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LETTER OF TRANSMITTAL.

o the Honorable the Board of Geological Survey of the Sitate of Mich-
igan:

S

Gov. Fred M. Warner, President.
Houn. D. M. ierry, Jr., Vice-President.
Hon. L. L. Wright, Secretary.

Gentlemen :—I beg to present herewith for printing, a report by .
Chas, C. Adams on the ecology, that is the natural history, of Isle Royale.
This comes to us with the approval of Dr. A. G. Ruthven, our Chief Field
Naturalist, and our Board of Scientific Advisers, and Is a continuation
of the work published in our annual report for 1905.

Phis contribution to the Biological Survey of the State, which the
legislature authorized me to supervise by Act No. 250 of the session of
1903, comes from the University Museum. The axplorations were made
without expense to the State Survey by means of contributions from
friends of the Museum. As this work is in harmony with the aims of
the Biologieal Survey we are fortunate in securing such co-operation.
The veports on the Porcupine Mountains and Isle Royale at the north
end of the state complement the work on Walnut Lake, Oakland county,
and that in Huron and Tuscola counties.

T trust that the present report will be of service to the schools of the
state.
Very respectfully,

ALFRED C. LANE,
State Geologist.



TABLE OF CONTENTS.

Introductory Note and Acknowledgments, by Dr. Charles C. Adams.

PART I. ECOLOGICAL PAPERS.

1. Isle Royale as a Biotic Environment, by Dr. Charles C. Adams...............
I. Introduction.. . ... ..o

1. Itinerary and Personnel of the Party.................. ... . ... ...

2. Aims and Method of Work......... ... ... oo

3. Previous Biological Investigations upon Isle Royale.................

4. Historical Nobe... . ..ot

5. Available Maps of Isle Royale.......... ... ... . ... . L.

I1. The Biota Considered by Stations............ ... .. il
1. Location of Field Stations in 1905.. .. .......... ... ... ..

2. General Characteristics of the Stations.............................

ITI. The Evolution of the Gross Environment..............................
1. Geological Succession. ............co i

2. Topography and its Origin... ... v

3. Atmospheric Influences and their Evolution.........................

a, Climate... ...

b, Seiehes.. . o e

c. Climatic SUCCeSSION. .« .ottt

d. Lake Storms and their Influence. .............. ... .. ... ... ...

4, Surface Currents of Lake Superior........... ... ... oL

5. Origin of the Habitats......... ... ... o i i

2. The Fcolovlcal Relations of the Invertebrate Fauna of Isle Royale, Michigan,
by Dr. TH. A GIBASOTL .o e e eee e e e e
I, Introduction. ... ..ot
TII. The Lake ... oo e
III. The Inland Lakes.. .. .. . oot
1V. The Tamarack Swamp and the Arbor Vitae Swamps..................
V. The Gravel and Sand Beaches.... .............. .. ... ...
VI. The Rock Beach. ... ... ... oo i
VII. The Cladonia Clearings and Jack Pine Ridges.........................
VIII. The Balsam-Spruce Forest............... ... .. ... ... . .. ...
IX. Artificial Clearings... ... ..o
XL SUMIMALY. . o o ottt et e e
The Feological . Distribution of the Birds of Isle Royale, Lake Superior, by
Otto McCreary .......................................................
I, Introduction. ... ...t e
I1. Light-house Peninsula, (between Rock Harbor and the Head of Conglom-
erate Bay) ... ...
1. Lake Superior and Beach (Station I, Sub. 1.).......................

2. Spruce and Balsam Forest (Station I, Sub. 2and 3).................

3. Tamarack and Arbor Vitae Swamps (Statlon I Sub.4)...............

4, Jack Pine Ridge (Station I, Sub. 5)........ ... .. ... ... ...

5. Sphagnum and Spruce Borr (Station I, Sub. 6)......................

6. Valley at the Head of Condlomerate Bay (Station I, Sub. 1)..........

TII. Trail to McCargoe Cove... .. ot
1. Ransom Clearing (Station II, Sub. | T

2. Benson Brook (Statlon 1T, Sub D) e

3. Spruce and Tamarack Swamps (Station II, Sub. 2 and 5).............

4. Rock Ridge Clearings (Station II, Sub. 3)............ ... ... ... ... ..

DOCH OV UN Uk b bt ot o P



vi CONTENTS.

Page

IV. Western End of Rock Harbor and Trail to Sumner Lake............... 87
1. Harbor. (Vieinity of Station ITT,Sub. 2)........................ ... 88
2, Small Islands (Station III, Sub. 1) ................................. 88
3. Bulrush Zone and Delta (btatxon I, Sub. 3).. oo 89
4. Trail to Sumner Lake (Station 111, Sub. A 89
a. Bireh Forest.. . ... . .. . . 89
b. Birch and Coniferous Forest................... ... ... ... ..... 89
5. Sumner Lake (Station III, Sub. 5)............ ... ... .. ... ... 89
V. Siskowit Lake Region......... ... ... .. i 90
1. Siskowit Bay and Shore (Station V, Sub. 1)......................... 90

2, Trail to Siskowit Lake (Station V, Sub. A) 91

3. Siskowit Lake (Station V, Sub. 6 and viemnity), .. ..o 91

4. Burning West of Outlet to Siskowit Lake (Station V, vicinity of Sub. 9). 92

5. Long and Menagerie Islands (Station V, Sub. 10).................... 92
VI. Summary ....................................................... 93
1 Water Birds.. . ... oo 93
2. Shore Birds.. .. .o 94

3. Birds Frequenting Swamps........... . i 94

4 Birds of Clearings and Partial Clearings............................. 95
Birds Frequenting the Forests............. ... .. ... ... .. ... 95

4, The Fall Migration of Birds at Washington Harbor, Isle Royale, Lake Superior,

by Max Minor Peet ... ... .. 97
I Introduction..... .. ... .. 97
II. The Environment.. ..... ... i 97
1 The Clearing. .. .. .ot 97
The Forest.. ... . 98
3 Food.. ..o 99
IiI. The Weather Conditions and Migrants.. ............................. 99
1. Weather Conditions... ........ . ... . e 99
2. The Bird Migrants... ...t e 100
8. WATDIETS. . . oo oo 100

b, BPAITOWS. L vt 102
c. Hawks. .. oo 103

Ao OWlso o 104

e. Thrushes.. ... ... 104

f. Other Birds.. .. ... . 104

IV, Large Bird Waves. .. .. ... e 105
1. First Wave.. ... o 106
2. 8econd Wave. . ... e 106

3. Third Wave. .. ..o e 107

4, Fourth Wave.. ... ... e e e 107
5. Fifth Wave. . ..o 109
6. Sixth Wave.. ... 109
V. The Relation of Weather to Migration.............. .. ............... 109
1. Influence of Wind......... .0 i 110

2. Influence of Temperature........... ... ... ... ... 111

3. Influence of Barometric Pressure............c...ouuririiavieaean.n 111

4. Condition of the Sky....... ... ... ... . 111

5, Summary and Conelusion.. .. ... 111
VI. The Routes of Migration.................................. cee e 112
VII. The Perils of Migration............. ... i 113
1o Fatigue.. ..o 113

2. Natural Enemies. ... ... i e 115

3. Blunders and Fatalities............. ... i 116

5. The Ecological Succession of Birds, by Dr. Chas. C. Adams.................... 121
1. Introductlon .................................................... 121
II. Representative Literature on Habitats and Succession.. ... ............ 123
1. Habitat Preference. ... ... . 123
2. BUCCESSION. .. o vt ottt e 126
IITI, The Major Avian Environments. ... ......o it 128
1V. Minor Avian Environments and their Associations.................... 133
V. Avian Sueceession........ ... i 134
1. General Remarks. ... ... .o e 134
2. Suceession on Isle Royale............. ... ... ........... ... ... 134

a. The Aquatic Association and Habitat. ............ .. ... ...... 136



CONTEXNTS. vii

Page
b. The Shore and. Marsh Association and Habitat.................. 138
e. Bog-forest Association and Habitat. ... 139
d. Aspen-bireh Association and Habitat.. ... ... 139
e. The Climax Association or Formation and Habitat. . ............ 141
3. Internal I'actors.. . 142
4. Environmental Tactors . ... oot 143
5. Environmental and Associational Convergence.................... 144
6. Succession and Environmental Evolution.. ... 145
7. The Relation of Succession to Organic Evolution.................... 145
VI. Some Principles of Succession. .. ... ..o 146
VII. Some Advantages of a Knowledge of the Laws of Succession........... 149

6. The Coleoptera of Isle Royale, Lake Supetior, and their Relation to the North
American Centers of Dispersal, by Dr. Chas. C. Adams... ...t 157
T, Introductory Note. ... .. uo it 157
11. Notes on the Habitat Relations of Beetles... ... 158
TI1. The Succession of Beetle Associations... . ... 160
1. The Lake Shore and its Beetle Associations.. ...t 160
2. Rock Openings and Associated Beetles..............oivnnnn 160
. 3. Lake, Pond and Bog Habitats and Assoeiations...............o.ove 161
4. The Forests and their Beetle Associations...........coovoovonn.. 161
IV. The General Characteristies of the North American Beetle Fauna. ... ... 163
1. Compiled Generalizations on the Fauna............o. oot 163

