonal and annual survival distri-
butions using the Kaplan-Meier product limit method
(Kaplan and Meier 1958) modified for staggered entry
(Pollock et al. 1989). Seasonal survival was divided
into 4 time periods: (1) winter (1 Dec–31 Mar), (2)
spring (1 Apr–30 Jun), (3) summer (1 Jul–31 Aug),
and (4) fall (1 Sep–30 Nov). Season intervals were
based on a combination of weather (i.e., seasonal var-
iation in temperature and precipitation) and behavior
patterns (i.e., nesting and brood-rearing). We estimated
annual survival from 1 December–30 November of
each year. Yearlings were classified as adults starting
the first winter (1 Dec) following capture. Calculating
survival distributions we assumed: (1) survival was
unique for each radiomarked individual and indepen-
dent of others, (2) individuals were unbiased and ran-
domly selected, and (3) radiotransmitters did not affect
survival.

We defined cause-specific mortality as the proba-
bility of a wild turkey dying from a mortality source
in the presence of other competing mortality sources
(Heisey and Fuller 1985). Necropsy of carcasses de-
termined causes of death, and we classified mortality
as mammalian predation, avian predation, weather-re-
lated starvation (emaciation or starvation resulting
from deep snow cover), hunting, illegal kill, disease,
car collision, and unknown. Death was attributed to
predation when examination of carcasses revealed
hemorrhaging accompanied by puncture wounds. Ev-
idence such as tracks, feces, and caching of the carcass
identified the mortality as mammalian predation. Sharp
puncture wounds accompanied by removal of the head
and neck region from the carcass identified avian pred-
ators such as great horned owls (Bubo virginianus)
(Miller and Leopold 1992). In addition to the afore-
mentioned sign, we used infrared cameras to verify
cause of mortality in some instances. Cameras were
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Table 1. Kaplan-Meier winter (1 Dec–31 Mar) seasonal survival estimates (Ŝ) for females wintering in farmsteads and females
wintering in forest. Estimates are for Merriam’s turkey females in the southern Black Hills, South Dakota, 2001–2004.

Year

Farmstead turkeys

n Ŝ SE

Forest turkeys

n Ŝ SE Z-value P

2001 28 0.963 0.036 7 1.000 0.000 1.03 0.303
2002 20 0.950 0.049 20 0.900 0.066 0.61 0.540
2003 22 0.917 0.057 27 0.856 0.065 0.70 0.459
2004 15 0.867 0.088 19 0.947 0.051 0.79 0.430

Pooled 85 0.936 0.026 73 0.922 0.032 0.39 0.734

Fig. 1. Kaplan-Meier annual survival distributions (1 Dec–30
Nov) for adult Merriam’s turkey females in the southern Black
Hills, South Dakota, 2001–2003.

Table 2. Kaplan-Meier seasonal survival estimates (Ŝ) during
winter (1 Dec–31 Mar), spring (1 Apr–30 Jun), summer (1 Jul–
31 Aug), and fall (1 Sep–30 Nov) for adult Merriam’s turkey fe-
males in the southern Black Hills, South Dakota, 2001–2004.

Interval n Ŝ SE

Winter 158 0.932 0.020
Spring 118 0.831 0.035
Summer 91 0.956 0.022
Fall 58 0.860 0.047

placed at selected nest sites while females were away
from nests. Photos of predators were taken when the
predator approached the nest and triggered the infrared
sensor. At other mortality sites the infrared cameras
were placed near the turkey carcass after the predation
event and photos obtained if predators returned to the
cache. Dorsal guard hairs collected from shrubs and
other vegetation at mortality sites were also used to
identify mammalian predators (Moore et al. 1974). We
also checked 4 reference sites in cardinal directions 20
m from the nest or other predation site to determine if
hair occurrence was random.

Weather-related mortalities, or birds that died from
starvation, were classified during winter or early
spring when carcasses had emaciated breast muscles
without hemorrhaging. If hemorrhaging or emaciation
were not present, then carcasses were examined for
diseases at the Animal Disease and Diagnostic Labo-
ratory at South Dakota State University by D. H. Ze-
man, DVM, Ph.D. Otherwise we classified the cause
of mortality as unknown.

We tested for differences in survival among years
and seasons using chi-square procedures described by
Sauer and Williams (1989) using the program CON-
TRAST (Hines and Sauer 1989). This procedure was
also used to compare the 3 most prominent causes of
mortality within seasons. We tested the null hypothesis
that survival of birds wintering in farmsteads and birds
wintering in ponderosa pine forest do not differ using
a Z-test described by Pollock et al. (1989). We did not

compare mortality between adults and yearlings be-
cause of small sample sizes within the yearling age
class. We censored observations when radiotransmit-
ters failed or if contact was lost. Significant differences
occurred at P � 0.05 and we used a Bonferroni ap-
proach to control the Type I experimentwise error rate
for multiple comparisons.

RESULTS

Survival

We captured and radiomarked 94 females during
2001–2004. However, due to capture-related trauma
we had to censor 2 females. We used 92 females (n �
76 adults, n � 16 yearlings) for analyses. Within the
winter period, we were able to pool years for both
farmstead wintering turkeys (�2 � 1.28, df � 3, P �
0.73) and forest wintering turkeys (�2 � 3.43, df � 3,
P � 0.33) (Table 1). Winter survival was similar be-
tween turkeys wintering in farmsteads and turkeys
wintering in forest (Z � 0.39, P � 0.73) (Table 1).

Annual survival for adult females differed among
years (�2 � 9.43, df � 2, P � 0.009). Survival in 2001
(Ŝ � 0.83, SE � 0.06) was significantly higher than
2003 (Ŝ � 0.64, SE � 0.07) and 2002 (Ŝ � 0.54, SE
� 0.08) (Figure 1). Average annual survival for adults
for the study period was 0.67 (SE � 0.09). Average
annual survival for yearlings for the study period was
0.49 (SE � 0.11). Adult seasonal survival was similar
(�2 � 5.66, P � 0.06) among years and we pooled
seasons for the analysis (Table 2). Spring survival was
the lowest among all seasons for both adult (Table 2)
and yearling females (Table 3). A high percentage
(53%) of spring mortality occurred while females were
laying eggs or incubating nests. Seasonal survival dis-
tributions for adults differed (�2 � 11.13, df � 3, P �
0.01). Spring and fall were periods of lower survival,
and winter and summer periods were periods of higher
survival (Table 2).
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Table 3. Kaplan-Meier seasonal survival estimates (Ŝ) during
winter (1 Dec–31 Mar), spring (1 Apr–30 Jun), summer (1 Jul–
31 Aug), and fall (1 Sep–30 Nov) for yearling Merriam’s turkey
females in the southern Black Hills, South Dakota, 2001–2003.

Intervala n Ŝ SE

Winter 2001 6 1.000 0.000
Winter 2002 7 0.857 0.132
Winter 2003 3 0.500 0.250

Winter pooled 16 0.871 0.084
Spring 2001 6 0.667 0.192
Spring 2002 6 0.500 0.204
Spring 2003 2 1.000 0.000

Spring pooled 14 0.643 0.128
Summer 2001 4 1.000 0.000
Summer 2002 3 1.000 0.000
Summer 2003 2 1.000 0.000

Summer pooled 9 1.000 0.000
Fall 2001 4 1.000 0.000
Fall 2002 4 0.667 0.272
Fall 2003 2 1.000 0.000

Fall pooled 10 0.889 0.112

a Due to small sample size years were not compared and thus not
pooled.

Fig. 2. Causes (%) of mortality for Merriam’s turkey females
(n � 53) in the southern Black Hills, South Dakota, 2001–2004.

Table 4. Seasonal cause-specific mortality rates (SE) and deaths (n) during winter (1 Dec–31 Mar), spring (1 Apr–30 Jun), summer
(1 Jul–31 Aug), and fall (1 Sep–30 Nov) for Merriam’s turkey females in the southern Black Hills, South Dakota, 2001–2004. Rates
were calculated using the Kaplan-Meier method.

Mortality
source

Season

Winter

Rate (SE) n

Spring

Rate (SE) n

Summer

Rate (SE) n

Fall

Rate (SE) n

Mammalian 0.027 (0.01) 4 0.114 (0.03) 15 0.029 (0.02) 3 0.031 (0.02) 3
Avian 0.028 (0.01) 4 0.023 (0.01) 3 0.000 (0.00) 0 0.031 (0.02) 3
Weather 0.008 (0.01) 1 0.023 (0.01) 3 0.000 (0.00) 0 0.000 (0.00) 0
Hunting 0.000 (0.00) 0 0.000 (0.00) 0 0.000 (0.00) 0 0.020 (0.01) 2
Illegal kill 0.000 (0.00) 0 0.008 (0.01) 1 0.000 (0.00) 0 0.000 (0.00) 0
Disease 0.000 (0.00) 0 0.015 (0.01) 2 0.000 (0.00) 0 0.000 (0.00) 0
Car kill 0.000 (0.00) 0 0.000 (0.00) 0 0.000 (0.00) 0 0.010 (0.01) 1
Unknown 0.014 (0.01) 2 0.015 (0.01) 2 0.010 (0.01) 1 0.031 (0.02) 3

Cause-specific Mortality

Mammalian predators, primarily coyotes and bob-
cats, caused 47.2% of mortality to female Merriam’s
turkeys (Figure 2). Guard hairs found on shrubs and
debris at predation sites were used to identify cause of
predation at 17 sites and guard hairs were not found
at reference sites. Infrared cameras were used to pos-
itively identify predators in some instances (n � 6).
Avian predators, mostly great horned owls, caused
18.9% of mortality and weather-related starvation ac-
counted for 7.4% (Figure 2). Other causes of mortality
included fall hunting (3.8%), illegal kill (1.9%), dis-
ease (3.8%), car collisions (1.9%), and unknown
(15.1%) (Figure 2). Deep snow cover in late winter of
2002 resulted in starvation of 4 females wintering in
forest. Multisystemic inflammatory disease compatible
with bacteria septicemia (Escherichia coli) caused one
death, and cloacal impaction caused another death (D.
H. Zeman, DVM, Animal Disease and Diagnostics
Laboratory, South Dakota State University). Across
seasons, most mortality factors were evenly distributed
with the exception during spring when mammalian
predation was noticeably higher than other seasons

(Table 4). Within winter, summer, and fall seasons
cause-specific mortality rates did not differ (�2 � 1.22,
P � 0.40). However, during spring rates differed (�2

� 8.72, df � 2, P � 0.01), as mammalian predation
was higher than avian predation and weather-related
mortality (Table 4).

DISCUSSION
In winter, female Merriam’s turkeys primarily fed

on ponderosa pine seeds or farmstead grains and sur-
vival was high. Although turkeys wintering in asso-
ciation with farmsteads have increased survival in
some areas (Lehman et al. 2001), this was not evident
in our study as survival rates of females that wintered
in farmsteads were not higher than rates of females
wintering in ponderosa pine forest. Several studies
have shown a link between habitat and foods for Mer-
riam’s turkeys (Rumble and Anderson 1996a, 1996b),
and this may affect their winter survival (Wakeling and
Rogers 1996, Wakeling and Goodwin 1999). Merri-
am’s females in Arizona experienced low winter sur-
vival, possibly due to lack of winter food availability
(Wakeling 1991, Wakeling and Goodwin 1999). Mer-
riam’s turkeys in the central Black Hills also fed upon
pine seeds in winter (Rumble and Anderson 1996a)
and used pine stands with high canopy coverage
(Rumble and Anderson 1996b). Turkeys in the central
Black Hills also had high winter survival except for
yearling females following deep snowfall events
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(Rumble et al. 2003). In 2002, 3 yearlings and 1 adult
wintering in forest died of starvation shortly after deep
snowfall covered food resources. During this period
snow cover �20 cm lasted about 14 days. Emaciated
birds had lost 40–41% of their original body weight.

Annual survival of adult female Merriam’s turkeys
in the southern Black Hills averaged 67%, which is
similar to that for Merriam’s females in the central
Black Hills (x̄ � 68%, Rumble et al. 2003). Age-class-
es combined, average annual survival of Merriam’s
turkey females in Arizona was 57% (Rumble et al.
2003) and 45% in Montana (Thompson 1993). In Ar-
izona, annual survival for adult females averaged 67%
for the Mogollon Rim (Wakeling 1991) but reached
84% or above at some sites (Rumble et al. 2003).
Adult female Merriam’s turkey survival in Oregon av-
eraged 62% but yearling female survival was only
42% (Crawford and Lutz 1984). Annual yearling fe-
male survival averaged 49% in the southern Black
Hills, but sample sizes were small during this study (n
� 16). In comparison, yearling female survival in New
Mexico and Arizona was higher at 65% (Lockwood
and Sutcliffe 1985) and 69% (Wakeling 1991).

In the southern Black Hills, adult survival was
lowest during spring and fall, and highest during win-
ter and summer. Spring has been a period of high fe-
male mortality apparently because of vulnerability of
females nesting on the ground during the long incu-
bation period (Speake 1980). Survival in the spring
was similar to other studies of Merriam’s turkeys that
also showed the apparent vulnerability of females dur-
ing nesting (Rumble and Hodorff 1993, Thompson
1993, Rumble et al. 2003). Mammalian predators
caused most of the mortality during the spring period,
and much of the mortality occurred while females
were laying eggs or incubating clutches. Thompson
(1993) reported 50% of all mortality of females oc-
curred during the nesting period. In Arizona, Merri-
am’s turkeys experienced low predation during nest-
ing, but high predation rates during brood rearing
(Wakeling 1991). Avian predators were the primary
cause of mortality during brood-rearing (Wakeling
1991). We found no evidence of high female mortality
in the southern Black Hills during brood-rearing. Fall
survival was similar to spring survival in our study
but had an even distribution of mortality factors, in-
cluding predation, hunting, and unknown.

In our study, coyote and bobcat predation account-
ed for the highest percentage of mortality, followed by
great horned owl predation. Across the Merriam’s
range predation by mammalian and avian predators ac-
counts for the majority of mortality events in Merri-
am’s turkeys (Rumble et al. 2003). Starvation associ-
ated with deep snowfall was not common in the south-
ern Black Hills. However, in northeastern South Da-
kota severe winter weather caused 14% of mortality
(Lehman et al. 2001). Deep snow cover on food sourc-
es in late winter and early spring can have negative
cumulative effects on the physiological condition of
birds (Rumble and Anderson 1996a, Wakeling and
Rogers 1996). Fall harvest of females is slight, ac-
counting for about 4%, and does not affect turkey pop-

ulations in the southern Black Hills. Similarly, fall
hunting caused 2.6% of annual mortality in Arizona
and had little affect on Arizona turkey populations
(Wakeling 1991). One female (1.9%) was illegally
killed by spring turkey hunters, which is a lower rate
than in heavily hunted areas in the eastern United
States (Healy and Powell 1999). In the southern Black
Hills, cause-specific mortality rates typically did not
differ within seasons with the exception of spring
when mammalian predation exceeded other mortality
factors. Mammalian predators were more successful in
finding nesting females than avian predators and may
account for the differential predation rate.

MANAGEMENT IMPLICATIONS
With the exception of adult females from some

areas in Arizona (Rumble et al. 2003), survival in the
southern Black Hills was similar or higher than rates
reported for Merriam’s turkeys from both its indige-
nous range (Lockwood and Sutcliffe 1985) and its in-
troduced range (Crawford and Lutz 1984, Thompson
1993, Rumble et al. 2003). Survival was excellent for
both turkeys that wintered near farmsteads and turkeys
that wintered in forest. Farmstead habitats were highly
utilized by Merriam’s turkeys in the southern Black
Hills (Lehman 2005). Farmsteads were particularly
important during the winter of 2003 when there was
less pine seed production. Farmsteads could be im-
portant in sustaining population levels during years of
severe winter weather. Although only a small percent-
age (1.9%) of females were illegally killed by spring
turkey hunters in this study, we recommend that illegal
female harvest continue to be monitored as the number
of hunters increases in the Black Hills.
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WILD TURKEYS IN
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Abstract: Prior to European settlement, wild turkeys (Meleagris gallopavo) were present in Michigan south of a
line from Saginaw Bay to the mouth of the Muskegon River. Habitat loss and overexploitation during settlement
led to the extirpation of turkeys from Michigan in the late 1800s. Several restoration attempts followed in the
early 1900s; however, it was not until the mid to latter part of the last century that restoration efforts were
successful. As a result, wild turkeys currently occupy much of their ancestral range and beyond, providing Mich-
igan residents with quality hunting and wildlife viewing opportunities on both public and private lands. The
expansion of wild turkey range has led wildlife biologists to debate how far north turkeys should be introduced
and actively managed. Northern range expansion in Michigan can be attributed to alteration of Michigan’s native
habitats and human activities that promote turkey survival throughout the year. A literature review was conducted
to determine how the major limiting factors of winter weather and lack of suitable habitat influence wild turkey
survival in northern regions of Michigan. These limiting factors may be overcome in some portions of the state
through habitat management programs that mitigate winter loss.

Proceedings of the National Wild Turkey Symposium 9:303–306
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Wild turkeys are native to Michigan. Prior to Eu-
ropean settlement turkeys were present south of a line
from Saginaw Bay to the mouth of the Muskegon Riv-
er (Brewer et al. 1991). It is believed that the habitat
and climate of northern Michigan were not conducive
to wild turkey expansion. However, it is possible that
the turkey range could have extended as far north as
Oscoda County during successive years of mild win-
ters (Kulowiec 1986).

Unregulated hunting and habitat conversion led to
the extirpation of wild turkeys from Michigan around
1900 (Kulowiec 1986, Brewer et al. 1991). The first
successful reintroduction of turkeys occurred in 1954
at the Allegan State Game Area (in the southwestern
Lower Peninsula) with the release of 50 birds obtained
from Pennsylvania (Kulowiec 1986, Brewer et al.
1991). During the years 1955–1957, additional turkeys
were released in the northern counties of the Lower
Peninsula. In early 1965, birds from Allegan County
were moved to Menominee County in the Upper Pen-

insula (UP) along the Menominee River. A large scale
restoration effort during the 1980s brought birds from
Iowa, Missouri, and other states to the southern Lower
Peninsula where turkeys now thrive. This restoration
effort resulted in turkey populations throughout their
ancestral range in Michigan and it expanded the range
north to the UP (Michigan Department of Natural Re-
sources [MDNR], unpublished data).

As a result of restoration efforts, turkeys are now
present in parts of Michigan where they did not his-
torically exist. This can be partially attributed to land-
scape changes (e.g., where forested land was converted
to agriculture). The present distribution of turkeys also
can be attributed to human activities, such as winter-

1 Present address: Crane Pond State Game Area, Michigan
Department of Natural Resources, P.O. Box 158, 60887 M-40,
Jones, MI 49061, USA.

2 E-mail: CHADWICS@michigan.gov
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Fig. 1. Locations of potential wild turkey winter loss based on
snow depth over 30 cm (ZedX 2000) that persisted for �6 weeks
in Michigan.

feeding programs, which provide additional food re-
sources in northern landscapes.

The intent of this paper was to review the current
body of literature regarding turkey survival in northern
landscapes to help identify the factors limiting range
expansion in Michigan. This information can be used
to help set management objectives throughout northern
Michigan to maximize the wise use of limited turkey
management resources.

WINTER WEATHER

The climate throughout most of northern Michigan
is influenced by the Great Lakes, which results in mod-
erate temperatures and heavy precipitation along the
lakeshores. Areas away from the lakeshores experience
a continental climate where temperatures are extreme-
ly cold during the winter months (Albert 1995). Av-
erage annual temperatures range from 4�C to 6�C
throughout the region with average winter tempera-
tures ranging from �8�C in the UP to �6�C in the
northern Lower Peninsula (NLP) (ZedX 2000). Typi-
cally, over 200 cm of snow falls across much of the
NLP and UP in a single season (ZedX 2000).

Moderate to severe winter conditions can have a
dramatic influence on wild turkey populations by lim-
iting survival and reducing reproduction and recruit-
ment (Haroldson 2003). Cold temperatures and snow
accumulation create conditions that increase daily en-
ergy expenditures and limit food availability. Both are
critical factors affecting individual survival. An aver-
age 4.2 kg turkey requires approximately 11.3 kg of
mixed diet during a 120-day winter with an average
temperature �11�C. Food requirements increase by 2.4
kg for every 10�C drop in mean temperature (Harold-
son 1995). A turkey can be expected to survive on
little or no food for about 2 weeks, assuming 20% of
its body mass is catabolizable energy available from
typical body fat deposits; therefore, overwinter surviv-
al depends on fat reserves and food availability (Ob-
erlag et al. 1990). It is assumed that Michigan’s cold
temperatures compound the effects of snow by in-
creasing energy requirements by 42%, resulting in
roughly a 10-day period to reach food for survival.

Turkeys can tolerate temperatures lower than those
that occur on their current range with proper fat re-
serves and food availability (Haroldson 1995). How-
ever, deep snow (�30 cm) for prolonged periods of
time limits daily movements, increases energy expen-
ditures for travel, and prevents turkeys from reaching
food sources (Austin and DeGraff 1975, Wunz and
Hayden 1975). Roberts et al. (1995) found that winter
mortality among adult females began after 40 to 59
days of exposure to prolonged deep snow (�25.4 cm).
Therefore, snow conditions that limit food availability
for extended periods may have more influence on tur-
key winter survival than low temperatures (Haroldson
1995).

Using 30-year average daily snow depth data
(ZedX 2000), areas where 30 cm of snow persisted for
6 weeks were identified in Michigan (Figure 1). In the

UP, snow depth and duration would limit turkey sur-
vival north of a line from Escanaba to Iron Mountain.
In the NLP these conditions persisted north of a line
from Rogers City through Houghton Lake and south
and west to Lake Michigan at Pentwater. Based solely
on winter weather conditions, there are few places in
northern Michigan where wild turkeys can survive and
maintain sustainable populations.

HABITAT REQUIREMENTS
Upland hardwoods and open fields (i.e., agricul-

tural fields, pastures, old fields) have been identified
as suitable turkey habitat (Porter 1980, Donovan 1985,
Kulowiec 1986). Upland hardwood forests comprised
of aspen (Populus spp.), red and sugar maple (Acer
rubrum and A. saccharum), red and white oak (Quer-
cus rubra, Q. alba), and American beech (Fagus gran-
difolia) provide many essential resources for turkeys
and are considered a base habitat type where turkeys
can spend most of the year (Porter 1980, Kulowiec
1986). Hard mast producing trees, such as oak and
beech, provide high-energy foods, which become in-
creasingly important between fall and spring (Donovan
1985).

In some northern regions, turkeys exhibit habitat
selection behavior that tends to conserve heat loss and
lower energy requirements during winter months (Ku-
lowiec 1986). During severe winter weather, turkeys
roost more often in conifer habitats near food and wa-
ter sources (Kulowiec 1986, Kilpatrick et al. 1988,
Haroldson 2003).
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Active farmlands interspersed with upland hard-
woods provide many additional resources critical to
turkey survival and production (Porter 1980, Porter et
al. 1980, Donovan 1985, Kulowiec 1986). During the
winter months, when snow limits access to natural
food products, turkey activity revolves around agri-
cultural operations and wildlife food plots (Porter
1980, Kulowiec and Haufler 1985). Active agriculture
operations can offset winter mortality among turkeys
by providing a source of high-energy food (Porter
1980). Turkeys are able to find grain and other food
items in manure spread on farm fields in the winter as
well as in standing waste grain (Kulowiec and Haufler
1985).

HABITAT MANIPULATION

It is assumed that the limited amount of agriculture
in some of the snow-belt regions of the NLP and areas
of the south central UP may sustain a viable popula-
tion of turkeys. Kulowiec (1986) reported high den-
sities of turkeys around active agriculture in north-
eastern Michigan during the early 1980s, prior to
large-scale winter-feeding efforts. He also suggested
several habitat management options to help create sus-
tainable turkey populations across the NLP. Conser-
vation groups work with the MDNR and the U.S. For-
est Service to promote turkey habitat projects on pub-
lic and private lands. One program started by the
MDNR in 1996 assists landowners in placing corn
food plots on their property specifically for turkeys
(MDNR. 2002. Turkey winter food plot evaluation,
1999–2002. Unpublished report, MDNR, Wildlife Di-
vision, Lansing, Michigan, USA). Locations are cho-
sen by considering habitat features, proximity to public
land, and distance from known winter deer concentra-
tion areas. An evaluation of the program in 2002 in-
dicated that in some areas, reasonably stocked food
plots fed 30–40 turkeys throughout the winter, and fur-
ther funding of the program was recommended
(MDNR. 2002. Turkey winter food plot evaluation,
1999–2002. Unpublished report, MDNR, Wildlife Di-
vision, Lansing, Michigan, USA).

RECREATIONAL FEEDING OF
WILDLIFE

The human population in northern Michigan con-
tinues to increase as Michigan residents seek retire-
ment homes away from urban centers. Many local res-
idents feed wildlife throughout the year in the form of
backyard bird feeders. According to national statistics,
86% of wildlife watchers said they feed wildlife, and
97% of these individuals said they feed wild birds
(U.S. Fish and Wildlife Service 2002). It is assumed
that the increased human population and interest in
feeding wildlife in northern Michigan has resulted in
more feeding sites available for turkeys during the
winter.

MANAGEMENT IMPLICATIONS

After comparison of literature review information
and Michigan winter weather conditions, it is apparent
that a large section of the UP and NLP experience
winter conditions that would limit survival of turkeys.
In addition, when looking at habitat components, some
portions of the UP are missing critical habitat, such as
active agriculture, that provide resources to turkeys
during the winter months. Placing food plots on the
landscape aimed at providing food resources to turkeys
has met with some success in the NLP. However, this
success has not been universal; it has been localized
and dependent upon private citizen involvement. There
remains considerable sentiment that food plots are not
completely filling in the missing habitat gaps. Fur-
thermore, food plots may be limited due to the short
growing season in the UP. In some northern areas, the
only option for maintaining turkeys is by providing
food resources through winter- feeding programs. This
is not an acceptable practice for maintaining a natu-
rally reproducing population.

In the face of economic hardships, it becomes im-
portant to maximize every dollar spent for resource
management. It might be feasible to split Michigan
into turkey management regions where weather and
habitat features dictate management direction. Most of
the UP experiences winter weather conditions that will
not allow turkeys to survive on their own. These areas,
especially along Lake Superior, are not suited to the
type of agriculture that turkeys utilize for winter sur-
vival. The UP north of Highway US-2 is an area where
the MDNR should not spend valuable resources spe-
cifically on turkey habitat or relocations. Also, habitat
management that would be required may not be com-
patible with the MDNR’s principles of ecosystem man-
agement, nor with the overall management direction
of state and federal forests.

In contrast, the NLP and UP south of Highway
US-2 may be suited to a much reduced, yet sustainable
population of turkeys. Although these areas experience
similar weather conditions that limit survival, there is
a component of agriculture that turkeys may be able
to access. In addition, food-plot programs funded
through the MDNR have been attempted with some
success. It may be feasible to use suggestions from
Kulowiec (1986) to develop wintering areas across the
NLP on private and public lands through a habitat
management initiative. This may reduce the dependen-
cy on winter feeding by local residents. Any program
initiated in the NLP will need to be reviewed and
deemed compatible with the MDNR’s principles of
ecosystem management before implementation.

Some biologists consider northern turkeys to be a
‘‘bonus bird’’ (wildlife biologists, MDNR, personal
communication). They are available for wildlife view-
ing and spring and fall hunting when winters are mild
or residents feed them; when one or both components
fail, turkey populations decrease. A much reduced, yet
sustainable, turkey population might be attainable in
some northern landscapes by focusing resources on
habitat manipulation in landscapes where it is consis-
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tent with ecosystem management principles and where
winter mortality factors could be mitigated.
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Abstract: Prior to the 1960s, conventional wisdom suggested wild turkeys (Meleagris gallopavo silvestris) were
unlikely to thrive in the upper midwestern and northeastern United States. Two hypotheses were implicit: (1)
severity of winter weather produced high mortality, thereby limiting turkey populations to more moderate climates,
and (2) lack of forest cover in landscapes dominated by agriculture limited the amount of suitable habitat. This
paper explores these hypotheses and the reasons for the dramatic success of the wild turkey in this region. While
winter caused significant mortality, research confirmed it was access to food rather than cold temperatures that
affected survival. Spring weather conditions were more important than winter to long-term fluctuations in popu-
lation abundance. Forest cover in the region was sufficient and agriculture proved to be a major asset to wild
turkeys because of the food it provided. Habitat suitability in this region appears to be driven by a complex
interplay of proportion, configuration and spatial scale of forest and agriculture. This interplay has produced an
exceptionally suitable landscape, but one that may be short lived because of large-scale societal shifts in land use.
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Thirty years ago, Henry Mosby, one of the most
widely recognized wild turkey biologists of the 20th

century, wrote:

‘‘The wild turkey is much more adaptable,
ecologically speaking, than was assumed 30
years ago, for it has done well in habitats and
covertypes for which it did not seem well
adapted in the early 1940s.’’ (Mosby 1973:
75).

What seems especially remarkable about this statement
is that exactly the same comment is often made today,
and by biologists who are equally amazed at the adapt-
ability of the species. A second generation of wild tur-
key biologists has witnessed a profound change in our
understanding of the wild turkey, one that has helped
restore the species to geographic areas beyond all ex-
pectation.

As trap and transfer of wild turkeys began to ac-
celerate in the late 1960s, there was great uncertainty
about the potential for this species in the upper Mis-
sissippi valley, the Great Lake states and the Northeast.
The wild turkey evolved in southern latitudes and the
only places it seemed to be doing well were areas of

extensive oak forest. Consequently, its chances of suc-
cess in the cold winters and highly disturbed agricul-
tural landscapes of the northern United States appeared
slim. Early releases of wild turkeys in northeast Iowa
and Wisconsin had failed. While later research would
show that these early releases were of the wrong sub-
species to be successful in the upper Mississippi val-
ley, the failures seemed to confirm the assessment
(Dreis et al. 1973, Wigal 1973, Little 1980).

Today, the upper Midwest, Lake States, and North-
east hold more than 1.1 million wild turkeys distrib-
uted over 625,000 km2 (Tapley et al. 2001). The intent
of this paper is to explore 2 hypotheses implicit to the
debate over biology and management of wild turkeys
in northern latitudes: (1) severity of winters limits tur-
key populations by causing high mortality, and (2) lack
of forest cover in agricultural landscapes limits suit-
able habitat. While the success of the species refutes
these hypotheses, it is useful to draw together the les-
sons that research has taught us about why the wild
turkey has done so well.

1 E-mail: wfporter@esf.edu
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STUDY AREA
The focus was the northern tier of states from Min-

nesota to Maine, and included Wisconsin, northern Il-
linois, northern Indiana, Michigan, Ohio, northern
Pennsylvania, New York, Vermont, New Hampshire,
Massachusetts, and southeastern Ontario, Canada. The
region was noted for cold, snowy winters. Winter se-
verity was highly variable across the region because
of the influence of the Great Lakes. Coldest conditions
(�35�C) occurred to the west of the Great Lakes in
Minnesota and Wisconsin, with fewer days of �0�C
south and east of the lakes. Accumulated snow could
be �25 cm throughout the region with deep snow last-
ing 6 to 8 weeks in western portions of the region and
much deeper (30 to 100 cm), but generally less per-
sistent snow in the eastern states. Landform affects the
impact of snow because ridge-and-valley topography
presents south and west-facing slopes where snow
depths are reduced by increased sun exposure. Thus,
the rugged areas of southeastern Minnesota, southern
Wisconsin, New York, Pennsylvania and New England
contrast markedly with the flatlands of much of Mich-
igan and northern Illinois, Indiana, and Ohio. The
mountains of northern New York, Vermont and New
Hampshire present the opposite effect on snow, cap-
turing and holding snow depths �100 cm for 12 to 16
weeks each winter.

