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And now, we are going to focus in on Lake Michigan steelhead, in particular perspectives on stocked vs naturalized steelhead.



Rationale for stocking:

Benefits
1) Create fishing opportunities 
2) Reestablish declining or 

extirpated populations
Costs

1) Financial cost to rear and 
transport fish

2) Potential genetic concerns
3) Ecological concerns

• Competition (for food and 
spawning habitat)
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Presentation Notes
Stocked fish represent an important component of the steelhead fishery in Lake Michigan. It costs ~$1.79 per fish to raise steelhead (MDNR), and approximately $ 2,685,000 for all agencies to stock 1.5 million yearlings into Lake Michigan annually.Stocked fish are used to create fishing opportunities or to reestablish declining or extirpated populations.Negatives associated with stocking include the financial cost of raising and transporting fish to stocking locations.Potential for genetic concernsOr ecological concerns related to competition for food or spawning habitat.



Rationale for 
naturalized fish:

Benefits

1) Natural selection and local 
adaptations.

2) Better acclimated to 
environment (lower predation 
losses, better at feeding)

3) No cost to produce

Costs

1) All rivers aren't suitable for 
reproduction

2) More variability 

Presenter Notes
Presentation Notes
Naturalized fish also represent an important component of the Lake Michigan fishery. Although not all rivers support natural reproduction, and many jurisdictions outside of MI would have few if any fall/winter fisheries in streams without stocking.What are the rationales for protection of naturalized runs?Sustain unique genetic adaptations to local environments (speciation).Protect genetic diversity of species/sub-species delineations.Save money and produce quality fisheries adapted to respond to variation in local environments.No associated costBetter acclimated to environment lower predation, better survival.Negatives include-All rivers are not suitable for reproduction. Creating inconsistencies among agencies in commitments to management of naturalized stocks.-Production can be more variable and less consistent due to environmental and other factors



History of steelhead in the Great Lakes (Part 1)

 Steelhead are not native to the Great Lakes.
 1st introduced in 1876

 Even subspecies designation requires time and reproductive 
isolation.

 Rapid evolution in Great Lakes as steelhead adapted to fresh 
water.

Willoughby, J.R., Harder, A.M., Tennessen, J.A., Scribner, K.T., Christie, M.R., 2018. Rapid genetic adaptation to a 
novel environment despite a genome-wide reduction in genetic diversity. Mol. Ecol. 2018, 1–11.

1 million years for speciation to occur

146 years in Great Lakes
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Presentation Notes
Steelhead are not native to the GL and were first introduced in 1876 when fish were introduced from the McCloud River stock (in either Crooks or Campbell’s Creeks) on the west coast. The initial introductions may have included a mix of resident and anadromous trout.Speciation takes a long time to occur. Systematists often talk in millions of years when describing speciation. In the plot above, the 146 yrs in which steelhead have been resident in the GL is virtually undetectable on a scale of 1 million years. Even subspecies designation take time and require reproductive isolation.More recently, geneticists have identified “rapid evolution” in Lake Michigan steelhead using functional genomics. Observed traits are associated with the atypical experience in the freshwater environment presented by the GL. (Platte, Betsie, Little Manistee River)  



History of steelhead in the Great Lakes (Part 2)

 Little Manistee River likely one of the first colonized by 
introduced trout

 Multiple hatchery strains with evolved tendencies to enter 
rivers at  different times of the year have been stocked to 
extend the duration of once seasonal fisheries.
Summer steelhead

 Four strains (Rogue, Skamania, Siletz, and Umpqua)

Winter steelhead (varying spawn times)

 Michigan, Little Manistee River (McCloud River, CA)

 Chambers Creek, Washington

 Ganaraska, Ontario

 Kamloops, British Columbia
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LMR likely on of first colonized by introduced steelhead. To collect eggs and provide some assessment of run size, a harvest weir has been in place on the Little Manistee River since 1968.Many strains are or have been introduced through the years, and strains are typically selected for different run times to create expanded river fishing opportunities. In the past, 4 strains of summer steelhead have been introduced into LMI. In present times, most states are stocking the Skamania strain.4 or more strains of winter run steelhead with varying expectations for run times have been introduced into LMI. 



Genetic stock considerations:

 Genetic differences highest between hatchery strains in Lake 
Michigan steelhead (Bartron et al.).

 Changes in hatchery management practices increased relative 
contributions of hatchery steelhead to naturalized populations.

 Hatchery fish are contributing genetically even to non-stocked 
systems:
 Increased numbers of genes in spawning adults from 

populations can be attributed to genes specific to recently 
introduced hatchery strains.

 Higher than expected straying rates
 The % of hatchery fish returning to the four rivers with naturalized 

populations ranged from 13% to 31% of total spawning runs.