9. Comments on the Preceding Generalizations, and on the Literature of
Geographic Distribution. ... ... oo i 182
V. The Present Centers of Dispersal of the Beetle Fauna ................. 183
VI. The General Characteristics and Affinities of the Isle Royale Fauna.. ... 190
1. Faunal CharacteriStics . . « o oo oo oot 190
2. Miscellaneous Notes on the Fauna.......... ... oo 191
VII. Lists of Isle Royale Beetles. ... ... 192
1. List of Species Collected in 1905.. .. «...ovviin i i 192
2. Supplementary List of Isle Royale Beetles, by A. B. Woleott......... 204

PART II. ANNOTATED LISTS,

1. Notes on the Vegetation of Isle Royale, Michigan, by W. P. Holt.............. 217
I. General Observations on the Plant Societies. .. ....... ... 217

L. BOg S0CIEIOS. oo oot 217

2. Shore Vegetation. .. .. ... vevveeivei 222

LT T A A 224

4. BUITIIES. o oot 225

IT. Annotated List of Plants.... .. ..o i 227

2. Annotated List of Certain Isle Royale Invertebrates, by Dr. Chas. C. Adams.... 249
3. Annotated List of the Mollusca of Isle Royale, Michigan, by Bryant Walker.. ... 281

T . T0trodUCtiOn . « « - oo ot e 281
TI, Faunal AfBnIbies. .. oottt e et e 281
TII. Annotated Last.. . . oo e ren e 283

4. Report on the Isle Royale Orthoptera of the 1905 Expedition to Isle Royale,
DY AL PMOTSE.. o o oot e et 299
T, General Remarks. . .« oottt 269
T1. Annotated List of Species. .. ..o oov i 302

TI1. Station List, 1805 Collections.. .. . ... oovrvvreriee e
5. Neuropteroid Insects from Isle Royale, Michigan, by Dr. James G. Needham.... 305

6. Diptera of the 1905 University Museum Expedition to Isle Royale, by Prof.
James S, HINe. . . oottt e 308
7. Annotated List of Isle Royale Hymenoptera, by E. 8. Titus. . ...........oo00e 317
8. The Ants of Isle Royale, Michigan, by Dr. William Morton Wheeler............ 325
9. The Cold Blooded Vertebrates of Isle Royale, by Dr. A. G. Ruthven......... 329
10. Annotated List of the Birds of Isle Royale, by Max Minor Peet.............. 337
T, ItrodUCLION. « o o ottt e et e 337
II. Classified List of Birds Observed in 1905, ... ... oo 339
1. Summer Residents.. ..o oo vt e e 339
D, MIGTANTS. -« o o oo e 339
3. Winter Residents (migrants from the north)......................... 340

4. Permanent Residents.... ...« 340



viii CONTEXNTS.

Page,
III. Anmotated List...........o i e 340
11, Notes on Isle Royale Mammals and their Eeological Relations, by Dr. Chas. C.

Adams... .. 389
I Introduction.... ... ... i 389
I, Mammal Suceessions. ... ... 390
1. Lake-Pond-Swamp Series. ... 391

2. The Land Series... ... ... 392
III. Faunal Affinities and Migrations,................ ... . ... 393
1. The Geographie Affinities of the Fauna.................. ... . ... ... 393

2. Post-Glacial Origin of the Fauna................. ... ... ... .. ... 304
396

TV, Annotated List.. .. .. ... .



Fig.

et bt

—RO® WA SUUR W

ILLUSTRATIONS.

. The Light-house at Rock Harbor, Isle Royale...............ooovvnn

Cliffs between Tonkin and Conglomerate Bays..........................

. Summer storm waves upon the beach (I. 1) at the head of Tonkin Bay,

south of the Light-house, .. .. ... i
Sand beach at the head of Conglomerate Bay (I, 1)............cooovnn

. Beach pool (I, 1) near Tonkin Bay..........oo i S
. Transition from the beach (I, 1) to rock clearing (I, 2), south of the Light-

BOUSE .« o o e et e e e e
Natural rock opening (I, 2) or avenue, farther up the slope than in Fig. 6.
Natural rock clearing or opening (I, 2) north of the Light-house at Rock
HATDOT . . o ottt e e e e

. Natural rock clearing (I, 2) south of the Light-house....................
. Arbor Vitae bog (I, 4) near Tonkin Bay......................... R
. View from the Jack Pine ridge (I, 5), looking toward the head of Con-

glomerate Bay... ... ... o

2, Second growth of White Birch on the Trail to the Jack Pine Ridge (1, 5),

Conglomerate Bay. ... ......ooio v

. Jack Pine ridge (I, 5) Conglomerate Bay........... ...t
. Sphagnum-Black Spruce bog (I, 6) near the Jack Pine ridge.............
. Small island near the head of Rock Harbor (IIT, 1)........... PP
. Bulrush zone and delta at the head of Rock Harbor (111, 3).............
. Exposed seetion of spit formed as the water level has lowered in Rock Har-

bor, near the beginning of the trail to Sumner Lake (IIL, 4)........... ..

. Sumner Lake (ITT, 5). .. ..ot e
. Western end of Sumner Lake (IIL, 5).. .. ... ...
. Northeastern margin of Sumner Lake (XTI, 5)...........coohvnnn s
. Southeastern corner of Sumner Lake (IIT, 5) .. ...
. Western end of Sumner Lake (ILIT, 5).. ...
. Northern shore of Sumner Lake (IIT, 5)...... ...
. Rock opening about Camp on Siskowit Bay (V,3)........c.oovvvn
. Rock opening at the Siskowit camp (V, 3).... oo
. Rock opening on Siskowit Bay (V,3)... ... ...t REEEE
. Border of the opening about the Siskowit Camp (V, 3), near the beginning

of the trail to Siskowit Lake (V, 4)..... ... v

. Ant nest in the opening at the Siskowit Camp (V, 3).............. e -
. General character of the south shore, near the eastern entrance to Siskowit

BAY (V) 2. e oo e

. Rock pool on the beach (V, 2), where a variety of invertebrates was

SOCUTEA o oe e e e e e e e e e

. Sazifraga aizoon onbeach (V, 2).. . ... .
. General view along the shore at V, 2....... ... ..o e
. Farther up the same slope as Fig. 32 and adjacent toit.................
. Still farther up the slope and adjacent to Fig. 33...............oovennn
. Looking up the slope on the western portion of Station V, 2.............
. Upper portion of western part of Station V, 2.,
. Detail of western part of Station V, 2...... .. .. oo i
. Character of ground cover in parts of the Balsam-Spruce forest (V, 4)... ..
. Open space in the Balsam-Birch forest (V, 4)...............ooen
. Open space in the Balsam-Birch forest (V,4)...............coovoon
. Tamarack Swamp (V, 5) ... oo
. Spruce margin of Station V, 5. .. ...
. Black Spruce margin of Station V, 5... ... . i

Page
16
16
16

16
16

16
16

16
16



54
T,

45.

16.
47.

48,
49.
50.
51.

ILLUSTRATIONS.

Bog margin of Station V, 5., . ... o
Long Island gull rookery, (V, 10).......... ... ..o oo
Pond in Tamarack—DBlack Spruce swamp (V, 11)....... .ot
Margin of Lily pond (V, 11). ... i
Black Spruece in Cassandra zone of Station (V, 11).............. ... ... ..
Maple forest on the Desor trail (IXX, '04)..... ... oo
Forest along Washington Brook (IV, 04).............. ... .. ... ...,
Showing origin of the glacial Great Lakes, their relation to the ice sheet
and their Mississippi drainage. (After Taylor and Leverett). Cham-
berlin and Salisbury, Geology, 11I, p. 396. Fig. 516.....................

. Showing the Algonquin stage of the Great Lakes; a water barrier to north-

ward dispersal of the land biota. (After Taylor and Leverett). Cham-
berlain and Salisbury, Geology, III, p. 401, Fig. 521......... ... ... ..

. Contour Map of Isle Royale, Michigan, Contour interval 100 feet. Pre-

pared by Dr. A, C. Lane. .. . oo o
The Nipissing Great Lakes; showing the fresh-water highway or barrier

" in the west and the sea barrier in the east. (After T aylor), Chamber-

lin and Salisbury, Geology, I11, p. 404, Fig. 522................ ... .. ..

. Surface currents of Lake Superior. To show their possible influence on

the origin of the biota. (Drawn by Hall, after Harrington.).............
“The Wendigo Road”, from the clearing at the club-house to Wendigo,

Washington Harbor............. ... .. ...

. Long Island (V, 10), Siskowit Bay, looking toward Isle Royale Light-House.
. Gull rookery on Long Island (V, 10).... .. ..o
. Gull rookery on Long Island (V, 10)....... ... oo,
. Eagle nest at Tobin Harbor IV, 8).......... . ... ... ...
. Variations in the shell width of Polygyra albolabris.....................
. Variation in the shell height of Polygyra albolabris.............. ... ...

. Lymnaea stagnalis varieties from Isle Royale. .........................

34
34
36



INTRODUCTORY NOTE.

»

Through the generosity of Mr. Bryant Walker, of Detroit, Hon. Peter
White* and Mr. 1. M. Kaufman of Marquette, the University Museum of
the University of Michigan was able, in the summer of 1904, to send a
party to the Porcupine Mountains and to Isle Royale, Michigan. The
aim of the party was to collect specimens for the museum and to make an
ecological survey of the regions visited. The party was only able to
spend a few weeks on Isle Royale at that time, but through the continued
generosity of Mr. White and Mr. Walker, the survey was continued duv-
ing the summer of 1905. The present volume on the natural history of
the island has resulted from these surveys.