Land cover in the region was dominated by a mix-
ture of agriculture and oak forest (Quercus spp.) to the
south, and agriculture and beech-cherry-maple-hem-
lock forest (Fagus grandifolia, Prunus spp., Acer spp.,
Tsuga canadensis) to the north (Bailey 1978). As mea-
sured at the township scale (approximately 100 km2),
forest cover varied from �5% where it was principally
found along rivers and streams, to �95% where soil,
growing season, and topographic relief preclude mod-
ern agriculture.

ASSESSING WEATHER

If winter severity affected the ability of wild tur-
keys to occupy northern latitudes, then we would pre-
dict reduced survival during periods of deep snow or
cold temperatures. Studies conducted over the past 30
years show that turkeys are vulnerable to winter
weather conditions, but not to the degree or in the
manner expected.

Studies conducted during the 1970s showed tur-
keys could be affected by deep snow (�25 cm). In
New York, overwinter survival decreased from 75%
to 50% for mild to severe winters (Austin and DeGraff
1975). In northern Pennsylvania, starvation losses
were observed during periods of deep snow (Wunz and
Hayden 1975). In Minnesota, winters with little snow
were associated with �90% survival, while during
winters of deep snow some over-wintering populations
showed 90% survival and others experienced �60%
mortality (Porter et al. 1980). However, studies con-
ducted during the 1990s looked back over the previous
2 decades and found no consistent relationship be-
tween long-term population changes in wild turkeys

and winter severity (Roberts et al. 1995). What ex-
plains this apparent contradiction?

The key may be found in studies of the ability of
turkeys to cope with cold temperatures. Tests con-
ducted during the 1990s showed that turkeys can sur-
vive to �40�C, and probably much lower tempera-
tures, so long as they have food (Haroldson et al.
1998). Within the current distribution of turkeys in
northern latitudes, �40�C is a rare event. Turkeys cope
with cold temperatures by increasing food intake by
approximately 20g/bird/day for each decrease in tem-
perature of 10�F (Haroldson 1996, Haroldson et al.
1998).

Looking back at the field studies of the 1970s, it
is clear that they were telling us more than we realized:
snow and cold are not the issue, the key is food. Stud-
ies show that snow �25 cm limits mobility and that
turkeys can be restricted to 25 ha, �10% of their nor-
mal home range (Porter 1977). Even with this restric-
tion, survival can be high if there is abundant food
such as provided by areas of standing corn (Zea
maize), or if turkeys are wintering near dairy farms
where manure is spread throughout the winter (Wunz
and Hayden 1975, Porter et al. 1980, Vander Haegen
et al. 1988). Haroldson (1996) estimated that foodplots
of 1 ha of standing corn will maintain a flock of 335
turkeys for an entire winter in Minnesota (presuming
they don’t have to compete with white-tailed deer
[Odocoileus virginianus]). In contrast, turkeys restrict-
ed by deep snow for more than 40 days and reliant on
natural foods are likely to experience significant losses
(Roberts et al. 1995).

While the primary concern about winter severity
was its influence on survival, a secondary impact be-
came evident. The effects of winter conditions extend
into the nesting season. Studies in Minnesota showed
that nesting success could be predicted from March
weights. Females were less likely to survive to nest if
they weighed �4.3 kg and those that did produced 2.6
females per nest as compared to 4.2 females per nest
for females that weighed �4.3 kg (Porter et al. 1983).
This finding took on added importance in the 1990s,
when studies showed that annual fluctuation in turkey
populations were more sensitive to nesting success
than overwinter survival (Roberts and Porter 1996).

The weather factors most responsible for popula-
tion dynamics of turkeys in northern latitudes proved
not to be winter cold or snow, but spring temperatures
and rainfall. Studies in Missouri suggested that cold
spring weather delayed nesting and reduced renesting
(Vangilder et al. 1987). Studies of long-term popula-
tion changes in New York showed that fall population
could be predicted from rainfall and heating degree
days in May with 80 to 90% accuracy (Roberts and
Porter 2001).

The hypothesized mechanisms by which spring
weather affects turkey reproduction appear to be de-
tectability of nests by predators and vulnerability of
young to hypothermia. Moist conditions during May
nesting are hypothesized to increase the efficiency with
which mammalian predators can find turkey nests
(Palmer et al. 1993, Roberts et al. 1995). Cold and wet
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conditions during May and June are thought to de-
crease survival of poults during the critical period after
the yolk sac is expended and before poults are large
enough to thermoregulate efficiently (Healy and Nen-
no 1985, Healy 1992).

Thus, we now have a clear picture about the
weather factors important to the dynamics of wild tur-
keys. There seems little question that, historically, win-
ter was a significant limitation in northern latitudes
because much of the region is north of the oak, hick-
ory and chestnut forest types (Porter and Hill 1999).
Consequently, the region lacked the accessible food
resources to support turkeys during winters of deep
snow. However, the modifications to the regional land-
scape wrought by agriculture have more than offset
that deficiency. The mix of forest and agriculture, es-
pecially dairy, provides a landscape that is much richer
in food resources. Heavy winter losses due to winter
are generally localized and thus there is no pronounced
signal in the long-term, regional population trends.

The influence of spring weather, especially rain-
fall, appears to be more frequent and more regional in
its impact. The concurrence of findings from studies
from Pennsylvania, New York, Wisconsin, and Mis-
souri on the influence of spring rain suggests that it
may be fundamental to wild turkey population dynam-
ics in northern latitudes (Wunz and Ross 1990, Porter
and Gefell 1996, Rolley et al. 1998).

ASSESSING HABITAT

The implication from the test of the hypothesis
that winter affects turkey populations is that it’s not
about snow or cold, but agriculture. In retrospect, it
seems curious today that forest cover was given so
much attention as a criterion in evaluating potential
release sites. The origins of the perception that eastern
turkeys needed extensive forest cover probably arose
as biologists sought to extrapolate their experience
with turkeys in the southeastern United States to the
Midwest and Lake States where agriculture was so
pervasive. Perhaps the most often quoted habitat char-
acteristic was the need for 15,000 acres of forest (Mos-
by and Handley 1943, Kozicky and Metz 1948, La-
tham 1956). The interspersion of forest with open land
was considered an unfavorable habitat quality (Bailey
1973) and preferred habitat was 60–80% oak forest,
10 to 15% conifer and scattered openings of �1 ha
(Kozicky and Metz 1948). Bottomland hardwood areas
required a ratio of 70:30 forest to open land (Holbrook
and Lewis 1967, Lewis 1967).

Few areas within the ancestral range of the wild
turkey in the Midwest or Lake States, as portrayed by
Schorger (1966), had forest cover of this magnitude.
Northern Pennsylvania, New York and New England
were more likely candidates because forests had re-
covered from heavy clearing in the 18th and 19th cen-
turies to reoccupy �60% of the land (Porter and Hill
1999). Other states had extensive areas of abandoned
farmland on which forests were in early stages of re-
generating. It was not until the 1960s that forests were

mature enough to provide for roosting habitat and mast
crops important to turkeys. Still, there were some areas
of forest cover in nearly every state within the region.

During the 1970s and early 1980s a series of large
radiotelemetry studies demonstrated that turkeys could
be successful in areas with �15% forest cover (Porter
1978, Hecklau et al. 1982, Kurzejeski and Lewis 1985,
1990). As a consequence, attempts were made to es-
tablish turkeys in areas throughout the Midwest where
trees were limited to narrow river corridors and even
ravines. Most of these releases met with success. By
1980 Iowa had successfully established turkeys in ar-
eas where forest woodlots were only 400 ha (1,000
acres) and Indiana, Ohio and Pennsylvania were ex-
periencing success in areas considered non-traditional
habitat (Little 1980, Clark 1985, Wunz 1985, Backs
1995). While these woodlots were sometimes sur-
rounded by agriculture, they were still in close prox-
imity to wooded corridors associated with drainage
systems.

In the mid and late 1980s, wildlife biologists in
Missouri and Indiana attempted to combine this re-
search with recent experiences in trap and transfer in
the form of habitat evaluation models. In Missouri,
distinctions were made between turkey habitats of
southern oak forests versus those of mixed agricultur-
al-forest landscapes to the north (Kurzejeski and Lewis
1985). A Pattern Recognition (PATREC) model de-
veloped in Missouri introduced the idea of using em-
pirical assessment of large geographic scale (land-
scape-level) land cover patterns to describe habitat in
relation to wild turkey densities. The model showed
highest densities of turkeys would be found in south-
ern oak forests where the landscape was �60% oak
and hickory (Carya spp.), or oak and pine (Pinus spp.)
that was �50 years, and contained 25 to 40% semi-
open or open lands. In agricultural-forest areas of
northern Missouri, highest densities would be found in
areas where semi-open and open land dominated 40 to
65% of the land. The model placed high value on in-
terspersion of forest and open lands.

In Indiana, criteria for future release sites built
upon the Missouri model and the Habitat Evaluation
Procedures (HEP) developed by the U.S. Fish and
Wildlife Service (Schroeder 1985). The Indiana model
introduced the concept of habitat configuration in a
landscape context, as well as amount of various cov-
ertypes (Backs and Eisfelder 1990). The criteria were
qualitative descriptions of landscape patterns to be
sought in potential release sites.

Studies in New York in the 1990s expanded un-
derstanding of the importance of interspersion by ex-
ploring it quantitatively. These studies employed tools
in landscape analysis offered by geographic informa-
tion systems. Satellite imagery was used to classify
land cover for a 2,900-km2 study area of southwestern
New York to a resolution of 25 m2. The area was a
mixture of hardwood forest (44–83% coverage) and
dairy-based agriculture (16–58% coverage), thus com-
parable to northern Missouri (Glennon and Porter
1999). Results showed that 24 to 51% of the variation
in wild turkey abundance, as summarized at the town-
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ship level, could be attributed to edge density, patch
density, and contagion. All of these variables are mea-
sures of the amount of interspersion of forest and ag-
riculture per unit area. The analyses suggested that
higher interspersion of forest and agriculture increased
habitat suitability for wild turkeys in northern lati-
tudes. More specifically, the models pointed to the
presence of dairy-based agriculture as the critical el-
ement.

Wild turkey populations fluctuate widely and are
probably responding to a complex suite of factors, so
the success of relatively simple models of habitat con-
figuration suggested landscape-scale habitat evaluation
was an important avenue for further exploration. In
2001, Fleming (2003) expanded the New York studies
to include the entire state with the intent of better un-
derstanding the geographic scale at which wild turkeys
were responding to habitat configuration. Most prior
habitat assessment was done at the local level (e.g.,
forest stand, farm ownership, wildlife management
area). Results of Glennon and Porter (1999) analyses
suggested that the population response of turkeys to
habitat might occur at a larger scale.

Building on the premise that long-term population
dynamics were driven largely by nesting success,
Fleming (2003) hypothesized that habitat played an
important role in the risk of nest predation. A classic
principle of wildlife biology teaches that good habitat
reduces predation, but Fleming’s results suggested a
more complicated relationship. Geospatial statistical
analysis showed that risk of nest predation was best
explained by a multi-scale assessment that included
information from the surrounding landscape. Variables
of importance included traditional measures of cover
at the nest site (10-m radius), distance to nearest edge
and forest age at the patch level, and edge density at
the landscape level (approximately 5-km radius). Sur-
prisingly, �90% of variation in risk of nest predation
was explained at the landscape scale and the strongest
relationship was degree of fragmentation: increased
risk to nest predation was related to increased edge
density and decreased shape complexity. Agriculture
tends to increase the fragmentation and simplify the
shape of patches, suggesting that it is a detriment.

Is interspersion of forest and agriculture good for
turkeys or bad? Reconciling the apparent contradiction
that increased interspersion might reduce habitat suit-
ability when earlier work suggested it improved suit-
ability produced an interesting insight. The long-term
dynamics of turkey populations in New York are char-
acterized by densities that are generally below the
long-term mean, punctuated by episodes of dramatic
increase (Porter and Gefell 1996). These growth peaks
are highly synchronized over large distances (�300
km; Fleming 2003), suggesting that weather is a pri-
mary influence. In years when spring weather condi-
tions are good for nesting, the most dramatic increases
occur in areas where habitat is most suitable. In New
York, high suitability is associated with the ratio of
forest, open and shrubland of about 1:1:1 (Fleming
2003, Porter and Gefell 1996). Roberts and Porter
(2001) attributed the wide fluctuation in abundance to

variation in May rainfall and hypothesized that the
mechanism was efficiency of mammalian nest preda-
tors. Avian ecologists suggest that the fragmentation
of forests by agriculture may be promoting predator
populations because of the associated increased
breadth of buffer food species available (Donovan et
al. 1997, Chalfoun et al. 2002).

We might hypothesize that while predator popu-
lations fluctuate, risk of nest predation is generally
high. Good data on predator populations are rare, but
there is reason to suspect that predators are abundant
in most years. The abundance of individual species of
nest predators may fluctuate due to changes in food
supply or disease. However, in the agricultural envi-
ronment, the wide array of food resources and the
broad diet of most predators means they are well buff-
ered from variations in food supplies. While disease
periodically reduces the population of one species, the
diversity of nest predators means that some species
will always be present. Consequently, the risk of nest
predation is high in most years.

The impact of these predators is not felt every
year, but rather only during wet springs. Moist con-
ditions appear to allow greater efficiency of locating
nests and predation that overweighs the advantages of
habitat conditions. In contrast, during dry years, the
advantages of the habitat configuration so reduce the
efficiency of predation that nesting success is high.
Given their high reproductive potential, turkey popu-
lations explode and the largest increases occur in the
most suitable habitat. Where habitat conditions are not
as suitable, nesting success is not high, even in dry
years. Populations in these habitats may experience in-
creases in abundance in dry springs, but the growth is
not as dramatic.

In sum, as with weather, we can reject the hypoth-
esis that forest cover is insufficient in the upper Mis-
sissippi valley, Great Lake states, and New England.
The issue is not the amount of forest, but the propor-
tion and arrangement of that forest on agriculturally-
dominated portions of the region. Similarly, it is the
proportion and the arrangement of dairy-based agri-
culture that confers increased habitat suitability in the
forest-dominated portions of the region.

Perhaps more important, the issue is not just about
weather or habitat, but their complicated interaction.
Weather plays a role inducing temporal change, but
also has the ability to synchronize dynamics over
broad regions. Habitat interacts with weather because
it sets the limits on the magnitude of response by tur-
key populations to good weather. Landscape processes
at multiple geographic scales dictate the regional pat-
terning of habitat suitability and therefore determine
the average response to good weather and the vari-
ability we see across regions. This interaction suggests
that we must consider more complex models if we are
to reach a deeper understanding of wild turkey ecology
in northern latitudes.

LOOKING TO THE NEXT 30 YEARS
Do we finally know all we need to about the wild

turkey to meet the challenges likely to face northern
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managers in the next 30 years? No, and for 2 reasons.
First, we are just now beginning to recognize the com-
plexity of the ecology of this species. Second, wild
turkeys have benefited from a land-use trend and veg-
etation succession patterns that produced improving
habitat conditions through the past 60 years. That trend
is about to change.

Understanding the dynamics of wild turkey pop-
ulations, and specifically the forces that drive change,
has been a goal since biologists first began tagging
birds in the 1940s. The similarity of findings pertain-
ing to spring weather that is arising in places as distant
and ecologically different as New York, Wisconsin and
Mississippi suggests a common denominator in pop-
ulation dynamics over broad portions of the range of
the eastern wild turkey. Solidifying this knowledge
will be important because of its potential to allow bi-
ologists to forecast population changes. Accurate fore-
casts enable biologists to bring high credibility into
discussions with those who question the impacts of
hunting on wildlife populations, as well as those who
advocate for changes in season length and bag limits.

Similarly, the relationship between wild turkeys
and habitat seems to be coming into focus. Here, too,
we appear tantalizingly close to some fundamental
principles of wild turkey biology. In northern latitudes,
and perhaps throughout the range of the eastern sub-
species, the most important factor is not forest, but the
interspersion of forest and agriculture. The ecology is
more complex than was imagined 30 years ago be-
cause it appears to operate at multiple geographic
scales.

Testing these ideas about habitat more rigorously
is vital because one of the most serious threats to wild
turkey abundance and hunting opportunities in the 21st

century is changing land use. If we are to stem losses
of habitat to industrial agriculture, transportation infra-
structure, and suburban sprawl, then we need the in-
formation to effectively engage the public policy de-
bates on land use. We need the tools to translate the
impacts of local zoning, county housing-development
codes, and state and federal tax-incentive programs, to
specific changes in land-use and then to predicted
changes in wild turkey habitat. Ultimately, we need to
be able to demonstrate the consequences of these pro-
grams on wild turkey populations.

To conduct effective tests will take a coordinated
effort and long-term commitment. There are 3 impor-
tant challenges to overcome. First, the chief difficulty
of drawing conclusive tests of hypotheses from a syn-
thesis of published papers is the variation in methods
of the studies. We need to capture a broad range of
variation in the environment and the response of tur-
keys to it through a coordinated study of carefully or-
chestrated methods. Second, a primary limitation to
most studies of the population dynamics of wild tur-
keys is the high degree of variability in the population
dynamics, and the complexity of the factors affecting
change (Vangilder 1992, Miller et al. 2001). Capturing
the crucial information will require an efficient means
of collecting data on abundance that can be sustained
over decades. Finally, the challenge to understanding

habitat is recognizing the geographic scale at which
populations are responding. This requires close atten-
tion to collecting data at the higher spatial resolution
than most states have done to date (Goetz 2002).

Henry Mosby’s comments in 1973 about the sur-
prising nature of this species were written near the end
of his career and captured one of the principal mes-
sages passed on by the first generation of wild turkey
biologists. Thirty years later, as we near the end of the
second generation, we continue to be impressed with
the adaptability of the species and how much we have
learned about where its limits might be. As we look
to the third generation, we wonder, will biologists in
2035 again reflect in amazement at the success of the
wild turkey? Equally important, will they look back
with pride at the scientific knowledge and management
insight gained?
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Bill Porter began his studies of the wild turkey in southeastern
Minnesota in the 1970s and in collaboration with his graduate
students has been exploring questions about populations dynam-
ics and habitat ever since. As a faculty member in Syracuse, he
teaches wildlife management, winter ecology and forest ecology.
He also directs research and education programs for the univer-
sity’s field station in the Adirondack Mountains of northern New
York. He has never been allowed to forget that he once predicted
that wild turkeys would not inhabit the Adirondacks.
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POPULATION
DYNAMICS OF
TRANSLOCATED
MERRIAM’S TURKEYS
IN NORTH-CENTRAL
WASHINGTON

Thomas C. McCall
Washington Department of Fish and Wildlife,

3860 Chelan Highway,
Wenatchee, WA 98801-1607, USA

Abstract: From the mid-1960s to the early-1990s 116 turkeys were released in Chelan and Kittitas counties in
north-central Washington but these translocations were unsuccessful in establishing a population. During 2000–
2002, 458 Merriam’s turkeys (Meleagris gallopavo merriami) were again translocated to this area to determine if
a successful population would establish if more birds were released, if birds were released at multiple locations
and over successive years, and if birds were fed during winter. Forty females were fitted with radio-transmitters
and survival, production, and movements were determined. The average annual survival of radioed females during
2000–2002 was 0.59, and 2 of 13 females were harvested illegally. The average annual production was 2.2 poults
per female. The average distance moved from release sites was 5.9 km, and by 2003 radioed turkeys were using
an area of 1,450 km2. From 2001 to 2004, spring harvest of bearded turkeys increased 411% (28–143) and number
of hunters increased 371% (161–759). The number of turkeys on winter concentration areas increased more than
10-fold (84–876). During winter most birds concentrated on feeding sites, and only 4 complaints of conflicts with
turkeys were reported. Supplemental feeding was likely a significant factor for the winter survival of these turkeys.
If managers want to establish turkey populations and increase hunting opportunity in northern environments with
limited winter food, supplemental feeding may be a valuable management tool.

Proceedings of the National Wild Turkey Symposium 9:315
Key words: Meleagris gallopavo merriami, Merriam’s turkey, supplemental feed, translocation, Washington.

Editor’s note: This abstract was presented as a poster presentation.

Tom McCall is an assistant district biologist with the Washington
Department of Fish and Wildlife. He received a B.S. degree in
wildlife management from the University of Alaska and an M.S.
degree in wildlife management from the University of Maine.
Tom’s interests include game and nongame management and re-
search.
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FACTORS AFFECTING
WILD TURKEY SPRING
HUNT QUALITY IN
MINNESOTA

Kari L. Dingman1,2

Department of Biological Sciences,
Minnesota State University,
Mankato, MN 56001, USA

Richard O. Kimmel3

Minnesota Department of Natural Resources,
35365 800th Avenue,

Madelia, MN 56062, USA

John D. Krenz
Department of Biological Sciences,

Minnesota State University,
Mankato, MN 56001, USA

Brock R. McMillan
Department of Biological Sciences,

Minnesota State University,
Mankato, MN 56001, USA

Abstract: Increased hunting of wild turkeys (Meleagris gallopavo) has resulted in concerns regarding hunt quality,
especially on public lands. The purpose of this study was to identify variables that influence wild turkey hunt
quality in Minnesota. Spring turkey hunters from 8 permit areas in Minnesota were surveyed by mail during 2002
and 2003. The most significant factors that defined a quality spring turkey hunt in Minnesota were number of
turkeys shot at, number of turkeys seen in the field, and ease of access to land for hunting. To improve and
maintain the quality of spring turkey hunting, we suggest that wildlife managers strive to increase turkey numbers
in order to increase the potential for hunters to see/shoot at birds, and improve access to private land.

Proceedings of the National Wild Turkey Symposium 9:319–324
Key words: hunt quality, hunter satisfaction, Meleagris gallopavo, Minnesota, wild turkey hunting, wild turkey.

Interest in hunting wild turkeys has grown rapidly
in the past 20 years. Tapley et al. (2001) reported a
57% increase in turkey hunter numbers in North
America from 1984 to 1998. Wildlife managers have
responded to growing hunter interest by modifying
hunting season frameworks to achieve maximum sus-
tainable harvest (Healy and Powell 1999). However,
expanding hunter densities has led to concerns about
hunter interference, hunter safety, and overall hunt
quality (Hawn et al. 1987, Taylor et al. 1995) leading
wildlife agencies to attempt to balance hunting oppor-
tunity with hunt quality (Healy 1990, Taylor et al.
1995, Nicholson et al. 2001). Competition between
hunters for turkeys and increased hunter interference
could reduce hunt quality and hunter success while
increasing accident rates (Kimmel 2001).

Wildlife managers seek hunting regulations that
will maintain or increase hunt quality while optimizing
harvest opportunities (Donohoe 1990, Nicholson et al.
2001). However, factors that influence hunt quality can
differ among individuals. Thus, a range of hunter con-
cerns needs to be identified and incorporated into man-
agement decisions that affect rules and regulations
(Hendee and Potter 1971).

Minnesota has a highly structured spring wild tur-
key hunt where hunters apply for a limited number of
permits by permit area and time period. Permit allo-
cations are determined using a model that incorporates
hunt quality factors, such as rates of hunter interfer-
ence, into the permit allocation decision-making pro-
cess (Kimmel 2001). However, the relationship be-
tween hunter interference rate and overall quality is
poorly understood. Furthermore, alternative measures
of hunt quality have not been assessed.

The purpose of this study was to identify variables
that influence wild turkey hunt quality in Minnesota.
An assessment of the importance of hunter interfer-
ence and other hunt quality factors is essential for set-
ting quality factors in the Minnesota model, as well as
being of value to wild turkey managers from other
agencies for evaluating hunting season logistics.

1 Present address: Idaho Department of Fish and Game,
2885 North River Road, St. Anthony, ID 83445, USA.

2 E-mail: kdingman@idfg.idaho.gov
3 E-mail: richard.kimmel@dnr.state.mn.us
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Fig. 1. Permit areas open to spring wild turkey hunting (light
gray) and permit areas selected for 2002 and 2003 spring wild
turkey hunter survey (dark gray), Minnesota.

Table 1. Percent of hunters denied access during the spring
wild turkey hunting season in Minnesota, 1999, 2002–2003.

Permit area

% denied access

1999 2002 2003

235 3.0 0.0 0.0
344 13.3 5.7 5.2
349 38.5 28.4 23.6
440 32.5 18.7 22.0
442 31.2 24.2 21.1
450 30.0 18.8 42.1
457 83.3 67.0 17.4
459 43.8 20.8 19.1

METHODS
Spring turkey hunters from 8 permit areas in Min-

nesota (Figure 1) were surveyed by mail during 2002
and 2003. The sample of permit areas was non-ran-
domly selected to represent a range of values within
Minnesota for 3 criteria: landownership (amount of
public versus private land), ease of access for hunting,
and rate of hunter interference (the number of times a
person is interfered with while turkey hunting). A
priori estimates of hunting access and hunter interfer-
ence were obtained from a statewide survey of turkey
hunters in 1999 (Kimmel et al. 2000).

A random sample of wild turkey permit recipients
was selected from each permit area. Samples were not
equal among all permit areas based on different num-
bers of permits being offered for each permit area.
Surveys were mailed in late May, immediately follow-
ing the spring turkey hunting seasons in 2002 and
2003. Second and third mailings were sent to non-
respondents in 1-month intervals. Respondents who
did not hunt were excluded from analyses.

Survey questions concentrated on 4 variables that
managers can attempt to manipulate. Hunters were
asked to report number of days hunted, number of tur-
keys seen and shot at, and if they harvested a turkey.
Hunters were asked to rate access to land for hunting
on a 4-point scale: very easy, somewhat easy, some-
what difficult, or very difficult. We also asked if they
hunted on public land and/or private land, and whether
they had been denied access to private land.

Hunters were asked to report the number of times
their hunt was interfered with by other hunters and by

non-hunters (hikers, mountain bikers, mushroom hunt-
ers, etc). Hunter interference was based on the respon-
dent’s perception of interference; we did not define
interference for them. Lastly, hunters were asked to
rate the quality of their hunt on a scale of 0 (poor) to
10 (excellent).

Statistical Analysis

For each permit area and year, we calculated the
mean rates of harvest success, ease of access, and hunt
quality, and proportion of hunters denied access to pri-
vate land and reporting interference. Hunt quality was
modeled based on various predictors using regression
tree analysis (De’ath and Fabricius 2000). Regression
tree analysis splits data into homogeneous groups that
reduces the overall sum of squares between variables
(De’ath and Fabricius 2000). Cross-validation was
used to determine the appropriate size of the tree by
randomly excluding a sample, developing a model,
and testing the model with the excluded sample. Re-
gression tree analysis was conducted using R 1.7.1 sta-
tistical package (Ihaka and Gentleman 1996) and the
RPART library (Therneau and Atkinson 1997). Data
were pooled among permit areas for regression tree
analysis. Survey data from this investigation were
compared to a similar survey conducted by Minnesota
Department of Natural Resources (MDNR) in 1999
(Kimmel et al. 2000).

RESULTS
In 2002, there were 0 undeliverable and 1,629 us-

able surveys for an 88.6% response rate. In 2003, there
were 15 undeliverable and 1,667 usable surveys for a
90.0% response rate. In 2002, 3% of hunters bought a
license but did not hunt, compared to 2% in 2003.

Mean hunt quality ratings by permit area ranged
from 6.00–7.24 in 2002 and 6.96–7.94 in 2003. Suc-
cessful hunters rated hunt quality significantly higher
in 2002 (successful: 8.4 � 1.7 [mean � SD]; unsuc-
cessful: 6.1 � 2.5; P � 0.001) and 2003 (successful:
8.7 � 1.5; unsuccessful: 6.4 � 2.5; P � 0.001). Per-
cent of hunters denied access to private lands de-
creased in all 8 permit areas between 1999 and 2002
and in 6 of 8 permit areas between 2002 and 2003
(Table 1). Ease of access and hunt quality were posi-
tively correlated in both 2002 (rs � 0.274, P � 0.001)
and 2003 (rs � 0.283, P � 0.001) (Figures 2 and 3).
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Fig. 2. Distribution of hunt quality ratings for reported ease of
access to huntable land for the spring wild turkey season, Min-
nesota, 2002.

Fig. 4. Percent of hunters by permit area interfered with by
other hunters during the spring wild turkey seasons, Minnesota,
1999, 2002–2003.

Fig. 3. Distribution of hunt quality ratings for reported ease of
access to huntable land for the spring wild turkey season, Min-
nesota, 2003.

Fig. 5. Regression tree analysis of factors contributing to a
quality spring turkey hunt, Minnesota, 2002. The estimates were
the mean hunt quality rating of the group. Individual ratings
ranged from 0 (poor) to 10 (excellent).

Hunter interference decreased between 1999 and
2002 (P � 0.001) and between 1999 and 2003 (P �
0.001) (Figure 4). Hunter interference rates also dif-
fered between 2002 and 2003 (QMH � 7.32, P �
0.0068), but the direction of change was not consistent
among permit areas (Figure 4). Hunter interference
was lower on private land than on public land in 2002
(QMH � 20.22, df � 2, P � 0.001) and in 2003 (QMH

� 27.52, df � 2, P � 0.001).

Hunt quality differed between hunters using public
versus private land in 2002 (QMH � 5.33, df � 1, P �
0.021) and 2003 (QMH � 7.78, df � 1, P � 0.005).
Hunt quality ratings were higher for hunters using pri-
vate land in both years.

Factors best defining hunt quality in 2002 were
number of birds shot at, number of birds seen, and
ease of access (Figure 5). For individuals who did not
shoot at any birds during the spring 2002 season, num-
ber of birds seen in the field was the best correlate of
hunt quality. Individuals who saw fewer than 4 birds
(as determined by the regression tree analysis) had a
mean hunt quality rating of 4.7 while those who saw
4 or more birds had a mean hunt quality rating of 6.5.
For hunters who shot at one or more birds, ease of
access to huntable land was the best correlate of hunt
quality. Individuals who had a difficult time finding a
place to hunt had a mean hunt quality rating of 7.7
while those who had an easy time finding a place to
hunt had a mean hunt quality rating of 8.7.

Factors explaining the most variation in hunt qual-
ity in 2003 were number of birds shot at, number of
birds seen, ease of access, and success (Figure 6). For
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Fig. 6. Regression tree analysis of factors contributing to a
quality spring turkey hunt, Minnesota, 2003. The estimates were
the mean hunt quality rating of the group. Individual ratings
ranged from 0 (poor) to 10 (excellent).

individuals who shot at no birds during the spring
2003 season, hunt quality was most influenced by
number of birds seen while in the field and ease of
access to huntable land. The mean hunt quality rating
averaged 2.5 times greater for hunters who saw �4
birds and reported easy access to land than for hunters
who saw �4 birds and reported difficult access. The
mean hunt quality rating was similar for hunters who
saw �4 birds but had difficult access and hunters who
saw �4 birds but had easy access. For individuals that
shot at one or more birds during the spring 2003 sea-
son, ease of access to huntable land was the best cor-
relate of hunt quality. Hunt quality for individuals who
had an easy time finding a place to hunt was further
influenced by harvest success.

DISCUSSION
For this investigation, factors most closely asso-

ciated with a quality spring turkey hunt in Minnesota
were number of turkeys shot at, number of turkeys
seen in the field, ease of access to land for hunting,
and harvest success. However, when all hunt quality
factors were considered simultaneously, number of
birds shot at, number of birds seen, and ease of access
were more strongly associated with hunt quality than
harvest success.

