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LETTER OF TRANSMITTAL.

Orrice or THE STATE GEOLOGIST,
Laxsivg, Micw., Oct. 30, 1905.

To the Honorable, the Board of Geological Survey of the State of Mich=
igan:

Hon. Fred M. Warner, President,
Hon. L. L. Wright.
Hon. Patrick H. Kelley, Secretary.

Gentlemen:—TI herewith transmit for publication, in the Annual Report
of the Board for 1905, the following report. This is a contribution to the
Biological Survey of the State, which the Legislature authorized you to
supervise' and execute by Act No. 250 of the Session of 1905. The Tollow-
ing report is the result of a natural history survey made in the Porcupine
Mountains and on Isle Royale by a party from the University Museum,
University of Michigan. It is not a mere list of plants and animals, but a
study of these forms in relation to their surroundings. It is thus a con-
tribution to the natural history of the Upper Peninsula, and in addition
to its scientific value will, I trust, be of use to teachers in all parts of this
region and stimulate them in the study of the forms of life about them.

Very respectfully,
ALFRED C. LANE.
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INTRODUCTORY NOTE.

During the summer of 1904 the University Museum of the University of
Michigan sent a party to Northern Michigan. The aim of the expedition was
to make an ecological study of the plant and animal life of the Porcupine
Mountains in Ontonagon County and on Isle Royale. The Porcupine Moun-
tains are about 120 miles west of Marquette, on the south shore of Lake
Superior; Isle Royale,an island in Lake Superior,is near the north or Canadian
shore. Almost nothing has been known of the Natural History of these
localities, and collections from these regions have been almost completely
lacking in the Museum. Civilization has already exterminated a large
number of plants and animals from parts of Lower Michigan, so that it is
especially desirable that records and collections be secured {rom these north-
ern regions ere it becomes too late through the encroachments of civilization.

The expedition was made possible through the generosity of certain public
spirited friends of the University, as the funds of the Museum are too limited
to carry on this very important line of work, without special aid. The
major part of the funds were the combined gifts of Mr. Bryant Walker, of
Detroit, Hon. Peter White and Mr. N. M. Kaufman, of Marquette, and to
these gentlemen in particular the University Museum is under great obligation.
The Board of Regents of the University generously contributed the expense
of transportation, not otherwise provided. Through the efforts of Mr. White
the party received transportation or special rates in the Northern Peninsula.
The Duluth, South Shore & Atlantic R. R. gave a special rate to the party,
and the White Line Transportation Co., through Capt. W. H. Singer, general
manager, gave free transportation to the party to and from Isle Royale.
Through Mr. Henry Russel, the Michigan Central R. R. also gave the party
a special rate. The Washington Club of Duluth, through Mr. John Panton,
provided the party with excellent field headquarters upon their private
grounds on Isle Royale. The Marble Axe Co., of Gladstone, Mich., pre-
sented the party with a set of useful camp articles. In addition to the services
of the volunteer members of the party and those just mentioned many others
have aided in various ways. In behalf of the Museum I wish to express
my sincere appreciation for this codperation.

The field party was in charge of N. A. Wood, the Museum taxidermist.
He was assisted by A. G. Ruthven, who had charge of the scientific work,
and who directed it along lines outlined by the writer. The other mem-
bers of the party were Messrs. Otto McCreary, N. F. Macduff, Max M. Peet
and W. A. Maclean. All members of the party, except the leader, were
volunteers, and thus their contribution to the success of the expedition was
of a very substantial nature. Without their aid nothing could have been
accomplished.  Upon Messrs. Wood and Ruthven fell the responsibility of
the party in the field, and to their care and foresight is due, in a large measure,
the success of the expedition.

2
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IN TRODUCTORY.
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INTRODUCTORY. 11

A few remarks concerning the character of the field work, upon which
the ecological reports have been based, will be of interest and also indicate
the general bearing of such work. The aim of the present expedition was
not directed primarily along the lines usually followed by natural history
surveys. The aim was to secure ecological jacts and relations concerning
the plants and animals of the regions visited. In order to accomplish this,
it was necessary not only to collect specimens but also to make observa-
tions concerning the relation of plants and animals to their environment.-
Mr. Ruthven was therefore instructed to run lines of survey across the
region examined, in such a way as to include examples of all of the repre-
sentative habitats or environments. These habitats were then to be examined
in as much detail as time permitted. There is nothing unique in this method
of selecting special localities, but in the detailed study of these various
habitats special attention was given to the relations of the biota™ to its environ-
ment. In this study attention was directed particularly to the forces and
conditions composing the environment, in order that the dominant forces
might be clearly recognized. This involved a careful analysis of the con-
ditions, as it is only by such means that the laws of change can be recognized,
and the dynamies of the habitat be understood. In this way, the habitat
can be studied from the standpoint of processes rather than from that of
the end result or effects of such forces, for it is very evident that if the habi-
tats are to be understood it must be by a study of their laws of change.

Somewhat similar methods have been applied to special problems by a
few plant ecologists, notably Cowles and his students, from whom many
suggestions have been received, but such methods have not been applied
to the study of both the plants and animals, and their interrelations, for any
region. In the detailed application of this standpoint to the study of habitats,
with its method of description in terms of processes, this report (Ruthven’s
section) is believed to be unique. That the ideal of interpretation, dynami-
cally considered, has not been realized in the present ecological studies,
will not be surprising to any one who understands the dynamie relations of
ideals, or to one who has ever tried to depart from the customary static
methods of working in order to think in terms of processes—dynamically.

As this method of thinking is not generally understood, it is occasionally
applied in such a crude and general sense that its bearing can not be grasped
when applied to special or concrete problems. There can be no question
as to the general validity of this method, but what is now needed is to know
how these processes are combined and related to produce particular environ-
mental conditions or situations. Tt seems a very simple matter to give
assent to the idea of the law of change, yet in its practical application this
simplicity often vanishes at once when it is seen that it involves the re-
lation of cause and effect. The organic environment is very complex and
the ecologist, like the geologist has very frequently to deal with a complex
of causes. But to be able even to refer a change to such a complex
is often a distinct advance, as this involves a recognition of a problem
requiring analysis, which is a further advance.

That these difficulties are not confined to the ecologist alone, but are
obstacles which arise in any attempt as scientific interpretation, is worthy
of special notice. We are thus able to see why certain naturalists apparently
not recognizing or understanding the developmental processes which scien-
tific ideas undergo, nor being acquainted with the tendencies of interpreta-
tion, dynamically considered, now making such rapid headway in ecological

*Biota—‘‘the total of animal or plan* life of a given region or period.” Stejueger.




12 INTRODUCTORY.

botany, geography, physiography, geology and psychology, are inclined
to look upon such attempts in biology as merely a fad or a personal peculiar-
1ty of th(_a student, and not of any particular consequence. Such ideas con-
fuse the incidental with theessential and suggest a complete failure to grasp
the Sltuation or to realize the fundamental importance of stating explana-
tions in terms of processes.

. Furthermore, in several of the allied sciences, the methods of dynamical
Interpretation have already made considerable advance. Here then is
& resource, at present largely unworked by many biologists, where a wealth
of ideas and explanations lie strewn over the surface and ,only need to be
picked up in order to be utilized by those acquainted with this method of
1nte;’pretation.d i‘c is thus very apparent tha
are 1nvestigatga ynamically and expressed in terms of processes. this o

Wll.l of necessity become more closely correlated Withpthose aliigclllsszicégégg
which have already availed themselves of such methods.

April, 1905.
niversity Museum,

University of Michigan. Curator.
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‘AN ECOLOGICAL SURVEY IN THE PORCUPINE MOUNTAINS AND
ISLE ROYALE, MICHIGAN.

A. G, RUTHVEN.
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RIS e

INTRODUCTION.

The following report is based upon the results of the University of Mich-
igan Museum Expedition to the Northern Peninsula of Michigan. The
field work covered a period from July 13 to September 5, 1904. From July
13 to August 13 was spent in the Porcupine Mountains; the remainder of
the time on Isle Royale. After a short reconnaisance, a line was run through
that part of the region presenting the greatest variety of habitats, and
stations were established on this line at which collecting was done. This
plan greatly aided keeping in mind the relation between the physical con-
ditions and the biota, as topographic and vegetational features were made
the basis for the location of stations. It also made it possible to examine
a great variety of conditions and thus obtain representative collections.

There were six men in the party: Messts N. A, Wdod, Max M. Peet, N.
F. Macduff, Otto McCreary, W. A. Maclean, and the writer. Having had
some experience in this work, Mr. Macduff assisted the writer in running
the line, and while doing this listed the flora of the stations as they were
established. Mr. Wood’s time was mostly spent in caring for the bird and
mammal skins, and in this work he was assisted by Mr. Peet, who, in turn
assisted by Mr. Wood did the trapping. Mr. Peet also spent some time

3




18 MICHIGAN SURVEY, 1905.

collecting birds.. Mr. MeCreary devoted his time to the study of the habitats

of the birds and to the collecting of ants, and Mr. Maclean to collecting
vertebrates alone. The invertebrates and cold blooded vertebrates were
collfcted by the writer, with the assistance of the other members of the
party.

Except in the case of the molluses and birds, no attempt was made to
make exhaustive lists of the different groups, owing to the lack of time
The collections include principally the representative forms in the different:
ll}agaltats, as Is indicated in the description of the stations and in the annotated
ists.

‘While running the line of survey and establishing the stations, the de-
pendence of the biota on the environmental conditions, and the aajustment
between these conditions and the plant and animal societies was given
special attention. Much light was thrown on the interpretation of 3Ehese
interrelations by considering the physiography in its dynamic or unstable
aspect. The physiography is the resultant of the geological formations
and the agencies constantly at work modifying them. Since the hiota is
dependent on the physical conditions in the different habitats, it is also un-
stable. A knowledge of the present and past conditions, which can only
be obtained through a knowledge of the processes involved. is therefore
necessary to eXpla‘lphthe origin and distribution of the life éf this region

Both of the localities worked are favorable for study from the ecologicai
standpoint, for the primitive and natural order of life prevails practieally
free from the disturbing influences of man. The forests have not been
lumbered, and, although mining has been done both in the Porcupines
and on Isle Royale, the workings were all early abandoned, and the con-
ditions of nature have reverted so nearly to their primitive order that the
only evidences now remaining are caved-in shafts, and occasional growths
of aspen and birch which mark the site of old clearings. The whole region
is wilderness and practically uninhabited. For this reason, field hgad—
quarters were established in order to have a suitable place where provisions
could be stored, and where the specimens could be properly cared for. Owing
to the nature of the woods, travel was arduous and all extended trips had
to be ma’d.e with packs, making it difficult to care for specimens more than
two days’ journey from camp. This difficulty, in the Porcupine Mountains
was counterbalanced by the rough nature of the topography that made it
possible to get a large variety of habitats within a comparatively small area.
The territory covered by the survey was, therefore. limited to about twelve
square miles, in order that representative habitats might be worked in
some detail. On Isle Royale, the low relief made it necessary to extend
the line much farther in order to get a variety of habitats. It was, for this
reason, impossible to cover the ground in as much detail. ’

It is well at this time to acknowledge our indebtedness to Mr. David
Al.he, caretaker of the Carp Lake Mining Property in the Porcupine Moun-
tains, who placed at our disposal a large double shack furnished with bunks
stove and dishes, and aided us in many other ways. We are also indebted
to Mr. Charles Preulx and Michael Hollinger, caretakers of the grounds
of the Washington Club, Isle Royale, who also assisted us in many ways..

ECOLOGY OF NORTHERN MICHIGAN, 19

PART I. PORCUPINE MOUNTAINS.

1. HISTORY.

The Porcupine Mountains are situated in the Northern Peninsula of
Michigan, in Ontonagon County, near the west end of Lake Superior, be-
tween the Iron and Presque Isle rivers. They were acquired by the United
States Government from the Mississippi and Lake Superior Chippewa Indians
by virtue of a treaty concluded October 4, 1842. The territory included
in this treaty was bounded on the north by Lake Superior; on the east by
the Chocolate river; on the south by the Michigan-Wisconsin boundary
line, and on the west by the Montreal river. Isle Royale was also included.

Shortly after the treaty was concluded, prospecting was begun, and
during the period that followed the speculative fever ran high. The mere
presence of trap rock was taken as an indication of the presence of valuable
lodes of copper, and all the trap in the Porcupine Mountain region was soon
secured by permits. Many shafts were sunk, especially in the first range
where the junction of the trap and sandstone outcrops on the face of a eliff.
It was soon found, however, that in this region there are no well defined
lodes, the copper being scattered promiscuously in irregular seams through
the trap. Before the expiration of the year 1848, according to Foster and
Whitney (*49-'50, p. 80), nearly all of the companies had abandoned their
locations, and there was scarcely a white man left in the region.

The workings, with the exception of three or four, were little more than
prospect holes, and the impressions left upon the country by the presence
of man have nearly all been obliterated. In this econdition, the mountains
have remained for fifty years. All about them the adjacent country has
been lumbered, but, owing to the fact that the pines do not occur in extensive
tracts, that the streams are not suitable for logging, and that up to a few
vears ago it was not thought worth while to lumber hardwoods and hemlock,
the forests have thus far escaped destruction. With the exhaustion of the
pine in Michigan, however, and the consequently increasing price of lumber,
it has become profitable to lumber this timber, and the forests are being
rapidly taken off of the Northern Peninsula. The lumbering ahout Onton-
agon has nearly reached the great belt of hemlock on the east and north
slopes of the first range. The extensive possessions of the mining companies
will protect these forests for a time, but, with the increasing demand for
lumber, it will be but a few years until these magnificant forests will be

destroyed.
2. GEOLOGY.

It is not the purpose of this report to go into detailed discussion of the
geology of the region in question. It is necessary, however, to have a general
idea of the geological structure in order to understand the topography, for
the topography is largely due to the different degrees of resistance offered
by the outeropping rocks to erosion. The structural geology of this part
of Michigan has been worked out in detail by several geologists, most notably
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by Irving (’83), hut little attempt has been made to correlate it with the
topography, in which connection it chiefly concerns the distribution of animals
and plants,

The rocks of this part of the Northern Peninsula belong to what is known
as the Keweenawan Series, and may in a rough way be divided into three
classes,—the basic or trap rocks, the porphyries or acid rocks, and the de-
trital rocks,

The basic rocks make up the greater part of the whole series. They are
finely erystalline rocks formed by the slow cooling of molten lavas contain-
ing 45 per cent to 50 per cent of silica, and consist of a lowor compact portion
grading upward into a vesicular or amygdaloidal portion interstratified
with bands of unaltered red sandstone and conglomerate which become
more numerous near the top. These basic rocks are true eruptives and
constitute successive lava overflows from fissure eruptions (Irving, '83, p.
139).

The acid rocks oceur hetiween layers of basic rocks and are in part, like
the basic rocks, true eruptives. They are composed of materials which fuse
with difficulty, owing to the presence of silica, and which consequently
cool rapidly into rocks composed of large erystals embedded in a glassy or
porcelain like matrix.

The detrital members of the series consist of sandstones, conglomerates
and shales formed from acid, or less prominently basie, rocks.

The Keweenawan Series is divided by Irving into two divisions, the Upper
and Lower Keweenawan., The Upper Division consists wholly of detrital
material, while the Lower consists of alternating flows of lavas and sediments.
Most of the Upper Division lies under Lake Superior, but it also underlies
the broad plain between Portage Lake and the Porcupine Mountains. This
plain is interrupted by the Porcupine Mountains but continues again to the
south. ‘

The Keweenawan rocks border nearly the entire area of the Lake Superior
basin. Besides forming the larger part of Keweenaw Point and constitut-
ing the Michigan shore to the Montreal river, they oceur in northern Wis-
consin, eastern and northeastern Minnesota and occupy a great area about
Lake Nipigon. The outeropping trap rocks in Michigan occur as a range
extending from the end of Keweenaw Point, southwestward into Wisconsin.
From this range the detrita] sandstones and conglomerates dip away toward
the lake. In the vicinity of the Porcupine Mountains, an outerop of trap,
owing to a fold, leaves the main range and Swings away toward the lake,
inT. 50 N, R. 44 W., and returning joins the main range in T. 49 N., R. 45
W.; within- this fold occur the rugged ranges of the Porcupine Mountains.

i 3. GENERAL TOPOGRAPHY.

The mountains rise from the south shore of Lake Superior, Fig. 1,in Town-
ship 51 North, Ranges 42, and 44 West, as a convex ridge parallel to the lake
shore. Back of this ridge they extend to the south as steep ridges and
knobs in T. 50 N., Rs. 42, 43, 44 and 45 W., and T. 49 N. Rs. 43, 44, and 45
W. The whole system comprises three fairly distinet parallel ridges that
nowhere attain an alpine height; the highest point, according to the charts
of the United States Lake Survey, being 1421 feet above the level of Lake
Superior or 2022.19 feet above sea level, Unfortunately the territory
covered by the topographic map of the Michigan Geological Survey does
not embrace this section, so this record has not been verified. The altitudes

Fic. 4. General character of the rock beach, breaker line near shore, station 1.

Fie. 5. Wave action on the Lower Beach, station I,
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referred to in this report ave, unless otherwise specified, above the level of
Lake Superior. The elevation above sea level may be obtained by adding
601.19 feet to the given altitude (Wright, '05, p. 36).

The first ridge, rising from the shore of Lake Superior, reaches a height
of 850 to 900 feet within a mile and a half. It then decends abruptly 400
feet into the valley of Carp river. This cliff consists of about 200 feet of
vertical face, with a steep bare talus slope at the bottom which is composed
of angular fragments of trap and sandstone rock weathered from the cliff
above. As may be seen from the contour map, this talus slope grades down
into the flood-plain of Carp river, except on Sections 21 and 22, T. 51 N,
R. 43 W.; here the river widens out to form Carp lake and the talus decends
into the lake. This great cliff extends nearly continuously across T. 51 N.,
R. 43 W., a distance of over six miles. Beyond Carp river the mountains
rise in steep ridges and knobs, but with no precipitous cliffs, to the valley
of the Little Carp river.

About three miles south of the west end of Carp Lake, on T. 50 N., R.
44 W., Section 2, Little Carp river widens out to form Little Carp Lake.
This lake, which marks the end of the line of survey, is about half a mile
long and a quarter of a mile in width, with very irregular shores formed
by the surrounding hills.

The mountains are most easily reached from Ontonagon, Michigan. From
here to Union Bay, there is a good but sandy road. After leaving Union
Bay the road enters the mountains and runs along the north slope of the
first ridge. This slope is terraced by old beaches which mark higher levels
of Lake Superior, and the road ascends the mountains by these natural
driveways, ascending from one beach to another in the less difficult places.

It is important to bear in mind that the present topography is not in a
static condition but is being constantly changed by the forces acting upon
it, and that it will continue to be changed and modified until the land has
been reduced to base-level. It must aiso be borne in mind that forms of
life are dependent on the environments formed by the physical conditions.
These facts are as important from the ecological as from the physiographic
standpoint, for with changes in the physical conditions there are associated
changes in the dependent habitats. The present conditions are not sufficient,
therefore, to explain the distribution of the present biota, and the past con-
ditions can only be understood through a knowledge of the action of present
forces in producing changes in the environments. It is for this reason that
the present geological and topographical conditions have been considered.