To Mr. White and Mr. Walker the Museum is under special obligations
tor their hearty and substantial support, not only in the funds provided,
but also for their aid in securing the trausportation of the party. Many
other individuals also assisted in various ways. Those who aided the
party in the matter of transportation were: Mr. Henry Russel, of the
Michigan Central Railway; Mr. Geo. T. Arnold, of the Union Ticket
Office and Dock of Mackinac Island; Mr. H. H. Brigham, of the U. 8.
and Dominion Transportation Company (“Booth Line”); Mr. Henry
Meyering, of the Graham and Morton Line; Mr. M. Adson, of the Duluth,
South Shore and Atlantic Railway. The survey is furthermore indebted
1o Section Director C. F. Schneider of the Michigan Section of the Clim-
atological Service of the U. 8. Weather Bureau, for the loan of meteoro-
logical instruments; to Major Lansing H. Beach, Detroit, of the Light
House Establishment, for permission and suggestions as to camping in
the abandoned Light-house at Rock Harbor; to Mr. Geo. C. Stone, Sec-
retary of the Washington Club of Duluth, Minn., for the use of their
grounds and many favors from their care-takers, Mr. Chas. Preulx and
Mr. Michael Hollinger; 1o Mr. K. Neutson, of Park Place (“Neutson’s
Resort”), Rock Harbor, Isle Royale, for many favors during the stay
upon the island; to Mr. J. H. Malone, Keeper of the Isle Royale Light,
and to his sons, particularly to the Assistant Keeper, Mr. J. A. Malone,
for many favors and for their hospitality. It is a pleasure fo have this
opportunity of thanking these persons for their cooperation.

On the return of the party from the field, work was at once begun upon
the collections, and in this a large number of specialists have aided by
the determination of the specimens. Acknowledgements are made to
such persons throughout the report and will not be repeated here. Those
who were not members of the party, but who have prepared papers ave:
Mr. Bryant Walker, of Detroit, Michigan, Dr. W. M. Wheeler, American
Museum of Natural History; Mr. A. I’. Morse, Research Assistant of the
Carnegie Institation, and Wellesley College; Dr. Jas. G. Needham, Cor-

+F Recently deceaved.
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nell University; Prof. J. 8. Hine, Ohio $State University; Prof. E. 8.
Titus, Utah Agricultural Experiment Station; Dr. A. G. Ruthven, Univer-
sity Museum, University of JMichigan, and Mr. A. P. Wolcott, Field
Museumn of Naturval History.

The volunteer members of the Museum party shonld be mentioned in
this connection: Dr. R. A. Brown, Dr. H. A, Gleason, Mr. W. . Holt,
Mr. Max Minor Peet, Mr. Otto dMcCreary, and the writer. It will be
evident that the volunteer work of this report comprises the major part
of it.

Personally the writer wishes to express his appreciation of the assist-
ance of Mr. Walker and Mr. White; of the cooperation of the members
of the party and the many specialists who have examined the specimens;
and of the valuable suggestions and assistance of : Mr. Norman B. Conger,
Inspector U. 8. Weather Bureau, Detroit; Dr. Glover M. Allen, Boston
Society of Natural History; Mr. Frank Leverett and Mr. F. B. Taylor.
of the U. 8. Geological Survey; Prof. H. F. Wickham, State University
of Towa; and to Mr. A. B. Wolcott, of the Field Museum of Natural
History. Also to Dr. A. C. Lane of the Michigan Geological Survey for
many favors and courtesies, including the preparation of the topographic
map, and to Dr. A. G. Ruthven, Chief Field Natuvalist of the Survey,
for assistance in the publication of the report.

The shortcomings of this report will be no more evident to any one
than to the writer. If, however, with its defects, it preserves some “van-
ishing data,” and presents suggestions for the improvement of such
ecological surveys, it will have served the purpose for wlich it was
intended.

CHAS. C. ADAMS.
July 23, 1908,
Hull Zoological Laboratory,
University of Chicago,
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43, for larger read large.

11, for White Spruce read Black Spiuce.
7, for has been read had been.

16, for Cicada read Tibicem.

40, for anti-lion read ant-lion.

28, for hardwood read hardiwoods.

24, for Hibbiscus read Hippiscus {and elsewhere in the report).
23, for versicolor read pickeringi.

48, for Limnaea read Lymneee (and elsewhere in the report).
26, for 2F read 25.

43, for Aechna read Aeschna.

21, for Grophaenn read Gurophacna.

2, for billow read billowy.

14, for Pig. j5 read Figs. )5 and i7.

21, for the bearing of the latteir read their.
46, for e read 4.

14, for Fig. 53 vead I'iyg. 55.

33, for f read 5.

28, dele (Fig. 29).

10, dele Fig. 36.

16, for Lake read Lakes.

3, for Fig. 22 read Fig. 6.

65, lines 48 and 49, for Formice adamsii read Formica addamsi.
lines 50 and 51, dele No. 11}

65,

77, line 27, for Grophoeng read Gyrophacha.
93,
110,
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25, for XI read VI.

line 6, for condition of weather read condition of sky.
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line 29, for Burns, F. Z. read Burns, F. L.
line 43, transpose Buprestids and Trichias.
line 9, for Grophoema read Gurophaena.
line 44, for Their read i1heir.

line

28, dele William.

line 46, for Bolitobius read Bolctobius.
line 46, for Ncy Jersey vead Ncw Jersey.
line 17, read Salticidee=Atlidac.

line 43, for Jassideeae read Jassidae.

line 28, for 61-62 read Figs. 61-62.

line 26, dele 3.

line 28, adad 3.

line 29, add 8. elongata,

line 25, for Fig. 47 rvead Piy. 57.

line 85, add Fig. 60.

line 17, add Fig. 17; line 20, dele Fig. 17.
line 13, for 4nfluences read inferences.
line 7, for Canton read Caton,

line

26, for J. N. Malone read J. H. Malone.

line 14, for Hoops read Hoopes.
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ISLE ROYALE AN A BIOTIC ENVIRONMENT.
BY DIL CITARLES (. ADAMS.
1. INTRODUCTION,

1. Ttinerary and Personnel of the Party. The University Museum
party left Ann Arbor, Michigan, June 29, and reached the abandoned
light-house at Rock Harbor, Isle Royale, on the morning of July 5, 1905,
The party was composed of the following: N. A. Wood, Dr. R. A.
Brown, Dr. I1. A, Gleason, SV, P. floll, Otto McCreary, a camp hand,
B. F. Savery, and the writer. Tn general, the duties of the various
members  were as  follows:  Mr. Wood, {he Museum taxidermist,
looked after the trapping of mammals and the prepavation of bird and
mammal skins. He was assisted by Dr. Brown, who gave most of his at
tention to the study of the bird life, and who remained with the party
until July 25. In the study of bird life, Dr. Brown, Mr. Wood and My
MeCreary co-operated, the latter devoting his entire time to the ecolog:
ical phase of the work. Dr. Gleason devoted his atfention to the collec-
tion and ecological study of invertelrates, particularly molluses and in-
sects, and most of the photographs were taken by him. Tn collecting in-
sects about the camps, he was assisted by B. I Savery. Mr. Holt’s time
was devoted to the study of lh@ vegetation. 'l‘ho writer, who was in
charge of the expedition, gave special attention to the environmental
dynamics, biotic sm-vvssion‘ and the general correlation of . the work
of the various members of the party.

Daving the stay at Rock Harbor, Fig. 1, the following localities were
examined : The shore, from the light-house south to the hmd of Conglom-
erate Bay; the region about the head of Reck Harbor and ;Smnmv
lake:; a line from the mouth of Benson brook fo Sargent Lake and M-
Cargoe Cove.; and the vicinity of Tobin Havbor; in other w ords, the
Tocalities included in Stations T-TV.

The party remained at Rock Harbor from July 5 to August 1, anl
then moved to Siskowit Bayv. Herve Mr. Max M. Peet joined the party
on August & and devoted hiis attention to collecting birds »nd mammals.
He also took a number of the photographs. While at the Siskowit
Camp, the bay and lake of that name were examined. and also the Hay-
town trail and the islands near the Isle Rovale Tight. Al of these lo-
calities are included in Station V.

On August 17 the pariy moved to Washington Harbor, and was then
partially disbanded. The members who remained made theiv headquar-
ters on the grounds of the Washington Club. at the head of Washington
Harbor. After September 5 Mr. Peet alone remained there until the
22nd, in, order that he might confinue the study of the fall migration
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of the birds. He returned on the last boat of the season for Duluth,
Minn.

During the previous (1904) season, the Museum party had made a
general examination of the vicinity abont Washington Harbor, so that it
was now thought desirable to devote more time to other localities. With
the exception of bird migration, no detailed work was done in this vicin-
ity in 1903. In addition to the region about the head of the harbor, Lake
Desor was also reached from this point by means of the road along the
crest of the Greenstone Range.

2. The Aim and Methods of Work. The field work was conducted on
the same general plan as that pursued during the previous season in
the Porcupine Mountains and at Washington Harbor. Much wmove
ground was covered, however, hecause it seemed improbable that a third
trip could be made to the same region. It thercfore seemed desirable
to gain some idea of the biota of the island as a whole, because of its
Canadian character. Even then, the survey was confined almost exclu-
sively to the region south of the Greenstone Range.