Various authors found that success was not the
only factor contributing to a quality hunt (Hawn et al.
1987, Hammitt et al. 1989, Gigliotti 2002). In our in-
vestigation, access to land and ease of obtaining a
place to hunt were important criteria for establishing
a quality hunt. Smith et al. (1992) observed ease of
access to huntable land was a defining factor of a qual-
ity hunt. From 1999–2002, we found a decrease in the
percent of hunters denied access to huntable land. In-
creased ease of access over time could be due to hunt-
ers developing a hunt tradition, establishing annual
contacts with landowners over time, and returning to

these same areas to hunt. Also, we suspect that as
years pass since turkey populations have become es-
tablished, landowners may become less concerned
with protecting the birds and are more likely to allow
hunters on their land.

Because not all factors for wild turkey hunting can
be managed, identifying the most important factors can
focus management efforts to provide the best possible
wild turkey hunting experience. From our research, it
is assumed that hunt quality can best be maintained
for Minnesota spring turkey hunting if wild turkey
populations are maintained or increased and access to
private land is available for hunting.

Number of turkeys seen and shot at is most likely
related to turkey abundance. We did not differentiate
between seeing male and female turkeys, however, and
that could potentially affect the level of hunt quality,
especially in a ‘‘males only’’ hunt. A recommendation
for future surveys would be to look at the difference
in hunt quality between seeing males as opposed to
seeing any bird.

Managers can work to maintain or increase turkey
populations by habitat maintenance and development.
Habitat can be increased through land acquisition or
private land programs. Minnesota has an extensive
program creating Wildlife Management Areas that are
open to public hunting. Management on these areas
increases available habitat for wildlife, including tur-
keys. Habitat can be increased on private lands
through various private land habitat enhancement proj-
ects and encouraging landowners to enroll land in ex-
isting land retirement programs (e.g., Conservation
Reserve Program).

Number of turkeys seen and shot at is likely also
related to amount of land available per hunter. Man-
agers can influence available land per hunter via per-
mit allocation and land access programs. Access can
be improved through land acquisition and programs
designed to increase access to private lands. Seventy-
five percent of land in Minnesota is privately owned
(Minnesota Department of Natural Resources 2000) so
programs aimed at private landowners may be most
effective. Examples of private land access programs
are South Dakota’s Walk-In Areas (Gigliotti 1999) and
North Dakota’s Private Land Initiative (Anonymous
2000), which work to provide access to fish and wild-
life on private land. Programs that improve relation-
ships between hunters and landowners (e.g., landown-
er appreciation events sponsored by a hunting orga-
nization) may foster future hunting opportunities.

In this study, rates of hunter interference were not
shown to influence hunt quality for Minnesota spring
turkey hunting. However, Smith et al. (1992) found
hunter interference to be significant. Hunter interfer-
ence is a product of hunter density, but closely related
to land access. Little (1978) noted that higher hunter
densities, which usually occur on public lands, result
in higher interference rates that could lead to lower
hunt quality ratings. Our highest hunter interference
rate (26%) did occur on a permit area that was pri-
marily public land. However, the hunt quality on that
area did not differ from permit areas with little to no



Hunt Quality for Turkeys in Minnesota • Dingman et al. 323

public land. In Wisconsin, Kubisiak et al. (1995) ma-
nipulated hunter densities to examine impacts on hunt-
er interference and concluded that rates of hunter in-
terference did not differ between areas with 1.5 hunt-
ers/km2 and 0.8 hunters/km2.

MDNR uses hunter interference as a factor to reg-
ulate the number of wild turkey permits, which could
explain why hunter interference did not greatly influ-
ence hunt quality ratings. Permit numbers are regulat-
ed, but interference rates vary with little or no effect
on hunt quality. Many Wisconsin Turkey Management
Zones have much higher densities and higher interfer-
ence rates than Minnesota but hunt quality remains
high (Kubisiak et al. 1995). Hunter interference did
not appear to influence hunt quality in this study with
8 permits areas ranging from 4–26% interference.
However, hunter interference may affect hunt quality
at interference rates �26%. Additional research is
needed to quantify the relationship between interfer-
ence and hunt quality over a broader range of hunter
interference rates.

MANAGEMENT IMPLICATIONS
The 3 main variables determining quality spring

turkey hunting in this study were number of turkeys
shot at, number of turkeys seen in the field, and ease
of access to huntable land. Managers should consider
using these variables to assess hunt quality. In addi-
tion, managers should strive to increase turkey num-
bers when habitat abundance and conditions allow. In-
creasing turkey populations will increase the chance of
hunters seeing birds and shooting potential, both of
which increase the quality of the hunting experience.

Access to private land is important for hunt quality
and reducing hunter interference. Since private land-
owners ultimately control access to most huntable
land, positive relationships between hunters and land-
owners should be encouraged. Hunter education clas-
ses should address the importance of respecting land-
owners and establishing positive relationships. Also,
programs aimed at increasing access to private lands
should be encouraged to reduce the number of hunters
denied access and maintain hunt quality.
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Abstract: The popularity of spring wild turkey (Meleagris gallopavo) hunting in Ohio increased since the first
modern season in 1966. As hunter numbers increased, so have problems and issues with managing the spring
hunt. Random samples of Ohio spring turkey hunters were mailed a questionnaire immediately following the 1985,
1989, 1996, and 2001 spring turkey seasons. The questionnaire responses were used to determine the attitudes,
preferences, and concerns of Ohio spring turkey hunters regarding wild turkey management and turkey hunting.
Over 66% (�3%) of 1985, 70% (�3%) of 1989, 80% (�3%) of 1996, and 85% (�2%) of 2001 turkey hunters
reported they had spring turkey hunted in Ohio �2 years. As in 1989 and 1996, �95% (�2%) of turkey hunters
reported using a shotgun during the 2001 Ohio spring turkey season. Use of decoys by spring turkey hunters
increased from 14% (�2%) in 1989 to 67% (�3%) in 2001. The percentage of hunters hunting mostly on public
land decreased from 32% (�3%) in 1989 to 19% (�3%) in 2001. The total estimated expenditures by spring
turkey hunters during the 2001 season was $14.9 million compared to $5.8 million in 1996 and $2.1 million in
1989. Hunters consistently ranked uninformed hunters and overcrowded hunting conditions as the most serious
problems affecting turkey hunting safety. The percentage of turkey hunters who considered disturbance by other
hunters a ‘‘big’’ problem decreased from 26 (�3%) to 14% (�2%) between 1985 and 2001. However, almost
60% (�3%) of the 2001 turkey hunters reported they were concerned about being shot by another hunter and
38% (�3%) indicated they had another hunter sneak up on them while turkey hunting. Although most (72 � 3%)
hunters indicated they never wore hunter orange at all times, 26% (�3%) reported they always wore hunter orange
when moving and 42% (�3%) always carried their harvested bird in orange covering when walking out of the
woods. Public education on hunting safety was ranked the most important turkey management activity by 1996
and 2001 turkey hunters. Over 85% (�2%) of hunters ranked high gobbling activity as the primary factor con-
tributing greatly to enjoyment of the spring turkey hunting experience, followed by killing an adult turkey (71 �
3%) and calling turkeys (69 � 3%). The composite Ohio spring turkey hunter was male, 49 years old, had a rural
background, and a total household income �$50,000. Ohio spring turkey hunters had hunted for an average of
28 years, but had spring turkey hunted for �10 years.

Proceedings of the National Wild Turkey Symposium 9:325–330
Key words: attitudes, eastern wild turkey, hunter, Meleagris gallopavo, Ohio, survey.

The popularity of spring turkey hunting in Ohio
increased since the first modern season in 1966. Be-
tween 1985 and 2001, the number of spring turkey
hunters in Ohio increased 243% from 26,739 to 91,811

while the spring turkey harvest increased over 6-fold
from 4,096 to 26,156 birds (Ohio Department of Nat-

1 E-mail: dave.swanson@dnr.state.oh.us
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Table 1. Number of licensees, hunters, success, and hunting effort (days) during the 2001 spring turkey hunting season in Ohio.

License
type

No.
licensees

Licensees
that hunted

% 95% CL

Hunters who
harvested �1 turkey

% 95% CL

Hunting
effort (days)

Total 95% CL

Hunting effort
per hunter (days)

x̄ 95% CL

Paid 1-bird 54,841 98 1 45 3 319,335 9,580 6 1
Paid 2-bird 11,092 99 1 62 3 88,472 2,654 8 2
Freea 35,311 75 3 31 3 141,192 4,236 5 2

Total 101,264 91 3 35 3 549,019 16,471 7 1

a Free permits were issued to hunters who were �66 years old.

Table 2. Proportion of spring turkey hunters that hunted during
one or more years in Ohio during 1985, 1989, 1996, and 2001.

Years
hunted

Huntersa

1985

%
95%
CL

1989

%
95%
CL

1996

%
95%
CL

2001

%
95%
CL

1 37 2 30 3 20 2 14 2
2–5 51 3 53 3 52 3 42 2
6–10 9 2 11 1 18 2 24 3
�11 3 1 6 2 9 2 20 2

a Percentages may not add up to 100% due to rounding errors.

ural Resources, unpublished data). Reasons for these
tremendous increases included increased hunting op-
portunities resulting from expanding turkey popula-
tions and more liberal harvest regulations. Since 1993,
the bag limit was increased from 1 to 2 birds, the 2-
bird bag was expanded to the entire season, and all 88
counties opened to turkey hunting. As spring turkey
hunter numbers increased, so have issues and problems
with managing the spring hunting season.

Maintenance of wild turkey population levels has
been the primary factor in formulating Ohio’s spring
turkey harvest recommendations (Donohoe 1990). The
demands of wild turkey hunters are also important and
should be incorporated into turkey management deci-
sions (Hendee and Potter 1971). The purpose of this
study was to determine the attitudes, preferences, and
concerns of Ohio spring turkey hunters regarding wild
turkey management and turkey hunting. Specific ob-
jectives were to determine (1) spring turkey hunter ex-
perience, pressure, and success rates, (2) expenditures
for wild turkey hunting, (3) spring turkey hunter con-
cerns regarding disturbance, overcrowding, and safety,
(4) hunter opinion regarding changes in spring turkey
hunting regulations and the importance of turkey man-
agement activities, (5) factors that contribute to a qual-
ity turkey hunting experience, and (6) socio-economic
characteristics of Ohio spring turkey hunters.

METHODS
We mailed hunter questionnaires immediately after

the 2001 spring turkey season to a random sample of
paid 1-bird, paid 2-bird, and free-permit recipients.
Free permits were issued to hunters who were �66
years old. We mailed a second questionnaire to turkey
hunters who did not return their questionnaire within
2 weeks. We did not measure the nonresponse bias.

Landowners, tenants, and their immediate families
were not required to obtain a spring turkey hunting
permit and could not be included in this survey. Thus,
our estimates apply only to license buyers and hunters
eligible for a free permit. In 2001, 20.6% of the total
spring gobbler harvest was by license/permit exempt
landowners (Ohio Department of Natural Resources,
unpublished data). When possible, we compared re-
sults from the 2001 survey to those obtained from
1985 (R. Donohoe and G. Mountz, Ohio Division of
Wildlife, unpublished report), 1989 (R. Stoll et al.,
Ohio Division of Wildlife, unpublished report), and
1996 (D. Swanson and R. Stoll, Ohio Division of
Wildlife, unpublished report) surveys of Ohio spring
turkey hunters.

RESULTS
For the 2001 survey, usable responses were re-

ceived from 1,096 (52%) of the 1-bird permit holders,
303 (61%) of the 2-bird permit holders, and 495 (28%)
of the free permittees for a total of 1,894 responses
(44% overall return rate) (Table 1). Response rates to
individual questions discussed below exceeded 90%.

Spring Turkey Hunter Experience, Pressure, and
Success Rates

Over 98% (�1%) of 1-bird permit holders, 99%
(�1%) of 2-bird permit holders, and 75% (�3%) of
free permit recipients actually hunted during the 2001
Ohio spring turkey season. Turkey hunter success rates
(harvested �1 bird) were higher for 1-bird (45 � 3%)
and 2-bird permit holders (63 � 3%) than for free
hunters (31 � 3%). For all 3 groups combined, hunters
spent 549,019 days afield in 2001 (Table 1).

Over 85% of 2001 turkey hunters reported hunting
turkeys in Ohio �2 years, compared to 63% in 1985,
70% in 1989, and 80% in 1996 (Table 2). The esti-
mated number of spring turkey hunters in Ohio in-
creased an average of 15% annually since 1985 (D.
Swanson and W. Culbertson, Ohio Division of Wild-
life, unpublished report). In addition, the percentage of
experienced hunters increased consistently since 1985,
indicating the dropout rate among Ohio’s spring turkey
hunters is low.

About 35% (�3%) of the 2001 hunters reported
never harvesting a turkey in Ohio; 17% (�2%) re-
ported harvesting 1 bird, 40% (�3%) reported har-
vesting 2–10 birds, and 8% (�2%) reported harvesting
�10 turkeys. Over half (53 � 3%) of the 1996 hunters
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Table 3. Hunting device, decoy use, and type of land owner-
ship hunted by 1989, 1996, and 2001 spring turkey hunters in
Ohio.

Variable

Hunters

1989

%
95%
CL

1996

%
95%
CL

2001

%
95%
CL

Hunting device used
Shotgun 98 1 95 1 95 1
Muzzleloader �1 �1 1 1 1 1
Crossbow 1 �1 1 �1 1 �1
Longbow 1 1 3 1 4 1

Used decoy 14 2 49 3 67 3
Type of land hunted

Mostly public 32 3 22 3 19 3
Mostly private 17 3 18 2 67 2
Equally public and

private 51 3 60 1 14 1

Table 4. Spring turkey hunter perceptions regarding distur-
bance by other hunters in Ohio, 1985, 1989, 1996, and 2001.

Disturbance

Hunters

1985

%
95%
CL

1989

%
95%
CL

1996

%
95%
CL

2001

%
95%
CL

No problem 38 3 43 3 44 3 41 3
Minor problem 36 3 38 3 40 3 45 3
Big problem 26 3 18 2 15 2 14 2

a Percentages may not add up to 100% due to rounding errors.

Fig. 1. Average rank of importance assigned to 5 problems
affecting turkey hunting safety in Ohio by 1989, 1996, and 2001
spring turkey hunters. A rank of 5 was considered most impor-
tant.

had never harvested a turkey in Ohio; 17% (�3%) had
harvested 1 bird, 28% (�3%) had harvested 2–10
birds, and 1.5% (�1%) had harvested �10 birds. In
1985, 70% (�3%) of the hunters reported never har-
vesting a turkey in Ohio; 16% (�2%) had harvested
1 bird, 14% (�2%) had harvested 2–10 birds, and
0.4% (�0.5%) had harvested �10 birds.

Most (�95 � 1%) hunters used a shotgun when
spring turkey hunting in 2001. Few hunters used a
longbow, crossbow, and/or muzzleloader during the
2001 spring turkey season (Table 3).

The percentage of spring turkey hunters using a
decoy increased consistently from 14% (�2%) in 1989
to 49% (�3%) in 1996 to 67% in (�2%) 2001. About
19% (�3%) of the turkey hunters hunted mostly on
public land, 67% (�3%) hunted mostly on private
land, and about 14% (�2%) hunted equally on public
and private land (Table 3). Although the percentage of
respondents hunting mostly on public land in 2001
was lower than that reported in 1989 (32 � 3%) and
1996 (22 � 3%), �5% of Ohio’s land area is public
land (Ohio Department of Natural Resources, unpub-
lished report), illustrating the importance of public
land turkey hunters.

Expenditures for Wild Turkey Hunting

The average estimated expenditure per hunter dur-
ing the 3-week 2001 spring turkey season in Ohio was
$162 (�$3), up 38% from the $117 average reported
in 1996 and 91% more than the $85 average reported
in 1989. Total expenditures by spring turkey hunters
during the 2001 season was $14.9 million (�$1 mil-
lion), an increase of 157% over the $5.8 million spent
during the 1996 spring season and 610% more than
the $2.1 million spent by hunters in 1989.

Hunter Disturbance, Overcrowding, and Hunter
Safety

About 59% (�3%) of the turkey hunters believed
that disturbance by other hunters was a problem, sim-
ilar to the 56% (�3%) reported in 1996, 57% (�3%)
reported in 1989, and 62% (�3%) reported in 1985

(Table 4). During the 2001 spring season, 13% (�2%)
of successful hunters were disturbed by other hunters
on the day of harvest. This disturbance rate was some-
what lower than in 1996 and 1989 and substantially
lower than reported in 1985 (Table 4). About 16%
(�2%) of 2001 unsuccessful hunters believed the ma-
jor reason they failed to harvest a bird was disturbance
from other hunters. This percentage was somewhat
lower than reported in the 3 previous surveys (Table
4).

As in 1996 and 1989, 2001 spring turkey hunters
were clearly concerned about turkey hunting safety
(Table 5). Almost 95% (�1%) of the hunters com-
pleted the Ohio hunter education course. Sixty-seven
percent (�3%) of the hunters read articles, attended
seminars, and/or viewed films on turkey hunting safe-
ty. Although only 2% (�1%) of the hunters reported
having been shot at by another hunter while turkey
hunting, 58% (�3%) were concerned about being shot
by another hunter and 38% (�3%) indicated they had
another hunter sneak up on them while turkey hunting
(Table 5). Hunters ranked uninformed hunters and
overcrowded hunting conditions as the most serious
problems affecting turkey hunting safety followed by
wearing camouflage, shell shot size, and shotgun
gauge (Figure 1).

A spring turkey hunting brochure provided to all
buyers of spring turkey hunting permits recommended
wearing hunter (blaze) orange when walking in the
woods and wrapping an orange covering around the
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Table 5. Safety issues and concerns of spring wild turkey hunters in Ohio, 1989, 1996, and 2001.

Safety issue or concern

Hunters

1989

% 95% CL

1996

% 95% CL

2001

% 95% CL

Complete Ohio hunter education course 38 3 43 3 95 1
Read articles on turkey hunting safety 79 3 77 3 88 3
Watched films on turkey hunting safety 57 2 64 2 70 3
Attended seminars on turkey hunting safety 35 3 36 3 44 3
Concerned about being shot by another turkey hunter 66 2 60 2 58 2
Had another hunter sneak up on them 33 3 33 3 38 3

Table 6. Frequency of hunter (blaze) orange and flashlight use by spring turkey hunters in Ohio, 2001.

Safety measure

Hunter action

Always

% 95% CL

Usually

% 95% CL

Occasionally

% 95% CL

Never

% 95% CL

Wear hunter orange at all times during the hunt 9 2 4 1 15 2 72 3
Wear hunter orange when moving in woods 26 3 15 2 21 2 38 3
Wrap a hunter orange item in tree 7 2 7 1 11 2 75 3
Carry bird out marked with an orange covering 42 3 13 2 8 1 37 3
Use a flashlight when it is dark 49 3 17 2 18 2 17 2

harvested bird before walking out of the woods. Al-
though most (72% � 3%) hunters indicated they never
wore hunter orange at all times, 26% (�3%) reported
they always wore hunter orange when moving and
42% (�3%) always carried their harvested bird in or-
ange covering when walking out of the woods (Table
6). Over 25% (�3%) of the hunters reported they at
least occasionally marked the tree to their backs with
an item of hunter orange and 83% (�2%) reported
using a flashlight when it was dark.

Spring Turkey Season Regulations and
Management Activities

Most (64% � 3%) 2001 turkey hunters did not
favor increasing the bag limit from 2 to 3 birds (Table
7). A similar percentage of hunters (69 � 3%) opposed
a bag limit increase from 2 to 3 birds in 1996; 66
(�3%) opposed increasing the bag limit from 1 to 2
birds in 1989. More hunters favored expanding legal
hunting hours beyond 1200 to 1400 h (58 � 3%) com-
pared to 1600 h (33 � 3%) or sunset (39 � 3%). Most
(65 � 3%) hunters favored extending the spring turkey
season from 3 to 4 weeks. Over 78% (�3%) of turkey
hunters favored the current regulation allowing hunters
to harvest 2 birds during the entire spring season. Most
(52 � 3%) hunters believed the spring turkey season
opening date of the fourth Monday in April was just
right; 43% (�3%) believed the season came in too late
and 5% (�1%) believed the season started too early
(Table 7).

Spring turkey hunters were asked to rank 6 turkey
management activities in terms of their importance to
the resource. Public education on hunting safety was
ranked most important followed by management ef-
forts to secure more areas to hunt, acquiring more pub-
lic land, law enforcement, habitat development on pri-
vate land, and research (Figure 2). Public education on

hunter safety was ranked first in importance by 1996
turkey hunters but was ranked third in importance be-
hind law enforcement, research, and habitat develop-
ment on private land by 1989 hunters, illustrating the
growing concern of spring turkey hunters regarding
hunting safety.

Factors Contributing to a Quality Turkey
Hunting Experience

Over 85% (�2%) of 2001 hunters ranked high
gobbling activity as the primary factor contributing
greatly to enjoyment of their spring turkey hunting ex-
perience, followed by killing an adult bird, and calling
turkeys (Table 8). Seeing turkeys and turkey sign and
hearing turkeys gobble contributed more to the enjoy-
ment of a spring turkey hunt than harvesting a juvenile
bird or low gobbling activity. Hunters ranked these 7
factors in the same order in 1996.

Characteristics of Ohio Spring Turkey Hunters

The composite Ohio spring turkey hunter was
male (98 � 1%), 49 (range � 8–90) years old, had a
rural (57 � 3%) or small town (30 � 3%) background,
and a total household income �$50,000 (43 � 3%).
This person had hunted (all game, not just wild tur-
keys) for 28 (range � 1–62) years, but hunted wild
turkeys during spring only 2–10 years (66% � 3%)
and harvested an average of 3.4 turkeys (range � 0–
35).

DISCUSSION
Since 1985, the number of spring turkey hunters

and the spring wild turkey harvest in Ohio has in-
creased annually an average of 15% and 20% (Ohio
Department of Natural Resources, unpublished data).
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Table 7. Hunter opinions regarding potential changes in spring
turkey hunting regulations in Ohio, 2001.

Potential change

Hunters in
favor of
change

(%)
95%
CL

Increase bag limit from 2 to 3 birds 36 3
Expand legal shooting hours from one-half

hr before sunrise to 1400 hr 58 2
Expand legal shooting hours from one-half

hr before sunrise to 1600 hr 33 3
Expand legal shooting hours from one-half

hour before sunrise to sunset 39 3
Extend the spring gobbler season from 3 to

4 weeks in length 65 2

Fig. 2. Average rank of importance assigned to turkey man-
agement activities conducted by the Ohio Division of Wildlife by
1989, 1996, and 2001 spring turkey hunters. A rank of 5 was
considered most important.

Table 8. Turkey hunters’ rankings of the amount of enjoyment certain factors contribute to a spring turkey hunting experience in
Ohio, 2001.

Enjoyment factor

Importance level (% of hunters)

Great

% 95% CL

Moderate

% 95% CL

Some

% 95% CL

Little

% 95% CL

None

% 95% CL

Killing an adult bird 71 2 16 2 8 2 3 1 2 1
Killing a juvenile bird 17 2 28 3 22 3 18 2 15 2
Seeing hens with gobblers 46 3 27 3 18 2 6 2 3 1
High gobbling activity 85 3 12 2 2 1 1 �1 1 �1
Low gobbling activity 4 1 12 2 22 3 32 3 30 3
Calling turkeys 69 2 21 3 7 2 1 �1 1 �1
Seeing turkey sign 39 3 33 3 21 3 6 2 1 �1

Factors contributing to a quality hunting experience
are usually related to turkey population densities
(Eichholz and Hardin 1990, Vangilder et al. 1990),
whereas factors degrading the hunting experience are
related to human activities (e.g., disturbance and
crowded conditions) (Madson 1975, Williams and
Austin 1988). Between 1985 and 2001, the percentage
of Ohio hunters indicating that disturbance by other
spring turkey hunters was a ‘‘big’’ problem decreased
from 26 to 14%, the percentage of successful hunters
disturbed on the day of harvest decreased from 23 to
13%, and the percentage of hunters who attributed
hunter disturbance for their failure to harvest a bird
decreased from 26 to 16%. The observed decline in
hunter disturbance rate is likely a function of a greater
number and wider distribution of wild turkeys in re-
lation to increases in hunter numbers since 1985. How-
ever, �60% of 1989 and 1996 and 58% of 2001 turkey
hunters indicated they were concerned about being
shot by another turkey hunter and �30% had another
hunter sneak up on them. Despite these safety con-
cerns, little use of blaze orange was reported by spring
turkey hunters in Ohio. This low use of blaze orange
by Ohio spring turkey hunters parallels the findings of
studies conducted in Arkansas (Cartwright and Smith
1990), Florida (Eichholz and Hardin 1990), Missouri
(Vangilder et al. 1990), and Virginia (Bittner and Hale
1991).

Uninformed hunters and overcrowded hunting
conditions were ranked as the most serious problems
affecting spring turkey hunting safety by 1989, 1996,
and 2001 hunters. Public education on hunter safety

was ranked the most important turkey management ac-
tivity by 1996 and 2001 hunters. Thus, it is not sur-
prising that hunters did not favor increasing the bag
limit from 2 to 3 birds (which would probably increase
hunter interest and participation), but favored expand-
ing shooting hours beyond 1200 h and lengthening the
season to 4 weeks (which would probably spread out
hunting pressure and relieve overcrowding).

Although hunters indicated they would support in-
creased opportunity via extended shooting hours and
season length, these regulation changes would likely
contribute to increased spring turkey harvests. In-
creased turkey harvests may result in decreased den-
sities of adult male turkeys and reduced gobbling ac-
tivity (Vangilder and Kurzejeski 1995). The primary
factor contributing greatly to the quality of a spring
turkey hunt was high gobbling activity; the opportu-
nity to call birds was third, just behind harvesting an
adult bird. These findings are consistent with those of
Williams and Austin (1988), Eichholz and Hardin
(1990), and Vangilder et al. (1990) who reported good
turkey hunting experiences were related to turkey pop-
ulation densities. Thus, harvest management regula-
tions designed to maintain good spring gobbler den-
sities and quality hunting experiences may be more
appropriate than providing additional harvest oppor-
tunity.

In addition to becoming a spring tradition for
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many Ohio hunters, spring turkey season provides rev-
enue to state and local economies. During the 3-week
2001 spring turkey season, an estimated $14.9 million
was spent by hunters on items such as ammunition,
food, gasoline, and lodging.

The importance of public land to the sport of tur-
key hunting was again demonstrated by hunters. Public
land comprised �5% of the land area in occupied tur-
key range (Ohio Department of Natural Resources, un-
published report) yet supported almost 20% of the
hunting pressure during the 2001 spring turkey season.
Securing more areas to hunt and acquiring more public
land were considered the second and third most im-
portant turkey management activities by 2001 hunters,
providing further evidence of the importance of public
land.

Crowded conditions and safety are valid concerns
of Ohio spring turkey hunters. The number of non-
fatal turkey hunting incidents in Ohio averaged 4 per
year (range � 1–9) since 1985, but the accident rate/
10,000 hunters declined (D. Swanson and W. Culbert-
son, Ohio Division of Wildlife, unpublished report).
Spring turkey hunting incidents are most often the re-
sult of either mistaken-for-game or line-of-fire acci-
dents (Vangilder et al. 1990). As the popularity of
spring turkey hunting continues to grow, cooperation
among individuals, conservation organizations, and
the Division of Wildlife will continue to be important
in preserving safe and ethical turkey hunting in Ohio.
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Abstract: Wildlife managers have debated whether ‘‘half-day’’ versus ‘‘all-day’’ hunting influences the probability
of harvesting an adult or a juvenile wild turkey (Meleagris gallopavo) gobbler. Daily and hourly harvest distri-
butions of adult gobblers were compared between 4 years of half-day hunting (1996–1999; 23,356 harvest events)
and 2 years of all-day hunting in Indiana (2003 and 2004; 21,061 harvest events). The distributions of the total
harvest across the 19-day season were the same for both half-day and all-day seasons. During all-day seasons,
70% of the total harvest occurred before 1000 hr, 79% by noon, 8% between 1200–1600 hr, with 13% after 1600
hr. Adults made up a slightly greater proportion (�2% points on average; e.g., 75% versus 77%) of the harvest
for the all-day seasons. Our data suggest the influence of all-day hunting on adult gobbler mortality is relatively
minor on a statewide basis with a 1-bird bag limit and the small differences in the proportion of the harvest that
was adults may be related to factors other than extended shooting hours. Differential adult mortality may be of
greater management concern under more liberal spring harvest strategies.

Proceedings of the National Wild Turkey Symposium 9:331–336
Key words: adult gobblers, harvest distribution, harvest management, hunting, Indiana, Meleagris gallopavo,
mortality, shooting hours, spring season, time of kill, wild turkeys.

The wild turkey restoration era is essentially com-
pleted (Tapley et al. 2001) and management emphasis
has shifted toward population and harvest management
(Kurzejeski and Vangilder 1992). For over three de-
cades, wild turkey populations experienced exponen-
tial growth as restoration efforts peaked and newly es-
tablished turkey populations expanded into voids of
available habitat (Lewis 2001). Increases in turkey
numbers and their expanded distribution led to increas-
es in open hunting range, hunter opportunities, and
turkey hunter numbers (Tapley et al. this volume). De-
spite increases in turkey populations and open hunting
range, hunters continually demand and expect more
opportunities (e.g., more time to hunt, increased bag
limits, higher success rates) and there is a desire to
remove barriers to attracting new hunters, particularly
youth hunters (e.g., hunting heritage movement).

Today’s harvest management strategies generally
evolved during decades of rapid turkey population
growth and will need further evaluation as turkey pop-
ulation growth stabilizes and turkey hunter numbers
continue to increase (Kurzejeski and Vangilder 1992,
Tapley et al. this volume). Concerns about sustaining

turkey harvest levels and hunter satisfaction have
heightened as turkey habitat management on public
lands has become more constrained and the negative
impacts of increased urban sprawl have become more
evident (Dickson 1992). Wildlife managers are now
reassessing the proportion of adult gobblers taken dur-
ing spring hunting seasons, sustainability of subse-
quent harvests, and its impact on hunt quality (Wright
and Vangilder 2001, this volume). Natural resource
agencies are cautious about increasing hunter oppor-
tunities that may subsequently be retracted due to re-
source or hunt-quality concerns. Wildlife managers
also recognize that conservative harvest management
decisions based on incomplete knowledge may unnec-
essarily limit hunting opportunities.

Discussions of shooting hours (half versus all-day
turkey hunting) often evoke numerous opinions and
perceptions among hunters, outdoor writers, and nat-
ural resource agency personnel. Shooting hours were
not specifically mentioned as a factor affecting gobbler

1 E-mail: sbacks@dnr.IN.gov
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Table 1. Harvest data from 6 Indiana spring wild turkey seasons under 2 shooting-hour treatments.