Bartron, M.L., Scribner, K.T., 2004. Temporal comparisons of genetic diversity in Lake Michigan steelhead, Oncorhynchus mykiss, populations: 
effects of hatchery supplementation. Environ. Biol. Fishes 69, 395–407.

Bartron, M.L., Swank, D.R., Rutherford, E.S., Scribner, K.T., 2004. Methodological bias in estimates of strain composition and straying of 
hatchery-produced steelhead in Lake Michigan tributaries. North Am. J. Fish. Manag. 24, 1288–1299.
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Observed genetic differences in LMI steelhead are highest between hatchery strains and not between river systems. Improved hatchery practices (larger fish, better quality) have increased survival and contributions of stocked fish genetically.Higher than expected straying rates when rivers with strong naturalized runs were evaluated. Rivers included: (1) the Platte River, (2) Bear Creek (a tributary of the Manistee River), (3) the Little Manistee River, and (4) the Pere Marquette RiverWhere straying rates ranged from 13-31%.



Other considerations:

 Hatchery fish lower survival vs. naturalized fish

 Hatchery fish can be less effective spawners 
(lower fitness)
• Fitness = “ability to contribute to future generations”

 Hatchery fish and alter adaptations due to natural 
selection (outbreeding depression)
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Hatchery fish are generally expected to experience lower survival relative to naturalized fish and can be less effective spawning with lower fitness. Fitness= “ability to contribute to future generations”.Hatchery fish may negatively influence adaptations of naturalized fish through outbreeding depression. 



Current stocking practices for steelhead
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Whole lake stocking rates in Lake Michigan have been relatively consistent, averaging 1.4 million fish per year from 1994-2020. In the recent 10 years, from 2010-2020, MDNR stocked on average, 600,000 yearling steelhead, WIDNR stocked 430,000 fish, IN stocked 330,000 and IL averaged 90,000 fish. Survival of yearling steelhead far surpasses that of fall fingerlings.



Decreased survival of stocked steelhead
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Numbers of naturally produced (wild) and hatchery (stocked) steelhead observed annually in MDNR creel biodata collections. The solid black line represents the number of yearling equivalents stocked and is associated with the secondary y-axis (right).The post-stocking survival of stocked steelhead appears to have declined for the 2000 and 2002 year-classes. Stocked steelhead were less frequently observed in biodata collections from MDNR Lake Michigan creel surveys thereafter.  While stocking rates had remained relatively consistent throughout the timeline. We are currently trying to better understand the mechanisms behind this shift.



Proportion of stocked vs naturalized fish
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Estimates of the number of stocked and naturalized age-1 steelhead in Lake Michigan. Numbers are from stock assessment models which integrate multiple sources of information. On average, over the time-series, 36% of steelhead lake-wide are naturalized recruits primarily from streams in Michigan. Contributions of naturalized steelhead have been somewhat higher since, 2005, averaging 42%, whereas pre-2005 average % wild estimates averaged 23%. Remember that most of the naturalized steelhead smolts are produced in the upper lower peninsula of Michigan.



Sources of Wild Steelhead Caught in Lake 
Michigan

Little Manistee River (25%)
Pere Marquette River (18%)
Kalamazoo River (17%)
Muskegon River (11%)
St. Joseph River (9%)

80%

Little Manistee River

Kalamazoo River

St. Joseph River

Pere Marquette River

Muskegon River

Grand River

Manistee River
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Michigan produced wild fish bolster fisheries around the lake. Of the 41% of steelhead that are of natural origin, 80% come from five river systems in the lower peninsula of Michigan (Little Manistee River, Pere Marquette River, Kalamazoo River, Muskegon River, and St Joseph River). The Little Manistee and Pere Marquette Rivers alone represent 42% of wild recruitment to Lake Michigan recreational fisheries.  Because other jurisdictions are not supportive of naturalized fish, unlikely to get alignment on managing Lake Michigan for naturalized fish.



Ongoing and Future 
research:

 Mortality sources for young stocked 
and wild steelhead.

 Recruitment bottlenecks. (predation 
on young steelhead)

 Evaluation of time spent in river prior 
to smolting

Presenter Notes
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Future studies will include the use of acoustic predation tags to explore movement, mortality sources, and timing of outmigration for stocked and naturally produced steelhead smolts in the spring.The larger picture is aimed at defining specific bottlenecks to the recruitment and survival of steelhead in Lake Michigan. We will continue to improve and expand on smolt production models which integrate environmental and landscape variables to predict the number of smolts produced in individual rivers. We will explore ways to further our understanding of fishing vs spawning mortality in river systems. As always, we will listen and receive feedback from managers and anglers to design studies which address core concerns related to best practices for managing steelhead populations.