4. LOCATION OF THE FIELD STATIONS.

The line of survey began at Lake Superior on the north and south line
of Sections 11 and 12, Township 51 North, Range 43 West, and from here
ran southwest up the north slope of the first range to a saddle in the crest
at an elevation of 750 feet on Section 14. From this point a transverse line
was run along the top of the range, to the west on Sections 14, 15, and 21,
and to the east on Sections 14 and 13. Irom the saddle on Section 14,
the main line was continued due south down the escarpment on the south
side of the range, across the valley of Carp river to the east and west line of
Sections 14 and 23. TFrom this point it was run southwestward across the
intervening ranges to the top of Government Peak on Section 27. Another
line was run down the valley of Carp river from the north and south line of
Sections 24 and 25 to the West end of Carp Lake on Section 21. Here it
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turns to the south, crossing Sections 21 28, and 23, Township 51 North,
Range 43 West, to Little Carp Lake on Section 2, Township 50 North,
Range 44 West. It then turns to the east and follows the valley of Little
Carp river about a mile and a half up stream. On these lines stations were

established where different conditions prevailed. Their locations, Fig. 3

b
were as follows:

Station I. Beach of Take Superior, Secs. 11 and 12, T. 51 N., R. 43 W.
Station II. North Slope of the First Range, Secs. 11,12, 13, 14, 15, and
16, T. 51 N., R. 43 W.
Sub. 1. Arbor Vitae Swamp at Foot of Slope, Secs. 11 and 12.
Sub. 2. North Slope, Secs. 11, 12 and 14.
Sub. 3. Clearing in the Saddle, Sec. 14.
Sub. 4. Aspen Zone about Clearing, Sec. 14.
Sub. 5. Aspen Zone at Top of Ridge bordering the Bare Moun-
tain Top, Secs. 13, 14, 15, 21, T. 51 N., R. 43 W.
Station IIT. Top of the first Range and the Southern Escarpment
Secs. 13, 14, 15 and 21, T. 51 N, R. 43 W,

Sub. 1. West Slope of the Ridge on Secs. 13 and 14.

Sub. 2. Bare Mountain Top, Secs. 13 and 14.

Sub. 3. Zone of Pines crossing First Range, Secs. 13 and 14.
Sub. 4. East Slope of the Ridge on See. 13.

Sub. 5. Mountain Top on Secs. 14 and 15.

Sub. 6. Mountain Top on See. 21.

Station IV. Carp River Valley on Secs. 13, 14, 23 and 24,T. 51 N., R.
43, W. ,
Sub. 1. Carp River, Secs. 14 and 24.
Sub. 2. Flood-plain, Sec. 14.
Sub. 3. Valley Slopes, Secs. 14 and 23.
Sub. 4. Peat Bog, Secs. 14, 23 and 24.
Station V. Carp Lake, Secs. 15, 21 and 22, T. 51 N., R. 43 W.
Sub. 1. Beach at West End of Lake, Secs. 21 and 22.
Sub. 2. Delta at East End of Lake, Sec. 22.
Sub. 3. Carp Lake, Sec. 22.
Station VI. Mountains between the Carp and Little Carp Drainage
Systems, Secs. 21, 22, 23, 27, 28, 33, and 34, T. 51 N., R. 43 W.
Station VII. Little Carp Drainage System, Seec. 2, T. 50 N, R. 44 W.,
and Sec. 34, T. 51 N., R. 43 W.
Sub. 1. Little Carp Lake, Sec. 2, T. 50 N, R. 44 W.
Sub. 2. Beaver Meadow along Little Carp River, Sec. 34, T. 51
N, R. 43 W.
Sub. 3. Little Carp River, Sec. 34, T. 51 N, R. 43 W,

5. THE BIOTA CONSIDERED BY STATIONS.

Station I. The beach of Lake Superior at the point studied is composed
of outeropping strata of sandstone tilted at considerable angle, Fig. 4.
The nature of this shore has an important effect on the conditions of the beach.
The effect of the beating of the waves of a lake Is to cut into the shore as
a horizontal saw. If the strata of this shore were perpendicular, the material
would fall away from the face of the ¢liff as it was undermined, and the cliff
would be vertical. The strata are inclined, however, so that as the lower
part of the shore is cut into, the rock is removed more slowly, in blocks de-
termined by the joint and bedding planes, Fig. 4. The edges of the truncated
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t ’ ; d determine the
'm the bottom of a wave cut terrace off shore an :
Stra%?ejollirlllle ifig. 7. The submerged edges of these strata continue tlo Ee
til;fgl\off by "the abrasion of the material carried by the undertow until the
.\v « .

: the terrace is more or less uniform. .
Sugicitc?zfount of the exposure and the ohfﬁcult)(:I o}f1 ogtilm.ngl.a ioc(){t};)%l};iﬁ
ir tal conditions are very severe, and the biota 1s limite
jchehillli\;lilg)tlll;ﬁeznd species. The beach has been divided by phys_lographeﬁ"s
}nto three parts, the Upper, Middle, and Lower Beaches, accordmg}, to the
%nﬁuence of the’hvdro—dvnamic factors. These factors, as Cowles (99, pp.
111112—175 and '01, pp. 56-57) has shown, have an important influence upon
the environment.)o‘f plants, so that the beach may be divided into the same

ivisi for our present purpose. ]
dl\il‘ilé) Ifov&?err Beac}h is that portion of the shore exgoz@d C{co éilet%CthIn %fwtigi
i At the point studied, Station I, g
waves during the summer months. ¢ ton 1, owing
i ‘ rater deepens rapidly off shore, and the
to the dip of the strata, the water re, and 1 realker
ine i ; ‘ he lower part of which is thus expo
line is brought near to the beach, t : (Which Is thus exposed
1l force of the waves, Fig. 5. Exposed as it is alt vy
t%$£§i1£§ of (‘éfle waves and dessication in the sun the conditions are sc})1 sever'e1
}c)hat very little life can exist. The only form that is found here is the snai
Limnaea decollata that occurs occasionally hbel(li{ndtpfro.]ectlrflgthou‘isfl;%}e)i,
it is to some extent protected from the direct force of the S.
"i‘vl}lliesrgllzﬂlssee(;ns to be adapted to habitats of this Il?ﬁurteﬂ for 11}3027% f?gg)d
ly in rapid water in the larger rivers (Ruthven, , P .
elS%Y}‘\lfil elr\ﬁd?illleyBeach Iiies above the Lower Beach and differs dflzconic ﬁt ;ntril(())l‘i
i f e ac
i cposed to the summer waves. It is, however, exposed to
EF I‘Ic]}%eez:}:wes during the early winter months{dwhlle dﬁr}n%hthe Oliio}tfeé“ug?;;
inter the ice is shoved upon it in great ridges. is thus,
gﬁ:}ﬁg\;ing season free from those conditions which make the Lower ?e%wh
ract‘éically uninhabitated, but certain conditions still make the habitat unfavor-
fable Owing to the difficultyin gaining and retalm(rilg ; foot}ll_old, the vegeta;cﬁ(;z
- is inei i ; nspersa,
t incipally of lichens, Lecidea lactea and Parmelia co t
g(r): S;Soz gépenﬁeng upon the Substratum for nourishment. Along the g}é
posed edges of joint and bedding planes, where dlslntegratg)n is mctlre rx;?%lh ;
i i i These crevices, as may be seen fro
a slight soil accumulates, Fig. 6. , fis may be seen from th
h, are taken possession of by several of the higher p ms,
gﬁgtg%vrian% to the short }?eriod that this beach blS not eszpoiidlté) the gogrsldirﬁg
] i oothold, suc
he waves, only the hardier plants can obtain a ) 8
OBfe:chl ‘IV)ea,* Silvery Cinquefoil, Goldenrod, Pale Spiked Lobelia, Harebell
f rasses, Fig. 6. . o
an’(Ii‘haé f%ﬁnga proﬁabﬁf owing in part to the lack of food, is also hrm.t(e;ld.
The insects are represented by the butterflies, Argynnis atlantis, ]?kycv}i).les
tharos, Grapta gracilis, Grapta progne, Basilarchia arthemis, and Colias pht 0-
dice, and the dragonflies, Aeschna clepsydra and Sympetrum costiferum;
forms that also occur on the Upper Beach. The spiders are more c}lllgracteg-
istic; Epeira trifolium and patagiata .and ngypkzla p%rygwna sy;m}d’% 063110" v(\)zg ei
ind the outcropping strata, while Pardosa lapidicing run;
Eﬁgnl}gcks. The dggru%ti011 of this rock beach will probably destrO}lfdt]}[)le
habitats of these spiders, especially of those that spin webs, as it wou L e
impossible for them to attach their webs on a sandy beach. The butterflies
on the other hand are dependent upon the flowering plants, which are essen-
tially crevice forms, so that their habitats would be increased by the com-
minution of the beach.

*All plant names in this report follow Britton’s Manual of the Flora of the Northern Stntes and
Canada, 1901.
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There are numerous pools on this beach, Fig. 6, in the angular spaces
formed by the removal, presumably by ice, of portions of rock between
the joint planes. These pools are, as a rule, above the reach of the highest
waves, so that during the summer they are not flooded by the cold water
of the lake. Their temperature is thus higher than the lake water. In
several readings taken August 6, 7 and 8, the temperature of the water in
these pools varied from 60° . to 68° which was 10° higher than the lake
water as it broke on the lower beach. The vegetation in these pools is very
scanty, consisting chiefly of Algae which line the sides. The small number
of species is probably due to their isolation and shallowness (6 to 18 inches),

foothold. The fauns is much better represented than the flora. Besides
a number of minute forms such as Crustaceans, Hydra, ete., there are a
number of the higher aquatic forms characteristic of quiet water habitats.
‘The insects are represented by water-boatmen, water-striders, and caddis-fly
larvae, and the snails by Physa ancillaria, Limnaeq desidiosa, Planorbis
parvus and occasionally, near the Lower Beach by’ Limnaeq decollata.
These forms are found in all of the larger pools with the exception of Limnaeq
decollata which only occurred in the lower pools that are oceasionally flooded
by the waves. When these pools are flooded by an exceptionally high wave,
they are often temporarily united with the lake and with each other which
suggests a way by which certain forms may migrate along a shore of this
kind. With the destruction of this beach these  pool habitats will be de-
stroyed, as pools of this kind cannot exist on g sandy beach.

The Upper Beach is above the reach of both summer and winter waves,
and the environmental conditions are consequently more favorable than
those of the Lower and Middle Beaches. The principal factor that still

6, and to this soil is added a small amount of humus formed by decaying
logs and annuals. Owing to these conditions, the flora presents a curious
assemblage of forms. It ig composed of the forms of the Middle Beach,
Goldenrod, Beach Pea, Vetchling, Lobelia, Hare-bells, ete.; the fern, Poly-
podium vulgare; the heaths represented by the Bearberry, Great Bilberry
and Dwarf Huckleberry that constitute the next society, and a number of
trees and shrubs such as the Arbor Vitae, Mountain Maple, Mountain Ash,
Large-leaved and Quaking Aspens, Juneberry, Eastern Ninebark, Dwarf
Cherry, Wild Raspberry and Canadian Buﬁ”alo—berry, that in this region
form a transitional zone between exposed habitats and the mesophytic
forest. The fauna of this beach is in many respects similar to the faung

are the grasshoppers Camnuly pellucida, Circotettiy verruculatus, Melanoplus
atlanis and M elanoplus Jemoratus, and the Lake Superior Chipmunk. The
grasshoppers, as a rule, remain closely within the limitg of this beach, with
the exception of the forms of Melanoplus which are occasionally found

also on the Middle Beach. The chipmunks are also seldom obgserved far

from the drift logs that characterize this habitat, )
The beach_ as a whole is thus, in a general way, divided into three habitats

i i i f the
i i egetation and lichens (white patches) o
B 2 S A A gg(z:lsévicéee‘gggeét%on of the Upper Beach, station I,

Middle Beach, and the stunt

Fia. 7. General character of the rock heach, breaker line off shore, station 1.
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little life, but near the upper limit of summer wave action a few straggling
annuals come in that characterize the Middle Beach above, while near the
upper limit reached by the winter waves and ice a few perennials of the
TUpper Beach occur. The biotic tension lines between these divisions also
undergo oceasional fluctuations, since the position of the tension line between
the Lower and Middle Beaches is determined by the severity of the summer
storms, while between the Middle and Upper Beaches it is determined by
the height of the winter waves and ice.

Owing to the action of the waves, the beach as a whole is retreating inland,
but as it retreats a wave cut and wave deposited terrace is being formed,
and this by shallowing the water carries the breaker line off shore and lessens
the effect of the waves, as illustrated in Fig. 7. The conditions of the Lower
and Middle Beaches thus become more favorable, resulting in a progessive
downward movement of the biota of the Middle and Upper Beaches respect-
ively that decidedly narrows the beach zones.

On the other hand, the sinking of the coast in this region counteracts,
in places, the tendency of the submarine terraces to decrease the efficiency
of the waves. The deepening of the water near shore caused by this sinking
of the coast brings the breaker line nearer shore, thus increasing the efficiency
of thé waves to such an extent that the beach habitats are being forced back
into the adjacent swamps.

Statvon II.  Substation 1. Back of the bheach, at the foot of the first
range, there often extends for considerable distances a narrow belt of arbor
vitae swamp. This swamp owes its origin, according to Wright (05, p. 37),
to the general sinking of the beach of Lake Superior referred to in the dis-
cussion of the previous station. Gilbert ("97) in a discussion of this problem
states that a general canting or tilting of the Great Lake Basins toward
the southwest is taking place, as is indieated by the inclination of the beach
lines of post-glacial lakes and by the drowned mouths of the rivers along
the coast. It is evident that the rivers of the Porcupine region are drowned,
as they are widened near their mouths into broad estuaries with adjacent
swamps, and evidence that the tilting of the lake basin that is causing this
is going on at the present time may be found in the submergence of
standing trees along the lake shore, and in the discrepancy in the length of
the section lines between different surveys, (Wright, 05, p. 37).

This sinking of the coast makes the conditions of a narrow zone just back
of the beach too wet for some of the mesophytic forest forms that occupy
the higher parts of the ridge, but at the same time it makes the conditions
favorable for some of the forms of the arbor vitae swamp, so that this area
is inhabited by certain forms characteristic of each of these habitats. The
tree cover consists principally of the Arbor Vitae, with considerable Balsam
Fir and some White Spruce and Paper Birch; the soil cover is characterized
by the Running Pine, Lycopodium clavatum, and oceasional clumps of Blue
Flag. The molluscan fauna is very poorly represented, and the only shells
collected were a few specimens of Punctum pygmaeum and Zonitoides milivum.
A single spider was taken here, Dolomedes tenebrosus. The mammals are
those of the forest, such as the Southern Varying Hare, Southeastern Red
Squirrel, ete., with the exception of the Lake Superior Chipmunk which
was occasionally seen near the beach.

If the coast continues to sink, this swamp will approach more closely the
conditions of the swamps of the river valleys and will become oceupied
more exclusively by the biota of the ordinary arbor vitae swamp, while

4
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at the same time it will
: tend to retreat before the b inv
atbpzl(;ijgyr@lt[(}ccupled by the mesophytic forest of th%arcl}griﬁdsllg 'vea e the areas
- Substation 2.  Above the arbor vitae swamp trljle‘ north slope

Another change is the occurrence, on the upper part of the slope, of the
Red-bellied Snake, Storeria occtpitomaculata, which prefers dry, rather open
With the coming in of the deciduous forest, the humus becomes

of the first rance rises s s L
dense meSOPhVEGC ?sf:"itee’%lly to the top of the ridge and is covered b woods. : . :
formed by dipping st /bt' e angle of this slope and the fact that ’ty'a composed of leaves, and with this change in the nature of the humus is
upper parjt teillds tg »-bra %t, ‘nlgkes the drainage so rapid that the soi] 1thls associated an increase, at least in the number of individuals, of molluses.
The h $ to be washed downward and t¢ accumulat W eriin When the fallen leaves are examined, they are found to be connected by a
part ;{Iggfcmﬁ?in‘lfg lby the fallen twigs and leaves of the fo?“easjcc tie }?Ottom' film of water.” Among these leaves seemed to be the favorite habitat of all
away under grounds 1, 1%}?(1 }nest of the water, for this reason, is1 cgv;l?i?ltst 13 the snails collected in these woods. The forms collected are Zonitoides exigua
The Towor und. € ravines are thus small and the streams cle Zonstoides arborea, Vitrea ferrea, Euconulus chersinus polygyratus, Helico-
is deep shgsétsﬁgo t}ée Slr(l)w]fe support a dense hemlgek forést i(nmx:*htircaﬁlifm. discus lineatus, Punctum pygmaeum, Cochlicopa lubrica morseana, Sphyra-
principally of )Henolllociq aSSl(?ci;rteEzi CO};%r (if this part of the forest con‘si(s%?s3 dium edentulum, Pyramidula strictella catskillensis, Strobilops virgo, Polygyra
i s : . ed with the Bal i o0 ‘ albolabris, Vitrea indentata and multidentata.
o oo Lsolated White Pines and a few Sugar ﬁg;lfslr ’ '11{}?({:1 “ﬁ()l?éiérgel}?}z alblotahé?beeifﬁgtg%si?da(%N;lﬁtf:;g, ?Oi?g. %01) that the presence of isolated
srow White Pines in the mesophytic forest indicates a former dominance of xero-

This at once suggests an explanation for the origin of the

of Ground Hemlocl ! i
ock and Maple is very scanty, and the humus is thus com.
phytic forms.
When the

pOSGd Chleﬂy ()f lea’\/es and twi O el H(}k W e t a tlla 15 1n a
gS f hC H SeY
Ith Lhe Xceptlon Of p ese biO . UoAs ce t ‘ b 5 :

localized accumulations of dee;
The soil cover i ' cciduous leaves from the ma
Wild Sarsapaerriﬁz a’%‘sv(v)i Sggf‘;ﬁil’e% alnd 1s composed of the Largé?legiflggrggzg waters of the glacial lakes receded and left the mountains exposed to denuda-
Rattlesnake Plan)t in. Duw 1, Goldthread, Maldenhair Fern, Wild Spik ’ tion, the wash on this slope must have been considerable. The vegetation
lucidulum and claauz,}] warf Dogwood, Clintonia borealis )and L P conard, that first gained a foothold was probably a society analogous to that on
The fauna of t}fg KZILWII K . ’ yeopodium the Middle Beach at the present time. These forms would be followed,
insects and other inverteb(;«g,t fOl‘%st Is also rich in species.  Besides man as the conditions became favorable, by the heath society of the Upper Beach.
(Bufo americanus). The m es, there are a number of birds and the toac}ir At the bottom of the slope where the soil was thicker and the superficial
pine, Northern Virginia Deeamr\rllals are represented by the Canadian Poreu wash less, the heaths were probably soon succeeded by the conifers that
eastern Red and Norther r, i? 1OIj’ohern Pl.alns Skunk, Woodchuclk South- usually follow the heaths in this region. With the accumulation of humus
Star-nosed Mole, Large B Igt 'I ying Squirrels, Northeasters Chfpmunlq- in the coniferous forest, the superficial wash would become less, while the
Jumping, Canadian %hite?f 2}3 1ShreW, and the Northern and Woodland soil formed on the higher parts of the ridge would be held in front of the
predominance of conifers ?g ‘i; %gdbRed-baclgeg Mice. Owing to the forest, pern}it{irtg thi co}ilifell“ous types to ascend the slope and restrict the
oceur in this f 7 ; ¢ expected that few area occupled by the heaths.
counteract the(l);(i?;’v £3%1$hi ?ccumulated leaves of the maplsltlerllldservggll;;g As the coniferous forest became well developed at the bottom of the
a_ somewhat scatterod. ol ature of the coniferous humus and gy " slope, owing to the more favorable edaphic conditions brought about by the
olluscan faung composed of Zonstoides mz}l)zlitor accumulation of humus, the pine seedlings which require considerable light
m, would no longer be able to develop. The seedlings of the deciduous trees,

Vitrea ferrea, Buconul
X 2 wlus  fulvus, Puncty PES
aS tg)bfop?’ virgo, Zonitoides exigua, Sphyﬁdffnimf;u%I,{ehwdmu&: lineatus, Maple, Basswood, Hemlock, etc., which would find a favorable habitat
O tholimaz campestyis. creuim, Caryolium exile, in the increased shade and humus of this forest, would then invade the
coniferous forest as underbrush, so that, as the p{nes died off, they would

On the upper parts of '
g the slope i .
Iblozlct%ablﬁ change in the cha;g)c(fc}e;hgf Siﬁeblg(fl?emtes tI};m'ner, and there is g b laced by the f f tt t forest
ut the Hemlock. B : st. is still . e replaced by the forms of the present forest.
forest composed zf tﬁi:saénl;l F m’wlronwood and Yellow Birch givlélii(;r})fh;cfgw’ The fauna of this slope would have a history similar in many respects to
gar Maple, Basswood, and Paper Birch, in Whic}? that of the flora. If the slope was first invaded by the heath plants, it was
; probably at the same time invaded by the fauna that is associated with this

the Sugar Maple pr. i
predominates. Th i o
the top of the rid 18 transition is gradual and whi
ge the Ironwood and YeHovy Birch are practical‘g}rné(i)sléi? society; a relation which would also hold in the case of the succeeding societies.
’ The conditions to which the forms in the different societies are adapted,

The undererowth j i
= in this or the habitats, would thus tend to migrate up the slope from the point

part of the forest is much bett )
of Mapl _ er developed, Fig. 9 an ; o
depth }())fe}Se]‘g’giszvlpnoedhezngjt(}}lr?und Hemlock. ’%he7 gro(limcé) Hisslszi‘%r;élngzﬂy of invasion, and the mountain top would be the scene of the extinction of
veloped, is practically. the eaves, and the soil cover, although better . the pioneer societies, the last place where they would be found. Since the
Large-leaved Aste. s s;me as 1n the hemlock forest except that the- mountains were islands for some time after the retreat of the ice sheet, the
by Cinna latifolia. Whi o 1pe and Goldthread seem to become Teplaces level at which this invasion of life took place presents an interesting question.
The changes in the envirowermg Raspbe'n_“y, Fly Honeysuckle and Brak Evidently it must either have taken place above one of the old beach lines
’ the changes in the com osig'nmelllfml conditions with which are 3SSOCiate?i. while the mountains were yet islands, or after they had been joined to the
i not seem to influence tllie faﬁjr?a?; the flora toward the top of the slope do . main land by the subsidence of the lake. In the latter case, the invasion
principally affected, the most IO a marked.extent. As the tree cover is would have come in near the base of the mountains, as they are entirely
of the birds o harked Chal}ge 1n the fauna is seen in the case :Surri)unded by a low plain, but in either case the suceession of societies
i would have been much the same, with the exception that in the former
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case the migration of the societies would also have taken place down the slope,
following the receding lake heach.