Shooting-hour treatment

Half-day huntinga

Season

1996 1997 1998 1999

All-day huntingb

Season

2003 2004

Season datesc 4/24–5/12 4/23–5/11 4/22–5/10 4/21–5/9 4/23–5/11 4/21–5/9
Total harvestd 4,859 5,790 6,384 6,548 10,366 10,765
Adults (%) 76 78 69 72 76 76
Harvest eventse 4,796 5,710 6,343 6,507 10,322 10,739

a Half-day shooting hours � 1/2 hr before sunrise to 1200 hr.
b All-day shooting hours � 1/2 hr before sunrise to sunset.
c Seasons were 19 days with a Wednesday opening day.
d Total reported harvest recorded at mandatory check stations.
e Check station records with harvest date, time of kill, and age of bird.

density by Kurzejeski and Vangilder (1992), who cited
liberal spring harvests following poor production, sea-
son length, opening dates, bag limits, and hunter den-
sity as possible factors. However, season length does
infer increased hunter opportunity as do increased
shooting hours. Shooting-hour restrictions are tradi-
tionally justified to protect nesting hens even though
the effect of this restriction on hen mortality is un-
known (Healy and Powell 2000). Presently, 33 states
and 2 Canadian provinces allow all-day spring gobbler
hunting while 17 states and 1 Canadian province allow
half-day hunting (Perea 2005).

In 2002, all-day spring turkey hunting was imple-
mented in Indiana after 32 years of half-day hunting.
Prior to extending Indiana’s shooting hours, there was
a moderate amount of controversy among various re-
source users and natural resource managers. The gam-
ut of concerns over extending shooting-hours includ-
ed: disruption or suppression of ongoing breeding ac-
tivity (e.g., reduced gobbling), an even greater pro-
portion of the harvest occuring earlier in the season, a
greater proportion of adult gobblers harvested, in-
creased roost shooting, increased disturbance or mor-
tality of nesting hens, and opposition by non-turkey
hunting publics (e.g., mushroom hunters and dog field-
trialers).

Our objective was to assess whether the length-
ening of spring shooting-hours from ‘‘half-day’’ (half-
hour before sunrise to noon) to ‘‘all-day’’ (half-hour
before sunrise to sunset) influenced the distribution of
the harvest throughout the season or the age-specific
harvest on adult gobblers in Indiana.

STUDY AREA
Wild turkey populations exist in all regions of In-

diana with the better quality habitat for wild turkeys
generally found in the more forested regions in the
southern half of the state (Backs and Eisfelder 1990).
Indiana has a statewide, open-permit, spring wild tur-
key season with a bag limit of 1 male or bearded tur-
key per hunter per season (Backs 1996). The mean
forest cover in the 74–90 counties open to turkey hunt-
ing during the study years ranged from 21–32%. Mean
estimated hunter success during 1996–2004 was 25%
(range � 23–28%) with a mean 5.3 efforts (trips)/hunt-

er/season (range � 5.0–5.5) while annual turkey har-
vests and hunter numbers increased 12% and 9%, re-
spectively, during the last decade (Backs 2003,
2004a).

METHODS

Date, time of kill, and age of harvested birds were
collected at mandatory check stations for each ‘‘har-
vest event’’ between 1996 and 2004 (Backs 1996,
Backs and Weaver 2001). Harvest data from 1996–
1999 were used for the half-day hunting treatment and
the harvest data from 2003 and 2004 were used for
the all-day hunting treatment (Table 1). Data from
2002, the first year all-day hunting was implemented,
were excluded as a hunter-adjustment year to the new
regulation. Variables within each shooting-hour treat-
ment (half and all-day hunting) were: age class (ju-
veniles � 1-yr-olds, adults � 2-yr-olds), day killed
(numerical days of the season; 1, 2, 3, . . . , 19), and
time of kill (in 0100 hour intervals; 0500–1900 hr).
Analysis of variance (ANOVA; Snedecor and Cochran
1980) was used to compare sample means and the Kol-
mogorov-Smirnov test (Conover 1971) was used to
compare the similarity, goodness of fit, of sample dis-
tributions. Statistical comparisons were made using
Statistix 8 (Analytical Software 2003). The age-class
analysis focused on adults because the adult harvest is
of principal interest in harvest management decisions
(Kurzejeski and Vangilder 1992, Vangilder 1992).

RESULTS

A total of 44,417 harvest events was used to com-
pare the daily harvest distribution between each shoot-
ing-hour treatment (Table 2). These harvest events rep-
resented 99% of the total harvest (N � 44,712) during
this period. Estimated hunter success during half-day
seasons (x̄ � 24.9%) was similar to all-day seasons (x̄
� 25.8%; F1,4 � 0.254; P � 0.640).

The proportions of the daily harvests over the 19-
day hunting season were similar for both half-day and
all-day treatments (T � 0.07, n � 19, P � 1.000; i.e.,
similar proportions of the harvest occurred on a daily
basis for both treatments; Figure 1). The proportions
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Table 2. Number and percentage of wild turkeys harvested on each day of Indiana’s 19-day spring hunting season for half-day
(0500–1200 hr) and full-day (0500–2000 hr) hunting treatments.

Day Weekday

Shooting-hour treatment

Half-day harvesta

Total Total (%) Adults
Total

adults (%)
Adults by
day (%)

All-day harvestsb

Total Total (%) Adults
Total

adults (%)
Adults by
day (%)

1 Wednesday 4,039 17 3,043 18 76 4,695 22 3,689 23 79
2 Thursday 2,415 10 1,772 10 73 1,925 9 1,475 9 77
3 Friday 1,955 8 1,451 8 74 1,338 6 1,010 6 75
4 Saturday 2,350 10 1,704 10 73 2,363 11 1,759 11 74
5 Sundayc 1,646 7 1,157 7 70 1,323 6 990 6 75
6 Monday 438 2 326 2 74 730 3 549 3 75
7 Tuesday 589 3 434 3 74 639 3 475 3 74
8 Wendesday 559 2 417 2 75 695 3 553 3 80
9 Thursday 518 2 406 2 78 629 3 479 3 76

10 Friday 1,281 5 955 6 75 644 3 498 3 77
11 Saturday 1,323 6 933 5 70 1,099 5 797 5 73
12 Sundayc 1,073 5 792 5 74 883 4 624 4 71
13 Monday 534 2 411 2 77 359 2 276 2 77
14 Tuesday 537 2 388 2 72 482 2 382 2 79
15 Wednesday 502 2 362 2 72 393 2 300 2 76
16 Thursday 577 2 441 3 76 517 2 400 3 77
17 Friday 898 4 636 4 71 531 3 414 3 78
18 Saturday 1,221 5 849 5 70 1,022 5 735 5 72
19 Sundayc 901 4 640 4 71 794 4 583 4 73

All seasons 23,356 100 17,106 100 73 21,061 100 15,988 100 76

a Half-day season years � 1996–1999.
b All-day season years � 2003–2004.
c Hunt week periods; first 5 days, second week, and third week, respectively.

Fig. 1. Distribution of Indiana’s spring wild turkey harvest by
day of season for half (1996–1999) and all-day (2003–2004)
hunting.

Fig. 2. Proportion of spring wild turkey harvest by weekly pe-
riods for half (1996–1999) and all-day (2003–2004) hunting in
Indiana.

of the harvests that occurred during the first 5 days
and the second week hunt-periods (Figure 2) were
slightly greater (�3%) during all-day hunting (F2,12 �
3.10, P � 0.082). The proportions of the adult daily
harvests (Figure 3) were slightly greater (�2%) during
all-day hunting (F1,76 � 4.17, P � 0.045).

A total of 44,140 harvest events was used to com-
pare the hourly harvest distribution between shooting
hour treatments (Table 3). The distributions of the
hourly total harvests (Figure 4) were similar during the
morning hours (0500 through 1100 hr) for both half
and all-day hunting (T � 0.02, n � 7, P � 0.980).
The lower hourly proportions in the morning for all-
day hunting were due to the spread of the harvest
across 15 time-periods. Excluding the afternoon har-
vest from all-day hunting, the highest proportion of the
morning harvest (57–58%) for both shooting hour

treatments occurred between 0600–0800 hr and 86–
88% before 1000 hr. When all hour-periods for all-day
hunting were included, 70% of the total all-day harvest
occurred before 1000 hr and 79% by noon. Only 8%
and 13% of the all-day harvest occurred between
1200–1600 hr and after 1600 hr, respectively.

Considering only the morning time periods
(�1200 hrs) for both shooting hour treatments (Figure
5), the proportion of the adult harvest was slightly
greater in the hourly periods for all-day hunting (�2%;
F1,28 � 3.21, P � 0.084). The all-day harvests that
occurred in the early afternoon (8.0%; 1200–1600 hrs)
and the late afternoon (12.5%; �1600 hrs) were very
small compared to the 79.5% harvest occurring in the
morning, but the adult proportion of the early after-
noon harvest (79.8%) was greater (F2,3 � 186, P �
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Fig. 3. Proportion of adult gobblers in the harvest by day of
the spring season for half (1996–1999) and all-day (2003–2004)
hunting in Indiana.

Fig. 4. Hourly distribution of the spring wild turkey harvest for
half (1996–1999) and all-day (2003–2004) hunting in Indiana.

Table 3. Number and percentage of spring wild turkeys harvested during 1-hour intervals for 2 shooting-hour treatments in Indiana.

Interval start
time

Shooting-hour treatment

Half-day harvesta

Total Total (%) Adults
Total

adults (%)
Adults by
hour (%)

All-day harvestsb

Total Total (%) Adults
Total

adults (%)
Adults by
hour (%)

0500 1,070 5 877 4 82 593 3 470 3 79
0600 7,459 32 5,562 33 75 5,459 26 4,174 26 76
0700 5,721 25 4,073 24 71 4,246 20 3,181 20 75
0800 3,391 15 2,390 14 70 2,578 12 1,887 12 73
0900 2,422 10 1,746 10 72 1,727 8 1,332 8 77
1000 1,777 8 1,313 8 74 1,217 6 911 6 75
1100c 1,375 6 1,033 6 75 807 4 637 4 79
1200 479 2 379 2 79
1300 396 2 322 2 81
1400 362 2 285 2 79
1500c 432 2 345 2 80
1600 607 3 466 3 77
1700 884 4 643 4 73
1800 862 4 633 4 73
1900c 276 1 213 1 77

All seasons 23,215 100 16,994 100 73 20,925 100 15,878 100 76

a Half-day treatment (0500–1100 hrs) years � 1996–1999.
b All-day treatment (0500–1900 hrs) years � 2003–2004.
c Daily time-periods; mornign (0500–1200 hrs), early afternoon (1200–1600 hrs), late afternoon (�1600 hrs).

0.001) than either the morning (76.3%) or late after-
noon periods (75.0%).

DISCUSSION

Daily harvest distributions through the 19-day
spring seasons did not differ following extension of
shooting-hours. The proportion of total harvest occur-
ring during the third week was slightly less (3%) dur-
ing years of extended shooting-hours. The proportion
of the harvest taken after 1200 hr during all-day hunt-
ing was about 20%, similar to Frawley (2001). The
primary differences between shooting hour treatments
were that adults composed slightly greater proportions
(�2%) of the all-day harvests. Differences in the pro-
portion of adults between shooting hour treatments
may have been due to a greater number of adult gob-
blers being available to hunters during the all-day
hunting seasons and unmeasured variables of hunter
selectivity. Kurzejeski and Vangilder (1992) concluded

season length, turkey population density, and hunter
selectivity influenced the age structure of the harvest.

In Missouri, the proportions of juveniles to adults
in the spring harvests were correlated to the poult-to-
hen ratios from the previous summer brood surveys
(Kurzejeski and Vangilder 1992). There were no dif-
ferences (F1,6 � 0.033, P � 0.862) in the Indiana sum-
mer production indices (poults/adult hen) in the years
prior to half-day and all-day seasons (Backs 2004b).
Based on the production indices alone, it appears there
was no difference in the potential number of gobblers
available to hunters. However, these indices do not ac-
count for overall turkey population growth.

Accurate population estimates of wild turkeys are
a persistent shortcoming facing wildlife managers, so
harvest data are frequently used as an index of relative
turkey population levels (Healy and Powell 2000,
Cobb et al. 2001). Annual spring harvest trends sug-
gest Indiana’s wild turkey population has grown an
average 12% annually during the last decade (Backs
2004a). The adult proportions of the harvest in south-
east and south-central Indiana are normally greater



Half-Day and All-Day Turkey Hunting • Backs 335

Fig. 5. Proportion of adult gobblers in the spring harvest by
time period for half (1996–1999) and all-day (2003–2004) hunt-
ing in Indiana.

than other regions of the state (Backs 2003, 2004a).
Southeast and south-central Indiana are characterized
by high quality turkey habitat (Backs and Eisfelder
1990) and support the highest wild turkey population
levels and harvests (Backs 1996, 2004a), suggesting
relatively higher turkey population levels may explain
the differences in the adult proportion of the all-day
treatment years (2003 and 2004) rather than the exten-
sion of shooting hours. Hunter density and effort data
were not available for the all-day hunting treatment
years to permit the examination of hunter density and
effort/mi2 as covariates influencing the adult propor-
tion of the harvest.

Turkey hunter preference and selection for taking
adult gobblers is well documented (Vangilder et al.
1990, Kurzejeski and Vangilder 1992, Taylor et al.
1996, Healy and Powell 2000, Wright and Vangilder
2001, Swanson and Stoll this volume). How hunters
responded to the increased opportunity of all-day hunt-
ing is speculative and based on cursory observations,
but worthy of discussion.

During half-day seasons, hunters generally pur-
sued gobblers in the first 2–3 morning hours when
gobblers were actively gobbling (Kienzler et al. 1996).
Once gobblers were with hens and gobbled less, many
hunters either abandoned their morning hunting efforts
(Hoffman 1990) or were more willing to take a juve-
nile gobbler (e.g., Figure 5) if the opportunity became
available (Vangilder 1992). On mornings of inclement
weather (e.g., raining, windy) during half-day seasons,
many hunters did not bother to hunt.

During all-day seasons, hunters typically pursued
the same early morning hunting strategy as in half-day
seasons. Some hunters took advantage of the addition-
al early and late afternoon hunting opportunities that
coincided with another increase in gobbler activity, al-
beit to a lesser degree than early morning (Hoffman
1990). On mornings of inclement weather, afternoon
hours provided an alternative hunting opportunity.

The afternoon time-periods, especially after 1500
hr during weekdays, may have attracted turkey hunters
who previously could only hunt on weekend mornings
during the half-day seasons (e.g., youth, first and third
shift factory workers). Hunter mail surveys indicated
a noticeably higher proportion of youth license holders

(�17 years of age) actually hunted wild turkeys in the
first spring of all-day hunting compared to the previous
5 years of half-day hunting (Backs 2003).

MANAGEMENT IMPLICATIONS
The influence of all-day hunting on the distribu-

tion of harvest throughout the season and age-specific
harvest of adult gobblers in Indiana’s spring turkey
season was minimal. There was no change in the daily
distribution of the harvest and most birds were still
taken during the morning hours (70% prior to 1000 hr,
80% by 1200 hr). The slightly greater take of adult
gobblers (�2%) is probably related to higher relative
turkey population levels and hunter selectivity rather
than shooting hours. Currently, the implementation of
all-day hunting provides additional and new hunting
opportunities without noticeable impacts on the state-
wide harvest structure and estimated hunter success.

Differential adult gobbler harvest, albeit marginal
under Indiana’s spring season structure, may increase
under more liberal harvest management strategies
(e.g., �1-bird bag limit), and perhaps act synergisti-
cally with other factors to increase hunting mortality
of adult gobblers (Kurzejeski and Vangilder 1992;
Wright and Vangilder 2001, this volume). The inter-
actions of harvest mortality variables may become
more evident as turkey hunter numbers continue to
grow, the growth rate of wild turkey populations level
off, and the amount of suitable habitat for wild turkeys
diminishes.
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Abstract: Isolated populations of introduced Merriam’s turkeys (Meleagris gallopavo merriami) occur throughout
riparian habitats in Wyoming. Anecdotal observations by Wyoming Game and Fish Department wildlife personnel
indicated that isolated flocks decreased significantly as the proportion of males in the flock increased, some to the
point of local extirpation. We collected winter flock classification data each January from 1997–2001 in Goshen County.
Survey results in 1997 and 1998 indicated flock composition was heavily male-biased (1997–2.07:1; 1998–1.86:1).
We speculated this bias resulted from habitat limitations, intraspecific competition for winter food, landowner imposed
limits on gobbler harvest, and higher gobbler than hen survival rates during severe winter weather events. Beginning
with the fall 1997 season, we increased harvest pressure on males by increasing fall and spring permit numbers and
by instituting bearded turkey only seasons in the fall. Survey data indicated flocks were female biased (0.67:1) by
1999. In situations where turkey habitat is limited, we suggest that managers modify season structure to increase male
harvest once flock classification surveys result in a gobbler:hen ratio �0.75:1.

Proceedings of the National Wild Turkey Symposium 9:337–341
Key words: gender ratios, gobbler harvest, hen mortality, intraspecific competition, Merriam’s turkey, Wyoming.

Merriam’s turkeys were first introduced to Wyo-
ming from New Mexico in 1935 (Crump and Sander-
son 1951, Zornes 2002), and to Goshen County in
1959 (Zornes 2002). Habitats used by turkeys in Go-
shen County more closely resemble those historically
occupied by the Rio Grande subspecies (M. g. inter-
media; Beasom and Wilson 1992).

Local Department personnel observations suggest
most Goshen County turkeys are non-migratory and
occupy riparian habitats near farmsteads or ranch-
yards, year-round. Use of farmsteads and ranch-yards
is well documented in turkeys, especially during win-
ter (Vander Haegen et al. 1989, Wunz 1992, Hoffman
et al. 1993, Lehman 2005). Farmsteads and cattle feed-
ing sites provide a reliable source of high energy foods
in the form of waste livestock grains (Vander Haegen
et al. 1989, Wunz 1992, Lehman 2005) and perhaps
increased protection from predators (Lehman 2005).

Hoffman et al. (1993) suggested winter flock
counts provide the most potential for monitoring Mer-
riam’s turkey population trend and gender ratios. How-
ever, little has been reported in the literature concern-
ing gender ratios in turkeys, and the impacts, if any,
of male-biased ratios on flock productivity and persis-
tence. Ratios have been assumed to be 1:1 at birth and

in modeling efforts (Suchy et al. 1983), but have not
been formally documented (Weinstein et al. 1996).

Male-biased ratios were thought to have contrib-
uted to declines and accelerated the loss of isolated
flocks of turkeys in eastern Wyoming (H. Harju, Wy-
oming Game and Fish Department, personal commu-
nication.) due to intraspecific competition. Male-biased
ratios may result from greater winter mortality of Mer-
riam’s turkey hens than gobblers (Wakeling 1991,
Wakeling and Rogers 1998, Rumble et al. 2003).

Local district wildlife personnel observed male-
biased ratios in southern Goshen County in 1996, and
initiated this project in an attempt to address our con-
cerns. Objectives of this project were to (1) reduce
gobbler:hen ratios, (2) increase turkey hunter oppor-
tunity, and (3) increase flock persistence.

STUDY AREA

Goshen County was located in the southeastern
portion of Wyoming. The project area was limited to
the southern half of Goshen County, south of the North

1 E-mail: mzornes@gf.state.az.us
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Table 1. Fall wild turkey harvest statistics, Goshen County,
Wyoming, 1979–2001a.

Year Permits Hunters

Harvest

Male Female Total

1979 76 58 20 13 33
1980 50 32 7 2 9
1981 75 58 7 7 14
1982 69 41 3 3 6
1983 85 68 17 26 43
1984 32 21 4 7 11
1985 42 34 3 16 19
1986 100 83 9 43 52
1987 50 35 13 12 25
1988 100 84 15 24 39
1989 100 89 25 17 42
1990 150 113 54 27 81
1991 150 121 51 47 98
1992 150 130 57 32 89
1993 208 141 32 22 54
1994 77 66 16 15 31
1995 73 68 22 14 36
1996 120 107 40 42 82
1997 202 153 119 0 119
1998 201 176 113 0 113
1999 200 169 101 4 105
2000 298 220 89 43 132
2001 285 213 61 65 126

a Data taken from 1979–2001 Wyoming Game and Fish Department
Annual Reports of Small and Upland Game Harvest.

Platte River. Suitable habitat for turkeys in this portion
of Goshen County was fragmented, confined to ripar-
ian areas (Driese et al. 2005), and was dominated by
cottonwood (Populus spp.) and box elder (Acer ne-
gundo) tree species (Driese et al. 1997). Mast bearing
shrubs and trees were limited in number and distri-
bution (Wyoming Game and Fish Department, unpub-
lished data). Agriculture was the dominant land use in
Goshen County, both for crop (mainly corn, small
grains and sugar beets) and beef cattle production
(Wyoming Agricultural Statistics 2001). More than
95% of occupied turkey habitat in Goshen County was
privately owned, and landowners greatly limited gob-
bler harvest by limiting access (Wyoming Game and
Fish Department, unpublished data).

During winter, turkeys in Goshen County were re-
stricted to narrow, linear, deciduous riparian habitats
within the North Platte River drainage (Wyoming Game
and Fish Department, unpublished data). Suitable hab-
itats varied from continuous habitats along the North
Platte River, to isolated, fragmented habitats along
smaller tributaries. Typical ponderosa pine (Pinus pon-
derosa) summer habitats for Merriam’s turkeys (Shaw
and Mollohan 1992) were available to turkeys only in
the extreme northwestern portion of the county (Wyo-
ming Game and Fish Department, unpublished data).

METHODS
Season Structure Adjustment

In Goshen County, both spring and fall turkey per-
mits were limited in number and issued via a com-
puterized random drawing. Prior to 1997, both spring
(bearded turkey only) and fall (either sex) permits
were available.

Beginning with the fall 1997 season, we modified
season structure to increase gobbler harvest and reduce
hen harvest. We increased the number of spring and
fall permits, and restricted legal take to bearded tur-
keys only during both seasons. We continued fall sea-
sons to allow for additional gobbler harvest and to
maintain fall turkey hunter opportunity.

In addition to increased permits, we increased gob-
bler harvest and hunter opportunity by increasing
hunter access to private lands. Landowners in this area
had concerns regarding declining turkey abundance
and hunter crowding. In response to these concerns,
we hosted local turkey biology seminars to increase
landowner knowledge of this species and the impact
of allowing additional harvest. In order to achieve
greater gobbler harvest while maintaining hunter den-
sity, we split the spring season in two, and issued sep-
arate permits for each split.

We obtained harvest estimates from mail surveys
sent to 100% of spring and fall turkey permit holders.
Response rates averaged about 55% annually (R. Roth-
well, Wyoming Game and Fish Department, personal
communication).

Winter Flock Counts-Gender Ratio Estimation

To monitor impacts of season modifications on
gender ratios and to assess population trend, we clas-

sified turkeys during the winter each year (1 Jan
through 31 Jan 1997–2001) along established routes.
Routes followed linear habitats along drainages and
traversed the majority of mapped winter turkey habitat
in Goshen County (Wyoming Game and Fish Depart-
ment, unpublished data). We determined turkey gender
using spotting scopes and binoculars. We classified
turkeys only if they were �100 m away and could be
observed for a period adequate to classify the entire
flock. An estimated 75% of all observations were �50
m. We differentiated hens from yearling males by size,
plumage, head characteristics, and behavior. Turkey
use of waste grain at livestock feeding areas during
winter facilitated data collection, because turkeys were
concentrated, easily accessible, and approachable. Ob-
server bias was reduced by using the same 2 experi-
enced personnel for data collection during all years.

RESULTS
Season Structure Adjustment and Harvest

Increased spring and fall permits, split spring sea-
sons, and increased hunter access resulted in an in-
crease in gobbler harvest in both spring and fall sea-
sons during the period 1997–2001.

In 1997 we increased fall permit numbers by 68%
as compared to 1996. By 2000 we had increased fall
permits by 150% (Table 1). During the 3 fall seasons
with bearded-only fall harvest (1997–1999) gobbler
harvest increased from a 1979–1996 average of 22 to
111. No increase in violation rate, or any significant
illegal take of turkeys without beards was documented
by local game wardens during these fall seasons (J.
Gilbert and R. Bredehoft, Wyoming Game and Fish
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Table 2. Spring wild turkey harvest statistics, Goshen County,
Wyoming, 1979–2001a.

Year Permits Hunters Male harvest

1979 25 23 10
1980 25 23 15
1981 25 20 13
1982 25 24 15
1983 35 29 14
1984 38 32 13
1985 36 28 9
1986 36 26 10
1987 32 28 16
1988 50 47 28
1989 76 63 36
1990 75 63 41
1991 150 126 35
1992 150 133 51
1993 150 135 46
1994 150 104 21
1995 69 59 27
1996 75 72 46
1997 76 65 39
1998 150 140 105
1999 200 172 138
2000 403 354 231
2001 402 319 205

a Data taken from 1979–2001 Wyoming Game and Fish Department
Annual Reports of Small and Upland Game Harvest.

Table 3. Wild turkey winter flock classification data, Goshen
County, Wyoming, 1997–2001.

Year Male Female
Total

classified
Gobblers:

hen

1997 813 393 1,206 2.07
1998 859 462 1,321 1.86
1999 581 866 1,447 0.67
2000 576 789 1,365 0.73
2001 563 713 1,276 0.79

Department, personal communication). By splitting the
spring season, we doubled hunter numbers and in-
creased spring gobbler harvest by about 60% without
greatly increasing hunter density (Table 2).

Winter Flock Counts-Gender Ratio Estimation

Flock classification surveys resulted in an average
of 1,323 turkeys classified (Table 3). During this proj-
ect, gender ratios shifted from a male bias (�2 gob-
blers:hen) to a female bias (�1 gobbler:hen).

Winter flock gender ratio estimates in 1997 and 1998
was consistent with previous anecdotal observations,
suggesting males greatly outnumbered females in this
turkey population (Table 3). Following 2 years of gob-
bler only hunting, the gobbler:hen ratio fell to �0.8:1.

DISCUSSION
In some states, including Wyoming, winter weath-

er conditions act as a significant source of turkey mor-
tality (Porter et al. 1983, Wakeling 1991, Wakeling and
Rogers 1998, Rumble et al. 2003). Persistent, deep
snows and cold temperatures contribute to higher mor-
tality levels in turkeys (Healy 1992), and have been
linked to reductions in reproduction the following
spring (Porter et al. 1983). Starvation and predation
are the primary causes of mortality during winter
(Healy 1992, Wakeling and Rogers 1998). Turkeys ap-
pear to be able to cope with periods of severe cold
weather if food is not limiting, but are limited by per-
sistent snow depths �15 cm (Healy 1992).

Based on our observations and weather data from
the National Oceanic and Atmospheric Administration,
winter weather severity in Goshen County during all
years of the project was harshest from January to

April. Blizzards during 3 of 5 years of the project
dropped significant snowfall (�40 cm) with wind
speeds in excess of 48 km/hr and consecutive days of
very cold temperatures (��20�C). During these
events, conditions exceeded survival limits reported
for turkeys (Healy 1992). Turkeys exposed to these
conditions relied on livestock grains provided by ranch
operators for survival. In Goshen County turkeys tend-
ed to use beef cattle feeding locations because these
sites were more protected from winter weather con-
ditions and provided an available food source. These
sites differed from those reported by Vander Haegen
et al. (1989) in that feed is not broadcast over an area,
but is confined to livestock feeding bunks.

We observed flock behavior at cattle feeding sites,
and male turkeys were observed competing with adult
females and yearling turkeys for food resources. We
observed adult females and yearling turkeys being ex-
cluded from feeding on livestock grains at these sites
because of intraspecific competition with males. This
behavior was not quantified in the results, so it is im-
possible to determine if females were definitely ex-
cluded at these sites. However, on 5 separate occasions
we observed livestock feeding locations from sunrise
to sunset and noted near total exclusion of hen-sub-
adult flocks by adult gobblers at feed bunks (M. Zor-
nes, Arizona Game and Fish Department, personal ob-
servations). Gobbler dominance and hen-subadult ex-
clusion at feeding sites has also been observed during
trapping operations in South Dakota (M. Rumble,
USDA Forest Service, personal communication).

Increased gobbler harvest during our study may
not totally explain the observed change in gender ra-
tios. The dramatic decrease in the observed gobbler:
hen ratio in 1999 followed only 2 years of male-only
harvest. Harvest levels alone were likely not great
enough to account for this entire change. Hoffman et
al. (1993) suggested that males may be underrepre-
sented in winter counts. It is possible some male flocks
were using peripheral habitats and were missed during
our January surveys during all years. We had no
marked turkeys during this investigation; therefore, we
could not evaluate this possibility. However, we do not
believe this occurred because of winter weather con-
ditions, limited habitat availability, and scarcity of al-
ternative available food resources. If our surveys un-
derrepresented males our results would have produced
an even greater male bias. Ponderosa pine, juniper
(Juniperus spp.), and other mast producing tree and
shrub densities in this area are so low that it is unlikely
sufficient mast could be obtained for turkeys to sur-
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vive, regardless of variations in mast production or
weather conditions.

Gender ratios garner a great deal of attention among
ungulate managers (Connolly 1981, Taber et. al 1982,
Timmerman and Buss 1997, O’Gara and Morrison
2004). However, little is reported concerning the effects
unbalanced gender ratios may have on game bird pop-
ulations. We contend male-biased ratios can have nega-
tive impact on small, isolated populations of turkeys dur-
ing periods of severe weather, especially where habitat
limitations exist. In similar circumstances, we believe
season alterations and increased gobbler harvest can be
used by managers to mitigate acceleration of flock de-
cline and may improve flock persistence.

For us, this investigation produced more questions
than answers. There is little in the literature to help
managers in situations like we found ourselves, and it
is our wish the wildlife research community investi-
gate this phenomenon. Research concerning gender ra-
tios and the affect male-biased ratios may have on
flock productivity and persistence would be useful to
those managing turkeys in similar habitats.

Proposed Season-Setting Criteria

We think altering season structure and increasing
opportunity would be more effective if implemented
before gobbler:hen ratios reach the levels seen in this
project. Based on our field observations we also think
it prudent for local managers to prevent excessive gob-
bler ratios so that hens and poults get some access to
limited winter food resources. Based solely on our ex-
perience as managers, we suggest that at an observed
ratio of 75 gobblers:100 hens season structure should
be altered in order to increase gobbler mortality and
provide additional hunter opportunity. We further sug-
gest that gobbler:hen ratios should not be allowed to
increase beyond 1:1.
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Abstract: Timing of wild turkey (Meleagris gallopavo) nesting and peaks in gobbling activity are often used in setting
spring hunting season dates. The relationship between gobbling activity, hunting pressure, and nesting chronology has
not been studied using hunted and nonhunted turkey populations. We tabulated gobbling activity of Merriam’s turkeys
(M. g. merriami) in Wind Cave National Park (nonhunted) and Black Hills National Forest (hunted) during spring
turkey hunting seasons from 2003–2004. We also monitored female nesting activity (n � 72) in relation to gobbling
activity. Peak incubation of nests occurred between 8 and 15 May. During the hunting period gobbling activity during
early morning surveys was lower (P � 0.001) in the hunted population (x̄ � 4.56, SE � 0.45) than the nonhunted
population (x̄ � 7.01, SE � 0.52). We observed 2 peaks in gobbling activity: one following winter break-up of flocks,
and the other just before or during peak incubation. Gobbling activity was poorly predicted by measured weather and
nesting chronology variables (R2 � 0.08). South Dakota’s spring hunting season encapsulates the second peak of
gobbling activity, with most gobblers harvested (57%) during the prelaying period. Illegal harvest of females was
minimal even though females were not generally nesting during peak harvest. Gobbling activity was reduced during
the hunting season presumably by the negative association between gobbling and subsequent disturbance by hunters.

Proceedings of the National Wild Turkey Symposium 9:343–349
Key words: Black Hills, gobbling activity, hunting, Meleagris gallopavo merriami, Merriam’s wild turkey, nest
chronology.