As mentioned in the report for 1904 (Ruthven, 06, pp. 11-12), the aim
of the work was not simply to collect specimens, buf also to study the
relations of the plant and animal life (the biota) fo their survound-
ings. The environment as well as the biota was considered from a dyn-
amic standpoint, and an effort was made to analyze the environment
in order that the dominant conditions and processes of which it is com-
posed might be recognized, and their laws of change be perceived and
formulated. To resolve such a problem as this must of necessity
require more time and detailed investigation than the possibilities of a
few months work will permit, and yet it is equally evident that prelimi-
nary work should be carried on from a genetic standpoint, because such
a method determines upon what facts emphasis should be placed, and the
broader and more general relations, as well as the details, ave equally
subject to a genetic and dynamic treatment. In preliminavy work of
this ebaracter. it is considered of special importance to discover, if pos-
sible, the order of the major biotic successions, because these succes-
sions must be clearly perceived before their causes can undergo ade-
quate analysis. Our knowledge of causes generally lags far behind our
recognition of successions.

Thus throughout the study of the Isle Royale biota a special effort
was made to investigate the genesis or successions of events. The en-
vironment has not been considered as limited to habitats alone, but
also to include that greater unit, the geographic. To ignore this is
to overlook the real background. Tt is believed that certain advantages
are derived from this method of work, which, although they may be
recognized from other points of view, are likely to be subordinated to
other facts. It should not for a moment be thought that this method is
considered as the only one of approach, but it appears to have certain
advantages which seem to justify its adoption. Nor should it be inferred
that the genesis of the biota and the habitat is all that should be in-
cluded in an ecological survey. The problem of succession is only one ol
several which clearly show the intimate relations and responses between
organisms and their environment : others that remain to be investigated
involve physiological and structu al changes, and various modifications
of habit and behavior of both planis and animals.
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The ecological relations in the north are so different, in some respects,
from those farther south, that ome may easily form an erroneous con-
ception of the conditions under which such a preliminary investigation
may be made. A very favorable condition for the work was the facr thar
practically all the time was devoted to it, instead of only occasjonal
trips being made for the purpose, as is necessary with those busy with
other duties. There are also certain advantages in being able to be in
the field continuously, as a certain familiarity with conditions iz ac-
quired in the beginning, especially where the variety of forms is limited,
which otherwise would involve time upon each visit.  Althongh
most of the members of our party were upon the island only during July
and August, yet at this time those seasonal phenomena were concen-
trated which require much more, or several times that amount of time
for their development farther south. The seasonal contrast is well il-
lustrated when the snmmer season at the other extreme of the State of
Michigan—3500 miles away—is contrasted with that of Isle Royale. Such
relations are further reinforced by the fact that the species and
societies. which are dominant in the vavious northern habitats arve
very much smaller in number than farther south. This necessarily sim-
plifies the problem, and to a corresponding degree reduces the chances
of error in anticipating biotic changes which are correlated with those
of the environment. This is a relation of much importance in the study
of snecession.  The writer was especially impressed with the relative
simplicity of the problem of environmental relations and of the biotie
succession upon Isle Royale, and has received further confirmation of the
opinion that a tendency to exaggerate the complexity of the environ-
ment is prevalent.

An important aid in eunvironmental analysis hag been received from
the effort to distinguish -the major or gecgraphic features of the gross
environment from the minor habitat units which make up the mosaic
or complex, although their mutnal and genetic relations were not
overlooked. Some of these relations have been well expressed by
Montgomery in his comment on distribution (06, p. 6) as follows:
“And, as is always the case when the method has been consistent and
scientifie, the factors of distribution and the meaning of it will ulti-
mately be stated in very simple form. These factors appear to us now
to be enormously complex, but this is Decause we have hardly com-
menced to analyze them.”

At this point it should be mentioned that there are certain dif-
ficulties which tend to confnse the field worker, which, if clearly
understood, will often be of aid in ecological studies. In pursuing
field studies, in addition to a knowledge of the species, one of the first
essentials is a familiarity with the habits and habitat preferences of
organisms; and further, there should be the ability to recognize how
the dominance of one societv is transformed into that of another.
The lack of a sufficient power of constructive imagination makes the
detection of such transformations very difficult, perhaps even impossible
to some. This limitation almost completely restricts such a student
to the purely descriptive phases of field ecology, because the explanatory
phase lies bevond his grasp, although there remains for him = large
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field for useful and valuable activity in the study of habitat preference,
and the mutual relations of the associated species in given habitats. A
familiarity with the forms studied, under diverse circumstances, de-
velops a certain perspective which ig a great help in preventing confusion
caused by minor and relatively insignificant details.

The limited time spent in the present investigation did not permit
detailed studies of the interrelations of the organisms within the habitat.
either in their relation to the environment or to each other. In local
studies attention is usually given to detailed life hisfories rather than .
to a deliberate study of their interrelations as members of a society.
The emphasis which is sometimes placed upon individual life histories
would lead one to expect that such histories could be assembled and
would give us the same result as if they had been studied as a society.
But the points of view are so different that such a result, although
theovetically possible, is unlikely to be obtained. At this time we only
wish to emphasize the fact that both methods should be used to secure
the best results. For example, in applying these principles to the study
of birds, the life histories of the dominant species of a society might
first e given special attention. Then the relations of the dominant
species to others of the association and to the environment may be deter-
mined and later on the subordinate Kinds considered. This will involve
prolonged study in the field (and laboratory) of the habits of nesting,
feeding, rearing of young, cte., as influenced not only by other mem-
bers of the same species, but also by otlier gpecies in the same habitat.
The same general method is applicable to other groups of organisms.

3. Previous Biological Investigations upon Isle Royale. Previous to
the investigations by the Musewmn party in 1904, (Ruthven and others,
’06) there seems to have been very little study of the Isle Royale biota.
Qeveral collections of plants and animals have heen made, but very little
has been published about them. In 1848 W. D). Whitney was “ornithologist
and botanist” for the government geological survey parties, and he pub-
lished 2 list of the plants found. (Foster and Whitney, ’51, pp. 3569-381).
Incidental mention is also made in these geological reports of the collec-
tions of animals (Foster and Whitney, 50, pp. 17, 51, 201; Jackson, 49.
pp. 423, 440, 441,) ; but, so far as known fo the writer, no detailed reports
were published.

So far as the vegetation is concerned, the most important source of
information is the maps of the Ives Linear Survey. Here the general
character of the forest, the extent of the swamps, and the underbrush
ave indicated. Mr. Henry Gilman ('73), of Detroit, made two visits
to the island (one of which was in 1873), and his botanical and ethno-
logical collections were presented to Columbia and Harvard Colleges.
In 1890 Mr. F. 1. Wood made a collection of plants from the vieinity
of Rock Harbor and presented them to the herbarinm of the Botanical
Department of the University of Michigan; and in 1901 W. A. Wheeler
(’01) published a short paper on some plants taken on the northeast
end of the island.

The invertebrate fauna found in the deep water off Isle Royale was
examined by Smith in 1871, and a list of Coleoptera from Isle Royale
was published by Hubbard and Schwarz (*78). The writer has recently
published a paper on certain phases of the problem of succession, as
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illustrated by the birds upon Isle Royale. This paper, with some ad-
ditions, is included in this volume. Detailed references to these papers
will be found in the accompanying bibliographies.

From the above remarks, is it quite evident that very little attention
has been given to the biological conditions of the island, and much
remains to be done. In all probability other naturalists have visited
the Isle, but I have not learned of theh results.

4. Historical Vote. The history of Isle Royale. since its cession
by the Chippewa Indians in 1843, is, in brief, one ol prospecting,
mining explorations, fishing, summer resorts, and scientific surveys of
the topography, hydrology, geology, and biclogy.

A general historical account is given in Lane’s report {"9%) on the geol-
ogy of the island, and need be mentioned here only in outline. There
ig abundant evidence that in prehistoric times the Indians mined copper
on the island. Within three or four years after the cession of the island
to the United States, it was invaded by prospectors and explorers, so
that by 1847, according to Lane, “the island presented perhaps as lively
o scene as ever in its history” At this time the Linear Survey was
made by William Ives. But this period of activity was only of short
duration, for the decline was almost as rapid as had been the ascent, and
by 1855 the “island was a desert once more, with no permanent in-
habitants.” (Lane). This passive condition of affairs lasted until the
Lake Survey engineers arvived in 1867. This survey continued until
1871, during which interval explorations were somewhat revived, and
continued for several years, only to be followed by another relapse and
still another ascent in 1891, when a number of careful and detailed
explorations were made for copper by means of the diamond drill.
But this activity also ceased about 1892, A year later, and again in
1895, Dr. Lane visited the island for geological investigations.

The mineral sources are thus seen to have been the main attraction.
The forest growth is too stunted and inaccessible to lhave merited the
attention of lumbermen, although several timber prospectors were pre-
gent during the summer of 1905. During more recent years the fish-
ing and summer vesort business have attracted some attention to the
island, and have made it accessible during the summer through regular
steamboat service. The climate, scenery and the fishing make the
island very attractive as a summer resort, but it should be recognized
that if the scenery is to be preserved the forests must be protected
from fires, because reforestation is exceedingly slow on land with such
a shallow soil. Tt is to be hoped that the geographic isolation may be a
protection from such devastation, because the cool summer climate,
the rocky coast, the forests, the picturesque scenery, and the
surrounding ILake Superior, are natural features which should long
remain attractive to summer visitors.. If the interest in copper should
revive permanently, the biota will become greatly modified, in which
case some conception of the conditions upon the island in 1904 and
1905 will be preserved by these records.

[It may be of interest to note here that 86,000 acres of the island
were for sale i the winter of 1908 for $150,000. Lane.]

