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IFTRCDUCTION

At waricus times from 1931 to 1936 & number of small lekes in the Pigeon
River State Forest of Michigan hes been studied by the writer to determine
their limmological charscter end fish populetions and to prepars fish man-
sgerent plans. These lakes have been subjected to experiments in fish manage-
ment, and their fish yields have been determined by creel census methodse A
special study was made of the stunted perch populationse The work has been
limited tc and has embraced investigations that were expected to have practical
significance in improving the fishing,

Primerily, on account of the time element, this paper is a progress re-
ports Like other experiments in the management of large populations, this
one should cover a period of many years; therefore a continuation of the study
is contemplated, On some of the lskes little or ro fish management has yet
been practiced; on others much has been done to alter the fish environment or
the kinds and abundance of fish, but the results of the manegement practices
have not been fully determined for all of these waters., Some of the informae
tion obtained and included for the sake of a sormplete record has not yet
found epplication. Enough has been asccomplished in this work, however, to
rank it as one of the first critical studies of natural fish populetions
with especiazl reference to their yield and management., It is one of several
such pioneer studies now being corducted on Michigen lakes by the Institute

for Fisheries Fesearch under the immediate direction of the writere

The Figeon River State Forest lies in the northern part of the Lower
Feninsule of }ichigen, in Cheboygesn, Nontmorency and Otsego counties, Ac-
cording to the last biennial report of the YMichigan Department of Conservation

(1585-1936), this forest has an area of 115,203 acres of which 76,748 scres



(68%) are state owned. The soil is chiefly sandy and is of relaktively
low fertility. Nost of the forest consists of secend growth timber (chiefly
oak and poplar) and of pine plentetions,

At the time of the original survey in 1931 and 1932, the lakes of the
Forest could be reached only by sand trails or fire lines, and the forest
was little frequented, Since that time, two C.C.C. camps have been located
in the area, roeds have been built and improved, the system of fire lines
and truck treils has been extended, The area has therefore lost much of
its "wild" appearance, and has become more frequented, with the result that
the "fishing pressure" has been greatly increased,

Three divisions of the Cheboygan River system drain the area: that of
the East Branch of the Sturgeon River to the west, that of the Pigeon River
through the central part of the forest, and that of the Black River to the
east,

As seems to be true of most Michigan state forests, the Pigeon River
Torest consists primerily of "waste land" which is marginal or submarginal
for agriculture and from which most of the marketable timber has been removed,
At least while the trees that have been planted are small, the chief asset
of the forest is recreaticn, in which fishing is a chief factor,

On November 16, 1931, Mr. P. S. Lovejoy submitted to the director of the
Department of Conservetion a memorendum urging the development of all re-
sources in the Pigeon River Forest and the sdrinistratiocn of these resourcss,
Cn April 19, 1932 pr. Carl L. Hubbs submitted rlans for the development and
management of the Pigeon River area from the standpcint of fish end fishing,.
Even before the memorandum end the plans were submitted a study of the waters
of the forest had been initiated by the Imstitute for Fisheries Research,

The development of the waters in the forest for fishing has been continued

to the present and will, presumebly, receive further consideraticn,
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INVENTORY OF TFE LAKES IN THE PIGEON RIVEX STATE FOREST

The original survey of the lakes in the Pigeon River State Forest was
part of a leke survey progrem outlined end initiated by Dr. Cerl L, Hubbs
soon after the Institute for Fisheries Research was organized, This pro-
Ject was put into effect and pertly developed from 1930 to 1932 by survey
perties under the irmediete direction of the writer. Approximetely 175 lakes

heve beer surveyed by the Institutes. This early inventory was necessarily
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& generel cne not permitting an intensive or continued study of the individual
waters. The primsry purpose of the extensive survey wes to prepere a fish
management program for as many lekes as could reasonebly be inventoried, The
fish managernent proposals covered the environmental improvenent of the waters
in addition to the stocking needs. The purpose of the lake survey is dis-
cussed, with an account of the methods used, by Mclurry, Ischmeyer and Davis
(1833) and more recent comments on the survey are included in pepers by