Station I1.  Substations 8 and 4. These substations are located in an
artificial clearing and will not be discussed. The species that occur here
will be found in the annotated lists,

Station I, Substation. 5; and Station III.  The north slope of the first
range rises directly to the top of the ridge at an elevation of about 900 feet,
Over the crest there is a sharp descent of several rods to the brink of the
precipitous escarpment that overlooks the valley of Carp river, Fig. 10.

The effect of the dynamies of the mountain top are very conspicuous.
The exposed rock is unprotected from the forces which cause disintegration,
for as fast as it is broken up the particles are washed away, and thus the
first soil to accumulate is in the exposed edges of joint planes. The soil
washed down the north slope on Section 21, Fig. 11, is checked and held in

formed on the south side of these areas, meeting with no obstruction, is
washed over the precipice and accumulates in a narrow strip along the top
of the talus slope, while that which is washed laterally from the top into
depressions in the crest is also checked to a certain extent by the encroach-
ing forest. The concentration of water in these inequalities causes them

to be deepened into ravines, situated at right angles to the crest, and much

of the cliff is also exposed to weathering agencies that tend to pry loose
portions of the rock between the joint planes. The larger fragments fall
to the bottom of the cliff and go bounding down the talus slope, often start-
ing minature landslides of the talus material. The slope thus lies at the
angle of repose of the materia] and is very unstable, Fig. 17. Asa rule, the
larger the fragment the farther down the slope it will go before coming to
rest, and the strip of fine material at the top of the slope, which was formed
partly from the soil washed over the cliff from the bald areas above, receives

and the talus blocks are being disintegrated and decomposed into a residual
soil. The mountain top, cliff, and talus slope habitats thus offer virgin
conditions for plant and anima] societies, and it is in localities such as these
that the pioneer societies are found.

If the results of the processes at work on this ridge be summarized, it is
evident that they are tending to lower the ridge toward a base leveled plain,
thus changing the present conditions toward those found on the lower parts
of the north slope,

Station I1.  Substation 6, and Station III.  Substations I and 4. The biota
of the north slope of the first range, pushes through the saddles and down
the alluvial cones on the south side and mingles with the biota of the forest
in the valley of Carp River, Fig. 10. From the north side and the saddles
it extends upward and surrounds on three sides the bare areas of the higher

‘ parts of the ridge, but, owing to the changed environmental conditions,
! it becomes modified in its composition near the crest.. The Hemlock and
Balsam Fir and finally the Sugar Maple become replaced by a zone of aspen
and oak, consisting principally of the Quaking Aspen, Paper Birch, Red and

Fia. 8. Hemlock forest, showing dense shade and lack of undergrowth, station II. 2.
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Burr Oaks, associated with the Mountain Maple, Large-toothed Aspen,
Mountain Alder (Alnus alnobetula), several willows and scattered Red and
White Pine. The underbrush and soil cover of this zone is composed of
Polypodium vulgare, Juneberry, Scarlet Sumae, Bush Honeysuckle, Eastern
Ninebark, Great Bilberry, Round Leaved Dogwood, Dwarf Cornel, Narrow-
Jeaved Cow-wheat, Low Snowberry, Polypodium wvulgare, and Lycopodium
clavatum, complanatum and selago ; Linnaea americana may also be mentioned.

Higher up the mountain the soil cover becomes replaced by the Bearberry,
Dwarf and Low Black Blueberry, New Jersey Tea, and Creeping Winter-
green. The White Pines still persist, but the shrubs mostly disappear,
and the oaks and aspens associated with Juniperus nana become very
scrubby, often forming small mats on the slight soil, Fig. 12.

As in case of the vegetation, the range of many of the animals of the
mesophytic forest reaches an upward limit in the aspen zone, where they
occur mingled with other forms that replace them on the bald areas. Thus
the molluses become noticeably fewer in individuals in this zone; Zoniloides
extgua, Cochlicopa Iubrica, Vitrea ferrea, FEuconulus fulvus, Helicodiscus
lineatus and Carychium exile seem to drop out of the fauna entirely, while
Punctum pygmaeum, Sphyradivm edentulum, Zonitoides milium and arborea,
and Strobilops virgo, by changing their habitats from the damp fallen leaves of
the mesophytic forest to the dry soil held by the heaths, are able to persist.
Mingled with these forms was found for the first time Bifidaria curvidens.
Similarly the only grasshopper that occurs in the mesophytic forest (Tettix)
is replaced in the aspen zone by Melanoplus luridus, fermoratus and islandicus,
Chloealtrs abdomanalis and conspersa, and Camnula pellucida, while the
Northeastern Chipmunk, Northern Plains Skunk, Woodchuck, and the wood-
peckers, owls, chickadees, nuthatches, etc. are mostly replaced by the
Lake Superior Chipmunk, Junco, Robin, and Bluebird. The smaller
mammals such as the mice, moles and shrews seem to persist without notice-
able diminution in abundance.

Station II1I. Substations 2, 5 and 6. On the mountain top beyond the
limit of the aspens and oaks, the biota is composed almost exclusively of
the forms that appear in the upper part of the aspen zone. The heaths,
represented by the Bearberry and Creeping Wintergreen, with the Dwarf
and Low Black Blueberry and New Jersey Tea, form a large dense mat
beyond the aspen zone, that extendsin long tongues along the crevices on
the bare top, Fig. 11. On the denser portions of this mat occur widely
scattered White and Red Pines with many dead stumps, Fig. 13.

On the bare mountain top, the flora consists only of the lichens, Lecidea
lactea, Lecanora consperse and cinera, Parmelia conspersa, and Stereocaulon
corallotdes, on the surface of the rock, and a crevice vegetation of Harebell,
Three-toothed Cinquefoil, Wild Wormwood, Evening Primrose, Panicum
zanthophysum, Polypodium wvulgare, Polystichium lonchitus, Asplenium
trichomanes, and Solidago bicolor, lanceolata, juncea and erecta.

The molluscs, Punctum pygmaeum, Euconulus chersinus polygyratus, Zoni-
toides malium, Strobilops wvirgo, Vitrea indentata and Bifidaria curvidens,
that characterize the upper part of the aspen zone, also occur in the larger
heath mats, associated with Acanthinula harpa. Bifidaria curvidens greatly
predominates in this fauna. Dead specimens of Helicodiscus lineatus and
Succinea avara are often found in the rock erevices near the brink of the cliff,
but these were probably blown here as they could hardly exist in this habitat,
being moisture loving forms. The characteristic insects of this .station
are the dragonfly, Sympetrum obtrusum, the butterflies, Argynnis cybele,
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redominating. These forms cover more or less completely the surface
of the talus fragments. Farther down Stereocaulon coralloides and Lecanora
consperse. are added to this society which is dominated on the lower part
of the slopes by the Reindeer lichens, Cladonia rangiferina and alpestris,
that often occur superimposed on the remains of the other lichens. These
are replaced toward the bottom of the slope by the Bearberry, New Jersey
Tea, Polypodium vulgare, Raspberry, Wild Red Cherry, Mountain Maple,
Paper Birch, Quaking and Large-toothed Aspens, Beaked Hazelnut, Black-
berry, Brake, and Bush Honeysuckle, that in turn give way to the typical
mesophytic forest forms of the river bottom.

The environmental conditions as regards the fauna are more unfavorable
than on the mountain top. The only forms that are found here are a few
ants in the narrow zone of vegetation at the fop, and occasional grass-
hoppers and dragon-flies on the bare slope below. Near the bottom of the
slope the Lake Superior Chipmunk was often seen running about over the
rocks and among the bushes that fringe the forest. Forms from the meso-
phytic forest of the river valley such as the Garter Snake and Northeastern
Chipmunk are also occasionally seen here.

When the biota of the mountain top and north slope are listed by habitats,
the genetic explanation suggested for the forest of the north slope is enforced.
It is evident that certain groups of forms are, in a general way, dependent
on certain environmental conditions. The action of the forces which bring
about these conditions tend to modify those that exist at any one time,
so that the biota must adjust itself to the new conditions or be exterminated.
This is especially noticeable on an elevated area. It was shown in the dis-
cussion of the topography that the effect of physiographic processes on the
ridge in question was to reduce it to a base-leveled plain. The environ-
mental conditions are thus being changed and modified in the direction of
the conditions that prevail on the lowland at the foot of the mountain.
These conditions are brought about first on the lower parts of the ridge, so
that the habitats of the lowland biota are extended at the expense of cliff
habitats, and correlated with the changing conditions a succession of societies
oceurs. This may be easily seen from the top of the ridge, Fig. 11. The

first plants to get a foothold on the bare rocks are those of the lichen society
such as Lecidea lactea and Parmelia conspersa, that form large patches over the
exposed rock surfaces. The wash and decay from these mats is at first
mostly washed away down the slopes. As soon, however, as the processes of
weathering have opened the edges of the joint planes, the soil accumulates
in them and with it a small amount of organiec material from the lichen
mats. The conditions thus become favorable for a crevice vegetation
consisting of certain mosses, the Harebell, Cinquefoils, Goldenrods and
grasses. As the soil, held in the crevices by the plant roots, increases in
" amount, the conditions become still more favorable, and the crevices are
invaded by the heaths from the extensive mat that surrounds the mountain
top on three sides, in front of the mesophytic forest. The dense mats formed
by the heaths do much to make the edaphic conditions more favorable by
holding the soil as it is formed, checking that which is washed from higher
areas, and by accumulating the humus formed by the decay of the vegetation.

The first society to gain a foothold on the lichen mat is represented by the
White and Red Pines, and the next by the forms of the aspen zone. In many
instances, the Quaking Aspen,which is one of the hardiest plants of this zone,
follows the heaths along the crevices before the pines can obtain a foothold,
but in any case the pine stage is but poorly represented, probably owing
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largely to the exposure of this habitat to wind, Fig. 12. The aspen zone
I8 in turn succeeded by the biota of the mesophytic forest type. This sue-
cession prevails on the north, east and west sides of the crest. ~ On the south
side, owing to the presence of the precipice, the soil accumulates only to g
slight extent and the succession only progresses as far as the heath or pine
stage. The biota of the cliff and upper part of the talys slopes are not in
the succession, for owing to the fact that the material ig removed nearly ag
fast as it is formed, the conditions remain practically the same, and the forms
only gain a temporary foothold. It is true that on the ledges there is 2 more
or less definite succession of societies leading up to the pine stage, but it
rarely proceeds beyond thig stage, while it is liable to be destroyed before
this stage as is shown by the debris that accumulates on the talus below.
The biota of these habitats is evidently derived from the mountain top.
A large percentage of the seeds of the vegetation on the south side of the
crest is washed over the cliff with the soil. Many of the ants and snails
of this area probably have a similar fate, while it is a common sight to see
grasshoppers on the mountain top caught by the wind, when on the wing,
and carried over the precipice to light on the talus slope below. The biota
of the narrow strip of finer material at the top of the talus slope, owing to
the more favorable soi] conditions and the shade furnished by the cliff, is
composed of forms that ocoyr in the pioneer societies both on rock and soil
habitats, and it is thus a complex pioneer society. The strip of finer materia]
is only formed at the foot of the cliff and migrates with it, leaving its lower edge
to be covered by the larger talus blocks ag the cliff retreats. The biota thus be-
comes practically destroyed, and the conditions change toward those of the
talus slope.  Atthe foot of the talus slope the conditions are nearly the same ag
on the mountain top. The pioneer forms are the lichens that cover the rocks
and hold the material as the rocks disintegrates. The goil that is formed
accumulates rapidly among the talus blocks and becomes in time sufficient
to support the reindeer lichen society. As the soil continues to increase,
the forms of the heath society push onto thig mat, followed in turn by the

There is thus a th, station I1
habitats from all sides, as the physical processes reduce the ridge toward Frc. 9. Deciduous forest, showing character of undergrowth,

sea level. The order of sueceeding societies is generally the same in parti-
cular region. Cowles ('01) and Whitford ('01) both give the pine stage as
generally following the heath society in northern Michigan, but on the cliff
habitats in the Porcupine Mountains, owing to the effect of the wing and
the shallow soil, the coniferous society may be nearly, if not entirely, left
out of the succession. In this case, an entire stage in the order of succession
is made impossible by a particular combination of the environmental condi-
tions, and the fact is enforced that habitats are composed of g complex of
physical conditions. This is further shown by the dwarfed nature of the
aspens and oaks that border the “bald” areas. These trees often grow ag
shrubby mats, owing to the breaking off of their tops by the wind, This
is undoubtedly due indirectly to the pbresence of the escarpment, for on higher
ranges to the south, which POSSEss no escarpment, the mesophytic forest
covers the highest peaks with 1o noticeable decrease in the size of the trees.

Y
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The fate of the-pines on the exposed top of this ridge, the scrubby nature
of the aspens and oaks, and the fact that the tops of a large percentage of
the living pines are dead, suggests that the timber lines on some mountains
may be greatly influenced by wind.

Station IV. Substation 3. Beyond the limit of the falling rock fragments
on the talus slope, where the rocks have been disintegrated and decomposed
to form a soil, the Paper Birch, Mountain Maple, Aspen and Mountain Ash
become mixed with the Sugar Maple, Balsam Fir and Basswood, that
gradually predominate to the exclusion of the Aspen and Mountain Ash.
In the forest near the bottom of the slope, Hemlock forms a part of the tree
cover and occasionally predominates to such an extent that a hemlock
forest results similar in composition to the hemlock forest at the foot of
the north slope. More often, however, the Sugar Maple predominates in
this forest, associated with the Balsam Fir, Basswood and Ironwood, with
scattered Hemlocks, and White Pines, thus muking it similar in composition
to the mesophytic forest of the north slope with which it is connected through
the saddles. The ground cover and fauna are also practically the same
and need not be listed.

Station IV. Substation 2. Owing to the flat nature of its valley, Carp
river above Carp Lake is a slow meandering stream that is doing practically
no vertical cutting, Fig. 18. It is easily turned from side to side, and, as
it is deflected toward one side of its valley, it tends to cut into it, while on
the other side of the bend, owing to the decrease in the velocity of the current,
part of the load is deposited to form mud flats.. The river thus tends to
broaden its valley at the expense of the neighboring divides and to build
up its flood-plain with a part of the material derived in this way. The
material that is not deposited on the mud flats is carried on until the stream
reaches Carp Lake, where again owing to its diminished velocity, the stream
deposits much of its load in the lake, forming a large delta at the mouth
of the river. On the flood-plain of the river, Fig. 18, the deciduous forest
either gives way to a coniferous society characterized by the Tamarack,
Spruce, Arbor Vitae and Black and White Ash, which in turn grades toward
the river into an extensive alder thicket, or, where the valley is narrow,
the coniferous society may be nearly or entirely absent, and the hardwood
forest grade directly into the shrub society. The shrub society is largely
composed of the Hoary Alder (Alnus incana) associated with several willows,
occasional Tamaracks, and scattered clumps of Red-osier Dogwood. The
v . ‘ undergrowth in these thickets is not extensive; among the more noticeable
) forms are the Skunk Cabbage, Sensitive and Cinnamon Ferns, Skull Cap,
and several species of violets.

The fauna is characterized by a great increase in the number of birds ;
the warblers and- sparrows are especially conspicuous. This is also the
habitat of the Red Backed Salamander (Plethodon cinereus) and the Wood
Frog (Rana sylvatica cantabrigensis). For some undetermined reason, the
molluscs seem to be very poorly represented in this society.

Between the alder thickets and the river, in the broader portions of the
valley, there is often a well defined zone of vegetation characterized princi-
pally by the Dwarf Cassandra. Between the two societies the Hoary Alder
and Dwarf Cassandra occur mingled with the Wax Myrtle, High Bush Black-
berry, American Meadow Sweet, and Few Flowering Cranberry. Toward
{ the river, the Hoary Alder, Willows, Red-osier Dogwood and Tamarack
! occur only in scattered clumps among the Cassandra that forms a low dense
thicket. Less prominent but conspicuous forms in this society are the Pale

5
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St. Johns Wort, Joe Pye Weed, Swamp Milk Weed, Running Swamp Black-
berry, Marsh Cinquefoil, Ladies Tresses, Marsh Bell Flower, Creeping Snow-
berry, Solidago uliginosa, and a number of grasses and sedges among which
are Eriophorum cyperinum, Calamagrostts canadensts, Deschampsia flexusa,
Panicularia. canadensts, Scirpus cyperinus, Carexr wviridula, riparia, and
filiformes.  Owing to the low height of these forms, the habitat is open,
and the fauna is similar in many ways to the fauna of the mountain top,
but, owing to its proximity to the river, several new forms are added. The
more characteristic forms are the butterflies, Argynnis cybele var. (near leto),
Argynnis atlantis and Basilarchia arthemas; the dragon flies, Gomphus spicatus,
Lestes unguiculatus, Calopteryzx aequabilis and Sympetrum obirusum, and the
grasshoppers, Atlanticus pachymerus, Stenobothrus curtipennis, Podisma
glacialis, Melanoplus islandicus and Scudderia pistillata. It might be ex-
pected that this habitat would be favorable for reptiles and amphibians,
but while it is the habitat of the Garter Snake, Thamnophis sirtalis sirtalis,
the dense entangled nature of the vegetation apparently excludes the frogs.

The cassandra zone extends only to the river bank, where it generally
mingles with a narrow zone of alders on the low natural levees, but a number
of grasses and sedges, Juncus effusus, Calamagrostis canadensis, Scirpus
cyperinus, Dulichium arundinaceum, Carex filiformis, viridula and riparia,
push out on the mud flats to the edge of the water, Fig. 19, and form a transi-
tion society between the cassandra zone and the aquatic forms of the river.

The fauna of these flats is also transitional between the aquatic and terres-
trial habitats. This is illustrated by the presence of the turtle, Chrysemys
marginata, and the frogs, Rana clamitans and seplenirionalis, which are
amphibious and thus intermediate in habits between the two habitats.
The birds are the waders and shore birds that find their food here; among
these may be mentioned the sandpipers, snipes, herons, and bitterns. Al-
though by no means limited to this habitat, and to be more properly listed
with the fauna of the mesophytic forest, the Canadian Porcupine is a
conspicuous form on these flats where it may often be seen, singly or in
groups of two or three, feeding on the pads of the water lilies.

Owing to the steepness of the sides of the valley, the entire suceession of
societies is only found in the broader parts, for where the river swings toward
the side of the valley the flood-plain is destroyed, and the cassandra, alder
and coniferous societies are all limited to a single narrow zone between the
river and the deciduous forest.