5. Available Maps of Isle Royale. The available maps are not
generally known to the public. and are therefore listed here, especially
those which are of value from a biolegical standpoint.
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1. The Ives Linear Survey Maps. Because of their large size (2
inches to the mile), and the details concerning the character of the
swamps, the forest and the soil, this is the most useful map for the
field. Photolithographic¢ copies of the township maps, of which there
are eighteen, may be secured for 23 cents each from the General Tand
Office at Washington, . C.

2. The U. 8. Lake Survey Chart of Isle Royale, (Catalog No. Sh.).
This is very useful because it indicates the topography, in part by
hachures, and gives the details of the coast, including soundings and
the character of the bottom. A large tract of the juterior, between
lakes Desor and Chickenbone, is unmapped. This map may be secured
for 25 cents from the Lake Survey Offices at Detroit and Duluth. An
excellent chart of the entire Lake Superior basin may be secured from
the same source.

3. Lane's Geological Map. Published by the Michigan State Geo-
logical Survey. It accompanies Lane’s report (’98) on the geology of
the island, and is on a scale of 9 of an inch to the mile.

4. Passage Island Topographic Sheet. This is the only sheet pub-
lished by the U. 8. Geological Survey whieh includes any part of Isle
Royale, and it covers only the extreme northeastern end of the island.
This may be secured from the Survey for 5 cents. The contour inter-
val iz 20 feet, and the scale one inch to the mile.

5. An English land company is said to own much of the island, and
has published a map on a scale of 7% of an inch fo the mile. The agent
for this company is R. R. Goodell, Houglhton, Michigan.

I1.  7TIHE BIOTA COXNSIDERED BY STATIONS.

1. The Location of Ficld Stations in 1905. As a detailed survey of
the entire island was impossible, it was necessary to select representa-
tive localities and conditions, or habitats, and to devote to these all
available time for study and collecting. In order to make sure that
these conditions were representative, considerable care was necessary
in locating these stations. In general a Station, in the strict sense,
stands for a region, while a Substation refers to a particular habitat,
usually of relatively limited extent. The character and extent of a
Substation, (or, as it is generally called, for the make of brevity, a
“station,”’) was determined primarily by the relatively lhomogeneous
character of the conditions. Thus a “station,” as the Balsam-Spruce
forest (V, 4) for example, varied somewhat in its extent with different
groups of organisms. In the case of birds it included a greater area
than was necessary for many invertebrates, such as land snails, but
in every case such a “station” is intended to enable one to determine
what organisms were dominant and charactevistic of such a sample
situation.

Some such system of sampling is generally advantageous or necessary,
and this is particularly essential in the case of a surveying party, in
order to give definiteness and co-ordinated activity to their work, parti-
cularly if the results are to be made at all comparable. Of course some
individual judgment is necessary in applying such a plan to different
groups, but no more perhaps than is necessary to carry out any other
comprehensive plan.
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1. Location of Ficld Stations, 1905,

Light-house Peninsula, between Rock Harbor and the

head of Conglomerate Bay, See. 26 and N. E. 14 Sec. 34, T. 66 N, R. 34

W

Sub.
Sub.
Sub.
Sub.
Sub.
Sub.

Sub.

Station IT.
. 66 N., R. 34 W, and Sec. 25 and 26, R. 35 W., T. 66 N

20, 29, 30, T

Sub.

Sub.
Sub.

Sub.

Sub.

Station III.

Sub.
Sub.
Sub.
suab.
Sub.
Sub.

Station 1V.
Sub.
Sub.
Sub.

Sub.
Sub.

Sub.
Sub.
Sub.

Sub.
Station V.
Sub.
Sub.
Sub.

1. Lake and Bay Beaches.
2. Natural Rock Clearings, N. 1. 14 Sec. 26.

3. Balsam-Spruce Forest, N. Ii. 14 Sec. 26.
4. Tamarack, and Arbor Vitae Swamps, Sec. 26.
5. Jack Pine Ridge, S. W. 1/4 99( 26 and 8. E. 14 Sec.
6. Sphagnum- Qplu(e Bog, S . Y4 Sece. 26 and s, T
14 Sec. 27,
7. Light-house Clearing, N. W. 1/ Sec. 26.
hock Harbor and \[chuoo (me Trail, Nec. 27, 22, 21,

1. B en%ou Brook and Ransom Cleaunﬂ (outlet of Benson
Lake), N, E. 1, Sec. 27 and S. In. 14 Sec. 22, T\
66 N., R. 34 W,
2. Tamarack Swamp, 8. W. 1/ Sec. 22 and 8. E. 1} Sec.
21, T. 66 N., R. 34 W.
3. Rock Ridge Clearings (burned over), Sec. 21 and 20,
T. 66 N., R. 34 W.

4. MeCargoe Cove. at end of Trail, N. . 1/ Sec. 26,
T, 66 N, R. 35 W.
5. Forbes Lake, N. I. 14 Sec. 28, 1. 66 N - R. 34 W.

Western End of Rock Halbm, Sec. 28, 33 and 32, T.
66 N.. R. 34 W., and Sec. 5 and 4, 1. 65 N, R. 34 W,

1. Small Island, 8. E. 34 Sec 32.

2. In Harbor at West end of Island, Sub. 1.

3. Bulrush Zone and Delta, Sec. 32, T. 66 N., R. 34 .
4. Trail to Sumner Lake, Sec. 33, T. 66 N., R. 34 W, ‘
5. Sumner Lake, Sec. 33 and 34, T. 66 N,, R. 34 W.
6. Southwest Coves of Rock Harbor, Sec. 5 and 4, T.

65 N.,, R. 34 W,
Tobin }Lubor and Vicinity, 1. 66 and 67 N, R. 33 W.

1. Scovill Point, Sec. 26 and 35, T. 67 N., 33 W.

2, TIsland No. 14 Sec. 26, T. 61 N, R. 33 W

3. Bayou, North of 1 \Ionument Rock Ti rail, N. W. 34 Sec.
34, 1. 67 N, R. 33 W.

4. Tra‘il to Monument Rock, N. W. 14 Sec. 34, T. 67 N,,
R. 33 W.

5. Clearing at Neutson’s Resort (I’ark Place), Sec. 4, T.
66 N., R. 33 W.

6. Small island in Tobin Harbor, Sec. 5, T. 66 N., R. 33 W,

7. Head of Tobin Harbor, Sec. 7, T. 66 N., R. 33 W.

8. Trail to Greenstone Range, Sec. 7, T. 66 N., R. 33 W,
and Sec. 12, T. 66 N, R. 34 W,

9. Mountain Top Sec. 12, T. 66 N.,, R. 34 W.

Siskowit Bay, Lake and Vicinity.

1. The Beach, (at camp), Sec. 32, T. 65 N, R. 35 W.

2. Heath Zone and Beach, Sec. 33, T. 65 N., R. 35 W.
3. Rock Clearing (at camp), Seec. 32, T. 65 N, R. 35 W.



8 MICHIGAN SURVEY, 1908.

Sub. 4. Trail through Balsam-Birch Forest, Sec. 32 and 31, T.
65 N., R. 35 W,

Sub, 5. Tanuuack Swamp, N. W, 14 See. 32, T. 65 N.. R. 35 W

Sub. 6. South Shore of Siskowit Lake, Sec. 31 and 32, T. 65
N., R. 35 W.

Sub. 7. Havtown Trail, from Siskowit Lake, West Line of Sec.
24, across See, 13, T 65 N, R 36 W of. Lane, ™5,
pl. X1

Sub. R, Arbor Vitae Swamp, at end of Haytown Trail, N. W,
T4 See. 13, 1L 65 N, R 36 WL

sub. 9. Outlet of Siskowit Lake, N. W. 14 Sec. 36, T. 65 N..-
R. 36 W., and See. 31, T. 65 N,, R. 35 W,

Sub. 10. Long Island Gull Rookery and Menagerie Island. 1.
G4 N., I35 W

Sub. 11, Tamarack-sSproce Swamp, Sec. 33, T. 63 N, R. 35 WL

The following stations were examined by the Musenm party during
the season of 1904. Part of these Stations were re-examined and will
be referred to by Station number and date, thus: Sfa. 1, 04

Station I, 04, Clearing on the shore of Washington larbor, Sec.
T. 64 N., R. 38 W,

Station IT, 04, Washington Creek, Sec. 29, T. 64 N, R. 38 W,

Station ITI, '04. Trail along the top of Greenstone Range (Desor
Traily. T. 64 N, R. 37, 38 WV,

Station 1V, 04, Washington Brook, Sees. 28 and 32, T. 64 N, R 38 W

Station V, "04. Tamarack Swamp, See. 20, T, 64 N R.38 W,

Station VI, 704, South of Greenstone Range, Sec. 32, T. 64 N., R. 38 W.

Station VI, 704, Lake Desor, T. 64 N, R. 32 W.

Station VIIL ’04. Western end of Siskowit Bay., Neex. 27 and 28,
T. 64 N, R. 37 W.

Station 1IN, ‘04. Southwestern end of Minong Trap Range, Rec. 30.
T. 64 N., R. 39 W.

Station N, '04. Washington Harbor. T. 64 N, R. 38 W.

2. Gencral Chavactervistics of the Stations. Tn this section, T do noi
aim to give a completely correlated acconnt of the biota of each sta-
tion, but to present a general idea of the main chavacteristics of the
arions situntions examined, and sonie of their common and represen-
tative plants and animals. Photographs illustrating  the  charac-
teristies of the various “stations” will accompany this section, and
should be consulted in connection with the text.