Information on wild turkey nesting chronology
and gobbling activity is important in setting spring
gobbler hunting season dates (Healy and Powell 1999).
Hunting seasons should be set to coincide with the
median date of nest incubation and second gobbling

peak after most breeding has taken place (Healy and
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Powell 1999). This is assumed to allow hunters to cue
on gobbling turkeys while protecting females from il-
legal or inadvertent harvest (Bevill 1975, Hoffmann
1990, Kienzler et al. 1996). Factors suggested to influ-
ence gobbling by male turkeys include weather, hunt-
ing pressure, and nesting chronology (Bevill 1975,
Hoffmann 1990, Kurzejeski and Vangilder 1992, Kien-
zler et al. 1996, Miller et al. 1997a, Miller et al.
1997b). Some investigators have reported only 1 peak
in gobbling activity (Kienzler et al. 1996, Miller et al.
1997a), while others have reported 2 peaks (Bevill
1975, Porter and Ludwig 1980, Hoffman 1990).

Information on nesting chronology and gobbling
activity is available within the native range of the Mer-
riam’s turkey subspecies (Scott and Boeker 1972,
Lockwood and Sutcliffe 1985, Hoffmann 1990). In
some states, lack of quantitative data on Merriam’s tur-
key nesting chronology and peak gobbling activity has
resulted in setting season dates based on tradition rath-
er than scientific evidence (Kennamer 1986, Hoffmann
1990). For example, gobbling and nesting chronology
information has not been quantified for Merriam’s tur-
keys in northern latitudes such as the Black Hills. Our
objectives were to (1) quantify and compare gobbling
activity between simultaneously hunted and nonhunted
Merriam’s turkey populations, (2) determine spring
gobbling activity in association with nesting chronol-
ogy in an introduced Merriam’s turkey population con-
siderably north of their native range, and (3) evaluate
nesting chronology and weather variables as predictors
of gobbling activity.

STUDY AREA
Our study area was located within the southern

Black Hills of southwestern South Dakota (Johnson et
al. 1995). The southern Black Hills has a continental
climate with mean annual precipitation of 44.02 cm
and mean annual temperature of 7.78�C (National Cli-
matic Data Center 1971–2000). Elevations range from
930 to 1627 m above mean sea level. Woodland hab-
itats were predominantly ponderosa pine (Pinus pon-
derosa) with an understory component composed pri-
marily of western snowberry (Symphoricarpos occi-
dentalis) and common juniper (Juniperus communis)
(Hoffman and Alexander 1987). Dominant grasses on
the study area included two exotic species, Kentucky
bluegrass (Poa pratensis) and smooth brome (Bromus
inermis), and native species such as little bluestem
(Schizachyrium scoparium), needle and thread (Stipa
comata), sideoats grama (Bouteloua curtipendula),
western wheatgrass (Pascopyrum smithii), and blue
grama (Bouteloua gracilis) (Johnson and Larson
1999).

METHODS
Capture and Monitoring

We captured Merriam’s turkeys during winter us-
ing cannon nets (Dill and Thornsberry 1950, Austin et
al. 1972), rocket nets (Thompson and Delong 1967,

Wunz 1984), and drop nets (Glazener et al. 1964). We
fitted captured turkeys with 98-g backpack-mounted
radiotransmitters equipped with activity signals and a
mercury switch mortality sensor set to activate after 8
hours of inactivity. We located radiomarked turkeys 6–
7 days per week during spring (1 Apr–30 Jun) by tri-
angulation and visual locations using hand-held yagi
antennae.

Gobbling Activity

We followed sampling procedures outlined by pre-
vious investigators (e.g., Porter and Ludwig 1980,
Kienzler et al. 1996, Healy and Powell 1999). We con-
ducted counts of male calls, or gobbles, along 2 routes
(one in the Black Hills National Forest that represented
the hunted population and one in Wind Cave National
Park that represented the nonhunted population) at
least 2 days per week during 1 April–15 June. Each
survey route (i.e., transect) included 13 listening sta-
tions at least 0.7 km apart, which were placed at the
top of hills, mountains, or areas that maximized ability
of researchers to count gobbles. Hunted and nonhunted
stations were measured simultaneously by listening for
gobbles at the same start times along transects. Gob-
bles per male or male group, herein referred to as gob-
bling activity, and number of males calling were es-
timated during a 4-minute period at each listening sta-
tion. Transect days were the experimental units.

We did not conduct surveys on mornings with
wind velocities �16 kmph or during rain or snow
events as these conditions limit the ability to hear gob-
bles (Lint et al. 1995, Miller et al. 1997a). We moni-
tored gobbling 40 minutes before sunrise to 65 minutes
after sunrise. We alternated direction (i.e., starting
point) of the route between days to negate any biases
in gobbling activity associated with time of day. Ad-
ditionally, we monitored a small sample (n � 8) of
radiomarked males closely during spring to monitor
movements near gobbling transects.

We partitioned gobbling activity post hoc into 3
periods based on nesting chronology for the hunted
population (Black Hills National Forest Service sta-
tions): prelaying (1 April–day before initiation of first
nest), laying–peak incubation (first day of nest initia-
tion–median incubation date of first nests), and post-
peak incubation (period following median incubation
date of first nests–15 June). Gobbling data were col-
lected in association to nesting chronology for 3 years
on hunted transects (2001–2003).

We also partitioned gobbling activity into 3 peri-
ods post hoc based on the spring hunting season: pre-
hunting (1 April–day before start of hunting season),
hunting (first day of hunting season through last day),
and posthunting (first day following end of hunting
season–15 June). Gobbling data were simultaneously
collected from hunted and non-hunted transects for 2
years (2003–2004).

Female Nesting Chronology

We monitored movements of radiomarked females
closely during spring (1 Apr–30 Jun) to ascertain dates
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of nest initiation, initiation of incubation, and nest
hatching. When it became apparent a nest was initi-
ated, based on inactivity from the radiotransmitter or
localized movements (Lehman 2005, Lehman et al.
2005), we attempted to locate nests using hand-held
yagi antennae. If found, we marked the nest with flags
on 4 sides at a distance of 10–40 m depending on
density of vegetation, topography, and signal strength.
We obtained 6–7 daily locations per week and record-
ed the Universal Transverse Mercator (UTM) coordi-
nates of each nest.

Statistical Analysis

We used the Shapiro-Wilks statistic to test the as-
sumption of normality, and the O’Brien statistic was
used to test for equal variance. If assumption of nor-
mality was violated, we log-transformed the data
(Steel et al. 1997). Before our analysis of gobbling
activity data, we tested the hypothesis that number of
males heard did not differ between hunted and non-
hunted populations. We used two-factor analysis of
variance (ANOVA) (PROC MEANS, PROC UNI-
VARIATE, SAS Institute 2000) to test the hypothesis
that mean gobbling activity did not differ between
hunted and non-hunted populations and among periods
(prehunting, hunting, posthunting). Our main effects
were hunted or non-hunted and hunting period. In the
event of a significant main effect interaction, we com-
pared gobbling activity between hunted and nonhunted
populations within periods using paired t-tests (SAS
Institute 2000). We used one-way ANOVA to test the
hypothesis that mean gobbling activity did not differ
among periods (main effect) based on nesting chro-
nology for the hunted population. We used Tukey-Kra-
mer HSD pairwise comparisons to test whether gob-
bling activity differed among periods.

We used mean number of days from 1 April to
initiation of incubation for radiomarked females to
evaluate timing of nesting among years. We used one-
way ANOVA and Tukey-Kramer HSD pairwise com-
parisons to test the null hypothesis that timing of nest-
ing did not differ among years. We set our initial sig-
nificance level at � � 0.10 and used Bonferroni cor-
rections to control the Type I experimentwise error rate
for multiple comparisons.

Factors Influencing Gobbling

We developed a model to predict gobbling activity
using variables reported to influence gobbling in pre-
vious studies (Bevill 1975, Hoffmann 1990, Kurzejes-
ki and Vangilder 1992, Kienzler et al. 1996, Miller et
al. 1997b). We also included some additional variables
(see below) that warranted evaluation. We used uni-
variate tests (PROC UNIVARIATE, SAS Institute
2000) to determine if relationships existed between ex-
planatory variables and gobbling activity. We consid-
ered variables with univariate tests P � 0.30 in for-
ward stepwise regression (PROC REG, SAS Institute
2000) with P � 0.15 for variables to enter and P �
0.20 for variables to be removed. We evaluated resid-

ual plots for normality and tested for homogeneity of
variance.

Explanatory variables we considered included: (1)
number of days from 1 April to median nest incuba-
tion, (2) minimum morning temperature (˚C) on date
of gobbling activity count, (3) precipitation (cm) dur-
ing the previous 24 hrs, and (4) change in barometric
pressure the previous 16 hrs. We based median nest
incubation dates on nesting data from radiomarked fe-
males. We used temperature and precipitation data col-
lected at the field research station in Pringle, South
Dakota, 2001–2004. We used barometric pressure data
(mm Hg) that was collected with a micro-barograph at
Jewel Cave National Park (United States Department
of the Interior, Jewel Cave National Monument, Cus-
ter, South Dakota 2001–2004). The Pringle field re-
search station was located in the center of the study
area, and Jewel Cave National Park was located on the
northern end of the study area.

RESULTS
Gobbling Activity

Gobbling Activity in Relation to Nesting Chronology

Gobbling activity did not differ among periods
across years (F � 2.30, df � 2, P � 0.12), so we
pooled annual data. Gobbling activity differed among
periods (F � 6.39, df � 2, P � 0.003). Pairwise com-
parisons indicated that gobbling activity during post-
peak incubation (x̄ � 3.32, SE � 0.42) was lower than
prelaying (x̄ � 5.19, SE � 0.47) and laying-peak in-
cubation (x̄ � 5.08, SE � 0.36) periods. Gobbling ac-
tivity data were normally distributed and there was no
indication of heterogeneous variance.

Two peaks of gobbling activity occurred in our
study area (Figure 1). Typically, the primary gobbling
activity peak occurred immediately following winter
break-up of flocks in early to mid-April, and the sec-
ondary peak occurred when most females were laying
or during the laying-peak incubation period (Figure 1).

Gobbling Activity and Occurrence of Hunting

Number of males heard differed (F � 8.97, df �
1, P � 0.005) between years for the nonhunted pop-
ulation and therefore we compared number of males
heard between populations within each year. In 2003,
number of males heard did not differ (F � 1.18, df �
1, P � 0.28) between hunted and nonhunted popula-
tions. In 2004, number of males heard did not differ
(F � 0.28, df � 1, P � 0.60) between hunted and
nonhunted populations.

Gobbling activity did not differ among periods
across years (F � 3.04, df � 1, P � 0.13), so we
pooled annual data. Two-factor analysis for gobbling
activity indicated a significant population treatment by
period interaction (F � 2.58, df � 2, P � 0.08). There-
fore, gobbling activity was compared between hunted
and nonhunted within each period. During the pre-
hunting period, gobbling activity was similar (t-ratio
� 0.26, df � 14, P � 0.801) between hunted (x̄ �
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Fig. 1. Relationship of female nesting chronology and gobbling
activity for a hunted population of Merriam’s turkeys in the south-
ern Black Hills, South Dakota, 2001–2003.

Fig. 2. Comparison of gobbling activity among prehunting,
hunting, and posthunting time periods between hunted (Black
Hills National Forest) and nonhunted (Wind Cave National Park)
Merriam’s turkeys in the southern Black Hills, South Dakota,
2003–2004.

Table 1. Nesting chronology of female Merriam’s turkeys in the
southern Black Hills, South Dakota, 2001–2003.

Year Na

Days–
incb SE

Median
initiation

date

Median
incubation

date

Median
hatch
date

2001 32 42.4 1.1 30 Apr 11 May 6 Jun
2002 36 39.1 0.8 27 Apr 9 May 5 Jun
2003 43 38.0 1.0 27 Apr 9 May 5 Jun

a Number of females radiomarked.
b Mean number of days from 1 Apr to incubation.

5.25, SE � 0.72) and nonhunted populations (x̄ �
5.01, SE � 0.58) (Figure 2). During the hunting pe-
riod, gobbling activity was lower (t-ratio � 3.55, df �
38, P � 0.001) for hunted turkeys (x̄ � 4.56, SE �
0.45) compared to nonhunted turkeys (x̄ � 7.01, SE �
0.52) (Figure 2). During the posthunting period, gob-
bling activity did not statistically differ (t-ratio � 1.43,
df � 22, P � 0.17) between hunted turkeys (x̄ � 2.88,

SE � 0.48) and nonhunted turkeys (x̄ � 4.02, SE �
0.64) (Figure 2). Gobbling activity data were normally
distributed and there was no indication of heteroge-
neous variance.

Nesting Chronology

From 2001–2003, we captured, radiomarked, and
collected nesting chronology data on 72 female Mer-
riam’s turkeys (67 adults and 5 juveniles). Nest initi-
ation dates for first nests ranged from 11 April to 18
May. Median dates for nest initiation, incubation, and
hatching for first nests were similar between years (Ta-
ble 1). However, timing of nesting chronology through
initiation of nest incubation differed among years (F
� 5.37, df � 2, P � 0.006). Pairwise comparisons
indicated that females initiated nests earlier in 2003
than in 2001 and initiation of incubation for 2002 did
not differ from either 2001 or 2003. Nesting chronol-
ogy data were normally distributed and there was no
indication of heterogeneous variance.

Factors Influencing Gobbling

The best model contained 2 variables with number
of days to median nest incubation date being entered
first (F � 3.76, df � 1, P � 0.06) followed by mini-
mum temperature second (F � 3.32, df � 1, P �
0.07). Change in barometric pressure and previous 24-
hour precipitation were not entered into the model.
Gobbling activity could not be modeled easily with the
measured variables, and the 2-variable model account-
ed for less than 10% of the variance in gobbling (R2
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� 0.08). We did not have adequate information on
hunter density to include in the model. Residuals from
the model were normal and there was no indication of
heterogeneous variance.

DISCUSSION

Kienzler et al. (1996) observed a decrease in gob-
bling activity once hunting season started, and their
data suggested that hunting determined gobbling activ-
ity more than nesting status of females. Our results
indicate that males in a nonhunted population gobble
more during the hunting period than hunted males
when measured simultaneously, supporting results of
Kienzler et al. (1996). Gobbling activity was reduced
during the hunting season presumably by the negative
association between gobbling and subsequent distur-
bance of birds by hunters. Harvest data collected by
South Dakota Department of Game, Fish, and Parks
for 2002 and 2003 (Huxoll 2002, 2003) indicated
about 22% of hunters harvested their birds on opening
weekend. Also, harvest data indicated most harvest oc-
curred during the prelaying period (57%). As the hunt-
ing season progresses, harvest decreases from the lay-
ing-peak incubation period (25%) to the post-peak in-
cubation period (18%).

We observed 2 primary peaks of gobbling activity
and the spring hunting season encapsulated the second
peak. Similar to our findings, other studies have ob-
served 2 peaks in gobbling activity concurrent with
spring dispersal and peak initiation of incubation (Be-
vill 1975, Porter and Ludwig 1980, Hoffman 1990).
Some studies observed only 1 peak in gobbling during
the laying period or at peak incubation (Kienzler et al.
1996, Miller et al. 1997a). The first gobbling peak for
males in the southern Black Hills occurred when ra-
diomarked males and females were dispersing from
wintering areas to breeding areas between late March
and early April. This peak in gobbling may have been
higher in late March as our data collection started 1
April. The second peak coincided with peak incubation
or occurred the week before peak incubation. We
found peak incubation in the southern Black Hills to
be 8–10 days earlier than in Colorado as most females
initiated incubation 8–15 May. In Colorado, the peak
period for onset of incubation was 16–25 May (Hoff-
man 1990).

In our study, females had earlier initiation of in-
cubation in 2003 than in 2001. Other studies have ob-
served variation in nesting chronology among years
(Vangilder et al. 1987, Hoffman 1990, Flake and Day
1996, Lehman et al. 2000). Nest initiation was the
most influential variable in our model prediction of
gobbling activity. However, very little of the variabil-
ity in gobbling activity could be explained by our re-
gression model. Patterns of gobbling activity indicated
fluctuating gobbling activity throughout spring. We
agree with Miller et al. (1997b) that gobbling activity
appears to be influenced by a complex interaction of
population and environmental conditions that may not
be easily modeled. Factors that influence gobbling ac-

tivity include break up of winter flocks, initiation of
egg-laying, mating opportunities (Miller et al. 1997a),
presence or absence of hens (Hoffman 1990), weather
influences (Bevill 1973, Kienzler et al. 1996), hunting
effects (Kienzler et al. 1996), and gobbler condition
(Lint et al. 1995).

MANAGEMENT IMPLICATIONS
Two important goals of most wild turkey manage-

ment plans are to maximize hunter opportunity for har-
vesting a gobbler during spring and to minimize the
risk of females being illegally or accidentally harvest-
ed (Healy and Powell 1999). Gobbling is a behavioral
cue that hunters use to locate turkeys during spring
hunting. The current spring turkey hunting season in
South Dakota encapsulates the second gobbling peak,
which allows hunters to participate when males are
gobbling at a higher level. Females are also nesting
during the second gobbling peak and this may provide
an excellent opportunity for hunters to call in and har-
vest males that are separated from females in early
May. However, the current spring turkey hunting sea-
son in South Dakota opens the second Saturday in
April, which usually occurs before most females have
initiated nests. The highest proportion of harvest oc-
curs during the prelaying period when males are court-
ing females, and typically when Merriam’s turkeys are
found in large flocks. This may allow increased acci-
dental female kill. However, illegal harvest of females
during the spring turkey season accounted for only
1.9% of cause-specific mortality in the southern Black
Hills (Lehman 2005). Miller et al. (1997a) suggested
illegal kill was more a function of hunter density than
timing of incubation. Illegal female kill in relation to
hunting season dates should continue to be monitored
as hunter densities increase in the Black Hills.
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Abstract: Timing of nesting is an important consideration when setting opening dates for spring male-only wild
turkey (Meleagris gallopavo) hunts. We conducted a meta-analysis in which we used mean dates of incubation
initiation from 58 studies to evaluate a priori models hypothesized to predict turkey nesting phenology across the
species’ range. Models were based on geographic setting, climate, and management activities, and had weak to
moderate explanatory power (Range R2

adj � 0.12–0.55). We developed 2 post hoc models to better predict mean
incubation date, and used one of these to generate a range-wide map predicting timing of nest incubation. A second
model selection exercise focused solely on the eastern subspecies of wild turkey, and our best model of incubation
date included population status and a cubic term for latitude (n � 41, R2

adj � 0.80). Lastly, we compared incubation
initiation dates to opening dates for spring male-only hunting in each jurisdiction. Of 34 states and provinces for
which we obtained data, 25 opened spring hunting �2 weeks prior to the mean date of incubation initiation, and
18 of these also allowed fall either-sex hunting. This finding is noteworthy because extended fall seasons and spring
hunting during the pre-nesting period can lead to additive and unsustainable levels of female kill.

Proceedings of the National Wild Turkey Symposium 9:351–360
Key words: breeding phenology, incubation initiation, Meleagris gallopavo, meta-analysis, nesting, range-wide,
spring hunting, wild turkey.

Research has indicated that opening spring male-
only wild turkey hunting before most females have be-
gun nesting can lead to high rates of illegal female kill,
potentially reducing poult recruitment and depressing
populations (e.g., Kimmel and Kurzejeski 1985, Van-
gilder and Kurzejeski 1995, Norman et al. 2001b). Fur-
ther, some researchers report that males gobble more or
are more susceptible to calling after females have begun
nesting (Bevill 1974, Hoffman 1990, Miller et al.

1997a). These facts suggest that opening dates for spring
gobbler seasons should coincide with the initiation of
incubation by females (Healy and Powell 2000). How-
ever, managers often are pressured to set early opening
dates for seasons, as many hunters believe that male tur-

1 Present address: Biology Department, Acadia University,
Wolfville, NS, Canada, B4P 2R6.

2 E-mail: darroch.whitaker@acadiau.ca
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keys call and display more aggressively early in the
breeding season and thus may be more responsive to
calling. Consequently, accurate knowledge of nesting
and gobbling phenology is important for managers set-
ting opening dates for spring gobbler hunting, as opening
seasons too early can have negative consequences for
turkey populations, while opening seasons too late may
lead to reduced hunt quality and dissatisfaction among
hunters.

Researchers have studied timing of breeding by
wild turkeys at numerous localities across their range,
and several authors have investigated factors leading
to variation in nesting phenology between years (e.g.,
Porter et al. 1983, Vangilder and Kurzejeski 1995,
Miller et al. 1998, Norman et al. 2001a). However,
there has been no effort to quantitatively describe or
predict spatial patterns in the timing of breeding by
wild turkeys across their range. Perhaps the simplest
model to predict breeding phenology would be latitude
alone. Expanding on this, Hopkins’ law of bioclimatics
predicts spring phenology based on latitude, longitude,
and elevation, and may be a more useful geographic
predictor (Hopkins 1938, McCombs 1997, McCombs
et al. 1997). Alternatively, factors relating to the pro-
gression of seasonal change, particularly those relating
to climate or the phenology of development of plant
and animal foods, might also serve as good predictors
of timing of breeding. Finally, inclusion of biological
or management information on the turkey population
may also improve models.

Here we present a meta-analysis to improve our
understanding of range-wide patterns in the timing of
nesting by wild turkeys. We used existing field studies
to obtain estimates of the mean date of Initiation of
Nest Incubation (INI) at numerous locations across
North America, and evaluated factors such as climate
and geographic setting as predictors of nesting phe-
nology. We also used our database to evaluate the ex-
tent to which states and provinces had timed the open-
ing of spring seasons to coincide with the onset of
nesting and thereby reduce exposure of non-incubating
hens to risk of illegal kill.

METHODS

We compiled a comprehensive database on wild
turkey breeding phenology from published studies,
Federal Aid in Wildlife Restoration (Pittman-Robert-
son) reports, state and federal reports, and through a
request to turkey biologists for unpublished data. We
then searched each study for an estimate of the inter-
annual mean date of incubation initiation by female
turkeys or for raw data sufficient to calculate one. We
attempted to standardize the data extracted from each
report to the maximum extent possible. We converted
calendar dates to the Day of the Year (DoY), calcu-
lated as the cumulative number of days since January
1, thereby quantifying breeding phenology on a con-
tinuous and standardized numeric scale. We took into
account the extra day in February during leap years.
Interannual means were calculated as the average of

annual means, rather than the average of individual
nesting dates. We considered only incubation initiation
dates for first nests (vs. renests), and discarded a study
if we were unable to obtain a mean date estimated
solely from first nest attempts. If authors reported
hatching dates we back-calculated the incubation ini-
tiation date by assuming a 28-day incubation period
(Eaton 1992). If the date of initiation of egg-laying
was reported, we added 1 day for each egg plus 2
additional days, the typical interval between the initi-
ation of laying and incubation (Schorger 1966, Eaton
1992).

In some cases, authors reported median incubation
initiation dates, but did not report means or provide
the raw data necessary to calculate means. We ex-
pected that median incubation initiation dates typically
would occur earlier than mean incubation dates, as the
distribution of nest initiation dates is often slightly
right-skewed for wild turkeys (e.g., Roberts 1993,
Kienzler et al. 1995; D. H. Jackson, W. H. Bunger, and
T. W. Little, Iowa Department of Natural Resources,
unpublished report). To evaluate the necessity of a cor-
rection factor to estimate mean nesting dates from me-
dian dates, we carried out a Wilcoxon signed rank test
(Sokal and Rohlf 1995) of the difference between pairs
of mean and median incubation initiation dates from
studies for which both parameter estimates were re-
ported or could be calculated. Then, in the event that
the difference between mean and median incubation
initiation dates differed from zero, we would use the
median value of the within-study differences as a cor-
rection factor to estimate mean incubation initiation
dates for studies reporting only median nesting dates.

We appended a number of covariates to each mean
incubation initiation date (Table 1). We recorded
whether the research was conducted on an established
population or newly-translocated individuals (Status).
We recorded the location of each study area in latitude
and longitude coordinates (decimal degrees). We esti-
mated elevation for each study as the midpoint be-
tween the highest and lowest points on the study area.
A Relative Phenologic Index (RPI), which predicts the
net delay in spring phenology for a site, was calculated
for each study site based on its latitude, longitude, and
elevation (Hopkins 1938, McCombs 1997, McCombs
et al. 1997). For this we used a reference point at sea
level, south of the southernmost study site, and west
of the westernmost site (26�00�N, 123�00�W, elevation
� 0 m). The RPI for each study site relative to this
reference point was calculated by assuming a 4-day
delay in growing season phenology for each 1� in-
crease in latitude northwards, each 5� increase in lon-
gitude eastwards, and each 122 m increase in elevation
(Hopkins 1938). For each study area we obtained 30-
year averages (1971–2000) of 3 climatic variables:
mean annual snowfall (cm), median date of the last
spring frost (DoY date), and median length of the an-
nual frost-free period (Environment Canada 2002, Na-
tional Oceanic and Atmospheric Administration 2004).
In most cases we took values for climate normals from
the nearest weather station (within �0.25� latitude and
longitude); when multiple stations were approximately
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Table 1. List of variables included in models to explain variation in the timing of the mean date of Initiation of Nest Incubation (INI)
by wild turkeys.

Variable Description Units

Elev Elevation midpoint of the study area m
Frostfree Median annual period between the last spring frost and first fall frost Days
Hunt Whether or not the population was open to spring gobbler hunting Y or N
INI Mean date of Initiation of Nest Incubation at a location (response variable) Day of Year
LastFrost Median date of the last frost each spring Day of Year
Lat Latitude of the study area Decimal Degrees
Long Longitude of the study areaa Decimal Degrees
RPI Relative Phenologic Index, predicting phenologic delay based on Hopkin’s (1938) Bioclimatic Law

(reference point � 26.00�N, 123.00�W, elevation � 0 m)
Days

Status Whether the population was established (E) or represented first-year translocated birds (NT) E or NT
Snowfall Mean annual snowfall at a given location cm

a Though sometimes designated as a negative value for locations in the western hemisphere (i.e., west of the Greenwich prime meridian,
longitude 0�), for our analyses longitude was always specified as a positive value.

equidistant or were located within a study area values
of climate normals were averaged.

We developed a series of a priori linear models to
explain variability in the timing of incubation initiation
across the range of wild turkeys. We did not include
geographic variables in models specifying climatic
variables; climate is strongly influenced by location
and so inclusion of both would likely lead to overfit-
ting or multicolinearity. The response variable was in-
cubation initiation date (INI), and we fit models using
JMP statistical software (Version 4.0.4; SAS Institute,
Cary, North Carolina, USA). To assess model fit we
inspected a residual plot and carried out a goodness-
of-fit test on our most complex model (Burnham and
Anderson 2002). Models were then evaluated and
ranked using information-theoretic model selection
techniques (Burnham and Anderson 2002). This ap-
proach favors models having greater explanatory pow-
er and penalizes models based on complexity, helping
to identify the most parsimonious model(s). For ref-
erence and to gain an appreciation of the explanatory
power of our models, we included a null model (i.e.,
intercept only) in the set of candidate models. Models
within the set were evaluated based on Akaike’s In-
formation Criterion adjusted for small sample size
(AICc), AICc differences (�i), explanatory power
(R2

adj), and Akaike weights (�i). We ordered models
from largest to smallest �i, and then to identify a 95%
confidence set of best models sequentially summed �i

until 	 �i � 0.95.
We applied our best model to a Digital Elevation

Map (DEM) encompassing the contemporary range of
wild turkeys to create a map of predicted mean incu-
bation initiation dates. The DEM base map was ob-
tained from the USGS global digital elevation database
(GTOPO30; USGS EROS Datacenter, Sioux Falls,
Missouri, USA), which has a resolution of 30 arc-sec-
onds (approx. 1 km). The range of wild turkeys is
highly fragmented, particularly in western North
America, but is expanding rapidly. Consequently, we
did not restrict model application to the extant species
range, but rather applied it across all of southern Can-
ada, the contiguous United States, and northern Mex-
ico. To illustrate any spatial patterns of systematic er-
ror we plotted residual errors for each observation on
the map.

Of the 5 subspecies, eastern wild turkeys (M. g.
silvestris) occupy the largest and most contiguous
range, and have been most frequently studied. We car-
ried out a second model selection exercise, similar to
that described above, but in this case restricted our
dataset to eastern wild turkeys. As above, a set of a
priori models were developed based on factors we sus-
pected might be important within the range of this sub-
species, and mean incubation initiation date was the
response variable. Data were insufficient to model oth-
er subspecies individually.

To assess the extent to which opening dates for
spring gobbler hunting seasons are synchronized with
initiation of nesting we compared mean incubation ini-
tiation dates to spring 2004 opening dates for hunting
in each state or province. In cases where we obtained
�1 estimated incubation initiation date for a jurisdic-
tion we took the average of the differences between
the incubation initiation dates and the opening date of
hunting. We accounted for the fact that 2004 was a
leap year in our calculations, and considered the lo-
cation of study sites for states having different opening
dates in different management regions.

RESULTS

Our final dataset comprised interannual mean in-
cubation initiation dates from 58 locations in 33 states
plus Ontario (Figure 1). We were able to obtain esti-
mates of both mean and median incubation initiation
dates from 18 studies. Median incubation initiation
dates occurred 1.5 days earlier than mean incubation
initiation dates (P � 0.033), and we used this differ-
ence as a correction factor for 10 studies reporting only
median nesting dates. Studies included all 5 subspecies
of wild turkey, and mean incubation initiation dates
ranged from 14 April in coastal Georgia to 7 June for
newly translocated turkeys in central Ontario (DoY
104–158; mean � DoY 129 [9 May]). Elevation mid-
points of study sites ranged from 4–2,630 m. The 7
sites having elevations �1,200 m were located in the
western United States (AZ, CO, NM, OR, SD, WY),
while sites below 120 m elevation were concentrated
in the Southeast (FL, GA, MS, NC, SC, TX, VA).

All of our a priori models had some ability to
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Fig. 1. Predicted Initiation of Nest Incubation (INI) dates for established wild turkey populations, developed by applying the model
16 (Table 3) to a Digital Elevation Model (DEM) of North America. Triangles represent the locations of studies used in our meta-
analysis; negative Differences from Predicted (i.e., residual errors) indicate that the actual INI date at that location was earlier than
predicted.

predict mean incubation initiation date across the range
of wild turkeys, and all models in the 95% confidence
set (models 1–5) accounted for �50% of variation in
INI date (Table 2). Latitude, longitude, and elevation,
and interactions between latitude and both longitude
and elevation all appeared to be important predictors
of mean incubation initiation date. Population status
(established or newly translocated) was an important
predictor of incubation initiation date, with newly
translocated turkeys typically nesting 10–15 days later
than established populations. Presence or absence of
spring hunting appeared to explain some variability in
mean incubation initiation date, though most studies
of nonhunted populations were of recently translocated
birds. Climatic variables we tested accounted for up to
25% of the variation in mean incubation initiation
date. Our model specifying the Hopkins RPI index
(model 8) also had some explanatory power (R2

adj �
0.26). However, the coefficient for RPI indicated that
it provided a �5-fold overestimate of phenologic de-
lays for wild turkeys (
RPI � 0.18 � 0.040).