If the different flood-plain societies be compared with the succession of
forms in a tamarack swamp as given by Transeau (03, pp. 403-404), a remark-
able similarity will be revealed. The societies that occur in the bogs of
more southern localities are here spread out over the entire flood-plain of
the river, and the tamarack swamps of Indiana, Illinois and southern Michigan
are minature reproductions of the flood-plain conditions in this region.

Station IV. Substation 4. There are, however, areas where more typical
bog conditions prevail, so that in the wider parts of the valley the bog types
may attain a much better development. In these areas, the bog societies
are not arranged in concentric zones, as in the southern bogs, but are, as
the flood-plain societies, more or less parallel to the river. The succession
is much the same as on the flood-plain and in the southern bogs. The sedge
zone grades into a zone composed largely of Dwarf Cassandra associated
with the Rose, Juneberry, High Bush Blackberry, Wax Myrtle, American
Meadow Sweet, Swamp Honeysuckle, and Cranberry, that is in turn followed
by a society composed largely of Balsam Fir, Tamarack and White Spruce,

F1g. 10. Escarpment of the First Range, looking west, showing the cliff and talus slope, station
IIL. 5, and Carp Lake, station V, in the distance,
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the under growth of which consists principally of Dwarf Cornel, Creeping
Snowberry, Labrador Tea, Pitcher Plant and Gold Thread on a thick carpet
of Sphagnum and other mosses.

The fauna of these bogs is not characteristic. The mammals are repre-
sented by Hoy’s Shrew, Southeastern Red Squirrel and Red-backed Mouse,
and the molluscs by Zonitoides arborea, Zonitoides exigua, Pyramidula
striatella, catskillensis, Pyramidula asteriscus, Helicodiscus lineatus, Strobilops
virgo, Punctum pygmaeum, Vitrea ferrea, Sphyradium edentulum, and Pallifera
hemphilli. all forms that are abundant in the deciduous forest.

That certain forms, for example the Pitcher Plant and Sphagnum, that
characterize the southern tamarack swamps are also restricted to the same
habitat in this region, and the fact that the climax flood-plain society is
evidently of the deciduous forest type, suggests that the cassandra and
coniferous societies will be ultimately replaced in the flood-plain succession.
But, on the other hand, the wide distribution in this region of many of the
forms that are largely confined to bogs further south, such as the Balsam Fir,
Dwarf Cornel and Red-backed Mouse, Starnosed Mole, and Southern Varying
Hare, indicate that the conditions which permit the boreal forms to hold
certain swamps to the south are here more wide spread; while the similarity
between the bog and flood-plain societies indicates, as might be expected,
that the more nearly related habitats are the most noticeably and probably
the first to be modified by the change of conditions.

Station IV. Substation 1. The amphibious forms of the mud flats grade
into the aquatic forms of the river by such marginal forms as Dulichium
arundinacewm and Sagittaria. The slow current of the river is an important
factor in determining the nature of this habitat, as it results in conditions
similar to those that prevail in ponds, thus permitting a biota adapted to
pond conditions to gain a foothold. The vegetation, although poorly rep-
resented, is decidedly of the quiet water type, being composed principally
of the Yellow Pond Lily, and Myriophyllum, and to a small extent of the
Sweet Scented White Water Lily, and Potamogeton natans, Fig. 19.

The fauna also shows the effect of the slow current, but, owing to lack of
data on the habitats of the different forms, it is impossible to determine
definitely to what extent it is modified by the changing conditions. Tt is,
however, evident in a general way, for the forms that occur here are all forms
that occur in ponds as well as streams, while the characteristic river forms
that occur in the streams after they leave the mountains are apparently
not represented. For example, the molluses found here, Amnicola limosa,
Ancylus parallelus, Valvata tricarinata, Physa sp. and Planorbis exacuous,
hirsutus and campanulatus, were all found on the vegetation and are forms
that, according to Baker, inhabit ponds and streams with aquatic vegetation
and mud bottom, but Limnaea decollata, that occurs on the bare rocky bottom
in the swift waters of the lower parts of the river, is apparently absent.
The fish are represented by the Fine Scaled Sucker, Horned Dace, Spawn
Eater, Trout Perch, Yellow Perch, and Nototropis cayuga. The Horned
Dace is, according to Forbes, almost entirely confined to brooks and small
streams. It is very abundant in Carp river, especially in the head waters,
and may thus be taken to represent the stream conditions that still prevail,
but in the quiet waters near the lake, there are associated with it the deeper,
quiet water, bottom feeders, the Yellow Perch and Sucker, while the charac-
teristic stream forms such as the Brook Trout and Grayling were not found.
Certain other forms are so closely associated with this habitat that they
must be listed here; the more conspicuous of these are the dragon flies,
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Calopteryz aequabilis, Aeschng clepsydra and Plathemis lydia, and the
Kingfisher, Muskrat, ete. .

Station V. Substation 3. The biota of Carp Lake indicates that the
environments] conditions are very similar to those that exist in the river
above it byt are even more pond-like. The fish are the same with the ex-
ception of the Horned Dace, which was not found here. The Sucker and
Yellow Perch seem to predominate. Toward the shore the bottom becomes
covered with vegetation, chiefly I/ yriophyllum, among the leaves of which,
especially in the axils, oceur the snails, Amnicolg limosa and V. alvata tricar-
tnata.  This society soon becomes mixed with Potamogeton natans that forms
a large well defined zone. On the inner margin of this zone, the Tape Grass,
Vallisneria spiralis, often oceurs in extensive mats but doeg not form g
definite zone. The next zone of importance is composed largely of the
Yellow Pond Lily that is replaced near shore by the Canada Rush, Juncus
canadensis, that becomes largely mixed in shallow water with the Scouring
Rush, Bquisetum fuvigsie.

Station V. Substation 1. Where this marginal rush zone extends to the
shore, the bivalves, Sphaerium, stmile, Anodonig marginata, and Pisidium
sp., and the univalves, Planorbss bicarinatus, companulatus and deflectus
are found in the silt and on the small stones.

On the fine sand of the narrow beach, Equisetum hyemale associated with
the Horned Bladderwort (Utricularig cornuta), N odding Ladies Tresses,
and Seven Angled Pipewort forms a scattered vegetation behind which
comes an alder thicket which Is followed in turn by the mesophytic forest

On the submerged. part of the delta, Juncus canadensis is mostly absent
from the rush society which is extensive and composed principally of
Equisetum fluviatile associated on the inper margin with &, hyemale and
Littorale.  Thege forms are replaced on the ares that is ordinarily unsuh-
merged, by Dulichium arundinaceum, Careg filijorms, riparia and viridula,
associated on the dryer areas with Calamagrostis canadensis, Scirpus cyperinus,
Agrostis hyemalis, Eupatorium, pUrpureum, Deschampsia flexusa, Panicularig
¢canadensis, Solidago uliginosa, Swamp Milkweed, Nodding Ladies Tresses,
Pale St. Johnswort and Marsh Cinquefoil,

The fauna also shows the similarity between the conditions of this hahitat
and the mud flats, The dragon flies found here are Enollagma hagens,
Nehalennig wrene, Enallagma carunculatum, Ischnyrg verticalis, Hagenius
brevistylus, Gomphus spucatus, Aeschnag clepsydra  and Plathemsis lydia
Of these Enallogma hagens is the characteristic form and ocecurs in consjder-
able numbers. The birds, as on the mud flats, are the waders and shore
forms such as the Caroling Rail, Great Blue Heron, American Bittern,
Solitary Sandpiper and Wilson’s Snipe. The nature of the habitat is also
shown by the presence of most of the amphibian species of the region. The
frogs are represented by Rang pipiens brachycep/zala, clamitans, and sep-
tentrionalis.  No turties were observed, hut the Garter Snake, 7. sirtalis
sirtalis was taken several times.

The grass and sedge society passes directly into an alder society without
an intervening cassandrs, zone, and the forms of the alder society are in turn
followed by the forms of the deciduous forest,

It was shown in the discussion of the topography that the tendency of an
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agraded stream is to cut into the sides of its valley, and to build up a plain
at its own level by the deposition in its channel of the material derived in
this way. It was also pointed out that areas representing different stages
in this process are characterized by different biota. Since the process is
still going on it is necessary to consider the biota in reference to the changing
conditions. The nature of the changes which Carp river produces on the
topography is determined by its low gradient and slow current. Asitmeanders
over its flood-plain, the mud flats that are formed on the inner side of the
bends are extended into the stream by the deposition of material on their
inner margin. The quiet water and favorable substratum on the sub-
merged parts of these flats afford a favorable habitat for the pond or quiet
water forms of life. As the deposition of the streams during floods builds
these flats above the ordinary level of the river, the conditions become un-
favorable for the aquatic forms, which are compelled to migrate outward;
at the same time, however, they become favorable for the amphibious forms
of the grass and sedge zone that gradually push out and occupy the flat as
it becomes dry enough. The continued deposition during floods, and the
accumulation of plant remains continue to raise the level of the mud flats,
and, as the conditions become dryer, they support successively the cassandra,
alder and the deciduous forest types of life. Where the river cuts into the
sides of the valley, the flood-plain is destroyed, and its societies are limited
to a single narrow zone between the deciduous forest and the river; in this
zone, the littoral, cassandra and coniferous societies may be entirely lacking,
but the alder society is nearly always represented.

Carp Lake may be considered as the river expanded and covering its
flood-plain to the sides of the valley, and the changes that are going on are
very similar to those that are being produced by the river. The conditions
however, are more pond-like for the current that the river possessed above
the lake is lost, so that there is no lateral corrasion. Deposition is going on
all about the margin, owing to wash from the sides of the valley and the de-
posits made at the mouth of the river, so that the aquatic conditions are
being changed into the terrestrial in a manner analagous to the development
of a mud flat into a flood-plain, and the successive zones referred to in the
discussion of the biota are steadily encroaching on the lake.

Different stages in the destruction of the lake may be observed nearly
every where about its shores, but, owing to the dominance of different
factors, the encroaching societies are not always equally developed. The
extreme of this is shown on the north shore where, owing to the proximity -
of the cliff, the talus slope dips into the lake, the fresh talus fragments fall
nearly to the water and very little soil has accumulated. There is, therefore,
no shelving beach at this point, the aquatic and mud flat societies are
absent while the alder zone is represented only by a few forms, the Hoary
Alder more conspicuously, and is largely mixed with the Mountain Ash,
White and Red Pine and Wild Cherry of the talus slope. At the east end
of the lake the grass and sedge zone constitutes the principal society, for,
owing to the large amount of material carried by the river, the delta is built
up to the level of the lake much faster than it can be raised above it by the
accumulation of plant remains and flood deposits, while at the same time
owing to the shelving nature of its outer margin, the aquatic zone is also
extensively developed. At the west end of the lake, however, the margin
is shallow, deposition is slow, and the aquatic societies are the most
prominently developed.

But, notwithstanding differences in the rapidity of the process, the lake
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Is undoubtedly being filled up, and the present environmental and biotic
conditions are being changed toward those of the river flood-plain.

Station IV. South of Carp Lake the country is covered by the biota of
the deciduous forest type which is cssentially the same as on the north
slope. The small spring brooks which drain the region, however, bring in
a different set of conditions, and may be considered as representative of
the headwater conditions of the larger streams. The two studied on Sections
23 and 28, T. 51 N, R, 43 W -, are shallow, cold, swift flowing streams from
6 to 15 feet wide with a bottom composed of gravel and stones. The biota

There is practically no aquatic vegetation, and the faunsa consists chiefly
of the snail, Planorbis parvus, caddis—and stone-fly larvae, and the frogs,
Rana septentrionalis, clamitans, and R. sylvatica cantabrigensis. On the
banks of these streams, however, the conditions are much more favorable.
The deciduous trees usually overtop them entirely, so that the humus con-
ditions along the margin are essentially the same as in the forest with the
exception of a considerable Increase in the moisture content. The flora
that lines the creek is composed of such forms as Caltha palustris, Equisetum
sylvaticum, Cinna latijolia, Onoclea senstbilis, Scirpus cyperinus, Osmunda
claytoniana, Skunk Cabbage, Carex crinitq and pubescens, and large mats of
Conecephalus conicus and Endocarpon miniatum. Behind this narrow zone
oceur occasional clumps of alders (Alnus incana), and Mountain Maple.

The molluscan fauna of the creek bank is characterized principally by an
Increase in the abundance of the forest forms, while among very wet leaves
Physa sayii is oceasionally found.

It will be noticed that the biota of the creek bank is composed of members
of the alder, sedge and forest societies of the river valley, but that the forms
of the cassandra and coniferous societies are apparently lacking.

Station VII, Practically the same conditions prevail in Little Carp Lake
asin Carp Lake, although its smaller size probably affects the biota to some ex-
tent.  The deciduous forest forms extend down the sides of the bordering hills
nearly to the waters edge. Between the forest and the water there is a narrow
zone of vegetation the most conspicuous form of which is the Hoary Alder
(Alnus incana) which is associated with the Few I lowering Cranberry,ete. The
rush society in the margin of the water and on the delta (which is mostly

zone is only occasionally present.

The bivalve, Anodontq marginata, is quite commonly found about the margin
of the lake, especially on the delta. The most characteristic fish, at this
time of the year, are the Sucker and Horned Dace, the latter being very
abundant.

Station VII. Substation 2. Above the lake, Little Carp river is a small
meandering stream about 15 feet wide and 2 feet deep. It enters the lake
through a narrow valley about one-fourth of a mile long which is erossed
at the east end by several beaver dams. Above these dams, the valley widens
out into an amphitheater about a mile long by one-fourth mile wide. In
the narrow part of the valley near the lake, the space between the river and
the foot of the adjacent ridges is occupied by a dense thicket, of Hoary Alder,
(Alnus incana). " As the valley widens out above the dams, this alder zone,
composed now of the Hoary Alder, Betula glandulosa, and several willows, is

I R I I O R R T ...

N N 39
ECOLOGY OF NORTHERN MICHIGAN.

i s by a coniferous society
esophytic forests of the slopes 7 o
S?fpr%r?flziafc?mﬁﬁietemSprgcg White and Black Ash, grclid bf}(:ll;)v%sr gi(éseézavei
foot ¢ ; . lley is occupie
he floor of the valley
fOOtdOf“thgofflgrge?i W?t]f a luxuriant growth of grasses, sedges and other
meadow, f
Fig. 20. ) ) -
heﬁ) aceo;l Stlfgn(i)sr’lsp;%uous forms in this meadow may be iegc;;?e}?ye%;le’
?lle? nﬁliformis and wviridula, Juncus effusus and zf;lmmsgw gﬂexusa e,
mo? magrostis canadensis, Scirpus cyperinus, Descdag)flp o e Bei]ﬂower,
ccqfl(z”ia gcanadensis, Solidago neglecta da?\? ézzfcta, Ii;ldies %resses pelitlower,
| Milkweed and Nodding T . 1
A Wc(iae((}i};iesff;ag}fpthel butterflies, Bastlarchia arthemsis, Van;scsla Xg;tcz}(zgg
o gonfllposfmis cybele; the dragon-flies, Sympetrum obgusum haibians i
alI'lepsyd:Zg{ the grasshz)pper, Camnula pellufzdaéh anhda gititag%pthe Soﬁg fyla
c J . . - e 1
) YO tans. This is also 1 |
yézckf;;ngg;ai?gwfaggdcl&wel;ea?v% abundant evidence that it was a favorite
Swa ,
i T.
e s grOTlfl?Id fg')zl;b%te;tion 8. The dams at the west endl'(%il t%cll?e gzizié
Stgtwnare not now in repair, so that they influence but éfoimeld pature
meahowiver except as small pools, four or five feet dee}})l, ar ormed bebind
o}fl ; evfzhere’ the current is deflected to one side. {{n tl e:g Hll)etimes o char
setert tic fish is Couesius plumbeus, although the Sucker is e
Theta f the river, in harmony with the conditions, is co pt vod mostly
o faul?a r?d creek fofms, such as the Shiner, Nototropz}s; cornu uvér | the
{]))fwgﬁ'o Staihckle Back, Eucalia inconstans pygmaea. There is v
aqu:itltic Veclg?:‘s;oar,ll;)ng the river are small and practical'l% 'devzi;jt soflixz%:;?;
ion eigﬁhe exception of scattered grasses, such as Dulz’% l};”]?;irds binaceun
tloél VCV' lamagrostis canadensts, on the dryer portions. e e oo
ob ad here were the Solitary and Least Sandplpe.rs‘m% o Lellow-tegs.
»obselilve bmerged edges of these flats, the characteristic orizn 1§ he mollust
gghgefiz?n svjngle with which is occastion@lly (z)»fsstohc;a;cggdﬁ?gn sz }?at, nogmau};
is the result of an extension L ons . nally
T\Elnéia’?ﬁgv V;Ztter parts of the flood-plain, and Wl‘d(l1 t2§u§X;§E:;?n %Vhen
ﬁla;%itat there is associated an increasg offt}iei grf;ss jf]?i erS wté\ o el
i e largely formed o oar ., we ) (
t%lle f? arfilf ' 1;?21;}: tile; broa% gart of the valley was ﬂoodgd, (;Ln(lia;cillsﬁ g););ldui%
tf etl Oostrgam resulted in the killing off of the dryer bocl)c ’;}Iie in | adje.went
?s nolteprobable that the pond covered ;uihe e?t}(,I}lle v‘z/t;lﬁzg’ x}éould jow adjacent
d and the sides of the
‘groundbbe;z:;aer}wth;oggs making the conditions favorablg for tglea %rsssgs
aﬁg ::djees and an associated fauna, so that a small meadow analag
ah restént one probably existed about its margin. for with the trapping
’ ?\Tpevidence of the extent of the pond now remains, for Wbroken bping
jig (% the Beaver the dams were no longer repaired and were oroken through
b Oh iver. The pond was thus drained and the water resut1 ts Tormer
b}}; ; eler This resulted in better drainage and a consequirll %ro fo}lrlow ub-
Stratum i the meadow, so that the meadow forms were a (‘E o follow the
fz:f;%(g;malsli retreated, while the condi‘tionsdaée, ‘?f tﬁg f]g();eessinfonln e, becorn-
i : higher flood-plain and deciduo ,
wo lf:'wc?ridr}) lgbfoolftt’}cll?e le%argin. That the encroachment of thibe f()fr(?[ice fo;;r;:
gﬁ{ Iﬁiﬁma’oe]y destroy the meao}ow by narrgg;rriitgls }é?b;iclzé SC (?nditio ES s
ty ieties, is evident from an ex [
iac?cilisteigsé ewic:acrleet’l;lsé 1]_§>eawer formerly occurred. For instance, there have



40 MICHIGAN SURVEY, 1905.

been no Beaver on Carp river within the memory of several of the trappers

in the region, and yet several of the bends of the river were found to be due
to the remains of old dams which were once evidently of considerable size.
Now a slight raising of the water level in this valley, such as would be caused
by these dams if they were in repair, would cause the plain to be flooded,

the trees to be killed off and either & pond or meadow would result, according
to the height of the dam. It thus Seems probable that the present, flood-

were killed off, which suggests that the history of the meadow on Little
Carp river will be similar,

6. SUMMARY,

In order to get at the relation between the physical changes and the
biota of the region as a whole, it will be hecessary to summarize the present
conditions, the biota, the processes that are dominant in the different
habitats, and the changes which they are bringing about.

I. Beach. The beach consists of tilted strata of rock that are exposed

to the forces of weathering and the action of waves. It may be divided into-

three parts on the basis of the processes acting upon it. The Lower Beach
is exposed to the pounding of the waves, that tend to break up the rock

and carry the fragments back in the undertow, building them up in a sub-~

marine terrace. The Middle Beach is exposed to the action of waves only
during the winter months; during the summer months the forces of weather
ing predominate and tend to form a soil. This soil tends to be removed
during the winter with the exception of a small amount that accumulates
in the edges of the joint planes. The Upper Beach Is, at present, above the
reach of both summer and winter waves and is chiefly exposed to the forees
of weathering, which have formed a slight residual soil. .