Eschmeyer (1936) and Killer (1937)e

Inventory Methods

Information collected and recorded in the original investigation of the
lakes in the Pigeon River Forest includes physical, chemical and biological
dete pertinent to fish management,

Physical inventory-The first step in the physical inventory consisted

of surveying the outline of the lake with a telescopic alidade, and prepar-
ing copies of these outlines as a base for recording further information,
This method of mepping probably involved en error of several per cent in
determiring the aree of the lake, but the difference betwecen the actual area
end the area determined was probably less then the differences in area be
tween the high and the low water levels., The meps were prepared to a scale
of 8 inches or of 16 inches tc the mile, depending on the size of the lake,
Fnough soundings were taken to show, approximetely, the topography of the
bottom. Bottom samples were taken over various parts of the lake with an
Ekman dredge, Derths were recorded on the map and the type of bottom weas
shovm in colore. The thysical survey includes alsc a study of the lend ad-
jacent tc the water, determination of inlets and outlets, and the location

of spewming beds,
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Chemical inventorye=The tempersture (at the time of the survey) was

recorded for each meter of depth, The amount of oxygen and carbon-dioxzide,
the pH, methyl orenge aund phenolphthalein alkalinity were determined near

surface and tottom and for one or more intermediate depthse In these small
lakes the chemical analysis was made only over Tthe deepest part of the leke,

Biological inventory.-The biological inventory comprised in part a

determination and listing of the vegetation and & mapping of the beds formed
by plants of different ecological types. The species of fish present was
determined, with a rough indication of their esbundance, through gill-netting
end seininge. The smell fish were preserved for later study. Scale sarples
vere taken of the larger fish for a later determiration of their rate of
growth, Spawvming and shelter conditions for the various species were noted,
Ffforts were also made to determine the sbundance of predators,

The sbundance and kind of food were only casually noted. Although a
study of the orgenisms is obviously important, en adequate determination of
the abundance of plankton and bottom organisms could not be made for lack
of sufficient time, It was considered thet, for the purpose of the survey,
en indicetion as to whether or not the food supply was ample for the fish
population present might be better and more directly obtained from a determina-

tion of the rate of growth of the fish,

All of the survey data were recofded on the map for each lake or on
specially prepered inventory cards, Copies of the maps of the lakes in the
Pigeon River Forest and a semple of the survey cards used are given as

Tigse 11 to 25,

Inventory Data on the Lakes

One of the lekes under discussion wes surveyed in the summer of 1931;

all others were exaxined during the following summer, At the time of the
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survey the waters examined represented all of the lakes in the forest which
were cn state-cvmed property. Several small wmamed pouds which were ape
parently too shallow to suprvort fish life were not examined,

The lakes on which the inventory was taken and their location are

list=d below:

Dog Leke Te 34" 35 Ho, Re 1 'V-i-o. Sece 55, 2
Pickersl Leke Te 32 We, Re 2 WMo Seces 11
Hemlock Leke Te 33 e, Re 1 W, Sece 34, 35
Grass Lake Te 32 Vo, Re 1 W, Secs 5
'D%Vil's Soup BOWl " nn 1" " " 1t "
Hardwood Leake nowrnw monmn ec, 11, 14
Two Acre Pond " non nonmn gec. 3 ’
Lost Lake " nn nonmn Sece 2, 3
T.ﬂles't Lost La_ke n "nn " #tn SSC. 3
Ford Lake " H n 1] LI H SGC. 8
Section 4 Lake #ootw nonmn Sec, 4
North Twin Lake L Sece 10
South TWin Lake 1" "nn L 1non " 1"