Station [, Substation 1. The Lake and Bay Beaches. This “station”
includes the shore line from Rock Harbor, near the light-house, /g, 1.
to the head of Conglomerate Bay. The entire shore was not studied in
detail, as most of the time was devoted to the beaches which are being
formed at the heads of the coves and bays. Quite a variety of condi-
tions are represented along this shore, due not only to the degrece of
exposure to the waves of Lake Superiov, but also to the character of
the rocky coast itself. All degrees of shore and beach are developed, from
overhanging and vertical cliffs, Fig. 2, with Dbases strewn with large
blocks lowered by sapping, to a shore line with a low angle strewn with
shingle and gravel, and a sandy beach, as found at the head of Conglom-
erate Bay. In harmony with the dip of the rocks and the effect of the

Vigy
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glacial ice movement upon the valley slopes. which fend to be gentle
on the southeastern side, the corresponding shores of the bayvs and
coves are usually at a low angle, except possibly where faulting has
taken place, or a wave cut terrace has been developed. The northern
sides of the bays are comparatively abrupt, and there is thus a tendency
for the cliffs to occur mainly upon the northern slopes and shores. The
larger bays are the submerged portions of the valleys, mark the
Jocation of the less resistant rocks, and are inbherited topographic fea-
tures; but many of the minor coves and the roeky headlands have been
carved by the activity of the present lake. The beaches are only de-
veloped at the heads of the coves and hays, and are very largely com-
posed of shingle and gravel. The only extensive sand beach seen was
at the head of Conglomerate Bay. The characfer of the material com-
posing these beaches clearly shows its local orvigin, and emphasizes the
isolation which prevents long shore transportation of such material. Thus
only floating material is liable to extensive long shore dispersal, a signifi-
eant fact that bears upon the dispersal of the snail life along the shore.

During severe storms, the wave acfion upon this coast is quite in-
tense and even the waves of the sununer storms are quite active, as may
be seen by referring to Fig. 3. The blue deep lake water comes close
up to the shore, so that generally no breakey line iz developed off shore.
In several places there are numerous reefs or islands (usually the iso-
lated continuations of the rock ridges). whielh tend fo break the force
of the waves rolling in from the open lake.

No effort was made to study the life of the open lLike, only the shallow
water of the bavs and coves being examined. The major environmental
features of the coast are the Lower, Middle and Upper Beaches; but these
are only differentiated clearly at the heads of the coves and harbors.
The Lower and Middle Beaches ave only seasonal expressions of the same
phenomena, but ecologically thev are fairly distinet.

The Eower Beach. This beach extends from the shallow water fto
the wpper limit of the summer waves. The submerged portion is not
sharply defined above on account of the changes in level of the water
surface, due to waves, the periodical and seasonal fluctuations, and the
atmospheric pressure (seiches). In time there has been a downward
niigration of the entire beach zone, a tendency which is in part counter-
acted by the northward elevation of the land. This is the zone domi-
nated by water, ice, and wave action. It is certainly a sharply defined
tension line upon an exposed coast which elearly sunggests that it is not
probable that many forms of animnals have made the transition from
fresh water to the land under such conditions. If we consider the
shore habitats as including all stages from a roek cliff to the sand beach,
the lower beach and the protected shores are the most favorable aquatic
habitats upon such shores.

Tpon the sloping rock, shingle. gravel and sand beaches is found a
raried fauna.,  In winter, when the bays ave frozen over, a calm is pro-
dnced which must be favorable to the preservation of the aguatic life
upon this stormy coast.

The general character of the sandy beach at the head of Conglomerate
Bay is shown in Fig. . The life of the submerged portion of the shore
is quite limited, except on the beaches and protected portions. The vege-

2
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tation consists of algae. which grows in moderate abundance, though
not luxuriantly. as found about the Gull Rookery (V, 10), or at the
fishermen’s camp at Rock Harbor, a fact which suggests that the abun-
dance of suitable nitrogenous material is much greater in such places
than in the open lake watfer. With the development of the fall storms,
Mr. J. A. Malone states that these rocks (V. 10) arve washed frec of
the algae, thus evidently necessitating a repopulation of these surfaces
each season.

The characteristic fauna secured in the shallow water shore marging
were the snails, Limnaca stagnalis, L. emarginata. and Physa sayil. A
small fish, the Miller’s Thumb., {renidea franklini, is also fairly abun-
dant and characteristic of this shore.

Upon low rocky shores beach pools, I'ig. 5, are occasionally found
which, when favorably located, are supplied with water by the ovdinary
sammer waves. otherwise by storm waves and rains. The precarious
existence of life in such places is indicated by the general type
of the fauna, which shows exceptional power of locomotion, usually
coupled with a short life cyele. The immature stages of insects
are rather characteristic, as shown by nymphs of the water hoat-
men, Corize, dragonflies and Caddis fly larvae. Water beetles were
represented by Rhantus binotatus, and the snails by Lémnaea emarginata
and Planorbis parvus. The Gulls and Spotted Sandpipers should be
mentioned as birds which frequent these conditions.

The Middle Beach. 'This beach occupies the strip of shore over which
+he winter waves retreat as they fall te the upper summer storm limit. Tt
is thus seen that the Middle Beach is only a temporary or summer aban-
donment of part of the upper shore, which is repeatedly claimed by the
winter waves. In summer this strip is exposed to denudation; in the
fall and early winter, to the fury of the waves, and, later, it is covered
with jce. Driftwood and debris tend to lodge here and to accumulate.
It is an important vegion of Dbiotic invasion for land forms. Beach
pools are also developed in this area, upon the abandoned wave cut ter-
races of earlier lake levels. Upon the cliff faces, sloping rock shores and
shingle beaches, little is found that is favorable to life, but upon the
protected sand of the Middle Beach, relatively favorable conditions for
many organisms are found during its period of exposure. The character
of the substratum of the Middle Beach varies from rock to shingle,
gravel and sand.

The characteristic features of the vegetation, where the wave action
is not too severe, are the fruits which are washed ashore by the waves,
together with certain annuals and lichens. The fauna varies with the
character of the conditions. The open character of this beach and the
relative abundance of animal food makes such situations favorable for
spiders of the genus Perdosa. The same open character makes the
shores a favorable patrol for certain butterflies, particularly Basilar-
chia arthemis. TInsects and snails washed ashore by the waves also
characterize this habitat.

The Upper Beach. This part of the beach is beyond the reach of the
waves, and forms the transition between the open beach area and the
inland forests. The width of this belt varies greatly with the gradient of
the shore. Where the beach is continuous with a more or less bare rock
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ridge, this habitat may be rather extensive and ill defined, as at the ridge
south of the light-house (I, 2), but when it borders a depression, as at
the head of the rockbound coves, or where a beach is well developed,
this transitional zone is more clearly defined and limited. When this
beach is wide and grades into the rock openings, as in Figures ¢ and 7,
the crustaceous and foliaceous lichens grow upon the rocks: but if
soil acceumulates, as is shown in IFig. 6, the Cladonia—Bearberry society
becomes established, and includes some annuals, such as Solidago. A
limited varviety of insecils, especially ants, characterize such conditions.
When adjacent to the forests, in depressions. this beach is generally bor-
dered by alderg, some aspens and yvoung trees.

The fauna consists largely of insects, such as butterflies, certain dra-
gonflies and Hymenoptera, which frequent the open places on wing.

Station I, Substation 2. Natural Rock Clearings. This Station con-
sists of two small rock openings, one just north of the light-hounse, and
the other south of it, on the north side of the entrance to Tonkin Bay,
only a short distance from the light-house. They were both park-like ave-
nues extending along the ridges, largely bordered by the Balsam-Spruce
forest.

The north ridge will first be considered. The general charvacter of the
opening is well shown in [g. 8. The White Spruce, Balsam, Paper
Birch and Arbor Vitae bound the ridge on either side, within which
there is a distinet heath zone of Bearberry and patches of Cladonia, while
along the central aisle there is a shallow residual and humic soil on the
almost bare rock. The sonth slope is rather gradual, but the north
slope and the end of the ridge at the shore form a cliff.

The fauna of this location was limited. Snails were found among
the Cladonia, such as Vertigo, Zonitoides arborca and Pyramidule
cronlheitei anthonyi. This was also a runway for Hares.

The south opening or clearing is situated on a low sandstone ridge
which slopes down to the beach, and is thus in marked contrast to the
north clearing, which ended in a cliff. This gradual slope beautifully
illustrates the transition from the barve rock beach, through the moss
and lichen zone, to the Cladonia, Bearberry and Solidago flova, (Figs.
6 and 7), and on to the crest of the ridge, Fig. 9, with its dominance
of Cladonia and Bearberry. The severity of the conditions is furthered
by the weathering of the sandstone into thin scale like layers, about 1/
of an inch thick, which become loosened and slide down the slope. Thus
a vegetation may become fixed to the rock surface, but not permanently
to the slope. These scale like fragments are shown in Fig. 6. That a
greater amount of vegetation would grow here, if the soil were allowed
to accumulate, is shown in Fig. 6, where such conditions have been
produced by the presence of a larger boulder. The Cladonia-Bearberry
avenue extends along the crest of the ridge, Fig. 9. This is bounded
by large Jack Pines near the beach, and farther from the shore by the
Balsam-Birch forest.