The biota of the beach as a whole is adapted to the conditions that prevail
in this habitat, and may be divided into three groups that are closely asso-
ciated with the physiographic divisions. There is practically no life on
the Lower Beach, owing to the pounding of the waves. The life on the
Middle Beach consists for the most part of annuals that can obtain a foot-
hold during the summer on the slight soil in the crevices, and a few asso-
ciated animal forms. The flora of the Upper Beach, in response to the more
favorable soil conditions and the absence of wave action, consists of a number
of annuals and perennials; while the more favorable food conditions are

increases in comparative Importance, the beach tends to become broken up,
and the area of the habitats frequented by the crevice forms increases,

II. 1. Arbor Vitge Swamp. The narrow ares back of the beach, at the
foot of the north slope is not well drained, and the soil is covered by a thick

layer of humus.
The forms adapted to these conditions are plants and animals found in
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F1g. 14. Face of the cliff and talus slope (looking north from Carp Lake) station III. 5, show-
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ing hardwoods in the foreground on the lower part of the talus slope, the bare portion of the ta 18,

and the belt of vegetation (pines, oaks &c.) at the foot of the cliff. T'he presence of the pines on the

cliff show the influence of rock ledges.
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swampy areas. If the undrained conditions of these areas are caused by the
sinking of the coast, this habitat will tend to become destroyed by the
encroachment of the beach conditions. 1If, on the other hand, this encroach-
ment is relatively slow compared with other changes, the accumulation of
the inwash and organic debris will tend to convert such a swamp into a dryer
habitat and cause the present biota to be succeeded by a society adapted
to the new conditions.

II. 2. North Slope of First Ridge. This slope on account of its relief
is well exposed both to the forces of weathering and of denudation and is
covered by a layer of soil that becomes thinner near the top of the ridge.
Above this soil there is a layer of humus and vegetable mould that tends
to conduct the water from the surface, thus greatly diminishing the effects
of denudation. (It also furnishes organic constituents to the soil).

These conditions are very favorable for plant life, and the lower part of
the slope is covered by a dense forest with which is associated a large number
of animals. This biota is composed partly of forms whose principal dis-
tribution is in southeastern North America, and partly of those which
predominate to the north of the Great Lakes and in the bogs to the south.
On the thinner soil near the top of the ridge, those forms of the forest pre-
dominate that can live in the more open, poorer soil, and dryer conditions
of this habitat.

The processes working on this slope tend to reduce the ridge toward
base level and to increase the depth of the soil. The accumulation of humus
retatds the former process, while the latter proceeds more and more slowly
as the soil increases in thickness. Changes are thus taking place very slowly,
and the physiographic processes are evidently tending to approach an equili-
brium. Near the top of the ridge, owing to thinner layers of soil and humus,
the changes are more rapid but in the direction of the conditions that prevail
on the lower part of the slope, and the biota adapted to these conditions is
pushing up the slope.

III.  Mountain Top. On the bare mountain top, the forces of weather-
ing tend to break up the rock into a soil that is washed or blown away nearly
as fast as it is formed, except along the joint planes.

The flora consists of rock inhabiting lichens and a number of crevice forms,
the fauna of the types frequenting open habitats, such as the grasshoppers,
ete.

The soil formed in the crevices is in part held by plant roots, and, since
these soil areas are the habitats of the crevice forms of life, as they gradually
spread out, the habitats of the rock inhabitating forms are restricted. A%
the same time, the soil washed down the slope is held at the forest margin,
thus permitting the forest societies to encroach on the crevice forms which
will thus in time tend to become replaced by the forest forms. This succes-
sion of forms is modified by the influence of the strong winds which tend
to break down the pioneer trees on the exposed areas.

III.  CUff and Talus Slope. The cliff is constantly exposed to the forces
of weathering, for as fast as the rock is broken up it is removed, exposing
a fresh surface.

The fauna and flora, owing to the unstable and exposed conditions, are
very poor execept on the rock ledges, where a slight soil accumulates.

The talus slope at the foot of the cliff is also very unstable and is exposed
to the destructive effects of falling rock fragments. Toward the bottom,
beyond the limit of falling rocks, the blocks tend to become broken up into
a soil.

6
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VI. Hardwood Forest. This region has been reserved to the last, for
the conditions are evidently those toward which the other habitats tend to be
changed under the present conditions. The conditions are similar to those on
the north slope, and the whole region is covered by a similar type of biota.
This society thus represents the climax society of the region. It consists
of the forms that are adapted to or associated with the conditions which
prevail in this region in the last stages of the mutual adjustment of all the
environmental processes. As the processes become adjusted to one another,
the habitat of the climax society is increased at the expense of the other
habitats, and the associated biota tends to become of general geographic

extent in the region.
7. INTERPRETATIONS AND CONCLUSIONS.

From the conditions of life in this region as summarized above, the follow-
ing interpretations and conclusions seem justifiable.

Owing to the dependence of forms of life on their environment, biotie
changes are necessarily closely related to environmental changes. These biotic
changes may occur in two ways; the forms must either be able to respond
to the new conditions or be supplanted by other forms. That they tend
to become adjusted cannot be questioned, but in many cases at least this
adjustment lags behind the changing conditions, and the forms are replaced
by others from adjacent habitats which are adjusted to the conditions
toward which the particular habitat is changing, thus bringing about a succes-
sion of societies.

To understand, therefore, the succession of societies in a region it is neces-
sary to know both the environmental conditions and the processes that
modify them. The environmental conditions are brought about by the
association of eertain environmental factors, such as the geographic, physio-
graphic, organic, edaphic (the chemical and structural composition of the
rock and the depth of the soil), time, and climatie factors. These divisions
are arbitrary, for the different factors are so intimately related that they
can only rarely be separated, and, although certain ones may predominate
in different habitats, it is impossible, owing to this interrelation, to explain
the distribution of animals or plants on the basis of a single factor, for all
are more or less involved in the formation of a habitat. This is one of the
primary reasons for emphasizing habitat dynamies.

Tt will be seen by reference to Van Hise ('04, p. 40) that the environmental
factors given above are the same as the geological factors in the belt of
weathering. Tach of these factors is the resultant of various processes
(composed in turn of physical forces, heat, light, etc.) which when not in
equilibrium tend to become so. The adjustment of these processes to each
other brings about changes in the conditions which can only approximately
cease when they approach an equilibrium, as, for example, when the topo-
graphy has been reduced to a base-leveled plain covered by a layer of residual
soil. The conditions in habitats where the processes are not in equilibrium
are thus being constantly changed in the direction of other habitats in which
they have more nearly reached an adjustment, and a succession of societies oc-
curs that only ceases when the processes have become approximately adjusted
to eéach other. The forms that are adapted to the adjusted conditions will

constitute the climax society. It is necessary to here emphasize the im-
portance of the organic factor; this must also become adjusted to the others
for the entrance of new forms into a region may greatly change the equilib-

rium of its societies.
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action of the present processes.
The historical geology of the Lake Superior region has been worked out
by Van Hige (04), and his results are the basis of the follow@ng account.

America the broad old land area, extending, according to Wilson (03, p. 617),
from Coronation Gulf in the extreme northwest of Canada, southward around
Hudson Bay, and northward through Labrador to Baffin Bay and beyond.
South of Lake Superior, in Michigan and Wisconsin, there is a continuation
of this area, largely buried in Michigan under later deposits but exposed
In a large area in Central Wisconsin. There were at least three series of
rocks formed upon the Basement Complex before the Keweenawan, but the
mountains formed by the elevation and folding of these rocks were reduced

laid down. During their formation, these sediments were covered from
time to time by great sheets of voleanic lavas, the products of fissure erup-
tlons. At the close of the Keweenawan Epoch, the land was again elevated

pe

erosion, the entire thickness of the Keweenawan Series was greatly eroded,
and the mountains together with the whole pre-Cambrian area (Wilson, ’03,
and Weidman, ’03) were reduced nearly to sea level.

During Mesozoic times, there was a particularly well marked period of

area of North America and has been recognized in Canada, (Wilson, 03, p.
658), in the Ozarks (Hershey, *01, Pp. 22-24), eastern (Davis, ’89, p. 197)
and western United States (Woodworth, ‘94, p. 221). At this time eastern
and western North America were separated by the Cretacegus Mediterranean
Sea. At the close of the Cretaceous Period, the continent was unified by
an elevation of the interior which banished the Mediterranean Sea and put
an end to the Jura-Cretaceous peneplain; but in the Tertiary Period that
followed, another cyele of erosion oceurred which, although not complete
in the mountainous regions of North America, sufficed to reduce the northern
part of the continent nearly to baselevel (Upham, °04). The surface of the
earth in the Great Lakes region at this time probably became covered by a
thick mantle of residual soil, owing to the enormous length of time during
which it was subjected to disintergrating processes.

The present elevations in the Porcupine Mountain region are evidently
formed by the projecting edges of the more resistant basic and acidie lava
sheets, while the valleys of Carp and Union rivers are sunk by erosion into
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single sheet, the Wisconsin, that covered Canada
, the and 1 ‘
over northern United States, forcing the biota before it. 1?&?%%1?&??3?1?
the Labradoran center reached the Great Lake region, it was broken up into
lobes, the direction of which was determined by the lake basins. The
Sufeimfr Iﬁobe trivgled_ southwest to the end of the lake. It then :spread
out laterally, u % i i ; ‘
out laterally, Shle;léte.} with the neighboring lobes and moved southward as
Thus during the inception of the ice g i
: ‘ ! ge, certain forces d
gl?gn};}?ant’ tél{pwmg tﬁf enilronmental processes out of adgjlwfstumaégu bceilcgrr:;
€ conditions so that the northern forms were able t !
habitats of the more southern societies ing: i & gonent oo the
1es, thus resulting in a general h
movement of the biota. At the same t’ime the habi Fhe northon, poard
] thes ‘ tats of the northern f
were destroyed, and their societies were forc’ed ithe mits of
e de , ! southward beyond the limits of
glaciation. It may be inferred, from the fossils : 7 foun
: t ) ssils of boreal form
;Illla?ilﬁtocen? 1?epo(silts' nearhthe margin of the ice sheet (AdamsS ’r(l)%wpfogg)d
¢ societics during the ice age became adjusted, in a eneral ;
’Jccﬁ (;ch: Cfgyll%t}ons befyond the ice margin.  But, as the glac’iers ﬁna%l;?;ie‘;?g&
quiibrium ot environmental processes was again disturb
conditions changed in favor of the more Fins which mers (e
‘ thern forms which
able to extend their habitats into tho v iod by the poms
] se previously occupied by the boreal
types. At the same time, the habitats of th v e extonder
: 1 ‘ e northern forms were ext
%}; theIIetre.at of the ice sheet and a northward migration began e(}zg;li;e;i
lea<)i anl(li 11;11: }Ianlgratlon the1 ?Xf‘crekr)ne northern types were probably in the
, ) arren ground lett by the retreatine elaci i i
all probability, by the lemmin i ot repmoroded, In
; gs, voles, moles, ptarmican, ete i
of the tundra. As the glacier continued t ) 1 the conditions bomre
: o retreat and the conditions b
more favorable, the habitats of the tundral t neroashed
) he t ypes were probably en
;Egn\?\l;}}lfi ;céle hares,d pé)rcuplnes, chipmunks and the Linmﬁn’s, Wl};ite-gﬁiig%:g
-crowned Sparrows, ete., now characteristie of the north
for((aist of Spruce, Balsam Fir and Tamarack. This biota ngrineggrr?osrl(i?}
. ceeded by the demdupus forest type that includes the dominant forms of

forms moved northward, the ¥
. I s y often surrounded groups of b
:?ed Czryglgis,_asdﬂ{)ustraté{d by tamarack swamps cigr bg)gs.o Th%gzalsvg?él;:
racterized by a distinetly northern biota consisting of h
::m’;?: %(;Lrl;lchernkV%rymg Hare, Star-nosed Mole, Red-bac%{e(él I\;(l)ll(ise foé;I;S
, aracx, wspruce, ete., and are really boreal islands (Bailev. ’ )
surrounded by the deciduous forest 1 vard e o
(A\c}l‘?ﬁns, )%2’ ond Trama ,03)'ores types in the northward migration
en the receding edge of the glacier reached the G i
. , . t L
it was broken into lobes that retreated up the lake basinsl.PeaAs :cl){(?nr:sg l‘gl?é
t(})ll;eiv ;}Dz(j ;etreateidt b(;zyonfd the southern watersheds of the Great Lakes
) ccumulated 1n front of each lobe as an ice dammed lak i
fhiiuned throygh the lowest point in the divide (Taylor ’O5iep 267()3 Wl’;ﬁ}é
r?vgr fgﬁﬁd }intﬁrorll\}' of the Superior Lobe drained by Wé,y of t}ie St. Croix
v hroug e Mississippl to the Gulf, thus forming s hich f
migrating forms into the Lake Superior regio Th Pg e Mot
however, owing to the heigh S ou roro onthely aaountains,
, ght of the St. Croix outlet, were entirel
by the lake (Wright, '05 icc retrented, an enstern onilat
, » b- 38).  As the ice retreated, an east
(xiavas_ opened lower than th(? St. Croix, and the level of t7he lakesdzrsrée(r)lléggtf
uring this descent successive beach lines were cut about the Porcupines
unl’&l theylwere finally united with the mainland. P
.. Meanwhile, as the continental ice sheet continued to retreat north of the

ECOLOGY OF NORTHERN MICHIGAN. 47

Great Lakes, it was followed by plants and animals, so that when it finally
disappeared the different forms of life were left distributed in a north and
south direction approximately in the order of their northward migration.
The wide distribution of the boreal forms in northern North America is thus
seen to be very intimately related to the character and extent of the pene-
plained nature of the region.

Toward the south, with the retreat of the last ice sheet, the boreal forms
became restricted to local areas, as in bogs for example. but further north
they tend to become of wider distribution. This is shown in the Porcupine
Mountains by the general distribution of forms that about Ann Arbor, Mich-
igan are confined to the tamarack swamps, by the presence of boreal forms
in the climax forest to the exclusion of more southern forms, and by the fact
that there are few forms restricted to the bog societies. That this spread-
ing out of the conditions with which the boreal forms are associated affects
the more nearly related habitats first is shown by the number of boreal
forms in the flood-plain biota while on the higher ground the southern
forms become more numerous. When the present biotic types reached
this region, the various societies took possession of the different habitats
to which they were adapted, but, owing to the fact that the processes were
not in equilibrium these societies could not remain fixed. "This is shown,
at the present time, where the changes were taking place rapidly, as for
example on the mountain top, by the fact that the conditions are being
changed in the direction of those that prevail on the low land, and the biota
of the cliff habitats is being supplanted by the deciduous forest types which
occeupy the lower levels where the processes approach an equilibrium. As
the processes approach an adjustment, the changes take place more slowly,
and the more resistant forms may persist for a considerable time in the
succeeding society, as is shown by the presence of the isolated White Pines
in the deciduous forest. The deciduous forest society thus represents the
climax biota in the Porcupine Mountains, as it is associated with those
conditions toward which the other habitats are tending.

From the dynamic nature of the processes that give rise to the environ-
mental factors in the different habitats, it follows that a study of the dis-
tribution of forms in a particular region should be made from the standpoint
of the processes involved, and, since the conditions in particular habitats
may become of geographic extent, the same methods are applicable to general
distributional problems. This leads maturally to the conclusion so well
expressed by H. R. Mill ('05, p. 10) for geography in general: ‘Geography
was defined long ago as the science of distribution; but the old idea was
statical distribution, the laying down on maps of where things are; now
we see that we ought to go further and discuss also how the things got
there, why they remain there, whether they are in transit and if so how
their path is determined. We are learning to look on distribution from its
dynamical side, the earth with all its activities being viewed as a machine

at work.”
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PART II. ISLE ROYALE.

1. GENERAL GEOGRAPHY.

Isle Royale is situated in the northwestern part of Lake Superior on the
Junction of the 89th degree of west longitude with the 48th degree of north
latitude, Fig. 21. It lies northeast and southwest nearly parallel to the
north shore of the lake. The topography is striking; several nearly parallel
ridges separated by broad valleys run the length of the island, and pro-
ject out into the lake at either end (more conspicuously at the north) as the
walls of deep fiords. These ridges are all low, the highest not exceeding
500 feet. The geology and topography have been discussed by Lane (’'98)
and Irving ('83), and it is sufficient for this report, to say that the topography,
as in the Porcupine Mountains, is closely dependent on the geological strue-
ture. The ridges consist of the centers of outeropping sheets of lava, while
the valleys between are mostly cut in the inter-bedded clastics as in the
Porcupine Mountains. The dip of the rocks, is however, toward the Michi-
gan shore, and the escarpments are thus on the north instead of the south
side of the ranges. These escarpments are not precipitous in the southern
part of the island. There is abundant evidence that the entire island was
overridden by the ice sheets of the glacial epoch and that after the final
retreat of the glacier it was entirely submerged beneath the Pleistocene
Lakes (Lane, '98, pp. 183 and 184). It has not since that time been
connected with the mainland, a fact to which many of the peculiarities of
its biota are probably due.

2. LOCATION OF TFIELD STATIONS. (FIG. 21).

Only the southwestern end of the island was examined. Stations were
established as follows:

Station I. Clearing on the Shore of Washington Harbor, Section 29,
T. 64 N., R. 38 W.

Station II. Washington River, Section 29, T. 64 N., R. 38 W.

Station III. Trail along the Top of Greenstone Range, T. 64 N, R.
38 W.

Station IV. Washington Creek, Sections 28 and 32, T. 64 N., R. 38 W.

Station V. Tamarack Swamp, Section 20, T. 64 N., R. 38 W.

Station VI. North Slope of Greenstone Range, Section 32, T. 64 N.,
R. 38 W. )

Station VII. Lake Desor, T. 64 N, R. 32 W.

Station VIII. West End of Siskowit Bay, T. 64 N, R. 32 W.

Station IX. Southwestern End of Minong Trap Range, Section 30,
T. 64 N., R. 39 W.

Station X. Washington Harbor, T. 64 N, R. 38 W.

3. THE BIOTA CONSIDERED BY STATIONS.

Station I. Clearing on the Shore of Washington Harbor. This station
will not be discussed asit is an artificial clearing into which cultivated species

i i i i i he character of
" on the face of the cliff shown in Figure 14, illustrating t
Fic. 15. Large rock ledge tl;e vegetation on a cliff that is broken by ledges.

i y ] influence of the
i II. 5, showing the nature of the talus, —The infly
Fre 16. ugﬁgfﬂglgﬁ;faiﬁlg? tllle slope upon the vegetation is indicated by the fallen pines.
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have been introduced, and which is kept open, so that only in a few places
can the succession of forms be observed that would occur if the clearing
was left undisturbed. There is evidence, however, in several places, that
the pioneer forms are the Quaking and Large-toothed Aspens, and the Paper
and Yellow Birch. The animals taken here were probably all forms from
adjacent habitats (see annoctated lists).

Station II. Washington River. This river is a sluggish meandering
stream flowing through a broad flat valley between the Greenstone and
Mirong Trap Ranges, and emptying into the head of Washington Harbor.
The aquatic vegetation is very poor. In the quiet water near the mouth
of the river, Myriophyllum sp. forms the principal vegetation with Sphar-
gantum eurycarpum, and Phragmites communis in the shallow water near
shore. These forms are replaced on the mud flats by a zone of sedges and
herbaceous forms, among the conspicuous forms of which are Carer #ri-
buloidea, retrorsa, intumescens and trisperma, Juncus effusus, Joe Pye Weed,
Esclepias incarnata, and Spiraea salicifolia. This society Is not extensive
but soon grades into the dense thickets of Hoary Alder (Alnus incana) that
are characteristic of the flood plains in this region. The undergrowth in
these thickets is limited to a few forms such as Caltha palustris, Skunk
Cabbage, Vagnera trifolia, and several species of ferns and violets. Where
the flood-plain is broad, as toward the mouth of the river, the alder thickets
are followed by a society of White and Black Spruce, Tamarack, White
and Yellow Birch, and Black Ash, with an undergrowth of Tazus canadensis,
Mountain Maple, Andromeda polyfolia, Mitella nuda, Dwarf Dogwood,
Coptis trifolia, Chiogenes hispidula, Ledum groenlandicum, Vaccinium cana-
densis, and Viburnum opulus, on a thick carpet of moss. As the valley
narrows toward the head of the river, this zone gradually disappears.