Based on results from our a priori model fitting
and selection, we developed 2 post hoc models com-
bining explanatory power, ecological insight, and par-
simony (models 16 and 17; Table 3). Both models in-

cluded population status, and the model including lat-
itude, longitude, and elevation accounted for approxi-
mately half of the variation in mean incubation
initiation date (model 16; R2

adj � 0.49). We applied
this model to a DEM of North America to create a
map predicting the timing of mean incubation initia-
tion for established populations across the range of
wild turkeys (Figure 1). The second post hoc model
(model 17) included median date of the last spring
frost and population status, and was able to account
for much of the variation in mean incubation initiation
date (R2

adj � 0.47).
Our database included estimated incubation initi-

ation dates for 41 populations of eastern wild turkeys.
Model selection indicated that, after controlling for
population status, a cubic polynomial term for latitude
was the best predictor of the timing of incubation ini-
tiation for eastern wild turkeys (Table 4; Figure 2).
Length of the frost-free period and date of the last
spring frost also were good predictors of incubation
initiation date (Table 4).

Comparing nesting dates to 2004 spring gobbler
season opening dates indicated that of 34 states and
provinces for which we obtained data, all but one (CT)
opened their hunting season earlier than the mean in-
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Table 2. Fit of a priori models conceived to explain range-wide variation in the timing of Initiation of Nest Incubation (INI) by wild
turkeys (n � 58).

No. Model (a priori ) SSE K AICc �i R 2 R 2
adj �i

1 INI � 58.0 � 1.12(Lat) � 0.30(Long)
 [0.090(Lat  39.02) � (Long  88.80)] � �

2229.9 5 222.8 0.0 0.55 0.52 0.41

2 INI � 69.73 � 0.97(Lat) � 0.24(Long)  0.00059(Elev)
 [0.065(Lat  39.02) � (Long  88.80)]
 [0.00080(Lat  39.02) � (Elev  572.38)] � �

2052.9 7 223.1 0.3 0.59 0.55 0.35

3 INI � 59.78 � 1.11(Lat) � 0.28(Long) � 0.00060(Elev)
 [0.088(Lat  39.02) � (Long  88.80)] � �

2225.5 6 225.2 2.4 0.55 0.52 0.12

4 INI � 108.11 � 0.59(Lat) � 0.0058(Elev) � {Status: [NT or E] � 7.57}
� �a

2393.1 5 226.9 4.1 0.52 0.49 0.05

5 INI � 58.47 � 1.22(Lat) � 0.25(Long) � 0.00079(Elev)
 [0.076(Lat  39.02) � (Long  88.80)]
 [0.00022(Lat  39.02) � (Elev  572.38)]
 [0.00014(Long  88.80) � (Elev  572.38)]
 [0.000042(Lat  39.02) � (Long  88.80) � (Elev  572.38)]
� �

1996.5 9 227.0 4.2 0.60 0.54 0.05

6 INI � 101.40 � 0.68(Lat) � 0.0011(Elev)
 [0.0015(Lat  39.02) � (Elev  572.38)] � �

2533.3 5 230.2 7.4 0.49 0.46 0.01

7 INI � 94.57 � 0.84(Lat) � 0.0051(Elev) � {Hunt: [N or Y] � 3.18} � �b 3101.3 5 241.9 19.1 0.37 0.34 0.00
8 INI � 110.77 � 0.18(RPI) � � 3622.3 3 246.2 23.4 0.27 0.26 0.00
9 INI � 93.98 � 0.82(Lat) � 0.0046(Elev) � � 3523.9 4 247.0 24.2 0.29 0.26 0.00

10 INI � 144.51  0.095(Frostfree) � � 3704.5 3 247.5 24.7 0.25 0.24 0.00
11 INI � 108.89 � 0.17(LastFrost) � � 3709.0 3 247.6 24.8 0.25 0.24 0.00
12 INI � 96.78 � 0.81(Lat)  0.032(Long) � 0.0050(Elev) � � 3516.3 5 249.2 26.4 0.29 0.25 0.00
13 INI � 96.29 � 0.82(Lat) � � 3962.2 3 251.4 28.6 0.20 0.19 0.00
14 INI � 124.84 � 0.044(Snowfall) � � 4279.9 3 255.9 33.1 0.14 0.12 0.00
15 INI � 128.46 � � (null model) 4946.4 2 262.1 39.3 0.00 0.00 0.00

a Status is a categorical variable: If Status � NT, then add 7.57 days. If status � E, then subtract 7.57 days.
b Hunt is a categorical variable: If Hunt � N, then add 3.18 days. If Hunt � Y, then subtract 3.18 days.

Table 3. Post hoc models explaining range-wide variation in the timing of Initiation of Nest Incubation (INI) by wild turkeys (n � 58).
Values for AIC differences (�i) were calculated based on the best model in the a priori set (Table 2).

No. Model (post hoc) SSE K AICc �i R 2 R 2
adj

16 INI � 116.53 � 0.57(Lat)  0.091(Long) � 0.0070(Elev)
� {Status: [NT or E] � 7.83} � �a,b

2332.6 6 227.9 5.1 0.53 0.49

17 INI � 115.90 � 0.16(LastFrost) � {Status: [NT or E] � 7.46} � �a 2515.6 4 227.4 4.6 0.49 0.47

a Status is a categorical variable: If Status � NT, then add the indicated number of days. If status � E, then subtract the indicated number of
days.
b See also Figure 1.

cubation initiation date (Table 5). Four northeastern
states opened seasons during the week preceding the
mean incubation initiation date (ME, NY, PA, and
VT), and another 4 states (MA, NH, WI, and WV)
opened seasons 8–14 days prior to the INI date. On
average, the remaining 25 jurisdictions (74%) opened
hunting 28 days prior to the mean incubation initiation
date, with 3 opening hunting �40 days prior (FL, SC,
and TX).

DISCUSSION
Through our review of existing field studies, we

were able to construct a database of estimates of the
timing of nesting by wild turkeys across most of the
species’ range. Using this, we identified geographic
and climatic factors that related to regional variability
in turkey nesting phenology. Managers may find the
associated models and figures useful when making de-
cisions regarding opening dates for spring hunting sea-
sons. If the figures are deemed too general, readers can
use the formulae and estimates presented in Tables 3–5

to obtain more precise estimates for a locality (see Ta-
ble 1 for details on measurement units).

Our best models accounted for 50–80% of the var-
iation in timing of incubation by wild turkeys (Tables
2–4). We presume that there were other important driv-
ers of nesting phenology that we could not test, such
as vegetation cover (e.g., Lazarus and Porter 1985,
Day et al. 1991, Vander Hagen et al. 1991). Another
potentially important factor is the effect of hunting on
timing of nesting. However, because very few studies
we reviewed were of unhunted wild turkey popula-
tions, our test of this relationship was inconclusive. We
also expect that some portion of the residual error in
our models resulted from inaccuracy in estimation of
mean incubation initiation dates during field studies.
Though we made every effort to standardize the data
extracted, studies we reviewed used a variety of meth-
ods to measure reproductive phenology. Further, 60%
of the estimates we obtained were derived from �3
years monitoring, and many studies were based on
small numbers of individual turkeys in any one year.
Since reproductive phenology is highly variable across
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Table 4. Fit of a priori models explaining variation in the timing of Initiation of Nest Incubation (INI) by the eastern subspecies of wild
turkeys (n � 41).

No. Model (a priori ) SSE K AICc �i R 2 R 2
adj �i

18 INI � 126.88 � 0.15(Lat) � 0.0044(Lat  39.27)2

� 0.036(Lat  39.27)3 � {Status: [NT or E] � 5.56} � �a,b

665.7 6 128.7 0.0 0.82 0.80 0.81

19 INI � 159.18  0.15(Frostfree) � {Status: [NT or E] � 7.80} � �a 858.4 4 133.8 5.1 0.76 0.75 0.06
20 INI � 101.11 � 0.28(LastFrost) � {Status: [NT or E] � 7.88} � �a 871.7 4 134.4 5.7 0.76 0.75 0.05
21 INI � 92.49 � 1.04(Lat)  0.0022(Elev)

 [0.0025(Lat  39.27) � (Elev  351.79)]
� {Status: [NT or E] � 6.28} � �a

766.5 6 134.5 5.8 0.79 0.76 0.05

22 INI � 80.35 � 1.32(Lat) � {Status: [NT or E] � 6.10} � �a 925.9 4 136.9 8.2 0.74 0.73 0.01
23 INI � 81.13 � 1.14(Lat) � 0.11(Long)  0.0054(Elev)

 [0.036(Lat  39.27) � (Long  82.27)]
 [0.0030(Lat  39.27) � (Elev  351.79)]
 [0.00034(Long  82.27) � (Elev  351.79)]
 [0.000040(Lat  39.27) � (Long  82.27) � (Elev  351.79)]
� {Status: [NT or E] � 6.66} � �a

614.4 10 138.3 9.6 0.83 0.79 0.01

24 INI � 80.97 � 1.28(Lat) � 0.0023(Elev) � {Status: [NT or E] � 6.23}
� �a

912.3 5 138.9 10.2 0.75 0.73 0.01

25 INI � 86.43 � 1.10(Lat) � 0.042(Long)  0.0017(Elev)
 [0.015(Lat  39.27) � (Long  82.27)]
 [0.0024(Lat  39.27) � (Elev  351.79)]
� {Status: [NT or E] � 6.33} � �a

759.8 8 140.2 11.5 0.79 0.75 0.00

26 INI � 111.99 � 0.22(RPI) � {Status: [NT or E] � 7.94} � �a 1020.5 4 140.9 12.2 0.72 0.70 0.00
27 INI � 82.24 � 1.27(Lat)  0.010(Long) � 0.0023(Elev)

� {Status: [NT or E] � 6.30} � �a

912.1 6 141.7 13.0 0.75 0.72 0.00

28 INI � 129.39 � 0.048(Snowfall) � {Status: [NT or E] � 8.33}� �a 1381.1 4 153.3 24.6 0.62 0.60 0.00
29 INI � 63.0 � 1.65(Lat) � � 1608.8 3 157.1 28.4 0.55 0.54 0.00
30 INI � 63.01 � 1.65(Lat)  0.00017(Elev) � � 1608.7 4 159.6 30.9 0.55 0.53 0.00
31 INI � 127.78 � � (null model) 3601.9 2 187.8 59.1 0.00 0.00 0.00

a Status is a categorical variable: If Status � NT, then add the indicated number of days. If status � E, then subtract the indicated number of
days.
b See also Figure 2.

Fig. 2. Cubic fit of latitude as a predictor of the mean date of
incubation initiation for established populations of eastern wild
turkeys (see Table 4, model 18).

individuals and between years (see below), long-term
monitoring and large samples are required to obtain a
reliable estimate of the interannual mean incubation
initiation date.

Inclusion of interaction terms between latitude and
longitude and latitude and elevation yielded models
that more fully accounted for variation in mean INI
date (Table 2; models 1, 2, 3, 5, and 6). However,
elevation of study sites increased from east to west,
leading to a poor ability to discriminate statistically

between effects of elevation and longitude, likely ac-
counting for the observed interaction between latitude
and longitude. The interaction between latitude and el-
evation, which suggests turkeys nest later as elevation
increases in the South, but earlier at higher elevations
in the North, is counterintuitive. It may be that, due to
severity of conditions at higher elevations, turkeys on
northern sites made greater use of lowlands and ripar-
ian areas (e.g, Schmutz and Braun 1989). If this was
the case, our method of estimating study area eleva-
tions as the midpoint between the highest and lowest
points would overestimate the mean elevation at which
turkeys occurred on northern sites. Consequently, we
suspect that these interactions were spurious and chose
to base our post hoc model relating INI date to geo-
graphic setting (model 16; Figure 1) or the first order
model (model 12).

Our map of nesting dates (Figure 1) should have
value as a predictor of nesting phenology, though 2
caveats are necessary. Accuracy of estimated incuba-
tion initiation dates can be gauged for localities prox-
imate to the study sites used to develop the model, but
many areas are distant from any of these study sites.
Greater uncertainty must be associated with these un-
verified estimates. Also, examination of the map re-
veals some pattern in the spatial distribution of errors,
in that the model generally predicted early in the
Southwest and late in the Southeast. We urge that in-
dividuals using this map pay attention to patterns in
the surrounding residual errors when estimating nest-
ing dates.
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Table 5. Mean date of initiation of nest incubation, opening dates for 2004 spring gobbler season, and information on fall turkey
hunting for each of 34 jurisdictions for which we obtained nesting data.

State or
province n a

Mean INI
date (DoY)b

Spring opening
date (DoY)c

Difference
(days)

Fall
huntingd

Alabama 1 4/28 (118) 4/1 (92) 26 MO
Arizona 1 5/19 (139) 4/23 (114) 25 ES
Arkansas 1 5/7 (127) 4/3 (94) 33 MO
Colorado 2 5/12 (132) 4/10 (101) 31 ES
Connecticut 1 5/6 (126) 5/5 (126) 0 ES
Florida 1 4/19 (109) 3/6 (66) 43 MO
Georgia 2 4/20 (110) 3/20 (80) 30 NFH
Iowa 2 5/10 (130) 4/12 (103) 27 ES
Kansas 1 5/10 (130) 4/14 (105) 25 ES
Maine 1 5/6 (126) 5/3 (124) 2 ES
Massachusetts 1 5/10 (130) 4/26 (117) 13 ES
Minnesota 1 5/8 (128) 4/14 (105) 23 ES
Mississippi 3 4/24 (114) 3/20 (80) 34 ES
Missouri 1 5/5 (125) 4/19 (110) 15 ES
New Hampshire 3 5/16 (136) 5/3 (124) 12 ES
New Jersey 1 5/7 (127) 4/19 (110) 17 ES
New Mexico 2 5/22 (142) 4/15 (106) 36 ES
New York 3 5/9 (129) 5/1 (122) 7 ES
North Carolina 2 5/5 (125) 4/10 (101) 24 NFH
North Dakota 1 5/15 (135) 4/10 (101) 34 ES
Oklahoma 1 5/5 (125) 4/6 (97) 28 ES
Ontario 2 5/17 (137) 4/25 (116) 21 NFH
Oregon 2 5/2 (122) 4/15 (106) 16 ES
Pennsylvania 2 5/7 (127) 5/1 (122) 5 ES
South Carolina 1 5/2 (122) 3/15 (75) 47 NFH
South Dakota 4 5/11 (131) 4/10 (101) 30 ES
Tennessee 2 5/2 (122) 4/3 (94) 28 ES
Texas 2 5/9 (129) 3/27 (87) 42 ES
Vermont 2 5/8 (128) 5/1 (122) 6 ES
Virginia 2 5/6 (126) 4/10 (101) 25 ES
Washington 1 5/4 (124) 4/15 (106) 18 ES
West Virginia 4 5/6 (126) 4/26 (117) 9 ES
Wisconsin 1 5/7 (127) 4/14 (115) 12 ES
Wyoming 1 5/4 (124) 4/10 (101) 23 ES

a Number of studies used to calculate mean nesting date.
b 15 days were subtracted from mean incubation initiation dates for newly translocated populations.
c 2004 was a Leap Year, so DoY corresponding to calendar dates is 1 greater than for non-Leap Years.
d NFH � No Fall turkey Hunting, ES � Either Sex fall hunt, MO � Male Only fall hunt.

Our modeling efforts were most successful when
restricted to the eastern subspecies of wild turkey. This
may be due in part to the reduced variability in envi-
ronmental factors such as elevation, moisture, and veg-
etation types within the region occupied by this sub-
species. We also had more complete and even data
coverage for eastern wild turkeys than for other sub-
species. Our best model included a cubic polynomial
term for latitude and a term for population status (Ta-
ble 4). This indicated that, while relatively constant
around 5–9 May in the Mid-Atlantic States, incubation
initiation date increased sharply from south to north in
both the Southeast and Northeast (Figure 2). Reasons
for this pattern might include the transition from coast-
al plain to more mountainous terrain in the Southeast,
and the rapid increase in the prevalence of persistent
snow cover in the Northeast. Median date of the last
spring frost and median length of the frost-free period
also were good predictors of timing of incubation for
this subspecies. Interestingly, neither elevation nor lon-
gitude emerged as important predictors of nesting phe-
nology for eastern turkeys, possibly because this sub-
species occupies a narrower range of these features
than does the species as a whole. It may also be the

case that the smaller size of eastern mountains means
that most turkeys inhabiting mountainous terrain can
still make extensive use of lowlands, thereby avoiding
any effect of elevation on nesting phenology (e.g.,
Fleming and Porter 2001).

There is considerable interannual variation in
mean nest initiation dates for turkeys, with ranges of
19–28 days being observed in studies spanning �5
years (e.g., Vangilder and Kurzejeski 1995, Hubbard
1997, Miller et al. 1998, Thogmartin and Johnson
1999, Norman et al. 2001a). This variability in breed-
ing phenology has been related to metrics of winter
severity, including mean March temperature, number
of subfreezing days, and snow depth (Vangilder and
Kurzejeski 1995, Norman et al. 2001a). Thus, though
photoperiod cues physiological pathways that prepare
turkeys for breeding, there is still considerable plastic-
ity in timing of reproduction. Presumably this behav-
ioral flexibility is beneficial in turkey restoration ef-
forts, as even when individuals are translocated over
large distances they soon modify their breeding phe-
nology to coincide with conditions at the release site.

Even with this flexibility in breeding phenology,
our analyses indicated that newly translocated turkeys
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typically delayed nesting by 10–15 days (Tables 2–4).
Of note, this effect was evident in a study comparing
reproduction between translocated and established tur-
keys inhabiting the same area during the same years;
on average, translocated individuals nested 10 days lat-
er than local birds (Benner 1989; but see Lehman et
al. 2001). Three studies we reviewed followed indi-
vidual turkeys for �1 breeding season after translo-
cation. Weaver (1989) monitored 1 individual in con-
secutive years, and it nested 24 days earlier during its
second year post-translocation. The 2 remaining stud-
ies pooled second year post-release turkeys with ad-
ditional newly translocated individuals during the sec-
ond year of monitoring, potentially weakening any
trend in timing of breeding relative to time since re-
lease. However, both studies reported that mean nest-
ing dates occurred earlier in the second year of study
(Nguyen 2001, Shields 2001). Thus, there is some ev-
idence that delayed breeding of translocated turkeys is
limited to the year of release. Combining this obser-
vation with the facts that relocated populations all
nested late regardless of the direction of translocation,
and that established turkeys exhibit considerable var-
iability in nesting phenology, we doubt that delayed
nesting resulted from translocated turkeys being in-
flexible in their nesting phenology and poorly adapted
to local seasonal cues (e.g., photoperiod). Rather, we
suspect delays resulted from proximate factors such as
increased time spent searching unfamiliar areas for
breeding sites or mates, disrupted dominance hierar-
chies, or poor physical condition due to inexperience
with the distribution and variety of local foods (e.g.,
Porter et al. 1983, Badyaev et al. 1996).

Finally, though the influence of daily weather on
gobbling rates is relatively well understood, there is
still uncertainty as to the effects of a number of im-
portant ecological and management factors on patterns
of gobbling by male turkeys (Hoffman 1990, Kienzler
et al. 1995, Miller et al. 1997b, Norman et al. 2001b).
We originally designed this study to include analyses
of gobbling phenology and interactions between gob-
bling, hunting, and nesting. However, our review of
existing studies yielded only a handful of reliable es-
timates of gobbling chronology, few of which were
accompanied by information on nesting, so we were
forced to abandon this topic. However, our review
made clear the need for research comparing gobbling
chronology to nesting phenology, and comparing gob-
bling behavior between hunted and unhunted turkey
populations.

Timing of Opening Dates for Spring Hunting

Setting season opening dates to coincide with the
initial peak in gobbling may lead to high levels of
illegal female kill (Kimmel and Kurzejeski 1985, Van-
gilder and Kurzejeski 1995, Miller et al. 1997b, Healy
and Powell 2000, Norman et al. 2001b). This is a crit-
ical concern for managers, as harvests of even 10% of
females can depress turkey populations (Healy and
Powell 2000), and harvests are typically greatest dur-
ing the opening days of spring seasons (Miller et al.

1997b, Norman et al. 2001b; J. Pack, West Virginia
Division of Natural Resources, unpublished data). Be-
cause female wild turkeys are less vulnerable to har-
vest following initiation of incubation, the onset of
nesting behavior is recommended as a biological
benchmark for setting opening dates for spring gobbler
seasons (Healy and Powell 2000, Norman et al.
2001b). However, only 1 state for which we obtained
estimates of nesting chronology delayed hunting until
the mean incubation initiation date, and only 26% of
states met the less conservative criterion of delaying
hunting until the onset of laying by most females
(approx. 2 weeks preceding mean incubation initiation
date) (Table 5). Fall and spring harvests of female tur-
keys may be additive in their impact on populations
(Vangilder and Kurzejeski 1995, Rolley et al. 1998,
Pack et al. 1999), so jurisdictions having restricted
(e.g., male-only) or no fall turkey hunting seasons can
perhaps afford to be more liberal in regulating spring
harvests. However, 18 of 25 states (72%) that opened
spring hunting �2 weeks prior to the mean incubation
initiation date also allowed fall either-sex turkey hunt-
ing (Table 5).

While our comparison of opening dates and timing
of nesting suggests that many management agencies
do not consider nesting phenology and related illegal
harvest issues when setting spring wild turkey hunting
seasons, a number of other factors must also be taken
into account. Other steps can be taken to limit har-
vests, for example restricting bag limits or the number
of licenses available, and non-biological factors, in-
cluding hunt quality and social and political expecta-
tions, are important considerations. For example, it is
desirable to offer hunting opportunities during periods
when males are gobbling vigorously and responsive to
calling (Norman et al. 2001b). Consequently, manag-
ers must strive to set season opening dates that achieve
a balance between the desire to maximize both quality
and quantity of hunting opportunities, and the need to
ensure harvest sustainability (e.g., Wright and Van-
gilder 2000). Towards this end, there is a need for
research to improve our understanding of temporal
patterns in gobbling propensity, effects of hunting and
social factors on gobbling behavior, and seasonal
trends in the susceptibility of males to calling. Further,
greater knowledge of the interactive effects of breed-
ing phenology and timing of spring hunting seasons
on female kill, and the consequences of such loss of
females for populations, is necessary for informed
wild turkey management. In light of current limits to
our understanding of these factors, it is apparent that
many states, particularly those also allowing extended
fall either-sex turkey hunting, are accepting higher
risks when setting opening dates for spring gobbler
seasons. Managers in these jurisdictions should care-
fully monitor wild turkey populations, as these may
suffer from reduced female survival and consequently
impaired population growth or even population de-
cline, ultimately affecting harvests and hunt quality.
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Abstract: From 1988 to 2000, we monitored 487 radiomarked male wild turkeys (Meleagris gallopavo silvestris)
on 2 study areas (South Study Area [SSA] and Peck Ranch Conservation Area [PRCA]) in the eastern Missouri
Ozarks. We estimated annual survival and cause-specific mortality rates, including spring harvest for juvenile and
adult males. On the SSA (primarily United States Forest Service Property) access was unlimited while on PRCA
(primarily Missouri Department of Conservation lands) public access was controlled. Annual survival was higher
for juvenile males than for adults. Annual survival for juvenile and adult males was not different between study
areas and was 0.595 and 0.368, respectively, on SSA and 0.569 and 0.372, respectively, on PRCA. Human-caused
mortality (legal and suspected illegal kill) was 14.1% and 40.8% for juvenile and adult males on SSA and 19.0%
and 27.2% for juvenile and adult males on PRCA. For adult males on both study areas, human-caused mortality
increased beginning in 1998, which corresponded with an increase in the spring hunting season from 2 to 3 weeks.
However, increased mortality appeared to occur during the first 2 weeks of the season and not during the third.
Population modeling suggests that spring turkey harvest on public land in the eastern Missouri Ozarks is ap-
proaching a level that may result in a decline in spring turkey hunting quality (high proportion of adult males in
the population and harvest).

Proceedings of the National Wild Turkey Symposium 9:361–366
Key words: eastern wild turkey, harvest, male, Meleagris gallopavo silvestris, Missouri, mortality, Ozark, radio-
telemetry, spring turkey season, survival.

Wild turkey populations have been restored across
large portions of the Midwest in the last 50 years. At
the same time, interest in the pursuit of the birds for
sport hunting has also increased (Wright and Vangilder
2000) making the need for accurate information on the
harvested segments of the populations necessary for
state agencies to effectively manage their wild turkey
resources.

Since restoration efforts began, numerous studies
have documented survival and mortality of female
wild turkeys (Roberts et al. 1995, Miller et al. 1998,
Hubbard et al. 1999). However, mortality information
on male wild turkeys is limited (Wright and Vangilder
2000) and the influence of various harvest strategies
on male wild turkey survival is unknown.

To better understand wild turkey population dy-
namics, we studied the survival and mortality of east-

ern wild turkey males in the eastern Ozarks of Mis-
souri from 1989–2000 on 2 study areas.

STUDY AREA

Our study was conducted at 2 sites in the eastern
Missouri Ozarks (Vangilder et al. 2000). The SSA was
approximately 40,000 ha and was located south of
U.S. Highway 60 in Shannon, Oregon, and Carter
counties. Over 80% of the study area was located with-
in the Winona and Van Buren ranger districts of the
Mark Twain National Forest. The area was typical of
the Missouri Ozarks and was composed mainly of oak
(Quercus spp.) and hickory (Carya spp.) forest with a

1 E-mail: Larry.Vangilder@mdc.mo.gov
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Table 1. Annual Kaplan-Meier survival estimates ( Ŝ ) of wild
turkey males on the South Study Area in the central Missouri
Ozarks, 1990–2000.

Year

Adult

( Ŝ ) SE na nb

Juvenile

( Ŝ ) SE na nb

1990–91 0.455 0.112 22 9 —c — — —
1991–92 0.109 0.042 11 6 —c — — —
1992–93 0.600 0.120 6 10 —c — — —
1993–94 0.423 0.074 10 19 —c — — —
1994–95 0.412 0.084 21 14 0.454 0.075 5 20
1995–96 0.400 0.073 18 18 0.625 0.069 16 31
1996–97 0.325 0.065 27 17 0.629 0.096 22 16
1997–98 0.308 0.105 27 6 0.600 0.268 5 2
1998–99 0.313 0.130 8 4 —c — — —
1999–00 —c — — — 0.538 0.129 16 8

Mean 0.372 0.031d 9e 0.569 0.066d 5e

a Number at beginning of interval.
b Number at end of interval.
c Not enough data to estimate survival.
d Standard error estimates from program CONTRAST (Hines and
Sauer 1989).
e Number of years.

small amount of agricultural land isolated in bottom-
land corridors.

The PRCA (9,187 ha) was located in Carter Coun-
ty. Approximately 4,280 ha of the area was enclosed
by a woven wire fence and public access was con-
trolled. The area was predominated by forest (86.4%),
but also had some semi-open areas (9.8%). The area
also contained 100 1–10-ha open areas (3%) that were
in agricultural crops and perennial grasses. These open
areas were located mainly within the controlled access
portion of the area. Telemetry data was collected from
an area approximately 30,000 ha in size as defined by
turkey movements.

Forested areas at both study sites were composed
mainly of scarlet oak (Q. coccinea; 26%), white oak
(Q. alba; 25%), black oak (Q. velutina; 20%), short-
leaf pine (Pinus echinata; 7%), and post oak (Q. stel-
lata; 6%). The study areas had a mean annual rainfall
of 112 cm and a mean annual temperature of 13.3�C.
For a complete description of the study sites, see Van-
gilder (1996) and Schroeder and Vangilder (1997).

METHODS

We captured wild turkeys with cannon and rocket
nets from November through March, 1988–2000. We
used the methods of Pelham and Dickson (1992) to
determine the age and sex of all turkeys captured. We
released turkeys within 4 hr at their original capture
site. All turkeys captured were fitted with 100-g back-
pack style mortality mode transmitters (Telonics,
Mesa, Arizona, USA, LB-400) and 2 numbered alu-
minum patagial tags (National Band and Tag Compa-
ny, Newport, Kentucky, USA, 890N-4 Zip, size 4). We
determined the age of males (juvenile or adult) ac-
cording to Pelham and Dickson (1992).

We monitored male turkeys �4 days per week ex-
cept during the spring turkey season when turkeys
were monitored daily. If a turkey had been killed, an
immediate attempt was made to determine the cause
of death. Cause of death was classified as predation,
illegal kill, legal harvest, suspicious loss, or crippling
loss. Death was classified as a suspicious loss if hu-
mans were implicated but the evidence was not defin-
itive. We defined total human-caused mortality as legal
harvest, illegal kill, and suspicious loss. In Missouri,
all hunters were required to register harvested turkeys
at mandatory check stations where transmitters and
hunter information were recovered.

Spring turkey season was 2 weeks in length with
a bag limit of 1 male turkey or turkey with visible
beard per week from 1989–1997. From 1998–2000,
spring turkey season was liberalized to 3 weeks in
length with a bag limit of 2 male turkeys or turkeys
with visible beard during the season provided that only
one could be killed during the first week and, during
the second 2 weeks, only 1 could be killed per day.

We estimated annual survival from 15 March to
14 March of the following year using the Kaplan-
Meier product-limit estimator (Pollock et al. 1989),
which allows staggered entry of animals with program

STAGKAM (T. G. Kuloweic, Missouri Department of
Conservation, Columbia, Missouri, USA). We reclas-
sified juvenile turkeys as adults on 15 March of the
year following capture.

We used program CONTRAST (Hines and Sauer
1989) to calculate standard error estimates for annual
survival across years and to test differences in point
estimates of human-caused mortality during spring tur-
key season. Human-caused mortality during spring tur-
key season and its associated standard errors were cal-
culated using a ratio estimate as described in Vangilder
and Kurzejeski (1995).

RESULTS
Annual Survival

Survival information from 1989–1990 was not in-
cluded due to possible transmitter effects. We moni-
tored 487 male wild turkeys during this study. Annual
survival for juvenile (�2 � 0.078, df � 1, P � 0.781)
and adult males (�2 � 0.098, df � 1, P � 0.754) was
not different between study areas and was 0.595 and
0.368, respectively, on SSA and was 0.569 and 0.372,
respectively, on PRCA. Across all years of the study,
juvenile male survival was higher than adult survival
on both SSA (�2 � 7.370, df � 1, P � 0.007; Table
1) and PRCA (�2 � 6.609, df � 1, P � 0.010; Table 2).

Mortality During Spring Turkey Season

Human-caused mortality during spring turkey sea-
son across all years was 14.1% and 40.8% for juvenile
and adult males on SSA and 19.0% and 27.2% for
juvenile and adult males on PRCA. From 1990–1997,
of males alive at the beginning of spring turkey season
on SSA, 14.0% of juveniles and 34.7% of adults were
killed by humans (legal and illegal harvest and sus-
picious loss; Table 3). From 1998–2000, of males alive
at the beginning of spring turkey season on SSA,
14.3% of juveniles and 67.9% of adults were killed by
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Table 2. Annual Kaplan-Meier survival estimates ( Ŝ ) of wild
turkey males on the Peck Ranch Conservation Area in the cen-
tral Missouri Ozarks, 1990–2000.

Year

Adult

( Ŝ ) SE na nb

Juvenile

( Ŝ ) SE na nb

1990–91 0.305 0.051 26 25 0.800 0.103 9 12
1991–92 0.458 0.119 25 8 0.533 0.364 12 1
1992–93 0.533 0.163 9 5 —c — 2 0
1993–94 0.667 0.146 5 7 0.625 0.171 10 5
1994–95 0.114 0.044 10 6 —c — 2 0
1995–96 0.333 0.272 6 1 0.485 0.246 11 2
1996–97 —c — 3 0 0.714 0.106 1 13
1997–98 0.291 0.087 28 8 0.486 0.132 12 7
1998–99 0.200 0.089 11 4 0.298 0.057 4 19
1999–00 0.600 0.114 5 11 0.819 0.086 18 17

Mean 0.368 0.065d 9e 0.595 0.046 11e

a Number at beginning of interval.
b Number at end of interval.
c Not enough data to estimate survival.
d Standard error estimates from program CONTRAST (Hines and
Sauer 1989).
e Number of years.