The zonal distribution on the ridges is quite marked; the central strip
is composed of Cladonie, Bearberry, Solidago, and Linnea borealis:
while this is bordered by a shrub zone composed of Juniperus nana,
alder, Arbor Vitae and young Balsams, and a bordering tree zone is com-
posed primarily of Balsam. When once the shade of the forest, es-
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specially that of the Balsawms, encroaches upon the Cludonia society,
the Bearberry first becomes reduced in number, and is then replaced
by Aster macrophyllus, and a moss from the forest floor. The former
is perhaps the most striking and charactevistie shade plant upon Isle
Rovale. The succession, or order of invasion on the ridge, from the Cla-
donia to the Juniper and into the Balsam forvest, is thus briefly shown
in the transverse section from the central ridge to its margin. This zonal
phenomenon, as will be seen later. is only an expression of the relative
rates of invasion, and is not a phenomenon separate from the normal
succession.

The soil npon the top of the ridge is about two inches deep. It is
residual, supplemented by the humux from a now extinet crustaceous
lichen society (that of the Cladopic-Bearberry), and at its margins
by the Juniper, Balsam, Birch and Jack Pine Jeaves and debris and
further, to an important degree. hy the excrement of the numerous
Varying Hares which frequent the rock ridges.

In the case of rock ridges which entend down to the beach and are
thus in direct communication with the shore driff, conditions exist
which show how such ridges may have been invaded by lichens from
two sources—the shore drift and the exposed beach itself—because of
the continuity of the rock habitat. Of course possibly another origin
is to be found in the fact that this ridge was itself once a beach. Ants,
grasshoppers and a few other insects characterize this fauna, which
is limited in variety, but fairly abundant in individuals. The Hares
are abundant and form distinet paths or runways, as shown in Fig. 9.

Station I. Substation 3. Balsam-White Spruce Forest., This station
included the forest traversed by a Dblazed trail from near the south-
eastern part of Sta. I, 2, and extended northward to the clearing about
the light-house (I, 7), and beyond it to the north rock clearing (I, 2).
Most of the region occupied by the forest is of Jow relief, with an occa-
sional low rock ridge or hill. The dominant tree was the Balsam Fir,
with much Paper Birch and White Spruce. Where the forest was very
dense, especially if due to the number of Balsams, the ground was densely
shaded and there was almost no herbaceous ground cover; but wherever
there was a small opening, due to a fallen tree, or where one had been
cut down, there was an abundant growth of Largeleaved Aster ani
White-flowering Raspberry; and it was in the midst of such conditions
that young Balsams abounded. These were very characterigtic plants in
such conditions. In most cases a thick layer of humus covered the
ground, but the tree growth was of small size. The common size of the
‘Balsam was about 4 inches, the larger ones reaching 8 to 10 inches. The
Birches averaged larger, usually about 6 inches. No evidence of burng
were seen, but probably many trees have been cut from this vicinity,
because of its proximity to the light-house, and the former Indian camp-
ground now occupied by the fishermen. The Balsam appeared to become
dominant at this place, as more young trees of this species were seen
than of any other.

The fauna found in this forest was rather limited, and doubtless
great numbers of the insects which were taken in the clearing about the
light-house (I, 7), bred in the adjacent forests. This is particularly true
of the Cerambycids and other wood infesting beetles, the wood-boring
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Hymenoptera (Uroccrus), and their parasites. In addition to such spe-
cies as feed upon Balsam, White Spruce and Paper Birch and their asso-
ciated vegetation, there weve those animals which are dependent upon
the shade, moistare, soil, decaying logs and other features associated
with forests. To this class belong certain insects which frequent decay-
ing timber or the fungi growing upon them, and the earthworms of the
soil, the ground beetles or Carabids, and the ground-inhabiting spiders.
Lycosids. Some of the hirds found were: Chickadee. Red-breasted
Nuthatch, Golden-crowned Kinglet, Whitewinged Crossbill and Purple
Finch.

Station I, 4. Twmarvack and Arbor Vitae or White Spruce Swaimnps.
This swamp is located in one of the valleys near the Lead of Tonkin
Bay, and extends back from the bay about one-fourth of a mile. It
begins just back of the beach and is bordered by a strip of Alders,
Paper Birch, Mountain Ash, young Balsams and White Spruces. The
rock walls of this valley arve about 75 or 100 feet apart and are well
shaded and covered by lichens and mosses, the south surface lavgely by
lichens alone. Back of the marginal beach strip above mentioned, comes
the dense growth of very large Arbor Vitae trees, intermingled with nu-
merous large fallen trunks, partially decaved and covered with a dense
growth of mosses. Tn the dryer places the ground is covered with a
dense litter, and a thick damp or wet mass of mosses, but no pools of
water. The undergrowth is composed of young Balsams, Birch and
Ground Hemlock, Fig. 10.

Proceeding farther up the valley, the Arbor Vitae is replaced by
Balsams and Paper Birch; the forest is more open, and the amount of
moss on the ground is greatly reduved, and is replaced by a growth of
Targe-leaved Aster and large quantities of Ground Hemlock—all of
this vegetation being indicative of mesophytic conditions. In this Te-
gion there are scattered pockets or small pools of water containing
dogwoods. Still farther up the valley the Balsams and Arbor Vitae con-
tinue and Tamaracks are added, but no standing water was found. The
valley turns, and returns to the bay on the north side of the ridge which
bounds the Arbor Vitae swamp on the north; the entire basin is thus
somewhat horseshoe shaped. The returning section becomes almost pure
Tamarack and contains numerous small pools of water. The conspicu-
ous feature of this environment is its jungle-like chavacter, the rapid ac-
cumulation of litter and humns, and the damp substratum.

The fauna of such a bog is suvrprisingly limited in variety and amount.
A few shells were found, as Pyramidula cronkheitci anthonyi and, in
the small pools, Pisidium. The large numbers of Mosquitoes and Black
Flies made up for all deficiencies, and were almost intolerable. The
birds frequenting this forest were the Red-breasted Nuthateh, Black-
throated Green Warbler and Chickadee.

Station I. 5. The Jack Pine Ridge. This ridge is located near the
mouth of Conglomerate Bay, on the north shore. Some general idea
of the location is given in Fig. 11, which is a view looking toward the

. head of Conglomerate Bay. Just back of the beach, on an outcrop of
conglomerate, was a small rock clearing, with Cladoniu, Juniperus nend,
and a wild rose. Trom here the trail extended through a narrow strip
of forest, composed of Balsams, White Spruce and Arbor Vitae, with an
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undergrowth of Balsam, Mountain Alder, and a ground cover of Large-
leaved Aster, and passed on through a belt of young growth of Birch,
with the nsunal White-flowering Raspben v and Lawe lmvod Aster, I'ig.
12, and up the face of an escarpment to the crest of ihe ridge, whwh
had a height of about 100 feet above the lake level. From the abundance
and Charactermtlc growth of Jack Pines on this ridge, the station takes
its name. Part of the ridge has been burned oy er, as was shown by the
burned and fallen timber, but the part to which our attention was given
was apparently an ougmdl growth. The Jack Pine was scattered, and
largely occupied the doprowionq and the larger crevices. The ridge is
fairly flat topped, but is occasionally broken b\ transverse gullies, \Vhl(‘h
contain Aspehs, Birches, ete. The surface of the lava has weathered
but little in some pla(‘ox the original voche moutonécs surface
being very clearly preserved, and the planed glacial surface but little
erodod Near the escarpment, however, (11&1111901*111011 and decomposi-
tion have been much more active, probably influenced in part by lake
waves at former levels, thereby dev 010}»1110 a talus slope, composed of an-
gular blocks, and in some pl(u(‘& forming a stony soil. All intermediate
stages are found between these two extremes: In addition 1o the 1 arge
amount of bare rock surface, and that covered by only a thin layer of soil
and vegetation, the shallowness of the soil is further evidenced hy over-
turned trees, Fig. 13. This soil is of vesidual and organic origin, the
crustaceous lichens and the Cladonia-Bearberry society, and later the
Jack Pines, having contributed much to its formation. The excrement of
the Haves has also been an inmportant factor in soil formation, and that
of the Lynx also, though to a nuch less degree.

The process of “(‘mhmmo must be relatively rapid on this ridge,
because it is exposed to the winds at all seasons of the vear, and to the
marked seasounal and daily changes of temperature. The heat of the
noonday sun is excessive, and the radiation from the nearly bare rock
must be rapid, as it also is at night, so that the various influences con-
sequent to temperature changes ave allowed full play. Weathering is
further favored by the irregularities of {he surface, and the crevices,
which allow the acc umuldtlon and downward conduction of this momture,
thus permitting the prying action of ice.

In general, the succession of plant societies on this ridge appears
to be about as follows: Lichens are the pioneers on the rock surface,
and these may be of several species, Umbilicaria, and the crustaceous
and foliaceons forms. As a soil develops in the crevices or on the sur-
faces, these are followed by Cladonia, Beavberry, Sibbaldiopsis tridentata,
Solzdago Diervilla dierville (Bush Honeym(,kle) ; and later, when the
soil becomes deeper, by Amclanchicr, Prunus pennsylvanica (probably
dispersed to these ridges by birds) and Juniperus nana. The presence
of the Small-toothed Aspen, willow and an occasional Birch probably in-
dicates the next society. In the shade of the Birches and Jack Pines
Solidago and Aster macrophyllus occur, if sufficient soil is developed.
From the character of the vegetation in the ravines which traversed the
ridge, and upon the talus slope toward the bay. it is apparent that the
next society tends to be that of Birch and Aspen with some Balsam,
Pennsylvania Cherry, Mt. Alder; and a ground cover of Largeleaved
Aster, Large-flowering Raspberry, Ground Cornel and Lycopodinm. Tt
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is clearly seen that among these theve are several elements of the
jalsam, White Spruce and Birel forest society. which tends to ulti-
mately possess the ridge.