As in the case of the flora, the aquatic fauna is limited both in individuals
and species. The birds are represented by the Pied Billed Grebe, American
Coot and American Merganser; the molluses by Planorbis ezacuous and
Physa sp. among the leaves of aquatic plants, and Pisidium variabile and
Pisidium spp. on the mud bottom. Among the alders are found the Sparrows,
warblers and thrushes; the toad, Bufo americanus; the garter snakes, Tham-
nophis sirtalis sirtalis, and T. sirtalis parietalis, and the molluses, Carychium
exile, Pisidium abditum, Apecta hypnorum, Pyramidula striatella, Zonitoides
arborea and exigua, Vitrea binneyana and Agriolimax campestris. In the
tamarack and spruce forest, the birds are not so numerous, and the sparrows,
thrushes and warblers tend to be replaced by the Arctic Three-toed, Downy
and Hairy Woodpeckers, the Crossbills and the Sharp-shinned and Sparrow
Hawks. Among the molluscs, Pisidium abditum, Apecta hypnorum and
Carychium exile also seem to drop out in this zone, but Pyramidula stria-
tella, Vitrea binneyana, Zonitoides arborea and exigua were found associated
with Euconulus fulvus and E. chersinus polygyratus, Sphyradium edentulum,
Acanthinula harpa and Pyramidula striatella alba. Here also the grasshopper,
Tettiz acadicus, and the spider, Amaurobius bennetti, are occasionally found
in the moss.

Station VI. North Slope of Greenstone Range. On account of the
intermediate relation which it bears to the flood-plain of Washington river,
Station IT, and the top of the Greenstone Ridge, Station II1, this station
will be considered here. The Tamarack and Black Spruce are replaced
on the sides of the valley by a forest composed principally of the Balsam
Fir, White Spruce, Paper and Yellow Birch, and large isolated White Pines.
The undergrowth consists principally of the Ground Hemlock associated

7
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S . ] ( . e conditions repres

:Lrénlsartflatl? tthose which prevail on the head waters of t}?e rfxfl;l?sdallllgrzloa;e

Lo o fof Igg?(grflsﬁhe\?gﬁge f‘ohe }Dzalley ig narrow (near the mouth, Sectior%

i € Torest extend nearly to the wat i

%elnggt?gi qulrscgzlls ltvlc)z}g;nj natrr.?vgvzor]lgh of Hoary Alder, Equ(ZZit;gzg(Zr?Zi;?f
P . ra trifolia, amnus alnifolia and vari ;

and sedges. Up stream, Section 28, the valley is wider, and tﬁéozin%fr::cfﬁz

We{‘ieprzrllsé(ﬁm?s’ sgﬁeg‘coelé{n?nttohidentifyf .&11 the only aquatic animals found
toudes arborea and em"gua, T/;i;620gb§££z§/2yn;reA}2yr<;}?qid1éla siriatella, Zoni-
A A R e
staimn o of the small stream pdgiinéng fi?gt%ﬁg?fﬁigsﬁ Cove, e g s
and is associatod ith the Balsamnf‘ir Bfackaénir%k isdthe principal tree
undergrowth consists of the Dwarf Doéwrood, Chl;?();le@;e? I;L'L's B.ila%k Ash. The
trijolia on a thick mat of Sphagnum and other mogses. Tﬁ)eZ mol e Sopis
i Vot g By o P Fomt
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gyratus. A conspicuous feature of the bogs in this region is the lack of un-
dergrowth. As may be seen from the list of species, the forms that com-
pose the undergrowth consist only of a few herbaceous forms, which is
in striking contrast to the density of the undergrowth in the surrounding
forest.

Station VII. Lake Desor. This lake lies between the Greenstone and
Minong Trap Ranges. Its shores are for the most part shelving and covered
with a fine silt-like deposit. The islands, however, have uniformly rocky
shores. The coniferous forest of the slopes comes down to the margin of
the lake where it grades into a narrow zone of Hoary Alder, Viburnum
opulus and Arbor Vitae that lines the shores. The aquatic flora and fauna is
very poor. Themarginal forms consist of the plants, Equisetum sp., Phragmites
communis, Spargantum eurycarpum. and occasionally the White Water Lily
{Castalia odorata); the frog, Rana sylvatica cantabrigensts, and the molluses,
Planorbis bicarinatus striatus, and Anodonta marginata. On the rocky
shores of the islands, the vegetation consists of a scattered growth of
Isoetes sp. and Phragmites communis in the water among the rocks, and
Equusetum arvense on the rocks in exposed places. The animals collected
here are the leeches, Haemopis grandis Verrill and Nephelopsis obscura
Verrill, a number of caddis fly larvae, and the molluscs, Planorbis hirsutus,
P. exacuous and parvus, and Physa sp.

Station VIII. Siskowit Bay. The only part of Siskowit Bay worked
was the west end in T. 64 N., R. 32 W. The shore at this point consists of
outcropping strata of conglomerate that dip under the bay, and are often
broken up into shingle beaches. Owing to the grinding of the waves, there
is practically no aquatic life, although a small Physae is sometimes found
on the larger rocks. In the pools that oceur occasionally along this beach
behind the outcropping strata, the conditions are more favorable. Small
mats of Algae may occur on the rocks and there is a limited fauna of which
caddis fly larvae, and molluscs, Physa sp. and Valvata sincera lewisii, are
the prineipal forms. The beach flora is also very limited, consisting chiefly
of Juneberry, Phegopteris polypodiales, Euthamia graminifolia, Campanu-
laria rotundifolia and Lastera convallariodes that occur in the rock crevices
and scattered over the shingle beach.

Statron IX. Southwestern End of Minong Trap Range. As may be seen
on the map, the Minong Trap Range on Section 30, T. 64 N., R. 39 W. pro-
jects into Lake Superior, becoming deeply submerged several hundred yards
fromthe mainland. Itisalso sloping on the south side, owing to the dip of the
strata, but on the north side it is precipitous. Near the outer end of the
ridge, there are a number of rock pools in the angular spaces formed by the
removal of portions of the rock between the joint planes. These are very
similar in form and probably in origin to the beach pools in the Porcupine
Mountains. The flora of these pools is very limited, but a number of animal
forms are found such as the molluscs, Limnaea sumassi and Planorbis parvus,
the water strider, Gerris remigis, and caddis-fiy larvae. The flora on the outer
end of the ridge consists of scattered patches of Parmelia conspersa, and a
crevice vegetation of Sibbaldiopsis tridentata and Dasiphora fruticosa Cam-
panularia rotundifolia, Solvdago sp., Arbor Vitae and several grasses.

Toward shore a thin soil covers the rock and supports a flora of Reindeer
Lichen (Cladonia rangiferina), and the heaths, Bearberry, Dwarf Blue-
berry and New Jersey Tea that are often found growing on the remains
of lichen mats. Here also are found Empetrum nigrum, and Lycopodium
annotinum, clavatum and complanatum. The first tree is the Arbor Vitae
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that grows nearly prostrate or i
: v . 1 the rock, associated with Juni
Is\dfguntag iAsh, White Pl)ne, and Quaking Aspen. Near the shlgép’fgés\?fclmg 4
Tlheuce) alsam Fir and I aper Birch come in, forming the forest of the re ilo1 ;
liChe?lnclcesswn on these points is evidently Trepresented by four sta esg tln‘
fet p(_)ol(s)si Seg:}r;s:\;slfgge,i. é}eaﬂi, al%% coniferous soecieties. The }his%orjy S?
. ! , different. ere is evidence that these i
filled in places by Sphagnum and other mosses, and on tﬁfsergronbseégﬁ

byI t}i? forms of the upland forest.
0 Disting the faunsa of the outer end of id
i T end of the ridge, the Herrj
be mentioned as one of the most characteristic forms, forlﬁﬁ%d(i:clilssgfo TL11111d

dividuals were often ohserv, I i i

: e ed on this ridge during the g r i
igzggpgneﬂl\lqt}mtams, a number of molluses puﬁl out 11111;] rzrt]g;z‘anfes é? glle
W;S fouéld 1}% ;;;tiléurlr;ag.hnm{fnﬂtheZdry_ soil among the roots of thése plaﬁts
on aound, i ela, Zontoides exigua, Vitreg binneyana and

Station X.  Washington I '
) -V o arbor.  As may be seen from th
glitéor?stHar%r 18 a long narrow bay lying between the Min(()anma’lgr,aW&LSh&
Sweens %ngathanges, Ocrll }the southwest end of the island It attagins a I(Dle?)rtlh
q oms and ha, at ri : |
i plaeps athor S a rocky bottom that rises nearly to the surface
h

o '_Ehs £a;11:;aa?1fdﬂ]138 deﬁprlgr waters, as represented by the collections consists
o Corko and rgq rout, Herring, Sucker, “Muskallunge, Yellow Perch
O uestus plum ez;s. Among the rocks near shore the Millers Thumb
Timbs et Ds) s found, and the molluses, Limnaeq stagnalis var
thnasa s 7?}71}2:118;,0 i@%&a sy, Phgfa 8p- and Planorbis exacuoys of
! ¥ imnaeas were the mogst isti : :
ticularly abundant on the northeast end o; tﬁgaﬁzi’éeor;stw nd were par-

4. SUMMARY AND CONCLUSIONS.

On account of the preliminary nature of the
: : work d
‘I]ovlill’gliegl ec%r'miusnf)ns will be drawn. Tt will be seen at gggeorllloIvSVle(:aveRro}éileé
o Ré | 10ta of the Porcupine Mpu}ltains Possess many sout’hern forms t}?
e B ythe so(fletles are charactenstlcally boreal, the bog forms are less r :
Stricted, One ts}el: ge, cassandra, shrub and coniferous societies are better re e:
roenied on ¢ e 1:51}\17(31' ?ood—plams) and many of the forms of the eoniferogs
soc R§oyale, olfntheeng ;gii;{sfg;ﬁsg\.f Orgnz makes tlée climax forest society of
' merican .

1’11;15 big)rea.l types having the same affinities, and tlﬁ)f spil;zi?logoic;;rmstiye

gion from the restricted habitats which they oceupy to the southg maylll)le aés

swamps, such as the snails Philomycus dorsalis )
C s , and Pall il
%zgi% (;tl)y 1\2@32 (;T ez;n Daﬁso%), anld the Varying Hare, Star-;llzzgdhl\e{?ﬁh;lrlfd (Iggg
, are a oreal speci i ’ ’
noﬁh ’gﬁng to become of general d?setrlielsutg)grfL Hey, 796), - that toward the
WILL be noticed in the annotated lists ho'we i
: , , th
species have northeastern aflinities, a number ‘(;?/forriz ng)lllllgcfcrégs%gffs}ll:
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Royale are forms of western and northwestern distribution. There are

conspicuous examples of this:

1. The snail listed as Limnaea sumasst Bd., according to Mr. Bryant
Walker, although probably entitled to rank as a distinet variety or species,
is very closely related to L. summassi Bd. a peculiarly western form originally
deseribed from British Columbia.

2. The range of the ant, Camponotus herculeanus L. var. Whympers
Forel, according to Dr. Wheeler, is not well known, but it has been previously
found in the mountains of Colorado and Britsh Columbia.

3. The specimens of the Garter Snake, Thamnophis sirtalis parietalis,
taken on the island strikingly resemble in coloration western forms from
Washington and Colorado, and not those of southern Michigan, that are
sometimes referred to this variety.

4. Although not found on the island, the Michigan Grayling, Thymallus
onlariensis, may also be mentioned in this connection. According to Jordan
and Evermann ("96, p. 518), this variety “represents a detached colony
left from the post glacial extension of the range of T'. signifer, of which it
was a variety.” The range of T. signifer is given as ‘“Mackenzie River
to Alaska and the Artic Ocean.”

5. Another instance of the same nature was the finding of the Devils Club,
Echinopanax horridus Decsene, by Wheeler ('01, p. 620) on the north end
of the island in 1900. The range of this plant, as given by Macoun (’83,
p. 189), is the north coast of America and in Alaska; being abundant
west, but extremely rare east of the Rocky mountains.

The occurrence of these western and northwestern elements in the biota
of Isle Royale is emphasized because, as was said before, the majority
of the species are those of the northeastern North American type. What-
ever may be the explanation of the occurrence of these western and north-
western forms this far to the east, an important factor is, no doubt, the
peneplain nature of the country, which probably formed an extensive
highway for boreal forms along the ice margin during the retreat of the

last ice sheet.
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THE ECOLOGICAL DISTRIBUTION OF THE BIRDS IN THE PORCU-
PINE MOUNTAINS, MICHIGAN.

OTTO MCCREARY.

The country in which these observati i :
I I ons were made is largelv
;3531;181}6 ad _narﬁw arefhabout a mile wide which runs from L%?{g éﬁ;ﬁgggg
1 rectly: south, crossing Carp river about a : i
of Carp Lake. Few observations were m he Garp nrven e cast
) \ 7 ade south of the Carp ri g
f%l: account of d}fferencgs observed in the environments 01? t}llzelkq)iifguﬁ%'
Ot this region, it will be discussed according to the following habitats: °

I. THE LAKE SUPERIOR SLOPE OF THE FIRST MOUNTAIN RIDGE

1. Lake Superior )

2. Lake Beach, 5 .................. Station T,

3. Cedar Swamp..... .. .. . . . Stati

4. Hemlock Forest......... .. I ..Stgggill g SEE %

5. Hardwood Forest.......... ... .~ Station TI. Sub. 2.

?. I(\L‘fhmp Clearing...... . .. .. " Station II. Sub. 3.and 4
- Mountain Top and Escarpment... . . Station III. Sub. 1-8.

1. Lake Superior (Station I).

The water is very cold, the tem i
3 s perature being about 58° F. duri th
gﬁi r;)é g{;lgﬁglgh? §82re§tﬁr§hroel{y and steep, the rocks in élo%nee;?;ggg
g a; 0 wi e surface of the water, and hi
aquatic life, with the possible excenpt; : © vertasount,
ife, ption of small algae and br
was lacking along the edge of the water h 5 5 foodinees,
those e along ‘ eI,’ S0 that Waterfowls feeding on
tose would expected to occur here only occasionally, during the migra-
The only birds observed were th i i
, , W ose of fish eating habits, such s -
Igﬁaé;seg‘s,tégo;s)uir;d_ gtzﬂs.d On July 21 a female American Mergans‘;i Ivlsjlilil
.8 10 the down was seen near the shore. Op m
2}};2%7 Jsu‘ﬁéﬁ (j)uLt 1}61]20 thi lake rl%nd were soon out of sight behind};oi?ep l;“zif{}sl
1o the water. Two adult Loons were seen the sa
two days later two Herring Gulls were observed flying over the Irgl(:e(.iay’l,’}?é;g

were the only bird i i
Tals 1he Aﬁg ulsrt Si 3s.een in about fifteen trips made to the lake shore from

2. Lake Beach (Station D).

At this part of the lake shore the b i
, each is formed by the dipp;
gfedv erggi{agglgwbﬂ;e Iakejc 1;ohus making a barren rocky stifip alrrllgslzcu(li%s(gtg’zg
, Detween the waters edge and the trees, In additi
mosses and lichens that grew upon the rocks, the principal Ipllgrrlltsotlggg
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occurred here were goldenrods bluebells, lobelias, etc. that grow in the
crevices.

The scarcity of small invertebrates and plants suitable for bird food made
this a very poor feeding ground. Indeed the scarcity of bird life here was
especially noticeable, as only three birds, the Spotted, Solitary and Least
Sandpipers were seen, all of which are shore birds.

Ravens, Crows and Chimney Swifts were seen flying along the shore;
the last was probably searching for insects and the first two for fish. Although
no dead fish were seen along the shore, no doubt they are occasionally washed
up, and these birds were probably patrolling the coast in search of cast up
refuse.

8. Cedar Swamp (Station II. 1).

This station extended from the lake beach to the hemlock forest, a distance
varylng from a quarter to a half mile at different places. The trees were
mostly arbor vitae, spruce, Canada balsam and birch, the principal forms
being the arbor vitae and balsam. There were several clearings in this
substation, and, as the bird life was different at such places than in the
woodland, I shall divide this station into two parts, the Woodland and the
Clearings.

Woodland.

In some places the woodland has been partially cleared, but where no
lumber has been taken out the woods are very dense. The same species
of birds, with one or two exceptions, were found in the dense forest as in
the open woodland, only there were fewer of them in the former forest.
In the «very dense forest birds of all species were few and far between.
The birds found here were Mangolia Warbler, Black-throated Blue Warbler,
Redstart, Winter Wren, Canadian Warbler, Olive-backed Thrush, Golden-
crowned Kinglet, Myrtle Warbler, White-throated Sparrow, Brown Creeper,
Oven Bird, Crow, Hairy Woodpecker, Purple Finch, Red-eyed Vireo, Cedar
Waxwing, Chickadee, Wood Pewee, Ruffed Grouse, Black-throated Green
Warbler, Sharp-shinned Hawk, Pileated Woodpecker, Pine Siskin, Mourning
Warbler, Raven, and Red-breasted Nuthatch, and Arctic Three-toed Wood-
pecker. The Black-throated Blue Warbler is characteristic of the under-
growth. The Pine Siskin and Purple Finch were nearly always seen in
flocks and roamed about over a large expanse of territory.

The Olive-backed Thrush, Mourning Warbler, Wood Pewee and White-
throated Sparrow were found in the open woods.

Clearings in the Cedar Swamp.

There were several clearings in this vicinity, most of them being near
the lake. 1In all of them there were plenty of small trees and brush, in
which the birds found favorable eonditions.

The birds seen in the clearings were, Black-throated Blue Warbler, Winter
Wren, House Wren, Arctic Three-toed Woodpecker, Red-tailed Hawk,Sparrow
Hawk, White-throated Sparrow, Crow, Flicker, Purple Finch, Red-eyed
Vireo, Chickadee, Canadian Ruffed Grouse, Song Sparrow; Great Horned
Owl, Sharp-shinned Hawk, Sparrow Hawk, Pileated Woodpecker, Pine
Siskin, American Bittern, Raven, Least Fycatcher, Olive-sided Flycatcher
and King Bird.

The Bittern was a straggler, observed once near the lake shore. The
Red-tailed Hawk, Raven and Pine Siskins were seen flying overhead, and

8
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the Tlickers on the high dead stumps i i

{ 1 g , ps in the clearing. The Purple Fi
came to the clearing to feed on the raspberries, and ogne was shotrgvietthd‘é
of a berry in its mouth. b

Supplementary Clearing Ohservations,

This clearing is about two miles west of th in Ii
7 : ! S wes he main line of oh i

and one-half mtﬂ*f :’?'i)mh of Lake Superior. The conditions hereowe?ekz) S(g;ilggﬁf,
swampy, as cat-tails grew in the middle of the logei d i S
The arbor vitae had been cleared awav ears bofore and g Piaces,
‘ > vay several vears before and th
growth had become quite a factor in the conditi i p
r tions. This growth, t h
with the underbrush and tree to vols o of the lovginn

th de sh ¢ ps, made traveling outside of the logei
1})4% very difficult.  Here, among a young growth of maple abmf’o g%ééué%
Ethe})lztr }i)lg}gl, was fpunﬁ a flamlly of four Connecticut Warblers

:0t Irds seen in this clearing are as follows: Blue-headed Vi
breasted. Nuthatch, Black-throated Blue Warbler Pileateded\;fhr?y Rlid—
and White-throated Sparrow. , Pocpecter

4. Hemlock Forest (Station II. 2).

This habitat may be called the hemlo
_ ) ck belt because th jori
ﬁ?etl‘igeise d&zere of this spe(c;es. hThe lower part of this sta.tim;3 g}oai%lgtg’dgi
‘ edars, was covered with a dense growth of hemlock. whil
up the side of the mountain the proportion of maples ; cased antl o
the hemlocks were nearly all re1 : maples.  In he gl finally
b 1 ‘ placed by maples. In the d
}Z(})llgzt V‘E,herelwas ver%fhhtlzle underbrush, but where there W:re ?rrll;iyhrenr?}())lzls{
‘ as always a thick underbrush of young mapl 1
The birds of this Station were: Pine Siski ¥ Rodooyed Virey, conmyood:
) 1 : skin, Red-eyed V -
;)Vé(l;l};gé Pérpﬁf Finch, Bl?ckk—throated Blue Warbler Ch?:kadégeoﬁ(;?g?rvszgg
r, Golden-crowned Kinglet, Brown Creeper. Bl kburni ]
Black-throated Green Warbfer ’ Winter . Whitethronted. Spoeolct)
) . , Wren, White-throated S
Oven Bird, Wilson’s Thrush, Ruffed él‘ I ! Thr Raven,
’ , s , rou live-
Pﬂﬁated W.ood{)ecker, Broad-winged Hawk,se; Olive-backed Thrush, Rasven,
ere, as in the cedars, different species of birds frequ
€, a8 in , dif ented cert
;I‘Il‘;ea ;’Smsee eSrisl'(ms{hPugplel F 11nches and Golden—crowneg Kinglets rwilrlé 1311:;1?1;
lwa In the hemlocks. The Winter Wrens were observed
?lon%l streams and in damp places. The Black-throated Blue \?];rblgofﬂf;};
oun é]ulte commonly in the underbrush, but where the dense shade preventeél
an undergrowth, none were observed. The Olive-backed Thrush and White
throated Sparrow were always found in the open woodland. )

Supplementary Clearing Observations.