Table 4. Human-caused mortality [number, (percent)] for radio-
marked juvenile (JV) and adult (AD) wild turkey males during
the spring hunting seasona on the Peck Ranch Conservation
Area in the central Missouri Ozarks, 1989–2000.

Year Age nb

Cause of death

Legal
harvest

Illegal and
suspicious

loss Total

1989 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 28 5 (17.9) 0 (0.0) 5 (17.9)

1990 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 21 5 (23.8) 1 (4.8) 6 (28.6)

1991 JV 7 0 (0.0) 0 (0.0) 0 (0.0)
AD 26 2 (7.7) 1 (3.8) 3 (11.5)

1992 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 6 1 (16.7) 0 (0.0) 1 (16.7)

1993 JV 10 2 (20.0) 0 (0.0) 2 (20.0)
AD 8 2 (25.0) 0 (0.0) 2 (25.0)

1994 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 8 3 (37.5) 1 (12.5) 4 (50.0)

1995 JV 9 0 (0.0) 0 (0.0) 0 (0.0)
AD 3 0 (0.0) 1 (33.3) 1 (33.3)

1996 JV 1 0 (0.0) 0 (0.0) 0 (0.0)
AD 4 0 (0.0) 0 (0.0) 0 (0.0)

1997 JV 8 2 (25.0) 0 (0.0) 2 (25.0)
AD 24 5 (20.8) 1 (4.2) 6 (25.0)

1998 JV 4 2 (50.0) 0 (0.0) 2 (50.0)
AD 8 4 (50.0) 0 (0.0) 4 (50.0)

1999 JV 17 2 (11.8) 2 (11.8) 4 (23.5)
AD 5 2 (40.0) 0 (0.0) 2 (40.0)

2000 JV 7 2 (28.6) 0 (0.0) 2 (28.6)
AD 17 8 (47.1) 1 (5.9) 9 (52.9)

Total (2 wk season,
1990–1997)

JV
AD

35
128

4 (11.4)
23 (18.0)

0 (0.0)
5 (3.9)

4 (11.4)
28 (21.9)

Total (3 wk season,
1998–2000)

JV
AD

28
30

6 (21.4)
14 (46.7)

2 (7.1)
1 (3.3)

8 (28.6)
15 (50.0)

Overall JV 63 10 (15.9) 2 (3.2) 12 (19.0)
AD 158 37 (23.4) 6 (3.8) 43 (27.2)

a A 2-wk season with a 2-bird bag limit and only 1 bird per week was
in effect from 1989–1997. A 3-wk season with a 2-bird limit with 1
bird the first week and 1 bird a day in the second and third weeks
was in effect from 1998–2000.
b Number alive beginning the first day of spring turkey season.

Table 3. Human-caused mortality [number, (percent)] for radio-
marked juvenile (JV) and adult (AD) wild turkey males during
the spring hunting seasona on the South Study Area in the cen-
tral Missouri Ozarks, 1990–2000.

Year Age nb

Cause of death

Legal
harvest

Illegal and
suspicious

loss Total

1990 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 21 5 (23.8) 2 (9.5) 7 (33.3)

1991 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 7 3 (42.9) 1 (14.3) 4 (57.1)

1992 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 6 1 (16.7) 0 (0.0) 1 (16.7)

1993 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 9 0 (0.0) 0 (0.0) 0 (0.0)

1994 JV 8 0 (0.0) 1 (12.5) 1 (12.5)
AD 17 3 (17.6) 2 (11.8) 5 (29.4)

1995 JV 16 6 (37.5) 0 (0.0) 6 (37.5)
AD 14 3 (21.4) 2 (14.3) 5 (35.7)

1996 JV 22 0 (0.0) 0 (0.0) 0 (0.0)
AD 28 7 (25.0) 4 (14.3) 11 (39.3)

1997 JV 4 0 (0.0) 0 (0.0) 0 (0.0)
AD 22 8 (36.4) 2 (9.1) 10 (45.5)

1998 JV 0 0 (0.0) 0 (0.0) 0 (0.0)
AD 8 4 (50.0) 0 (0.0) 4 (50.0)

1999 JV 13 1 (7.7) 1 (7.7) 2 (15.4)
AD 4 3 (75.0) 0 (0.0) 3 (75.0)

2000 JV 1 0 (0.0) 0 (0.0) 0 (0.0)
AD 16 9 (56.3) 3 (18.8) 12 (75.0)

Total (2-wk season,
1990–1997)

JV
AD

50
124

6 (12.0)
30 (24.2)

1 (2.0)
13 (10.5)

7 (14.0)
43 (34.7)

Total (3-wk season,
1998–2000)

JV
AD

14
28

1 (7.1)
16 (57.1)

1 (7.1)
3 (10.7)

2 (14.3)
19 (67.9)

Overall JV 64 7 (10.9) 2 (3.1) 9 (14.1)
AD 152 46 (30.3) 16 (10.5) 62 (40.8)

a A 2-wk season with a 2-bird bag limit and only 1 bird per week was
in effect from 1990–1997. A 3-wk season with a 2-bird limit with 1
bird the first week and 1 bird a day in the second and third weeks
was in effect from 1998–2000.
b Number alive beginning the first day of spring turkey season.

humans (Table 3). From 1989–1997, of males alive at
the beginning of spring turkey season on PRCA,
11.4% of juveniles and 21.9% of adults were killed by
humans (Table 4). From 1998–2000, of males alive at
the beginning of spring turkey season on PRCA,
28.6% of juveniles and 50.0% of adults were killed by
humans (Table 3).

Not enough juvenile males were alive at the be-
ginning of spring turkey season on either study in most
years to allow analysis (see Tables 3 and 4); therefore,
only adult males were used to compare mortality es-
timates between study areas and before and after
spring turkey season liberalization. Across all years of
the study, human-caused mortality during spring tur-
key season was lower for adult males on PRCA (0.356
� 0.022) than on SSA (0.511 � 0.045; �2 � 9.563, df
� 1, P � 0.002). Across both study areas, human-
caused mortality during spring turkey season was low-
er for adult males before 1998 (0.278 � 0.026) than
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Table 5. Timing of adult male wild turkey loss by week [num-
ber, (percent)] on the South Study Area in the central Missouri
Ozarks, 1990–2000.

Year nb

Harvest mortalitya or suspicious loss

First
week

Second
week

Third
week

1990 21 7 (33.3) 0 (0.0) —
1991 7 2 (28.6) 2 (28.6) —
1992 6 0 (0.0) 1 (16.7) —
1993 9 0 (0.0) 0 (0.0) —
1994 17 4 (23.5) 1 (5.9) —
1995 14 5 (35.7) 0 (0.0) —
1996 28 8 (28.6) 3 (10.7) —
1997 22 6 (27.3) 4 (18.2) —
1998 8 3 (37.5) 1 (12.5) 0 (0.0)
1999 4 2 (50.0) 1 (25.0) 0 (0.0)
2000 16 10 (62.5) 1 (6.3) 1 (6.3)

Total (2-wk season) 124 32 (25.8) 11 (8.9) —
Total (3-wk season) 28 15 (53.6) 3 (10.7) 1 (3.6)

a A 2-wk season with a 2-bird bag limit and only 1 per week was in
effect from 1990–1997. A 3-wk season with a 2-bird limit with 1 the
first week and 1 a day the second and third weeks was in effect
from 1998–2000.
b Number alive beginning the first day of spring turkey season.

Table 6. Timing of adult male wild turkey loss by week [num-
ber, (percent)] on the Peck Ranch Study Area in the central
Missouri Ozarks, 1989–2000.

Year nb

Harvest mortalitya or suspicious loss

First
week

Second
week

Third
week

1989 28 4 (14.3) 1 (3.6) —
1990 21 4 (19.0) 2 (9.5) —
1991 26 2 (7.7) 1 (3.8) —
1992 6 0 (0.0) 1 (16.7) —
1993 8 2 (25.0) 0 (0.0) —
1994 8 2 (25.0) 2 (25.0) —
1995 3 1 (33.3) 0 (0.0) —
1996 4 0 (0.0) 0 (0.0) —
1997 24 5 (20.8) 1 (4.2) —
1998 8 1 (12.5) 2 (25.0) 1 (12.5)
1999 5 1 (20.0) 1 (20.0) 0 (0.0)
2000 17 5 (29.4) 4 (23.5) 0 (0.0)

Total (2-wk season) 128 20 (15.6) 8 (6.3) —
Total (3-wk season) 40 7 (17.5) 7 (17.5) 1 (2.5)

a A 2-wk season with a 2-bird bag limit and only 1 per week was in
effect from 1989–1997. A 3-wk season with a 2-bird limit with 1 the
first week and 1 a day the second and third weeks was in effect
from 1998–2000.
b Number alive beginning the first day of spring turkey season.

after 1998 (0.589 � 0.043; �2 � 38.298, df � 1, P �
0.001).

Although human-caused mortality during spring
turkey season increased after the season was liberal-
ized (beginning in 1998), the increased mortality did
not occur during the additional (third) week on SSA
(Table 5) or PRCA (Table 6). Only 3.6% and 2.5% of
the total human-caused mortality occurred during the
additional week on SSA and PRCA, respectively.

DISCUSSION
Annual Survival

Annual survival of juvenile males during this
study (PRCA, 0.595; SSA, 0.569) was slightly higher
than in western Kentucky (0.533; Wright and Vangild-
er this volume). Annual survival of adult males during
this study (PRCA, 0.368; SSA, 0.372) was also higher
than in western Kentucky (0.275), but similar to the
rate reported in Georgia (0.36; Ielmini et al. 1992).
The observed survival rate was lower than that re-
ported in Wisconsin (0.51; Paisley et al. 1996). In Wis-
consin (Paisley et al. 1996) and Mississippi (Godwin
et al. 1991), no difference in juvenile and adult male
survival was observed. However, in our study and in
studies in Georgia (Ielmini et al. 1992) and Kentucky
(Wright and Vangilder this volume), juvenile survival
was higher than adult male survival because of differ-
ential mortality during the spring turkey season.

Mortality During Spring Turkey Season

Wright and Vangilder (this volume) reported that
59.8% of adult males and 22.7% of juvenile males
were killed during spring turkey season in western
Kentucky. In our study, 40.8% of adult males on SSA
and 27.2% on PRCA, were killed during spring turkey
season. For juvenile males, 14.1% and 19.0% on SSA

and PRCA, respectively, were shot during spring tur-
key season. Thus, mortality rates during spring turkey
season for juvenile males in this study were similar to
those reported in western Kentucky, but for adult
males, the mortality rates during spring turkey season
in this study were lower.

Mortality rates during spring turkey season on our
study areas increased after the season was liberalized
in 1998. Rates of mortality for adult males during
spring turkey season went from 34.7% to 67.9% on
SSA, and from 21.9% to 50.0% on PRCA. The rates
observed after liberalization were similar to those re-
ported by Wright and Vangilder (this volume).

The increased mortality after liberalization did not
occur during the additional week of the season. However,
estimated hunting success increased after the liberaliza-
tion. The success rate of hunters in the eastern Missouri
Ozarks averaged 48 birds/1000 trips (maximum � 53
birds/1000 trips) before the season was liberalized in
1998 but had increased to 81 birds/1000 trips by 2000
(M. W. Hubbard and L. D. Vangilder, Missouri Depart-
ment of Conservation, unpublished data). The increased
success rate was probably due to the increased number
of days in the season as well as the change in the struc-
ture of the bag limit. Prior to 1998, only 1 bird could be
taken per week of the season. Beginning in 1998, only
1 bird could be taken the first week, but 2 birds could
be taken during the second 2 weeks provided only one
bird could be taken per day.

We observed significantly higher mortality rates
during spring turkey season on SSA (0.511) where ac-
cess was unlimited than on PRCA (0.356) where hunt-
er access was limited on the central portion of the
study area. The South Study Area was mostly com-
prised of land owned by the Mark Twain National For-
est, while PRCA was mostly owned by the Missouri
Department of Conservation and access was limited
on about 4,280 ha.
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Wright and Vangilder (this volume) observed high
mortality rates of adult males during spring turkey sea-
son on a study area in western Kentucky which was
�90% private land. In this study, we also observed
high mortality rates of adult males during spring tur-
key season (after liberalization), but our study areas
were �80% heavily hunted public land.

MANAGEMENT IMPLICATIONS

Vangilder and Kurzejeski (1995) observed that as
simulated harvest rates of male turkeys during the
spring season increased, the proportion of adult males
in the prehunt population and in the harvest decreased.
At harvest rates greater than 30%, the proportion of
adult males in the prehunt population and harvest
dropped below 25 and 69%, respectively. They felt
that harvest rates beyond 30–35% would begin to im-
pact turkey hunting quality (as defined by a high pro-
portion of adult males in the population and harvest).
The spring harvest rates observed during this study
after 1998 appear to be high enough to impact turkey
hunting quality. However, we believe the harvest rate
on surrounding private lands is lower than that ob-
served on public land. In Missouri, greater than 30%
of hunters report hunting on public land (Vangilder et
al. 1990) although �5% of Missouri’s land area is in
public ownership open to hunting. Thus, hunting pres-
sure appears to be much higher on public than on pri-
vate land. In the eastern Ozarks region, the information
used to evaluate Missouri’s spring turkey season shows
no change in harvest, hunting success, or adult male
spur length distribution indicating the spring harvest
has not surpassed sustainable levels (J. Beringer, Mis-
souri Department of Conservation, unpublished data).

We believe that further increases in the harvest rate
on heavily hunted public land in the eastern Missouri
Ozarks will decrease turkey hunting quality. Unlike in
western Kentucky where high harvest rates are proba-
bly sustained by rapid population growth and expansion
(Wright and Vangilder this volume), population growth
in the eastern Missouri Ozarks stabilized in 1987 (L. D.
Vangilder, Missouri Department of Conservation, un-
published data). In stable populations, we recommend
a spring harvest rate of no more than 40% of the male
population which translates to a spring harvest rate of
about 30% for juvenile males and 60% for adult males.
This recommendation assumes that juvenile males are
much less vulnerable to harvest than adult males be-
cause the juveniles that survive their first spring season
become the adults available for harvest in future years.
If the proportion of juveniles in the harvest is relatively
stable across years and is lower than 30%, then ex-
ploitation rates of the male segment of the population
is probably sustainable.
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Abstract: From 1995 to 2002, we monitored 526 radiomarked male wild turkeys (Meleagris gallopavo silvestris)
in western Kentucky to obtain estimates of survival, cause-specific mortality, harvest rates, and dispersal distance.
Average annual survival rates differed between juvenile and adult males and averaged 0.53 and 0.28, respectively.
This difference in annual survival rates was due to the difference in the magnitude of human-caused mortality
between juveniles and adults. Human-caused mortality during the spring turkey season averaged 59.8% for adult
males, but only 22.7% for juvenile males. Annual natural mortality rates (with human-caused mortality censored)
were 0.24 and 0.29 for juvenile and adult males, respectively. Annual human-caused mortality rates (with non-
human-caused mortality censored) for juvenile and adult males were 0.29 and 0.61, respectively. Seasonal survival
rates outside the spring turkey season (1 Dec–10 Apr and 10 May–30 Nov) were �0.80 and did not differ between
age classes. Median dispersal distance from trap sites was greater for juvenile males (2,773 m) than for adult
males (2,094 m). Our data, along with the results of population modeling, suggest that the observed level of adult
gobbler harvest cannot be sustained unless recruitment remains high or hunter success rates decline.
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Eastern wild turkey restoration occurred in Ken-
tucky from 1978 through 1998. As a result, the state-
wide turkey population increased from a few hundred
birds to over 200,000. As turkey populations in-
creased, spring turkey seasons were liberalized. By
1995, the entire state was open to spring turkey hunt-
ing, and by 1998, the spring season had been liberal-
ized to 3 weeks and a 2-bird bag limit with all-day
hunting. The number of turkey hunters also increased
dramatically and reached 76,000 in 2002 with a spring
harvest of 29,000 males. A limited fall either-sex gun
hunt was initiated in 1998. Because of the great pop-
ularity of turkey hunting, pressure to provide even
more hunting opportunity is constant.

To manage wild turkey populations for quality
spring turkey hunting (a high percent of adult males
in the population and in the harvest), information on
male survival, cause-specific mortality, harvest rates,
and dispersal is necessary. This information is essen-
tially lacking for most of the eastern wild turkey range.
To better understand the population dynamics and hu-
man-caused mortality of wild turkey males, we initi-
ated a 7-year radiotelemetry study in 1995.

In this paper we report on all 7 years of the study
and update the 4 years of information presented by
Wright and Vangilder (2001).

STUDY AREA

The study was conducted in parts of 3 western
Kentucky counties: Caldwell, Hopkins, and Christian.
The study area was about 777 km2, of which approx-
imately 50% was forested. Private land comprised
90% of the area. The public land in the study area
consisted of 2 state wildlife management areas, Pen-
nyrile and Jones–Kenney, which comprised 8,093 ha.
Open lands were dominated by fescue pasture and crop
fields (alfalfa, corn, beans, milo, and tobacco). Forest
stands were dominated by oak (Quercus spp.) and
hickories (Carya spp.). Elevation ranged from 110 to
205 m. Annual total precipitation averaged 119.4 cm
and average annual temperature was 14.3�C.

1 Deceased.
2 E-mail: Larry.Vangilder@mdc.mo.gov
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Table 1. Human-caused mortality [number (%)] for radio-
marked juvenile (JV) and adult (AD) males during 7 spring turkey
seasons in western Kentucky, 1996–2002. The number alive is
the number of males alive beginning the first day of the spring
turkey season for each year. Illegal harvest represents males
killed during the spring turkey season but not checked at man-
datory check stations.

Year Age
Number

Alive

Cause of death

Legal
harvest

Illegal
harvest

Crippling
kill

Total
loss

1996 JV 31 6 (19.4) 2 (6.5) 0 (0.0) 8 (25.8)
AD 28 12 (42.9) 2 (7.1) 2 (7.1) 16 (57.1)

1997 JV 56 11 (9.6) 0 (0.0) 0 (0.0) 11 (19.6)
AD 40 19 (47.5) 1 (2.5) 1 (2.5) 21 (52.5)

1998 JV 32 10 (31.3) 1 (3.1) 1 (3.1) 12 (37.5)
AD 79 52 (65.8) 3 (3.8) 2 (2.5) 57 (72.2)

1999 JV 59 9 (15.3) 0 (0.0) 1 (1.7) 10 (16.9)
AD 40 15 (37.5) 2 (5.0) 4 (10.0)a 21 (52.5)

2000 JV 34 5 (14.7) 0 (0.0) 2 (5.9) 7 (20.6)
AD 76 40 (52.6) 0 (0.0) 4 (5.3) 44 (57.9)

2001 JV 44 9 (20.5) 1 (2.3) 0 (0.0) 10 (22.7)
AD 46 22 (47.8) 2 (4.3) 1 (2.2) 25 (54.3)

2002 AD 34 19 (55.9) 1 (2.9) 1 (2.9) 21 (61.8)
Total JV 256 50 (19.5) 4 (1.6) 4 (1.6) 58 (22.7)

AD 343 179 (52.2) 11 (3.2) 15 (4.4) 205 (59.8)

a Includes 1 adult shot and crippled during the season but recovered
just after the season closed.

METHODS

Beginning fall 1995, we trapped male turkeys an-
nually from 1 September to 15 March using rocket
nets. Turkeys were marked with aluminum butt end
leg bands (National Band and Tag Company, Newport,
Kentucky, USA, 1242, size 24). A 100-g backpack-
style mortality mode transmitter (Telonics, Mesa, Ar-
izona, USA, model LB-400) was attached using 4.7-
mm shock cord. Rubber bands were used to keep the
transmitters snug on juvenile males (Taylor 1995). We
determined the age of males (juvenile or adult; Wil-
liams 1981) and released them at their capture site.
Turkeys that did not survive �14 days after being ra-
diomarked were not included in the study.

We monitored birds �4 times/week during the year,
except during spring turkey season and the 10-day mod-
ern gun deer season when birds were monitored daily.
Attempts were made to determine cause immediately
after receiving a mortality signal. If the turkey had been
killed, the cause of death was determined. Cause of
death was classified as predation, illegal kill, legal har-
vest, crippling loss, or other. The category ‘other’ in-
cluded deaths for which the cause was unknown, ac-
cidental deaths, deaths from disease or parasites, and
deaths caused by vehicles. Where possible, cause of
predation was determined from evidence at the mortal-
ity site. Hunters were required to check birds at man-
datory check stations. Check station operators recov-
ered the transmitter and recorded the hunter’s name,
address, phone number, and location of kill.

Annual and seasonal survival distributions were
estimated using the Kaplan–Meier product-limit esti-
mator modified for staggered entry (Pollock et al.
1989) using program STAGKAM (T. G. Kuloweic,
Missouri Department of Conservation, Columbia, Mis-
souri, USA). Censored observations were handled as
suggested by Vangilder and Sheriff (1990). The log-
rank test (Pollock et al. 1989) was used to test for
differences in survival distributions between juvenile
and adult males. Summary statistics for the log-rank
test and the 3 chi-square tests (Pollock et al. 1989)
were calculated using a SAS program.

Seasonal intervals were winter (1 Dec–10 Apr),
spring hunting (11 Apr–9 May), and summer–fall (10
May–30 Nov). Birds were considered to be juveniles
until the second December after hatching. Spring tur-
key hunting seasons were 17 Apr–30 Apr (2 weeks)
with a 1300 hr closure in 1996; 14 Apr–4 May (3
weeks) and a 1300 hr closure in 1997; 13 Apr–3 May
(3 weeks) and all-day hunting in 1998; and 12 Apr–2
May, 17 Apr–7 May, 14 Apr–4 May, 15 Apr–5 May
with all-day hunting in 1999, 2000, 2001, and 2002,
respectively. All seasons (1996–2002) had a 2-bird bag
limit (1 per day).

Annual natural mortality (survival) was estimated
by censoring human-caused deaths. Annual human-
caused mortality (survival) was estimated by censoring
deaths resulting from causes other than those associ-
ated with humans.

Differences in point estimates of survival or mor-
tality were tested using program CONTRAST (Hines

and Sauer 1989). Estimates and their associated stan-
dard errors were input into the program and an overall
chi-square test was calculated.

To examine the relative importance of the various
mortality sources, the number of deaths for each cause
was converted to a percent of the total number of
deaths.

Dispersal distance was determined using ArcMap
(Version 9.0, Environmental Systems Research Insti-
tute, Redlands, California, USA) by comparing the
UTM coordinate of the site where a bird was trapped
with the UTM coordinate of the site where a bird died
or disappeared. The Kruskal-Wallis Test (Conover
1971) was used to test whether dispersal distances
were larger for juvenile or adult males.

RESULTS

The maximum number of radiomarked males at
risk ranged from 56 in 1997–1998 to 65 in 1998–1999
for juvenile males and from 34 in 1995–1996 to 88 in
1999–2000 for adult males. The maximum number of
birds at risk on opening day of the spring hunting sea-
son ranged from 34 in 2002 to 111 in 1998 (Table 1).

Survival distributions differed between juvenile
and adult males for each of the 6 years (P � 0.047;
Figure 1). The average survival distributions of juve-
nile and adult males show that most of the mortality
of males occurs during the spring turkey hunting sea-
son and that mortality of adult males is greater than
that of juveniles (Figure 1).

Annual survival rates ranged from 0.484 to 0.577
for juvenile males and from 0.191 to 0.355 for adult
males (Table 2). Annual survival rate estimates for
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Fig. 1. Average survival distributions of juvenile and adult male
turkeys in western Kentucky, 1995–2000.

Table 3. Natural and human-caused mortality rate estimates
[estimate (SE)] for radio-marked juvenile (JV) and adult (AD)
males in Western Kentucky, 1995–2001. The natural mortality
rate was estimated by censoring deaths not due to natural caus-
es. The human-caused mortality rate was estimated by censor-
ing deaths not due to human causes. The overall estimates and
their associated standard errors were generated from program
CONTRAST (Himes and Sauer 1989).

Year Age

Mortality

Natural Human-caused

1995–1996 JV 0.194 (0.042) 0.284 (0.046)
AD 0.253 (0.078) 0.677 (0.055)

1996–1997 JV 0.333 (0.071) 0.212 (0.067)
AD 0.218 (0.061) 0.546 (0.056)

1997–1998 JV 0.075 (0.034) 0.401 (0.051)
AD 0.271 (0.074) 0.738 (0.044)

1998–1999 JV 0.380 (0.054) 0.219 (0.051)
AD 0.475 (0.075) 0.539 (0.071)

1999–2000 JV 0.266 (0.049) 0.320 (0.050)
AD 0.266 (0.063) 0.596 (0.052)

2000–2001 JV 0.166 (0.063) 0.330 (0.071)
AD 0.272 (0.095) 0.557 (0.083)

Overall JV 0.236 (0.021) 0.294 (0.023)
AD 0.293 (0.031) 0.609 (0.025)a

a Human-caused mortality of adults was significantly greater than
that of juvenile males (P � 0.001).

Table 2. Seasonal and annual survival rate estimates [estimate
(SE)] for radio-marked juvenile (JV) and adult (AD) males in
western Kentucky, 1995–2001. Seasonal intervals were winter
(1 Dec–10 Apr) and summer/fall (10 May–30 Nov). The overall
estimates and their associated standard errors were generated
from program CONTRAST (Hines and Sauer 1989).

Year Age

Season

Winter Summer/Fall Annual

1995–1996 JV 0.862 (0.058) 0.910 (0.033) 0.577 (0.045)
AD 0.774 (0.070) 0.889 (0.062) 0.241 (0.044)

1996–1997 JV 0.841 (0.045) 0.778 (0.068) 0.526 (0.067)
AD 0.833 (0.054) 0.898 (0.048) 0.355 (0.048)

1997–1998 JV 0.941 (0.040) 0.941 (0.030) 0.554 (0.049)
AD 0.861 (0.036) 0.836 (0.066) 0.191 (0.034)

1998–1999 JV 0.772 (0.047) 0.804 (0.050) 0.484 (0.049)
AD 0.735 (0.059) 0.716 (0.080) 0.242 (0.044)

1999–2000 JV 0.775 (0.064) 0.818 (0.045) 0.500 (0.046)
AD 0.874 (0.034) 0.821 (0.058) 0.296 (0.041)

2000–2001 JV 0.867 (0.047) 0.853 (0.061) 0.559 (0.069)
AD 0.766 (0.053) 0.941 (0.057) 0.322 (0.066)

Overall JV 0.843 (0.021) 0.851 (0.020) 0.533 (0.023)
AD 0.807 (0.021) 0.850 (0.025) 0.275 (0.019)a

a Annual survival of adults was significantly less than that of juvenile
males (P � 0.001).

Table 4. The number of deaths by cause for radio-marked ju-
venile (JV) and adult (AD) males in western Kentucky, 1995–
2000. The percent of total deaths (all years combined) by cause
for juvenile and adult males is shown parenthetically in the bot-
tom row.

Year Age

Cause of mortality

Predation Legal Illegal Crippling Other Total

1995 JV 7 6 3 0 3 19
AD 4 12 8 2 1 27

1996 JV 15 11 1 0 2 29
AD 7 19 3 1 2 32

1997 JV 3 10 3 1 0 17
AD 13 53 3 3 0 72

1998 JV 11 11 0 1 10 33
AD 18 16 2 4 2 42

1999 JV 4 6 1 3 5 19
AD 11 40 2 5 5 63

2000 JV 6 11 2 2 1 22
AD 13 22 4 1 1 41

Total JV 46 (33.1) 55 (39.6) 10 (7.2) 7 (5.0) 21 (15.1) 139
AD 66 (23.8) 162 (58.5) 22 (7.9) 16 (5.8) 11 (4.0) 277

adult males were significantly lower than for juvenile
males (�2 � 76.41, df � 1, P � 0.001).

Winter survival (1 Dec–10 Apr) ranged from
0.772 to 0.941 for juvenile males and from 0.735 to
0.874 for adult males (Table 2). Summer/fall (10 May–
30 Nov) survival ranged from 0.778 to 0.941 for ju-
venile males and from 0.716 to 0.941 for adult males
(Table 2). Seasonal survival rate estimates during win-
ter (�2 � 1.44, df � 1, P � 0.230) and summer/fall
(�2 � 0.01, df � 1, P � 1.000) did not differ between
juvenile and adult males.

Annual natural mortality rate estimates (with hu-
man-caused mortality censored) ranged from 0.075 to
0.380 for juvenile males and from 0.218 to 0.475 for
adult males (Table 3). Annual human-caused mortality
rate estimates (with non-human-caused mortality cen-
sored) ranged from 0.212 to 0.401 for juvenile males
and from 0.546 to 0.738 for adult males (Table 3).
Annual natural mortality rate estimates did not differ
between juvenile and adults (�2 � 2.273, df � 1, P �
0.132); however, annual human-caused mortality was

significantly greater for adult males than for juvenile
males (�2 � 84.62, df � 1, P � 0.001).

Legal harvest accounted for a higher percentage
of the deaths of adult males (58.5) than for juvenile
males (39.6; Table 4). In addition to the 14 birds killed
and not checked during spring turkey hunting seasons,
18 birds were killed illegally outside spring turkey sea-
son. Of the 416 birds that died during the study, 32
(8%) were known to be the result of illegal kill. Eight
more birds disappeared under suspicious circumstanc-
es and were thought to have been poached (these birds
were censored in the survival analyses). No birds were
lost during any of the 7 10-day modern-gun deer sea-
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Fig. 2. Dispersal, based on location of deaths, of 21 male tur-
keys caught as juveniles and 12 male turkeys caught as adults
from a trap site in western Kentucky.

sons during this study. Of the losses due to predators
(n � 112), the type of predator could be attributed for
72 of them. Of these, bobcats (Lynx rufus) accounted
for 44.4%; coyotes (Canis latrans), 25.0%; great-
horned owls (Bubo virginianus), 18.1%; and red fox
(Vulpes vulpes), 13.9%. Some of the kills attributed to
coyotes could have been the result of coyotes scav-
enging kills made by other predators.

Of 256 juvenile males alive the first day of 6
spring turkey seasons, 19.5% (x̄ � 20.1%, range �
14.7–31.3%) were legally harvested (Table 1). Of 343
adult males alive the first day of 7 spring turkey sea-
sons, 52.2% (x̄ � 50.0%, range � 37.5–65.8%) were
legally killed (Table 1). Illegal kill during spring tur-
key season (killed but not checked at mandatory check
stations) and crippling losses accounted for 1.2% and
1.6%, respectively, of the juvenile males and 3.2% and
4.4%, of the adult males, respectively (Table 1). Total
human-caused mortality during the 7 spring turkey
seasons accounted for 22.7% and 59.8% of the juve-
nile and adult males (Table 1).

During the 7 archery turkey seasons (3–3.5 months)
no radiomarked males were killed. During Kentucky’s
fall firearms turkey seasons (2–6 Dec 1998; 1–5 Dec
1999; 29 Nov–3 Dec 2000; 28 Nov–2 Dec 2001), 1.4%
(4 [3 legal harvest, 1 crippling loss]/276) of the males
alive at the beginning of the season were killed.