The fauna of the ridge is quite diversified, and there is a general
faunal correlation corresponding with these successions of the vegetation.
Thus during the Lichen-Heath stage, ants and spiders, certain shells,
and grasshoppers are abundant. As the soil becomes thicker or the
erevices deepen, a subterranean fanna, consisting of myriapods, earth-
worms, etc., develops. As shrubs and trees encroach in patches, the
animals frequenting the open tend to perpetuate themselves mainly at
the open margins. From this condition on. so far as the fauna is con-
cerned, it is largely a question of an “opening™ or a forest environment.
So long as this habitat remains open, the grasshoppers, ants, spiders,
buttertlies, flies, and certain Hymenoptera, Hares and Bats are character-
igtic, and this condition tends to continue as long as the trees are
seattered. The (Yicade is very characteristic of the Jack Pine stage,
and although it occurs elsewhere in young Birches it is not so character-
istic as on these hot ridges. With the advent of the Balsam-Birch society,
which is slowly encroaching upon the ridges, the forms frequenting the
open will disappear, or linger in the open spots where local conditions
have vetarded the advance of the forest. Only a few birds were seen
here, but Haves had been numerous, as was shewn by the large amount
of excrement, and there was similar evidence of the oceurrence of the
Lynx. A bat was flushed from under a stone at the edge of the escarp-
ment.

Station I, 6. Tamarack-Spriuce Bog. This is a very small bog located
at the base of the north slope of the Jack Pine Ridge (I, 5), and roughly
estimated as about 250 by 300 feet in extent. The central part is
covered with sphagnum, Cassandra, and a scattered growth of Labrador
Tea. Widely scattered throughout the bog occur Tamaracks and Black
Spruces, small Birches, Dwarf Cranberry, Cotton Grass and alders. No
standing open water was found in this area, nor was the bottom quaking.
Bordering the sphagnum zone is one of alders, willows, and a tall grass
which merged into a zone of Tamaracks. willows, alders, Cassandra and
Balsam, Fig. 15. Along the western end a marrow strip of water, a
few inches deep, was found, which flowed through a ravine across the
ridge. Along this outlet the deeper soil and moisture has permitted
the development of Balsam, Birch, Small-toothed Aspen, Mt. Maple,
Ground Hemlock, Ground Cornel, Large-leaved Aster, and a few Black
Ash trees.

The fauna, like the vegetation, was not studied in detail, but the fol-
lowing general relations were observed. In the open central Sphagnum-
Cassandra society were numerous large ant nests. A Toad was ob-
served here; and the following birds: Golden-crowned Kinglet, White-
throated Sparrow, Cedar Waxwing, and Black-throated Green War-
bler. .

Station I, 7. Light-house Clearing. This was a small clearing which
has been made about the Light-house: it connects by a path to the fish-
ing eamp on Rock Harbor. It covers about half an acre, and was origi-
nally, in all probability, a Balsam and Spruce forest like the surround-
ing forest. A sod covered much of the ground, and there were numerous
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weeds, of which the Cow Parsnip umbels furnished excellent places for
collecting Syrphid flies, Cerambycid beetles and Hymenoptera.

The fauna of this clearing consisted largely of insects which fre-
quent flowers, and butterflies which fly in open places; but a few animals
were found about the Light-house itself. The Chipping Sparrow bred
in this clearing. Iy, 1.

Station II. This station included the clearing at the mouth of the
stream which drained Lake Benson, and which we called Benson Brook,
and followed the blazed trail to Rargent Lake, and on to McCargoe Cove.
The clearing at the beginuing of the trail at Rock Harbor marks the
site of the former settlement called Ransom on the old maps.

Station 11, Substation 1. Ransom Clearing and Benson Brook. The
clearing was occupied by scattered Small-toothed Aspens and Birches,
and was well sodded with grass and Red Clover. Our attention was
called to this locality because of the great number of Garter Snakes
{ Thamnophis sirtalis) which were found there. These snakes were very
abundant in a snall avea east of the mouth of the brook, in a rank
growth of grass and among some rails.

The brook contained but little life, although it was carefully examined
near its mouth and favther back where the trail crosses the brook.
Only a few dead Physa were found. and a young fish, at the mouth of the
brook.

Station I, Substation 2. Tamarecl Swanp. This is a long swamp
which is crossed by the frail, and which contains a scattered tree
growth of Tamaracks, Black Rpruces and Arbor Vitae, a dense shrub
growth of Cassandra and Labrador Tea, and a ground cover of Sphagnum
and Pitcher Plants. While no water was scen on the surface, it was
a wet swamp.

This locality was ouly examined for birds and mammals.

Station 11, Substation 3. Rock Ridges. This station number ix given
to the open rock ridges which were crossed by the trail between II, 2
and Sargent Lake. These ridges have been burned over and are largely
destitute of soil and the Cladonic growth usually found on other rock
ridges. Small-toothed Aspens generally border these ridges which have
a northeasterly southwesterly divection. The heat durving the middle
of the day is excessive. The scant vegetation which grows in some
crevices and depressions in the rock leaves an open area which is decided-
Iy favorable for grasshoppers. In some places they were exceedingly
abundant and many ridges were examined almost solely for their grass-
hopper fauna. In the dry soil on one vidge an anti-lion larva was
found in the dust at the base of its funnel, and a large Garfer Snake
was taken on another. The grasshoppers found here werve CRlocaltis
consperse. and  abdontinalis,  Cireotettic  verruculatus, Melanoplus
alaskenns and fasciatus.

Station T, Substation j. McCargoe Cove. This station simply marks
the location of the end of the trail, and the cove where a few molluses
were found. There were dead shells of .lnodonta grandis footiana.
which were abundant at the edge of the water. Here upon the low
rocky shore were also found specimens of Limnaca stagnalis.

Station. II. Substation 5. Forbes Lake. The examination of this
small lake was mainly confined to the north shove, as the south shore
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FIG. 1. THE LIGHT-HOUSE AT ROCK HARBOR, ISLE ROYALT.

FIG. 2. CLIFFS BETWEEN TONKIN AND CONGLOMERATE BAYS.
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FIG. 3. SUMMER STORM WAVES TUPON TIII BEACII (I, 1) AT THE HEAD OR
TONKIN BAY, SOUTH OF THE LIGHT-HOUSE.

FIG. 4. SAND BEACH AT THE HEAD OF CONGLOMERATE BAY (I, 1).
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FIG. 5. BEACH POOL (I, 1) NEAR TONKIN BAY.

FIG. 6. TRANSITION FROM TIHE BEACH (I, 1) TO ROCK CLEARING (I, 2), SOUTH
OF THE LIGHT-IIOUSE.
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FIG. 7. NATURAL ROCK OPENING (I, 2) OR AVENUE, FARTHER UP THE SLOPE
THAN IN FIG. 6.
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FIG. 8. NATURAL ROCK CLEARING OR OPENING (I, 2) NORTII OF THE LIGIT-
HOUSE AT ROCK ITARBOR.

FIG. 9. NATURAL ROCK CLEARING (I, 2) SOUTH OF THE LIGHT-HOUSE, ADJACE
TO TIG. 7.
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FIG. 10. ARBOR VITAN BOG (I, 4) NEAR TONKIN BAY.

FIG. 11. VIEW FROM TIIIE JACK PINE RIDGE (I, 5), LOOKING TOWARD THE IIEAD
OF CONGLOMERATE BAY.
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FIG. 12. SECOND GROWTH OF WHITE BIRCII ON THE TRAIL TO THE JACK PINE
RIDGE (I, 53) CONGLOMERATE BAY.

FIG. 13. JACK PINE RIDGE (I, 5) CONGLOMERATE BAY.
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FIG. 14. SPHAGNUM-BLACK SPRUCH BOG (I, 6) NFAR THE JACK PINE RIDGT.

FIG. 15. SMALL ISLANDS NEAR THE HEAD OF ROCK HARBOR (III, 1).
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FIG. 16. BULRUSII ZONE AND DELTA AT THE HEAD OF ROCK HARBOR (III, 3).
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FIG. 17. BEXPOSED SECTION OF SPIT FORMED AS THE WATHR LEVEL HAS
LOWERED IN ROCK HARBOR, NEAR THE BEGINNING OF THE
TRAIL TO SUMNER LAKE (III, 4).
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FIG. 18. SUMNDER LAKE (III, 3), FASTERN END.

FIG. 19. WESTERN END OFF SUMNER LAKE (III, 5).
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FIG. 20. NORTIIBEASTERN MARGIN OF SUMNER LAKE (III, 5).

FIG. 21. SOUTIEASTERN CORNER OF SUMNER LAKE (IiI, 5).
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FIG. 22. WESTERN END OF SUMNER LAKE (III, 3).

FIG. 23. NORTHERN SHORE OF SUMNER LAKE (III, 5).
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FIG. 24. ROCK OPENING ABOUT CAMP ON SISKOWIT BAY (V, 3).

FIG. 25. ROCK OPENING AT SISKOWIT CAMP (V, 3).
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FIG. 26. ROCK OPENING ON SISKOWIT BAY (V, 3).

¥IG. 27. BORDER OF THI OPENING ABOUT THE SISKOWIT CAMP (V, 3), NEAR
THE BEGINNING OF THE TRAIL TO SISKOWIT LAKE (V, 4).
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