This was a clearing in the hemlock forest about tw. i ;
main llnp of obsel_rvatlgn and about a quarter of a mile sou(‘;hn(])}lefal?eesstu Ogritge
The birds seen in th_ls clearing were the Purple Finch, Olive-sided Fl 702{)1;Che .
Least Iflyca.tcher,jWhlte—throated Sparrow, Song Spaniow and Ruﬁ’eg. Grous .
The Olive-sided Flycatchers were seen sitting on high dead stub ki .
themselves conspicious by their noise. S e

5. Hardwood Forest (Station II. 2).

This habitat extended from the hemlock belt.t
-t < belt through th ‘
a}slpens about the natural clearing at the top of the cliff.g Thies Irrrllz,gl%se tcoaﬁi}s
ic.l e?n ?ﬁggwog)d belt ge%aLise the trees were mostly maple with a few scattered
1 8, basswood, balsam, and birch. In these w ¢
thick undergrowth composed mostly of young m(;p‘?eos(.)ds there was a very

D
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The birds observed in this habitat are: Black-throated Blue Warbler,
Oven Bird, Black-billed Cuckoo, Cedar Waxwing, Red-tailed Hawl, Flicker,
Wilson’s Thrush, Red-eyed Vireo, Black-throated Green Warbler, Black-
burnian Warbler, Brown Creeper, Chickadee, Pileated Woodpecker, Ruffed
Grouse and Olive-backed Thrush. An Oven Bird’s nest containing two
eggs and one young was found along the path up the mountain on July 16.
Tt was made of coarse grass and leaves, and was placed on the ground. The
Olive-backed Thrush, Black-billed Cuckoo, and Flicker were seen near the
camp, where the woods were more open.

6. Camp Clearing (Statton II. 3-4).

This was the clearing around the camp. It was not more than two acres
in extent and was swrrounded by a zone of aspens, except on the north
where the trees were mostly maple. It was siluated at the crest of a low
mountain pass, a little more than 750 feet above the level of Lake Superior.
It was bounded on the north by Station 1I. 2, and on the east by II. 2, and
III. 1; on the south by IV. 3, and on the west by IL 2, and IIl. 5; It con-
tained many tall weeds, bushes, and several trees, principally aspen.
The birds found on this station were: Purple Finch, Mourning Warbler,
Blackburnian Warbler, Red-eyed Vireo, Black-billed Cuckoo, American
Crosshill, Song Sparrow, Downy Woodpecker, Pine Siskin, Sapsucker,
Robin, Raven, Sparrow Hawk, Indigo Bunting, Chimney Swift and Cedar
Waxwing. The Song Sparrow, Sapsucker and Indigo Bunting were probably
accidental here, as only one of each was obgerved. The Chimney Swift was
often seen flying overhead. The Purple Finches and Pine Siskins came to
feed on bread crumbs and other refuse from the camp. A pair of adult
Mourning Warblers and two young were taken among the bushes in the

clearing, July 15.
7. Mountain Top and Escarpment (Station III. 1-6).

From the top of the mountain to the valley of Carp river, there is a pre-
cipitous descent of about 400 feet. On top of the cliff and back a few rods
from the brink of the precipice, there are no trees except a few scattered
The chief vegetation consists of dwarf huckle and blueberries,
New Jersey tea, bearberry and other heath plants. The cliff is nearly con-
tinuous, but not entirely so, being broken occasionally by gullies. Surround-
ing the “bald” top of the cliff is a zone of aspen which grades down into
the gullies, and down the north slope into the hardwoods. At intervals,
where the slope is not so steep, the pines form a narrow belt up the face
of the cliff, across the top of the mountain and into the hardwoods beyond,
thus surmounting the range. '

Tt is the top of the cliff on the eastern half of Section 14 and western half
of Section 13 (II1.1, 2, 3) that will be described first.

The western end of the station lies in a gully in Section 14. As the top
is approached the aspens become smaller and smaller and finally disappear.
Toward the east end of the mountain top, on Section 13, this “bald” area is
crossed by azone of Norway and white pines, many of them being of very large
size. The middle portion consists of a precipice and a narrow strip at the top.
It differed from the west end in that it contained no aspens, and the pines
were so far apart that they had but very little influence upon the general
conditions. Probably owing to this reason the bird life on the west end
and middle portion was practically identical, and I will describe them together,
treating the bird life in the pines separately, as it is entirely different.

pines.
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Birds were alwayvs to be found along the western slope and top (I11. 1 and 2),
but the small number of species was noticable. The Junco, Cedar Waxwing
and Flicker were the only birds that were abundant. The Flicker was often
seen on the few tall dead stumps and scattered pines that occurred here,
and probably nested in these stumps, as they contained many holes. Both
young and adult Juncos were found in abundance and this seemed their
natural habitat. The Cedar Waxwing was attracted here by the J uneberries,
upon which they were often seen feeding. Crows, Ravens, Chimney Swifts
and Red-tailed Hawks were seen flying overhead. Sparrow Hawks came
occasionally to feed upon the grasshoppers, but these birds seem to prefer
the cliffs to the west of this location.

The birds seen in the pines (II1. 3) were the Pine Warbler, Red-breasted
Nuthateh, Chickadee, Chipping Sparrow and White-breasted Nuthatch.
Two Pine Warblers, evidently a male and female, were seen on the tops
of these pines looking for insects. Finally one caught an insect, but instead
of eating it the bird perched on a limb, held the ingect in its mouth, and
scolded. It acted as if it had young near me and was afraid to feed them.
Several Chipping Sparrows were seen on the tree tops and one was shot
July 19.

The tops of the cliffs west of camp (IIL. 5) were similar to 111, 2, except
that the “bald” areas were of greater extent. The same birds that were
found in IT1. 1 and 2 were found here and also a fow additional ones.

For some reason, which I cannot explain, Robins, Bluebirds, Blye Jays
and Vesper Sparrows were often found on this cliff and seldom in Station
I 1 and 2. A Bluebird’s nest containing young was found in a deserted
Woodpecker’s hole in a Norway pine; Vesper Sparrows and a Scarlet
Tanager were seen here once. The former were perhaps migrating, (August
3), while the latter was from the neighboring forest. The Ravens came here
n the evening and left in the morning, when nine were counted at one time,
A few could be seen about here at almost any hour of the day.

The bird life on the second cliff west of camp was somewhat different
from that of the first ag no Robing, Bluebirds, or Vesper Sparrows were
seen here, while a Phoebe was seen here and not on the other cliffs. Two
Bald Eagles were observed flying overhead.

II.  CARP RIVER VALLEY.

This region extended from the foot of the talus slope south to the elevation
on the other side of the river valley, a distance of about a quarter of a mile.
From west to east, it extended from the outlet of Carp Lake as far up the
Carp river as we could ascend in a boat, a distance of about one and & quarter
miles.

Within this area are included several different varieties of conditions,
and these furnish the basis for the following habitats:

1. Carp Lake.......... ... .. .. . . Statign V. 1, and 3,

2. Grassy Marshes... . ... .. . " Station V. 2, and IV. 2.
3. Alders....... ... Tttt Station IV, 2.

4. Damp Woodland..... . .. 177" Station IV. 3.

5. Tamarack Swamp......... .. .. . ... Station IV. 4.

6. Carp River....... . .~~~ Station IV. 1.

7. Dry Woodland... .. .00 10T Station IV. 3.

a. Western End.
b. Eastern End.

ati i the angle of slope, and the

; i i e talus slope, station 111. 6, showing !

licll;e,‘g.s l(iiél}épc%?(r)rerzioﬁgghe(;!) (EI}I the rocks, The birches in the background are on the lower part
of the slope.

[1]

i i X t from station III,
LG 3 i er valley, looking up Stream and southeast
Fi. 18. Gweltlaétzlfl‘ive (?xfldgg ral.)nﬁiwcassandga vegetation bordering the river, station IV. 2.
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1. Carp Loke (Station V. I and 3).

The lake is about a mile long, a quarter of a mile wide, and comprised,
in extent, about one-half of the station. The western half of the lake ex-
tended from the foot of the talus slope to the foot of the ridge on the other
side, while the eastern half differed from it principally in having a narrow
strip of land between the waters edge and the foot of the talus slope on the
north side.

Bordering most of the lake there is just enough beach to walk on, except
on the northwest shore where it is somewhat wider. On the southwest
and southeast shores of the lake, there are small grassy marshes, and at
such places bulrushes and sedges grow along the edge of the water.

On the south side arbor vitae, maples, alders, and other trees grow along
the edge of the beach. These trees were usually not more than twenty
feet high and are so close together that it was almost impossible to penetrate
them. At other places there is a fringe of alders along the beach.-

Very few birds were seen on the lake; a Loon, was upon the water August
10; Kingfishers were often seen flying across the lake, now and then diving
for a fish; an Osprey was observed several times doing the same thing, and
a Great Blue Heron was twice seen flying across the lake and once in the
sedges. A Swamp Sparrow, a Solitary Sandpiper and Crows were observed
on the beach.

2. Grassy Marshes (Station V. 2, IV, 2).

There were two of these grassy marshes. One at the east end of Carp
Lake and another a mile and a quarter up Carp river. Both were over-
grown with tough marsh grass and were too small to be of any special im-
portance as a bird habitat.

Song Sparrows and Swamp Sparrows came out of the alders to feed
but the only birds taken characteristic of grassy marshes were the
Wilson’s Snipe and Carolina Rail. The former was taken in the marsh,
up the river, and the latter in the marsh at the east end of the lake.

8. Alders (Station IV. 2).

The alders occupied the bottom land along either side of Carp river. There
are many willows, dogwoods, and cassandra bushes among the alders, and
together they formed a thicket so dense, that it was impossible to see
more than a few yards.

The birds of this habitat were the White-throated Sparrow, Red-eyed Vireo,
Black-throated Green Warbler, Redstart, Oven Bird, Swamp Sparrow,
Mourning Warbler, Olive-backed Thrush, Downy Woodpecker, Kingfisher,
Sharp-shinned Hawk, Cedar Waxwing, Chestnut-sided Warbler, Chickadee,
Canadian Warbler, Rose-breasted Grosbeak, Wilson’s Thrush, Black-billed
Cuckoo, Alder Flycatcher, Song Sparrow, American Bittern, Ruffed Grouse,
Least Flycatcher, Red-winged Blackbird, Water Thrush, and Black-throated
Blue Warbler.

The Canadian and Chestnut-sided Warblers and Red-winged Blackbird
probably did not breed in this zone, as they were not seen here until after
the first of August.

The Kingfisher, American Bittern and Sharp-shinned Hawk were seen
along the edge of the river. Only one of each of the last two were seen.
The Hawk was on the bank eating a grouse and the Bittern was standing



62 MICHIGAN SURVEY, 1905.

on an alder that leaned out over the river. Kingfishers were often seen
flying up and down the river and would alight upon the overhanging branches
to watch for fish.

A Cedar Waxwing’s nest was found in an alder. This nest was made
of mud and dead grass and was built in the top of the shrub. The nest
was found July 28, but contained no eggs.

Almost all of the birds among the alders appeared quite tame, for as soon
as I would go into the bushes some bird would begin to scold, nearly always
a White-throated Sparrow, and the rest of the birds would come to see what
the trouble was about. Redstarts, Mourning Warblers, Black-throated
Green Warblers, Oven Birds, Red-eyed Vireos, Swamp Sparrows, Song
Sparrows, Wilson’s Thrushes, Winter Wrens, Water Thrushes and s Rosezi
breasted Grosheak came within a few feet of me. Even the shy Olive-
backed Thrush would come within a rod to scold. It was very interesting
to observe the marked curiosity which they showed.

4. Damp Woodland (Station IV. 3).

This was a small strip of maple and ash between the alders, and the maple
forest of the slopes. The birds seen here were: Red-eyed Vireo, White-
throated Sparrow, Winter Wren, Water Thrush, Black and White Warbler
and Least Flycatcher. ’

The trees of this piece of woodland were not very high but were so crowded
that they produced a dense shade. This was perhaps the reason why there
were so few birds seen here, and why those seen were near the margin.

6. Tamarack Swamp (Station IV. 4).

About a half mile east of the lake where the river turns to the south,
there is, on the west bank, a tamarack swamp. The trees of this swamp
are arbor vitae, and tamarack, which about the margin of the swamp grow
much thicker than in the center.

The birds observed were as follows: Purple Finch, White-throated
Sparrow, Magnolia Warbler, Cedar Waxwing, Red-breasted Nuthatch
Red Crossbill, White-winged Crossbill, Olive-sided Flycatcher, Pine Siskin:
Golden-crowned Kinglet and Ruffed Grouse. The two species of Crossbills
were probably attracted here by the seeds of the tamarack cones, as the
crops of five specimens all contained tamarack seeds. The Red-breasted
Nuthatch nested here, as an adult bird was seen feeding three young. The
Olive-sided Flycatchers were seen on the tops of tall dead trees.

6. Carp River (Station IV. I1).

About a mile and a quarter east of Carp Lake, the river becomes so narrow
that the alders which line the banks meet above the middle of the stream
and obstruct further passage with a boat. Where the alders line the bank
there were few places for wading birds, but where there were grassy mud
flats between the water and the shrubs Solitary Sandpipers were to be seen
at almost any time. The Snipe, however, was only seen July 17 and 18.
The only birds seen on the river were Hooded Mergansers.

7. Dry Woodland (Station IV. 3, North of Carp River).

This is the upper part of the strip of woodland lying between the cliff
and Carp Lake, on the north side of the valley, and occupies the lower part
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of the talus slope. The trees here were mostly maple, birch and aspen,
with a few pines scattered among them. At the eastern end the forest
was open, while the trees of the western end were so close as to make a
dense shade. On account of the difference of the character of the two
portions, they will be taken up separately.

Western nd. Here, where the trees were thick, few birds were seen.
The different species noticed were as follows: Blackburnian Warbler,
Kingfisher, Sparrow Hawk, Red-eyed Vireo, Wilson’s Thrush, Canadian
Warbler, Blue Jay and Redstart. There was a Sparrow Hawk’s nest sit-
uated high up in a dead tree, in what seemed to be a deserted Woodpecker’s
hole. The young of the Wilson’s Thrush, still unable to fly, were found
here.

Eastern End. The birds found in this end of the forest were: Black-
throated Blue Warbler, Robin, Ruffed Grouse, Flicker, Downy Woodpecker,
Oven Bird, Olive-backed Thrush, Red-eyed Vireo, Black-billed Cuckoo,
Blackburnian Warbler and White-throated Sparrow. In the evening and
morning the song of the Olive-backed Thrush could be heard almost every-
where in the tree tops, and they seemed to be quite numerous, but in the
daytime this bird was seldom heard. The probable explanation of this
is that they went into the alder thickets to the south.

ITI. HARDWOOD FOREST SOUTH OF CARP RIVER (STATION VI.).

The trees along the trail to Government Peak were mostly maple, birch
and hemlock, except in low places along the small streams, where there was
much arbor vitae and balsam. '

Observations along the trail were made July 26 and the following birds
were seen in the forest: Oven Bird, Golden-crowned Kinglet, Scarles
Tanager, Red-eved Vireo, Magnolia Warbler, Black-throated Blue Warblert
Wood Pewee, Winter Wren and Olive-backed Thrush. The Magnolia,
Warbler, Wood Pewee and Winter Wren were seen along a stream.

An Olive-backed Thrush’s nest was found on top of a small hemlock
about ten feet high beneath a larger tree. The nest was composed of leaves,
rootlets, and grasses, and was lined with still smaller grasses and rootlets,
and contained two bluish green eggs with cinnamon brown spots.

IV. LITTLE CARP RIVER VALLEY.
1. ILattle Carp- Lake (Station VII. 1).

This lake is small, being about one-half mile long and a quarter of a mile
wide. The only observations made upon the bird life on the lake shore
were in an open spot at the east end. Only one bird was seen on the water,
a Pied-billed Grebe, on August 2.

The open area was at the foot of a small hill which arose precipitously out of
the lake to a height of about fifty feet. There was very little soil, which
accounts for the absence of an extensive vegetation. Observations were made
on August 2 and 3 and the birds seen were: Blue Jay, Junco, Humming
Bird, Yellow-bellied Sapsucker, Hairy Woodpecker, White-throated Sparrow,
Wood Pewee, Purple Finch, Chimney Swift, Raven, Kingfisher, Cedar
Waxwing, Flicker and Song Sparrow. The Chimney Swift and Raven
were seen flying overhead.
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2. Beaver Meadow (Station VII. 2 and 3).

This meadow was along Little Carp river, about a quarter of a mile east
of Little Carp Lake. It was about a mile long and a quarter of a mile wide,
the Little Carp river running through the middle of it. The ground was
quite marshy in many places and was covered with grass, there being no
trees in the meadow. There were several willow and alder bushes at the
east end. The surrouncing trees were alder, tamarack, arbor vitae, balsam
and birch.

Observations were made on August 3, and the birds seen here were:
Kingfisher, Solitary Sandpiper, Cedar Waxwing, Red-eyed Vireo, Swamp
Sparrow, Song Sparrow, White-throated Sparrow,. Marsh Hawk, Pine Siskin,
Hairy Woodpecker, Tree Swallow, White-winged Crosshill, Yellow-legs,
Least Sandpiper, Red-breasted Nuthatch.

The Kingfisher, Solitary Sandpiper, Least Sandpiper, and Yellow-legs
were seen along Little Carp river. The Tree Swallow, Marsh Hawk and
Pine Siskin were seen flying overhead, and the Song Sparrow and Swamp
Sparrow were seen feeding in the grass, while the rest were seen in the trees
around the edge. The Crosshills were seen in tamarack trees at the
edge of the marsh. As it was August 3 when I was at the beaver meadow,
I cannot say which birds bred there and which were migrants. )

V. SUMMARY.

On glancing over the list of birds found at the different stations, it will
be noticed that some birds were found at only one or in a few stations, while
others were found in nearly all of them. At some stations a certain species
of bird would be quite numerous, while another only a short distance away,
would contain none of these. From such facts we must conclude that some
birds are found only in certain situations which possess definite environ-
mental conditions. There were also a number of birds observed which were
too rare to determine what kind of localities they preferred; still others were
only seen flying overhead. Regarding abundance, at one extreme were
the rare forms and at the other those found almost everywhere. The rare
birds were: ~Myrtle Warbler, Great Horned Owl, Black and White Warbler,
Indigo Bunting, Broad-winged Hawk, Humming Bird, Arctic Three-toed
Woodpecker, Connecticut Warbler, Blue-headed Vireo, Rose-breasted
Grosbeak, Scarlet Tanager, House Wren, King Bird, White-breasted Nut-
hatch and Phoebe. The birds only seen flying overhead were: -Red-tailed
Hawk, Chimney Swift, Bald Eagle, Tree Swallow and Marsh Hawk. The
birds of general distribution were: Ruffed Grouse, Red-eyed Vireo, Black-
throated Green Warbler, Chickadee, Purple Finch, Black-throated PRlue
Warbler, Sharp-shinned Hawk, Cedar Waxwing, Oven Bird and Wilson’s
Thrush.