So far as could be determined, only two of these lakes had been pre-

vicusly examined by fisheries workers, Under date of August 25, 1925,

Dr. Jan I{etzelaar1

makes the following corments regarding Pickerel Leks:
Vegetation: scattered bulrushes, Potamogeton, Animal life;
low inshore, crayfish, big clams, Bottom: clear white sand and
some marl, Temperature: 22° ¢, Depth: up to 1l meters soundinge
Species of fish: reported to have brook trout, no pickerel, and
perch and small-mouthed bass; we caught inshore 3 pumpkinseeds,
1 small-mouthed bass, many fingerling perch, 6 fine-scaled dace
(Pfrille neogaea), 2 nudnminnows (Umbra limi) and many Iowe darters
(Poecilichthys exilis),

Metzslaar recommended stockiagr with small-mouthed bass in this lake,
On August 12, 1925, MNetzelaar and Langlois;/;riefly exarmined Dog Lake,
cormenting:
"No good gzame fish lake; not worth planting, too boggy."
Some of the survey information on thesec lakes rathered by the Institute
is briefly discussed and tabulated below., Nore detailed information, for

each lake, is filed in the Imstitute,

J/Unpublished.
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Fhysiogrepnic character of the lakese--All except four of the lakes

——

fit more or less perfectly into the category of pit lakes, knowm generally
as "pot-hole lakes", Such lekes in the Forest are characterized by high,
steep, sandy banks and by an almost circular cutlines Their basins tend

to be bowleshaped with very limited shoal area, All except The very shallow
Two=Acre Leke show thermal stratifications These lakes correspond with the

description and figure of a tipical »it lake as given by Scobt (1921), whose

discussion of these lakes i8 as follows:

FPITSe The term pit, as here used, siznifies a depression in an
outwash plaine. It was probably formed by the isolation of an ice
block which became covered with debris and melted later, allowing the

material abov? to §ettle. The i@n%rtang th%ggaég&f 5 formgﬁig of  sao
these depressions is the protectivd effect of a coating of,the’/surface

f the ice absorbs enough heat from the sun's rays to become heated
through and melts & depression for itself in the ice., Larger fragments
or an accumulation of small ones are not able to conduct the heat to
the under side and, therefore, nrotect the ice, and the greater the

thiciness of the earthy material the slower the meltinge.

Continental glaciers are characteristically divided into two
distinct zones, an upper one comparatively clean and free from debris
and a lower which is heavily clogged with rock fragments, Under the
sun's rays the clear ice of the upper zome melts rapidly but, when
the lower zone is reached, the rock fragments protect ths ice directly
below them, The portions of the surface not covered with debris melt
until earthy material is uncovered and finally a complete rock cover
is formed which soon becomes so thick that melting proceeds at a very
slow rate. This difference in the rate of melting of the upper and
lower zones caused the ice cf the upper zome to recede possibly several
miles while that of the lower remains stagnant. Wherever the drainage
from the ice was vigorous, the protective cover was removed from the
stagnent ice and it melted, but where sluggish streams were depositing
meterial, the ice was deeply buried in an outwash plain with an une-
broken surface sloping gently away from the ices The ice blocks did
not underlie all of the outwash plain but were more in the nature of
scattered fragments, due probably to the uneven distribution of debris
in the low:r zone of the glacier, Where the load was exceptionally
heavy the debris accumulated on the surface until a cover was formed
which protected the ice beneath so effectively that it persisted until
covered with outwash, At some time subsequent to the formation of the
outwash the ice blocks melted and allowed the material above to subside
slowly, causing pits or depressions in the surface of the outwasheesesss

The distinguishing feetures are: The basin is a depression in a
plain, the materials of the plain are water deposits and, therefore,
assorted and sometimes sbratified, the slope from the plain to the
water level is steep, the outline is roughtly circular, and there is
often no outlet and no important inlets, the lake being supplied and
drained by the seepage of ground water through the sandy material of
the outwash plain,



-8—

The 9 pit lakes on the Figeon River Forest vary greatly in depth
(243 meters to 21,9 meters) and range in size from 1,9 mcres to 1l.7 acres,