New study: Movement patterns and survival 
of out-migrating steelhead smolts in tributaries 

to Lake Michigan

Hypothesis 1: Stocked young steelhead will out-migrate earlier 
and during a shorter-time span than naturalized fish.

Hypothesis 2: Naturalized steelhead are less likely to be 
consumed by predators than stocked fish.

Hypothesis 3: The numbers of predators influence predation 
rates on young steelhead.

Presenter Notes
Presentation Notes
A new study proposal is written and submitted for funding. We are Asking for ~$400,000 to conduct the study which use innovative technology to explore movements and influences of predation on stocked and naturalized steelhead.Hypothesis 1: Stocked young steelhead will out-migrate earlier and during a shorter-time span than naturalized fish.Hypothesis 2: Naturalized steelhead are less likely to be consumed by predators than stocked fish.Hypothesis 3: The numbers of predators influence predation rates on young steelhead.For this investigation, predation tags which transmit an acoustic signal are surgically implanted in young steelhead, if the steelhead is consumed, the signal changes as a coating on the tag is digested in the stomach acid of the predator.



Preliminary investigation complete:

 Test survival of young 
steelhead after:
 Surgeries

 Tag insertion

 Holding for 2 months

 Zero mortalities!!

Presenter Notes
Presentation Notes
A preliminary investigation was successfully conducted to evaluate how well juvenile steelhead would handle surgery and tag insertion and survive. Steelhead were held for 2 months at Thompson Hatchery and there were zero mortalities. We therefore have reason to believe that acoustic predation tags can be used to provide valuable information on life histories of juvenile steelhead.



Proposed project timeline:
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The project would begin in winter of 2022 with the purchase of tags and receivers. Surgeries and data collection would begin on one system in the spring of 2023, where we will use less expensive locational tags to work through the logistics of stocking naturalized and hatchery fish while timing surgeries and release dates. For the next 3 years, the study will be conducted with predation tags on 3 river systems, and would be completed in the fall of 2026.



New finding, Smolt residency time for 
naturalized steelhead in streams is changing
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Presentation Notes
I’d like to share a new finding with you, that may be of interest related to stream residency time for naturalized steelhead.



Stocked vs naturalized fish:

Recreational fishery

Average 96% S1 Average 71% S1
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Most stocked hatchery steelhead leave rivers at age 1 (the year in which they are stocked), as can be seen in the recreational fishery returns (left side graph) of hatchery origin steelhead where on average, in most years’, 96% of hatchery steelhead left the stream in 1 year. For naturalized steelhead (right side graph) the story is more complex. On average, in this graph 71% are age 1 when they leave the stream, though the story is more complex.Please note the difference in scale on the y axis. I’ve included the graph from a previous slide for reference regarding how hatchery and naturalized steelhead compare.



Recreational fishery age at out-migration 
(smolting)

Average 40% Average 80%
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For naturalized steelhead recovered in Lake Michigan creel biodata sampling efforts, the proportion of age 1 is different pre and post 2000. Before the year 2000, most steelhead spent more than 1 year in the river with only 40% leaving after 1 year. After the year 2000 a greater number of naturalized smolts left after 1 year in the river (80%) and substantially fewer resided in streams for more than 1 year. 



Little Manistee River age at out-
migration (smolting)

Average 27% Average 53%
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Another source of information can be evaluated by looking at fish returning to weirs in the Little Manistee River. Pre-2000 most fish spent more than 1 year in the stream and only 27% left at age 1. Whereas post 2000 a much larger 53% of steelhead left the river after 1 year.



Given what you now know, what are your 
expectations for growth of young steelhead?

Pre-2020 vs post-2020
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Given what you now know, what are your expectations for growth of young steelhead? Would you expect steelhead to be smaller or larger to leave after 1 vs 2 or 3 years? My personal guess was that fish would be larger to smolt and leave rivers earlier. But, I was wrong…



Summary from Little Manistee River Age-1 
steelhead

2014 & 2015 1983 & 1984

Next steps: Similar analysis on adults from open lake fishery.
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We asked a student who was conducting a project with us at CMU (Ben Zeitler) to measure growth by marking annuli on scales collected from naturalized steelhead smolts in the Little Manistee River. The image in the upper right corner shows a marked scale with the center, 1st annulus and outer edge marked. Ben evaluated scales from 2 time periods (contemporary and historical). Contemporary fish were collected in 2014 and 2015, and historical fish were collected by Paul Seelbach in 1983 and 1984. Comparisons were made between estimated lengths of fish at the first annulus and historical fish were substantially larger than contemporary fish. We are in the process of trying to explain mechanisms behind the shift. As a first step, we will collect measurements from scales obtained in historical and contemporary recreational creel surveys. Growth to the first annulus for naturalized fish will be compared between the 2 time periods. 



Thank you
Questions?
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Thank you, any questions
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