In the case of birds with a restricted range, the limiting area was occasion-
ally very sharply defined, while in other cases it was difficult to recognize
these limits. ~Examples of the former are the water and shore birds,
of the latter, the Golden-crowned Kinglet and Pine Siskin. The distribution
of the water and shore birds was the most sharply defined, and, as they
are the simplest to place, I will begin my summary with them. In con-
nection with these T will also mention other birds found in association with
the shores of the lakes and rivers.

1. Water Birds. Of the water birds only a few species were observed.
The Herring Gull, Loon and American Merganser were found on Lake

Fi1c. 19. Carp river, station IV, showing zones of vegetation on the mud flats

meadow, station VII. 2, showing grasses and sedges bordered by encroaching
Fia. 20. Beaver willows and alders. Tamarack and spruce in the background.
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Superior. A Loon was once seen on Carp Lake and a Pied-billed Grebe
was seen on Little Carp Lake. The only water bird found on the rivers
was the Hooded Merganser which was taken on Carp river.

Although not an aquatic bird, I will mention the Osprey here as it was
seen flying over the water. It was first seen near the mouth of Union river
and afterwards over Carp Lake. It would circle around above the water
until it saw a fish and then it would plunge into the water after it. As far
as observed most of these efforts were successful.

2. Birds Frequenting Shores and Banks of Streams. Shore birds were
most abundant along Carp and Little Carp rivers; only a few were seen on
the lake beaches. The Solitary Sandpiper was the only one seen in all the
places mentioned. The Lesser Yellow-legs was seen only along Little Carp
river. The Least Sandpiper was seen along Little Carp river and on the
Lake Superior beach. The Spotted Sandpiper was seen only on the Lake
Superior beach. These birds were always seen near the waters edge except
when on the wing. A Snipe was seen at the edge of the water along Carp
river, in the neighborhood of a grassy marsh.

Another bird that was characteristic of the rivers and small lakes was the
Kingfisher, which was nearly always seen at the edge of the water, but never
on the ground. It always lit on some bush or tree, and was most frequently
seen on trees overhanging the water. The Great Blue Heron was seen
standing on the edge of Carp Lake once, and several times it was seen flying
over.

Besides the birds characteristic of the waters edge, birds from the alders
and birds of general distribution were often observed on the beach of Carp
Lake and Lake Superior. This includes such birds as the Song Sparrow,
Swamp Sparrow, Crow and Raven.

3. Birds Found in Grassy Marshes and in Alders. Closely associated
with the birds of the water’s edge were the birds of grassy marshes and
alders along the streams. The birds often seen in the grassy marshes were
the Wilson’s Snipe, Rail, Song Sparrow, and Swamp Sparrow. The Rail
was only seen once in the grassy marsh east of Carp Lake.

The Song Sparrow and Swamp Sparrow are not confined to the grassy
marshes, since both were also found in the alders. The Song Sparrow
was also found in the camp clearing (Station 1I1. 3) and in one of the clear-
ings in the arbor vitae swamp (Station II. 1), so that the Song Sparrow
may be said to inhabit clearings both natural and artificial, and the Swamp
Sparrow may be said to inhabit marshy clearings. In this case I have
classed the alders as a natural clearing because there were no trees among
the bushes.

The only bird confined to the alders was the Alder Flycatcher, but several
others, of limited distribution, were found here, such as the Redstart, Swamp
Sparrow, Mourning Warbler, Olive-backed Thrush, Black-billed Cuckoo,
Least Flycatcher, Song Sparrow, and Water Thrush.

The Redstart was rather common here and among the cedars near the
shore of Lake Superior (Station II. 1) and was also seen along Little Iron
river. It seems to keep near water and near the ground, as it was very
seldom seen in the high trees.

The Mourning Warbler was found here, but also in the bushes of the camp
clearing, and along the path to the lake in the cedar swamp (Station II. 1).
Thus it is seen that this bird is not usually found in thickly forested woodland
but is more decidedly a bird of the bushes or thickets.

The Olive-backed Thrush was found on the mountain top, in the river
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valley, and in the bushes around the edge of the clearings or in partially
cleared woodland. In the mornings and evenings it also appeared abundant
among the scattered trees at the base of the talus slope. It was never found
in dense woodland.

The Black-billed Cuckoo was often seen among the alders, in the scattered
trees at the foot of the talus slope, and in the aspens surrounding the camp
clearing. These facts show that it was a bird of the open woodland.

The Least Flycatcher was found in the alders and in a clearing in a hemlock
forest; the former a natural, and the latter an artifical clearing. It was also
seen in damp woodland south of Carp river, on the edge of a clearing.

The Water Thrush was seen in two other localities, the damp woodland
south of Carp river, and along the road to Ontonagon near Lake Superior.

4. Birds Fregquenting Tamarack Swamps and Cedar Swamps. The lowlands
haveall been dealt with, with the exception of the tamarack swamps and cedar
swamps. The former was not entirely true to its nam e, as about half of the trees
were cedar. The birds of these swamps deserving mention are as follows:
Magnolia Warbler, Canadian Warbler, Sparrow Hawk, and Olive-sided
Flycatcher, Red-breasted Nuthatch, Red Crossbill, White-winged Crossbill,
Winter Wren, White-throated Sparrow, Golden-crowned Kinglet and Pine
Siskin.

The Magnolia Warbler was found only in the cedar and tamarack swamps
or along small streams where the arbor vitae grew.

The Canadian Warbler was found near Lake Superior shore and near
Carp Lake and always in the more or less open woods.

The Sparrow Hawk was seen in a clearing among the cedars, and had a
nest just south of the cliff in a limbless tree which stood above the tops of
the surrounding trees. It was also often seen on the top of the cliff and
around the camp clearing.

The Olive-sided Flycatcher was found in the tamarack swamp in Carp
river valley and in a hemlock clearing near Lake Superior. It was always
seen on the top of a dead tree, usually on the highest perch in the neighbor-
hood.

The Red-breasted Nuthateh was seen in the tamarack swamp, and among
the pines at the top of the mountain. It can, therefore, be classed with
the birds characteristic of the coniferous forests,

The Red, and White-winged Crossbills were numerous in the tamarack
swamps, the White-winged Crosshill being seen only in such places. The
Red Crosshill came to the camp clearing several times. The cause for their
occurrence in the tamaracks is that these are the only conifers whose seeds
could be obtained for food.’

The Golden-crowned Kinglets and Pine Sisking were very abundant
among the coniferous trees, and were seldom seen where these were lacking.
The Pine Siskin occasionally came to the camp clearing.

The Winter Wren and White-throated Sparrow were found in the low-
lands and about half way up the mountain side. The White-throated
Sparrow frequented the open woodland and the edge of the clearings. The
Winter Wren was found in the more dense parts of the forests and near
streams.

&, Birds Frequenting Hemlocks and M. aples. Nearly all the birds that were
found in these two stations were also found in the cedar swamp to the north
(IL. 1) or belonged to the list of rare birds. There were 2 number of birds
that were generally distributed in all the woodland between the Lake Superior
and Carp river which, with the exception of the Blackburnian Warbler,
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seemed to be more abundant in these two stations. To this class belong the
following: Oven Bird, Blackburnian Warbler, Hairy Woodpecker, Brown
Creeper and Pileated Woodpecker. . )

6. Burds Frequenting the Cliff and Mountawn Top. The birds chara.wtelh
istic of this station were the Raven, Pine Warbler, Robin, Bluebird, Flicker,
o and Chipping Sparrow. ]
Ju’rll‘(l:le two sperélimegns %f Pine Warbler, which were observed several times,
were always found among the pines that grew on the top and south slope,

so it may be said to be characteristic of the pines. )

The Robin and Bluebird were often observed on the bare top of the cliffs,
and occasionally the Robin was seen in the camp clearing near by. The
Robin and the Bluebird are early migrants and may have settled here because
it was on the south side of the mountain and well exposed to the sun and
protected from the north winds. )

The Flicker was found here and in a clearing along the south shore of
Lake Superior. The Junco was abundant here and was seen in a dry sandy
clearing near Ontonagon. It was also abundant on the dry knoll at the
edge of Little Carp Lake so that this bird and the Flicker may be said in this
region to inhabit dry clearings. They are also examples of the tendancy
of natural clearing birds to spread into the artificial clearings. ‘

The Chipping Sparrow was found here among the pines and on the dry
knoll above mentioned.

The Blue Jay was found on the soi’oh 1sllope of the cliff from the top to the

e of Carp Lake and on the dry knoll. ] »
ed% have hef‘)e only attempted to give the distribution of the birds as I found
them in the Porcupine Mountains. The distribution of many of these birds
may be very different in other localities. This would be an interesting field
for study in other regions. _ ) .

I am under obligations to the University Museum for the opportunity
to make these observations, and I am also much indebted to Mr. Charles

C. Adams for assistance in preparing this paper for publication.
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THE ECOLOGICAL RELATIONS OF THE ORTHOPTERA IN THE
' PORCUPINE MOUNTAINS, MICHIGAN.

ALBERT PITTS MORSE, RESEARCH ASSISTANT, CARNEGIE INSTITUTION OF
WASHINGTON.

1. GENERAL REMARKS.

The Orthoptera collected by Mr. A. G. Ruthven in the Porcupine Moun-
tains represent two families of the Secltatoria and comprise two species of
Locustidae and 14 species of Acridivdae. The collection was made between
July 13 and August 12, 1904. Though the list is far from complete, it may
be said, in general, that the species obtained are representative elements
of the orthopterous fauna of the Canadian and cooler parts of the Transition
zones of the central portion of the continent. The commingling of species
is especially interesting, and in itself would suffice to indicate, within relatively
narrow limits, the locality from whence the collection was derived and the
environmental conditions present.

While data in addition to those of date, locality, and general character
of the station are lacking—mno notes on individual captures or particular
species and their relation to the environment in this instance being available
—I have no doubt that the ecological relations of the species sccured are
essentially the same as in other quarters of the eastern section of the country.
This judgment is confirmed by the careful collecting notes and diserimina-
ting observations of Mr. Morgan Hebard in reference to the Orthoptera of
the Keweenaw Bay region (Rehn, Entom. News, Sept., Oct., 1904). I
have elsewhere (Pub. No. 18, Carnegie Inst. of Wash., p. 15 et seq.) elassified
the Acridian societies of eastern North America and discussed some of their
more salient features. The same classification is followed in the present
paper.

The Acridians secured represent several distinet societies and habitats.
These habitats, or complexes of environmental conditions, when viewed
from the standpoint of locust biology, may be arranged in three major
groups:

1. Bare rock and soil surfaces of the lake shore, clearing, mountain
top, or talus slope, either wet or dry,—these are inhabited by campestral
geophilous locusts.

2. Areas.clothed with a low vegetal growth of grasses or other herbaceous
plants, such as meadows, fields, clearings, ete., likewise varying greatly
in moisture content of soil, and often extremely limited in size,—these
are the haunts of campestral phytophilous locusts.

3. Thickets of shrubs or stunted undergrowth bordering forest edges
and openings, either along the lake shore, about clearings, or on the mountain
top,—here dwell the sylvan phytophilous species.

Of the Locustarians collected, one species is a bush-dwelling form, nearly
related to the katydid; the other, a shield-backed grasshopper, is a typical
thicket-inhabiting species.
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As is evident from Mr. Ruthven’s field notes on the general character
of the stations, and also from a consideration of the station lists of Orthoptera,
almost every station contains two or more locust societies. These societies
comprise one or more characteristic species of locusts which find their pre-
ferred haunts within a relatively narrow range of physical conditions and
are practically characteristic of such habitats. It should be pointed out,
however, that in the heart of its range a species is usually more generally
distributed, and less restricted to its special habitat, than elsewhere; further-
more, that accidental occurrences are not infrequent and can be correctly
estimated as such only by careful observation or experience. “One swallow
does not make a summer,” and the capture of a single specimen of a locust
in a given locality does not necessarily indicate either an austral or a boreal
climate, a campestral or a sylvan habitat.

It is scarcely necessary to state that the abundance and extent of the
area occupied by the various elements of the locust fauna will inevitably

"be affected by the physical and organic agencies controlling the condition

of the environments they inhabit, and, other things being equal, will change
as they change. On the advent of new conditions one of three things
will happen: either the species will become adapted to its changed environ-
ment, will emigrate, or will die out in that particular spot—probably the latter.
There is every reason to think that with increasing deforestation of the terri-
tory, the thamnophilous locusts will increase in numbers; and that, if settle-
ments and clearings multiply, so will the campestral locusts.

The avenue of ingress of the orthopterous fanua into this territory, it
is believed, was on the southwest, along the continuous land surface, follow-
ing the retreat of glacial conditions. This avenue was probably the only
practicable one open to the flightless thicket-dwelling forms, and was doubtless
followed by most, or all, of the flying species as well.

For further information in regard to the biology of the Orthoptera herein
mentioned, the following works should be consulted, in addition to those
already referred to: P

Blatchley, W. 8.—The Orthoptera of Indiana.—27th Annual Report of

the Department of Geology and Natural Rescurces of Indiana.

Morse, Albert P.—Notes on the Acridiidae of New England.—Psyche,

vols. VII, and VIII.
The former of these contains a valuable bibliography.

2. STATION LIST.

Station I. Beach of Lake Superior. Species taken: Chloealtis abdomsi-
nalis, Camnule pellucida, Circotetitc verruculatus, Melanoplus atlants and
Melanoplus femoratus.

Habitats represented -and characteristic species.

1. Exposed rock or soil surfaces: Circotettic verruculatus, (Camnula
pellucida).

2. Grassy places—dry: Melanoplus atlanis and Camnule pellucida.

3. QGrassy places—moist: Melanoplus femoratus.

4. Thickets—forest edge: Chloealtis abdominalis.

Station II.  North Slope of First Range. Species taken:
Sub. 2.—Hardwood Forest.—T ettrx brunnert.
Habitats represented and characteristic species.
The single species taken is not typical of forested environment, usually
oceurring on bare soil.
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Sub. 3.—Clearing in Saddle.  Species taken: Chloealits conspersa,
Stenobothrus curtipennis, Circotettiz verruculatus, Melanoplus extremus, and
Melanoplus femoratus.

.- Habitats represented and characteristic species. (No notes on condi-
tions at this station have been submitted, but the habitats are probably
the following:)
1. Exposed rock or soil surfaces: Circotettiz verruculatus.
2. Grassy places—moist: Stenobothrus curtipennis, Melanoplus ex-
tremus and Melanoplus femoratus. ’
3. Thickets—edges of clearing (sometimes in dry, grassy places):
Chloealtrs conspersa.

Sub. 5.—Aspen Zone Bordering Bare Mouniain Top. Species taken:
Melanoplus fasciatus.

Habitats represented and characteristic species.

1. Thickets—usually xerophytic: Melanoplus fasciatus.

Station I11. Top of First Range and Southern Escarpment. Species talken:
Sub. 1.—West Slope of Ridge (aspen zone).—Chloealtis abdominalis,
Chloealivs conspersa, Camnule pellucida, Melanoplus fasciatus, Melanoplus
femoratus and Melanoplus luridus.
y Sub. 2.—Bare Mountain Top (heath and grass vegetation).—Chloealtis
abdominalis, Chloealtis conspersa, Circotettiz verruculatus, Melanoplus fasci-
atus and Melanoplus islandicus.
k. Sub. 3.—Zone of Pines crossing Mountain Top.—Melanoplus fasciatus.
i Sub. 4.—East Slope of Ridge (aspen and serub oak vegetation).—Melan-
oplus Jasciatus and Atlanticus pachymerus.

Sub. 5.—Mountain Top.—Chloeaitis abdominalis, Chloeallis conspersa,
Melanoplus fasciatus, Melanoplus femoratus, Circotettiz verruculatus and
Atlanticus pachymerus.

Sub. 6.—Mountain Top.—M elanoplus amplectens.

Habitats represented and characteristic species.

1. Exposed rock surfaces:—Circotetiiz verruculatus.

2. Grassy places—(usually moist) :—Melanoplus femoratus.

3. Thickets:—Chloealtis  consperse.  and  abdominalis, Melanoplus
amplectens, fasciatus, and islandicus, Atlanticus pachymerus.

Statton IV. 2. Carp River Valley Flood-plain (characterized by cassandra
thickets, grasses and sedges). Species taken: Sienobothrus curtipennis,
Podisma glacialis, Melanoplus islandicus, Atlanticus pachymerus, Scudderia
pistillata.

Habitats represented and characteristic species.

1. Grassy places—moist:—Slenobothrus curtipennis.

2. Thickets:—Podisma  glacialis, Melanoplus islandicus, Atlanticus
pachymerus.

3. Bushes, leafage of :—Scudderia pistillata.

Station VII. 2.  Beaver Meadow along Litile Carp River. Species taken:—
Camnula pellucida.
Habitats represented and characteristic species.

1. Grassy places—moist. The species of locust taken here is not
characteristic of such conditions, but it is a very common and
widely distributed species in the boreal zones, and may oceur
almost anywhere, especially in grassy places. Its preferred
haunts are on dry. upland soils.
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3. SYSTEMATIC LIST OF THE ORTHOPTERA.

Porcupine Mountains.

ACRIDIIDAE.

Tettrx brunneri Bol.

Chloealtis abdominalis Thom.

« &«

(juv. spec. do.)

Chloealtis conspersa Harr.
“© 113
« u

(juv. spec. do.)

Stenobothrus curtipennis Harr.
& «

[ &

Camnule pellucida Scudd.
&« “l

&« “©

&« 143

Circotettiz verruculatus Kirb.
“§ 141

Podisma glacialis Scudd.

Melanoplus amplectens Scudd.

Melanoplus atlants Ril.
Melanoplus extremus Walk.

Melanoplus fasciatus Barnst.-Walk.

Melanoplus femoratus Burm.
3 14

113 &«
i« i
“« @

&« 14

(Guv. spec. do.)

1 &, Station 1I.

1 &, Station III., Substation 1.
14, 111, 2.

24, 3¢, IL, 5.

Q , juv. in the 5th stage, L
&, juv. in the 5th stage, II1., 2,

2@, juv. inthe 5th stage, I1I.,2.

Q, juv. in the 4th stage, I1I., 2.
Q, juv. in the 5th stage, III., 5.
19, 11, 3.

1@, TI1., 1.

19, IIL., 1, long-winged.

&', juv. in the 5th stage, 111, 1.
&', Juv. in the 4th stage, III., 2.
29, IL, 3.

24", 1V, 2.
19, IV, 2.
1@, IIL, 1.
1d', 1., beach.
19, 1., beach.
29, VIL, 2.
12, 1L, 3.
3g, 111, 2.
15, IIL., 2.
1@, IIL., 2.
19, IIL., 2.
1@, III., 5.
2d", L., beach.
19, 1., beach.
19, IV, 2.
19, IIL., 6.
18, 1., beach.
2¢ II., 3.
18, 11, 5.
1@, IL, 5.
14, 1., 2.
1, 1L, 2.
49, 111, 2.
1&, 11L., 3.
1, 111, 3.
1g, I1L, 4.
14, 4@, IIL, 5.
44, 11, 3.
8¢, II., 3.
1@, III., 1.
148, 111, 5.
2@, I, beach.
1d', 1., beach.

22, juv. in the 5th stage, IL., 3.
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13. Melanoplus tslandicus Blatchl. 19, 11, 5.
“ “ 1g, 111, 2.
“ “ 12, 1V, 2.
14. Melanoplus luridus Dodge. 1", 111, 1.
LOCUSTIDAE.
15. Scudderia prstillata Brunn. 19, IV, 2.
16. Atlanticus pachymerus Burm. 1 juv. @, II1,, 4.
“ “ 1@, I, 4.
“ “ 12, IV, 2.
“ “ 1g, I11., 5.
Isle Royale.

The following species were identified from this locality; no field notes
accompanied the specimens.

1. Tettix acadicus Scudd. 1@, IIL
2. Camnula pellucida, Scudd. 24, 22, I1.
3. Ceuthophilus seclusus Scudd. 13, IIL

“ “ 1@, II1.

(From U. S. Lake Survey Chart),

Secale, 2 miles to the inch.

TFie. 21, Map of lower end of Isle Royale, showing the location of field stations.
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