The harvest of juvenile males varied from 0.103/
km2 of forest in 2000 to 0.213/km2 of forest in 2002.
The harvest of adult males varied from 0.311/km2 of
forest in 1996 to 0.505/km2 of forest in 2002. Esti-
mates of the prehunt population for each year were
derived by dividing the spring harvest per km2 of for-
est for each age class by the proportion killed during
the spring turkey season (see Table 1). Prehunt popu-
lation size of juvenile males ranged from 0.286/km2 of
forest in 1998 to 0.908/km2 of forest in 1999. Prehunt
population size of adult males ranged from 0.527/km2

of forest in 1998 to 0.817/km2 of forest in 2002.
Permit sales for the 3 counties were available for

1996–2002. The number of permits sold in the 3 coun-
ties ranged from 0.954/km2 of forest in 1996 to 1.55/
km2 of forest in 2002. Permit sales in the 3 counties
provide a minimum estimate of hunter numbers be-
cause permit buyers from other counties also hunt in
the 3-county area. In addition, landowners may hunt
without a permit and hunters over 65 are exempt from
buying a turkey permit. Based on the number of tur-
keys shot by landowners and hunters over 65, we es-
timate the density of hunters to be at least 20% higher
than the minimum figures given above.

Birds caught as juvenile males died significantly
further from their trap site (median � 2,772 m) than
did adult males (x̄ � 2094 m; �2 � 34.4062, df � 1,
P � 0.0001). Ninety-nine percent of juvenile males
dispersed less than 12,998 m, while 99% of the adult
males dispersed less than 7,610 m. One juvenile male
dispersed 20,736 m. As an example, patterns of dis-
persal from 1 trap site where more than 10 juvenile
and 10 adults were caught are shown in Figure 2.

DISCUSSION
Mean annual survival of adult males in our study

(26.2%) was lower than the 51% reported in Wisconsin
(Paisley et al. 1996), the 36% reported in Georgia (Iel-
mini et al. 1992), and the 37% reported for 2 study areas
in the Missouri Ozarks (Hubbard and Vangilder this vol-
ume). Mean survival of juvenile males in this study
(55%) was slightly lower than in the Georgia study
(63%) and in the Missouri Ozarks on 2 study areas (60%
and 57%). The combined annual survival rate for juve-
nile and adult males in a Mississippi study was 46%
(Godwin et al. 1991). In our study, the overall annual
survival for juveniles (55.2%) was much higher than for
adult males (26.2%) because of the different mortality
rates between juveniles (22.7%) and adults (59.8%) dur-
ing the spring turkey season. Studies in Wisconsin (Pais-
ley et al. 1996) and Mississippi (Godwin et al. 1991)
found no difference in juvenile and adult male survival
during the spring turkey season. However, studies in
Georgia (Ielmini et al. 1992), Missouri (Lewis 1980,
Hubbard and Vangilder this volume), and Kentucky
(Wright 1998) showed that adults were more vulnerable
than juveniles during the spring turkey season.

In our study, seasonal survival rates of juvenile
and adult males outside the spring turkey season were
�0.80. Vangilder (1996) also reported high seasonal
survival rates for radiomarked adult males outside the
spring season (�0.75) in the eastern Missouri Ozarks.

Natural mortality rates (human-caused deaths cen-
sored) for juvenile (20.1%) and adult males (24.7%)
did not differ. Speake (1980) reported a 10.9% annual
rate of mortality for males from predation across 7
years and 3 study areas using pooled monthly mortal-
ity rates (percent method).

Because of the large difference in vulnerability be-
tween juvenile and adult males to spring harvest, the
human-caused mortality rate of juvenile males was
much lower (0.30) than that of adult males (0.65).

Of the 416 deaths during the study, 69 (27%) were
caused by predation. Legal harvest accounted for 54%
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of the overall mortality. In the eastern Missouri
Ozarks, Vangilder (1996) reported that 51% of adult
male mortality was caused by predation while 30% of
the deaths were the result of legal harvest. In Missis-
sippi, 71% of the total mortality of males was the re-
sult of legal harvest (Godwin et al. 1991).

The average harvest rate (58%) of adult males in
this study was higher than any other recorded in the
literature. In Wisconsin, Paisley et al. (1996) reported
harvest rates of males that averaged 30 to 37%. Be-
cause the proportion of adult males in the spring har-
vest was declining and production had been poor, they
concluded that at these levels of harvest, the adult
male population was being overexploited. In Georgia,
Ielmini et al. (1992) reported that 45% of the radio-
marked males were killed on a wildlife management
area. Ielmini et al. (1992) also felt the opportunity to
kill a ‘trophy’ male was limited because most of the
adult males killed were 2-year-olds. In Mississippi,
Godwin et al. (1991) found the harvest rate of males
ranged from 37 to 58%. In the Missouri Ozarks on 2
study areas, 27% and 41% of adult males were killed
during spring turkey season while only 19% and 14%
of juvenile males were killed (Hubbard and Vangilder
this volume). Hubbard and Vangilder (this volume) be-
lieved that any further increases in spring harvest
would impact turkey hunting quality.

Because of our relatively large sample size and dai-
ly monitoring during spring turkey season, we were bet-
ter able to detect crippling losses and birds killed and
not checked during the spring turkey season (Table 1).
Adult males were more likely to be lost to crippling
(4.4% of those alive opening day of spring turkey sea-
son) than juvenile males (1.6%). In some years, unusu-
ally high predation shortly after spring turkey season
suggests that crippling losses are probably higher than
indicated above. Williams and Austin (1988) reported
that 3 of 35 (8.6%) radiomarked males were lost to
crippling during the 16-day spring turkey season in
Florida. Two of 74 known mortalities occurring during
spring turkey season in Mississippi were classified as
crippling losses (Godwin et al. 1991). Six mortalities
occurring during spring turkey season in Wisconsin that
were classified as apparent predation kills could have
been caused by crippling (Paisley et al. 1996).

In Missouri, after the 1994 spring turkey season,
about 8% of the respondents to a survey reported
shooting at a male and not retrieving it (Vangilder and
Sheriff 1996). In West Virginia, after the 1995 spring
season, 9% of the hunters reported crippling a male
(Pack et al. 1996). On average, from 1983–1993, 8%
of West Virginia spring turkey hunters reported crip-
pling a male (Taylor et al. 1996). In Virginia, from
1987–1992, an average of 6% of the respondents to a
survey reported crippling a male (Norman and Steffen
1992). During a 1989–1991 turkey hunter survey in
Wisconsin, 9% of hunters reported hitting but not re-
covering turkeys they shot at (J. F. Kubisiak, Wiscon-
sin Department of Natural Resources, unpublished
data). In a 1998 turkey hunter survey in Kentucky,
27.3% of hunters reported shooting at 1 or more birds
and not recovering them (G. A. Wright and L. Garri-

son, Kentucky Department of Fish and Wildlife Re-
sources, unpublished data).

In our study, adults were more likely to be killed
and not checked (3.2%) than juveniles (1.6%). On a Mis-
sissippi study area, Gribben (1986) reported a 95%
check-in rate for harvested males. On 2 study areas in
the eastern Missouri Ozarks, 1.9 and 2.5% of the radio-
marked males shot during spring turkey season were not
checked at mandatory check stations (Vangilder 1996).
Hubbard and Vangilder (this volume) reported that 8 and
4% of the males killed during the spring turkey season
were the result of illegal and suspicious loss.

Males taken illegally accounted for 32 (8%) of the
416 birds that died during this study. An additional 8
birds that mysteriously disappeared were suspected of
being killed illegally. Most studies of male turkeys re-
ported little or no illegal losses to hunting (Godwin et
al. 1991, Paisley et al. 1996, Ielmini et al. 1992). How-
ever, Vangilder (1996) reported that 15% of the deaths
of radiomarked males on 2 study areas in the eastern
Missouri Ozarks were caused by illegal kill.

In Wisconsin, in an experimental wild turkey man-
agement zone, 7.2 hunters/km2 of forest resulted in a
harvest rate of 0.323 or 1.3 birds shot/km2 of forest
(Paisley et al. 1996). On our study area, in 2002, when
harvest was greatest, about 1.9 hunters/km2 of forest
were associated with an average harvest rate of 0.227
for juvenile males and 0.598 for adult males and a total
harvest of 0.213 juvenile males/km2 of forest and
0.505 adult males/km2 of forest. Total harvest for both
juvenile and adult males combined was 0.718/km2 of
forest. In the eastern Missouri Ozarks from 1990–
1997, about 1.0 hunter/km2 of forest resulted in a har-
vest rate of 0.300 for adult males and a total harvest
of 0.2 adult males/km2 of forest (L. D. Vangilder, Mis-
souri Department of Conservation, unpublished data).
These comparisons among states suggest no consistent
relationships among hunter density, harvest rates, and
harvest densities.

Juvenile males clearly dispersed further, on aver-
age, than did adult males. During our study, juvenile
males tended to leave the area where they were trapped
in late fall or in early spring. The difference in dis-
persal rate suggests that juvenile males from other ar-
eas replace adult males as they die.

Vangilder and Kurzejeski (1995) reported the results
of a simulation model with varying levels of spring har-
vest on the male segment of the turkey population. They
found that when 45% of the males were killed, annual
survival rates were 0.26 for adult males and 0.40 for
juvenile males (see Vangilder and Kurzejeski 1995; Ta-
ble 19). Their model assumed adult males were twice as
vulnerable to spring harvest as juvenile males. They did
not, however, report for a 45% harvest of males what
proportion of the adult or juvenile male population was
killed. We re-ran the simulations using parameter esti-
mates identical to those used in Vangilder and Kurzejeski
(1995) and calculated what proportion of the prehunt
population of adult and juvenile males were killed. At a
45% harvest of males, 63 and 32% of the adult and
juvenile male prehunt population was killed. In our
study, 60 and 23% of the adult and juvenile male prehunt
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population was killed. Annual survival rates were 0.28
and 0.53 for adult and juvenile males. Thus, a 45% level
of harvest in the model corresponds well with the adult
harvest rates (model, 63%; this study, 60%) and adult
survival rates (model, 26%; this study 28%) observed in
this study. However, at a 45% level of harvest in the
model, juvenile male harvest rates are higher (model,
32%; this study, 23%) and juvenile survival rates are
lower (model, 40%; this study, 53%) than those observed
in this study. This comparison suggests that in western
Kentucky, adult males are more than twice as vulnerable
to spring harvest than are juvenile males.

MANAGEMENT IMPLICATIONS

A comparison of the results of this study with the
Missouri model (Vangilder and Kurzejeski 1995) sug-
gests that the spring turkey harvest in the study area
cannot be increased without causing a decline in the
quality of turkey hunting. By far, the greatest factor
affecting the male population is the spring turkey sea-
son. The current 3-week season (2-bird bag limit) with
all-day hunting cannot be liberalized without having a
negative impact on the male population and the quality
of spring turkey hunting. We believe the high levels
of adult male harvest observed in our study are being
sustained only because the wild turkey population is
still expanding rapidly after restoration. The low vul-
nerability of juvenile males along with their high sur-
vival rate outside spring turkey season results in a high
rate of recruitment to the adult population. We believe
when population growth stabilizes and annual repro-
duction begins to fluctuate, the observed level of adult
male harvest will not be sustainable without a sub-
stantial decrease in the proportion of adult males in
the population and in the harvest. Adult males cur-
rently make up about 70% of the spring harvest in
Kentucky. If harvest continues at the present rate after
population growth stabilizes, we expect the proportion
of adults in the spring harvest to decline and the total
spring harvest to exhibit greater fluctuations because
the total harvest will be more reflective of the previous
year’s reproduction. If the harvest of juvenile males
increases, fewer of them will be available to disperse
to other areas and replace adult males that have died.

Crippling losses and illegal kills are taking far too
many birds. Public relations and turkey hunter edu-
cation need to stress the importance of these factors.
Thousands of additional males could be available to
turkey hunters if these factors could be reduced. It is
estimated that 4,500 adult and 1,100 juvenile males
were lost to crippling and illegal kills during the 2002
spring turkey season in Kentucky. In western Ken-
tucky, illegal kills outside of season are having a minor
impact on the male wild turkey population.
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Abstract: Responding to declines in hunter recruitment and retention, the Missouri Department of Conservation
has provided a 2-day wild turkey (Meleagris gallopavo) youth hunt that occurs on the weekend one week prior
to the regular season. We assessed recruitment (the number of new participants) and retention (the number of
returning participants each year) of youth turkey hunters in Missouri from 1996–2004. Sales of youth tags in-
creased from 6,168 in 1996 to 9,950 in 2000, 13% per year. After the initiation of a special youth hunt, the
number of turkey tags sold increased about 18% per year between 2000 and 2004. From 1996–2000, about 6,700
turkey hunters were recruited compared with 12,300 from 2001–2004. The number of turkey hunters recruited
from 2001–2004 represents about 10% of all Missouri turkey hunters. Since the inception of the youth turkey
season, about 60–65% of recruited youths hunted at least one more year and about 25–30% hunted in 5 consecutive
years. Based on hunter attitude data, 84% of youths hunted during the special youth season in 2005. In contrast
to other youth activities, such as baseball which has seen national declines of about 41% over the same period
and 5% declines for youth fishing, recruitment and retention of youth turkey hunters has increased in Missouri.
While turkey permit sales to adult hunters have remained stable, permit sales to youth hunters have increased.
We believe the special youth hunting season has resulted in an increased interest in turkey hunting by Missouri
youth.

Proceedings of the National Wild Turkey Symposium 9:375–380
Key words: hunter attitude, hunter recruitment, Meleagris gallopavo, retention, wild turkey.

State agencies routinely monitor hunter participa-
tion and attitudes through license sales and surveys of
hunters. Trends in hunter numbers allow agencies to
forecast budgetary needs, measure support for man-
agement programs, and adjust harvest strategies. Rev-
enue from hunting license sales and taxes paid on
hunting equipment are important for a variety of hab-
itat management activities for game and nongame spe-
cies, critical habitat acquisition, and education pro-
grams that promote conservation of wildlife species
and their habitats. Hunter attitude surveys enable agen-
cies to gather input and opinions of user groups (e.g.,
youth) regarding various issues.

Recently, participation in hunting activity has de-

clined (Duda 1993). Nationally, the number of hunters
has decreased 18% since 1975, but trends in some re-
gions suggest stable to slightly increasing participation
(United States Fish and Wildlife Service 1997). Hunt-
ing participation in Missouri has decreased for small
game hunting, but has been stable to slightly increas-
ing over the past 10 years for turkey hunting (Missouri
Department of Conservation 2003). The average age
of Missouri turkey hunters has, however, increased
from 36 to 42 years since 1978 (J. Beringer, Missouri
Department of Conservation, unpublished data) sug-

1 E-mail: Jeff.Beringer@mdc.mo.gov
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Fig. 1. The number of youth permittees in the spring turkey
youth season, by year.

gesting our clientele are aging faster than we are re-
cruiting new hunters. A recent bright spot in permit
sales and participation in Missouri has been sales of
youth deer and turkey permits. Since the creation of a
reduced-cost permit for youth in 1999 and a separate
youth turkey season in 2001, participation by youth
turkey hunters has increased substantially. The Mis-
souri youth deer and turkey permit costs $17.00 and
entitles the holder to harvest 1 spring male turkey or
turkey with a visible beard, 1 autumn turkey of either
sex, and 1 deer of either sex. The special youth-only
spring turkey season occurs on the weekend 9 days
prior to the traditional Monday opening day.

We describe youth hunter participation during
spring turkey seasons following the creation of a low-
cost youth deer and turkey permit coupled with sea-
sons designated for youth-only participation. We at-
tempt to determine if the permits and season have re-
sulted in more youth participation (recruitment) and
whether these youth continue to hunt turkeys in sub-
sequent years. Further, we describe success rates and
attitudes of youth hunters to better understand the pa-
rameters that may increase youth participation in, and
satisfaction with, youth turkey hunting.

METHODS
We obtained youth spring turkey hunting data

from 1996–2004 from the Missouri Department of
Conservation point-of-sale (POS) database which re-
cords license sales and an associated unique hunter
identification number (conservation number). Youth
hunters in Missouri eligible to purchase a youth permit
are aged 6–15 yrs. We determined annual recruitment
and retention rates of youth turkey hunters using birth
dates and conservation numbers to track individual
hunters throughout our study period. We defined re-
cruitment as the number of new youths (�15 yr) that
purchased a youth deer and turkey permit prior to the
end of the spring turkey season in each year. Missouri
survey data suggest that 85% of youth turkey permit
buyers actually hunt turkeys. We compared recruit-
ment rates before and after 2001 (the year a special
youth hunt was established) using a t-test.

We quantified retention in two ways. First, using
conservation numbers, we tallied the number of youths
that hunted during subsequent years (e.g., how many
youths that hunted in 1998 hunted in at least 1, 2, 3,
4, 5, and 6 years). This provided us with information
about overall retention. Second, we recorded the youth
hunters in each year, treating them as a cohort related
to recruitment, and tallied their return in succeeding
years (e.g., how many youths that hunted in 1998
hunted in 1999, 2000, 2001, 2002, 2003, and 2004).
This second method to assess retention allowed us to
better understand youth participation patterns by year.

To assess the impact of regulation changes on per-
mit sales to youth we calculated the annual rate of
change for youth sales before the low cost permit was
created (1996–1998), after the low cost permit was
created but before the youth season (1999–2000), and
after the youth season was created (2001–2004).

To compare attitudes of youth and adult turkey
hunters in Missouri, we analyzed results of available
spring post-season harvest surveys for the years 2000
(pre-youth season) through 2004, stratified by permit
type (youth deer and turkey and resident spring turkey
permittees). In these surveys, we contacted 8,000 pur-
chasers of spring turkey permits. The number of youth
hunters contacted has varied over time, but has been
about 900 for the past two years. Post-season harvest
surveys are used to obtain estimates of harvest and
hunting pressure, number of trips on public and private
land, and perceptions of interference by other hunters.
These estimates may be biased as harvest estimates
derived from surveys are often higher than those re-
ported by check stations. However, trends in survey
estimates closely follow those of actual check station
data. While it is possible that nonresponse bias exists,
no follow-up analyses were conducted to determine
the effects of nonresponse on our survey estimates.

We also compared youth and adult responses to a
2004 Turkey Hunter Attitude Survey. We conducted
this survey to measure turkey hunter attitudes toward
potential spring and fall turkey regulation changes. We
used POS databases for spring 2004 and fall 2003 to
randomly select 8,000 adult and 2,000 youth turkey
hunters for the survey. We received useable responses
from 5,250 adults and 1,136 youth. We compared re-
sponses for the two groups using contingency tables
and chi-square tests.

RESULTS
The number of youth permittees (from POS da-

tabase) in the spring turkey season increased every
year, except 2004 (Figure 1). From 1996 to 2004, the
number of permittees increased more than three-fold
to near 20,000 permittees. The youth permit was first
available in 1999 and 1,276 permits were sold. The
greatest increase in youth license sales, with 4,544 new
youth permittees occurred in 2001 when a special
youth turkey season was created. Our analysis further
indicated that significantly more youths purchased a
license in 2001 and beyond than did before 2001 (t �
�7.464, P � 0.001, df � 7).
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Table 1. Number of youth license buyers in Missouri that pur-
chased a spring turkey hunting license in multiple years, 1996–
2003.

Number of
additional

years
license

purchased

Year license purchased

1996 1997 1998 1999 2000 2001 2002 2003

�1 3237 4732 5355 6714 7496 10090 11501 10301
�2 2600 3930 4293 5739 5916 7490 7331
�3 2159 3230 3437 4276 4513 4787
�4 1820 2662 2609 3217 2931
�5 1490 2078 1706 2087
�6 1164 1533 1361
�7 894 978
�8 558

Table 3. Proportion (�SE) of youth resident deer and turkey
and adult hunters hunting the first, second, and third weeks of
the 2000–2004 Missouri spring turkey seasons.

Year

Week 1

Youth Adult

Week 2

Youth Adult

Week 3

Youth Adult

2000a 78.6
(3.3)

86.4
(0.6)

64.9
(3.9)

75.1
(0.7)

43.5
(4.0)

49.2
(0.8)

2001 59.8
(3.9)

84.0
(0.6)

38.2
(3.8)

73.4
(0.8)

28.9
(3.6)

49.6
(0.9)

2002 57.3
(3.7)

84.2
(0.6)

40.4
(3.8)

77.1
(0.7)

21.3
(3.1)

51.5
(0.9)

2003 54.1
(2.3)

84.8
(0.6)

36.6
(2.2)

74.4
(0.7)

25.1
(2.0)

50.2
(0.8)

2004 50.9
(2.3)

83.9
(0.6)

35.6
(2.2)

75.8
(0.7)

25.1
(2.0)

53.8
(0.8)

a No special youth season.

Table 2. Retention of individual Missouri youth that purchased
a spring turkey hunting license at least once during subsequent
years, by year.

Year

Year

1996 1997 1998 1999 2000 2001 2002 2003

1997 2590
1998 2198 3843
1999 1947 3427 4465
2000 1771 3090 3959 5622
2001 1503 2584 3379 4895 6405
2002 1377 2256 2956 4242 5553 8751
2003 1314 2066 2641 3786 4909 7528 10481
2004 1221 1877 2302 3128 3989 6088 8351 10301

Table 4. Proportion (�SE) of turkey harvest by youth deer and
turkey hunters taken on the first and second day of youth spring
turkey seasons in Missouri, 2001–2004.

Year

Harvest (%)

First day of
youth weekend

Second day of
youth weekend Cumulative

2001 47.9 (3.9) 12.2 (2.6) 60.1 (3.8)
2002 44.9 (3.8) 30.6 (3.5) 75.5 (3.3)
2003 39.7 (2.2) 29.1 (2.1) 68.8 (2.1)
2004 45.3 (2.3) 17.5 (1.7) 62.8 (2.2)

Overall retention numbers of youth turkey permit-
tees declined by about 20–30% per year (Table 1).
That is, about 70–80% of youths hunted at least one
additional year; of those that participated at least once
about 70–80% participated twice and so on (Table 1).
However, the first year of the study, we observed lower
retention when only 52.4% of those participating hunt-
ed at least one additional year. The 2003 data indicate
a similar trend, but this may change as youth have
additional opportunity (years) to purchase a license.
Otherwise, overall retention numbers were consistent-
ly between 70–80%.

The number of youth purchasing a permit during
subsequent years declined about 10–20% per year (Ta-
ble 2). That is, about 80–90% of youths hunted the
following year. Thus, retention from year to year re-
mained high for youth turkey hunters. It is likely these
numbers are slightly biased as some nonresident youth
might graduate to an adult tag but not purchase one
because they no longer receive a price break. These
nonresident youth may have purchased a resident per-
mit for their resident state but we were unable to ob-
tain this information. Youth that purchased adult per-
mits in Missouri were tracked through their conser-
vation number.

Annual rates of change for permit sales to youth
hunters was 6.2% per year from 1996–1998 (before
the low cost permit was created) 20.1% from 1999–
2000 (after the low cost permit was created but before
the youth season) and 18.8% from 2001–2004 (after
the youth season was created).

The percentage of respondents that said they hunt-
ed the first, second, and third weeks, respectively, de-
creased during the regular season (Table 3); however,
about 30% of youths harvested birds during the special
early youth season. In 2001 a youth season was intro-
duced that preceded the regular season. As a result,
the percentage of youth hunting the regular season de-
clined, but appeared to have stabilized in 2003 and
2004. Surveys indicated that, since the inception of the
youth weekend, most harvest occurred during that time
period (Table 4). Youth participation was 84%, 87%,
87%, and 83% for 2001, 2002, 2003, and 2004, re-
spectively.

Prior to the youth season implemented in 2001,
youth harvest patterns were similar to adults with the
top harvest days being the Monday opener (about 25%
of the total harvest), and either the next day or the first
Saturday after the opener (usually contributing 7% to
11% of total harvest). Since 2001, the first day of
youth weekend has been the top harvest day for youth,
followed by the second day of youth season.

Youth permit buyers typically hunted fewer days
than adult resident permit buyers. The mean number
of days hunted annually, since 2000, has remained rel-
atively consistent, with 3.61 (SE � 0.24) to 3.71 (SE
� 0.14) days for youth permit buyers, and from 5.70
(SE � 0.07) to 5.88 (SE � 0.07) days for adult re-
spondents (resident spring permittees).

Success rates for youth hunters increased with the
advent of the youth weekend. The percentage of youth
harvesting a bird increased an average of about 9%
with success rates ranging from a low of about 23%
in 2000 (no youth season), to 33% in 2001 and 2002,
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Table 5. Percent hunter success (�SE) for youth deer and tur-
key and adult resident spring turkey hunters in Missouri, 2000–
2004.

Year

One turkey harvested

Youth
success

Adult
success

Two turkeys harvested

Youth
success

Adult
success

2000a 22.3 (3.4) 29.1 (0.8) 0.7 (0.7) 13.7 (0.6)
2001 30.6 (3.6) 29.0 (0.8) 0.6 (0.6) 12.4 (0.6)
2002 31.7 (3.6) 27.6 (0.8) 1.2 (0.8) 11.2 (0.5)
2003 30.9 (2.1) 28.3 (0.8) 0.8 (0.4) 10.2 (0.5)
2004 31.5 (2.1) 29.0 (0.8) 0.7 (0.4) 12.0 (0.5)

a No special youth season.

Table 6. Percentage (�SE) of resident youth and adult hunters reporting problems with interference while spring turkey hunting in
Missouri, 2000–2004.

Year

Degree of Problem

Great

Youth Adult

Some

Youth Adult

Little

Youth Adult

None

Youth Adult

2000a 3.4 (1.5) 3.9 (0.3) 9.4 (2.4) 13.4 (0.6) 15.4 (2.9) 22.3 (0.7) 70.5 (3.7) 59.3 (0.8)
2001 1.2 (0.9) 3.9 (0.3) 8.6 (2.2) 12.9 (0.6) 14.8 (2.8) 21.2 (0.7) 73.5 (3.4) 61.2 (0.8)
2002 3.0 (1.3) 3.9 (0.3) 8.3 (2.1) 12.9 (0.6) 11.9 (2.5) 21.7 (0.7) 76.2 (3.3) 60.5 (0.8)
2003 3.4 (0.8) 3.3 (0.3) 8.3 (1.3) 13.4 (0.6) 16.2 (1.7) 21.8 (0.7) 69.4 (2.1) 60.4 (0.8)
2004 1.5 (0.6) 2.8 (0.3) 8.3 (1.3) 11.8 (0.5) 13.3 (1.6) 20.3 (0.7) 74.6 (2.0) 63.9 (0.8)

a No special youth season.

and 32% in 2003 and 2004 (Table 5). However, youths
are still not as successful as older hunters with resident
permittees reporting an average success rate of 38–
41% for the season.

Youth were less likely to report a problem with
interference from other hunters than adult hunters,
with about 70–75% of youth reporting ‘‘no problem’’
compared to 60–64% of adults. Adults reported having
‘‘somewhat of a problem’’ and ‘‘little problem’’ more
often than youth hunters (Table 6).

In general, response patterns from the 2004 Turkey
Hunter Attitude Survey indicated that youth were
more accepting of liberalizing turkey regulations to al-
low more opportunity. We asked hunters if they sup-
ported or opposed changing the current check station
system to a telephone checking system. Youth respons-
es were different than adult’s (�2 � 69.66, df � 2, P
� 0.001). Most adult hunters (60.4%, SE � 0.7) sup-
ported this change, while 46.8% (SE � 1.5) of youth
supported it. Some youth hunters (37.8%, SE � 1.4)
still had a desire to check their turkey at a check sta-
tion whereas 27.8% (SE � 0.6) adults did.

Support for all day hunting in the spring was high
in both the youth and adult groups, although youth
hunters displayed more support for this change (�2 �
13.94, df � 2, P � 0.001). Most hunters were in sup-
port of extending the current closure (1300 hr) to sun-
set; 78.6% (SE � 1.2) youth and 76.1% (SE � 0.6)
adult hunters supported all day turkey hunting.

DISCUSSION
The creation of a special youth spring turkey hunt-

ing season in 2001 resulted in a substantial increase in
youth participation. We have not observed similar in-

creases in sales of permits to adult hunters. During ev-
ery year except 2004 we noted an increase in youth
participation. Given recent concerns over hunter recruit-
ment and retention, our data suggested that special
youth tags and seasons might boost turkey hunter num-
bers. In contrast, Enck et al. (1996) suggested that mak-
ing it easier or less expensive to buy licenses or have
opportunities to go afield may have little influence on
recruitment and retention. We believe that for youth,
special opportunities are paramount given the compet-
ing interests and rapid paced lifestyle of today’s youth.

Retention of youth spring turkey hunters is con-
sistently high from year to year, with about 70–80%
returning annually. While youths not continuing to
hunt are not considered retained, their hunting expe-
rience might cause them to consider themselves hunt-
ers. Purdy et al. (1989) found that very few hunters
who discontinued hunting did not consider themselves
hunters 5 years later. While this group may not con-
tribute financially, they still may support hunting from
a social or political standpoint. Retention rates of
youth turkey hunters were higher than those reported
for other youth activities such as baseball and soccer
which had 41% and 10% declines, respectively, since
1990 (Sporting Goods Manufacturer Association
2001). Participation by youth in fishing declined 5%
during the same time period (United States Fish and
Wildlife Service 2002).

Most youths hunt during the special youth spring
turkey hunting season, and we observed an increase in
success of youth hunters after the establishment of the
special season. However, their overall success is still
lower than adults. Clearly our data indicated that
youths take advantage of the early hunting opportunity
available to them. They apparently recognize this as a
special and unique opportunity. The special season not
provides an opportunity for youths, but it also provides
a chance for adults to accompany and teach youths
about turkey hunting while not detracting from their
own hunting time. The availability of this hunt not
only increased participation, but increased actual suc-
cess rates of youth hunters.

More youths were in support of turkey season lib-
eralizations and check stations than adults. These find-
ings may have important implications for maintaining
youth interest in hunting activities. We suggest liber-
alizations when they are within the biological param-
eters for populations established by the agency. Such
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liberalizations may create enthusiasm and thus addi-
tional participation and possibly retention. The support
of check stations might indicate the importance of so-
cial interactions among youth hunters. We suspect that
successful youths are interested in sharing the results
of their success with others at check stations. A youth
hunting survey conducted by Responsive Management
(2003) suggested that traditional management pro-
grams geared towards wildlife harvest and manage-
ment are not as important to youth satisfaction as are
factors such as interacting with family and friends. In
contrast, adults seem to be more in favor of remote
checking (telechek), possibly due to their time con-
straints. We suggest that states without check stations
consider the social benefits of meeting places for hunt-
ers. For example, stations where successful hunters
weigh their bird and record harvests might promote an
important social gathering place.

Our evaluation points to several recommendations
when considering implementation of a special youth
turkey season. First, we suggest the season be limited
to youth-only participants. We observed the greatest
increase in youth permit sales in Missouri following
creation of a special youth only season. We suggest
that timing be set to coincide with the first peak of
turkey gobbling and prior to initiation of continuous
incubation. Setting seasons around these time periods
may boost success and opportunities for youths to har-
vest a bird. However, success was not the only moti-
vation for retention; we observed that retention rates
were not improved despite improved success rates for
youths. Second, we suggest weekend season openers
for special youth turkey hunting seasons. Traditional
weekday openers were established to reduce interfer-
ence among hunters and minimize accidents. However,
they are not accommodating to youths. Our data sug-
gests that interference was not an issue with the ma-
jority of youth turkey hunters, and weekend hunts
would minimize conflicts with schooling.
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