All except one are still ecologically "

young" enough to support trout, the
other (Two=-Acre) is apparently past the stage when it will support any game

fishe Another pit lake basin lying on the trail between the old forest

i-h

headguarters site and Ford Lake is not of interest from a fisheries stand-
point, because it contains water only after heavy rains,

The 4 lekes which are not of the "pot hole" type are of wvaried physi-
ographic type, but little effort was made by the writer to determine their
origine Grass Lake, however, was obviously formed or at least greatly
enlarzed many years ago by the beaver in building a dam across the ocutlet,
This lake was present during the lumbering days and perhaps long before,
7egetation has becowe abundant here, and peat has been deposited deeply over
most of the bottom,

]

Dog Leke is somewhat similar To Grass Lake except that it is obviously
much older ecologicallye It is anparently fast approaching extinction;
over much of the lake the water is only a few inches deep, but the bottonm
is so soft and flocculent that a boat can be moved through it, Consider=-
ing these features and the fact that the lake is partially surrounded by a
bog, Dog Lake is peculiar in that it is alkeline, Vhether or not the bottonm
is underlain with marl (an explanation for the alkelinity) wes not determined,

A third lake of this group, Hardwood Leke, differs decidedly from all
other lakes in the area in that it is aecid and is surrounded by a bog about
as large as the lske itself, The lake differs from the bog lake commonly
illustrated (shown by Scott, 1921, on page 63) in that the open water is
very shallow and is underlain by sand covered by a thin layer of peat,

Fickerel Lake differs from the pit lekses in its irregular outline,

greater size and gently-sloping mergins, and differs from the shallow, ir-

regular lakes in its greater depth (1046 meters meximum), in the presence
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of a dropoff aend in thermal stratificatione. Ecologically it appears to be
more similar to the pot-holes, thouzgh in outline it more nearly sapproaches
the irregular, shallow lakes, The bottom of Pickerel Lake is almost entirely
sof't marl,

Area.-=The areas of the 13 lakes vary from 1.3 acres for Devil's Soup

Bowl to 181 acres for Dog Lake, Eight have an area of less than 10 acres,
The area of each lake, as deternined by the survey, is shovm in Table 1,

Connecting waters,==pight of the lakes contain neither inlet nor out-

let., Two, Grass and Pickerel lakes, have smell inlets, These two also have
small but permanent outlets. Three lakes, Hemlock, Hardwood and Dog, have
intermittent outlets, Pickerel Lake drains through Fickerel Creek into the
Fast Branch of the Sturgeon River; Dog Lake is drained by MecMaster Cresk,
which empties into Black River; Hardwood Lalkke empties into the Black thraugh
Hardwood Creek., Grass Lake and Hemloclt Lake are both in the Pizeon River
drainage enptying respectively through Grass Creeir end Cormwall Creek,
Depthe-=The lakes vary widely in depth. The maximum dpeth found for
the largest lake, Dog Lake, was only 2 meters; the maximum depth of one
of the smallest lakes (Section 4 Lake) was found to be 21,9 meters, The
maximim depth found for eech lske is shiown in Table 1,

Shoal arege-=A rough estimate was made of the percentage of shoal ares

(water less than 2 meters deep) in each lake, These data are also included
in Teble 1,

Vegetatione~-=The abundance of vegetation varied widely in the different

lakes, It was found to be relatively rare in Piclkerel Leke, where the

éhoals ere of marl, and was abundant in several of the other lakes, General
comments regarding the abundance of aquatic vegetation are listed in Table 1,
The kinds of wvegetation present in each lake were determined and listed on
the survey cards by lir. Le ¥« Ashley, & member of the survey party. The

location of the weed beds are shown on the maps (Fizs. 11-19),
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Table 1,

AREAS, ESTIMATED PERCENTAGE OF SEQAL, TMLETS, OUTLETS,
MAXIVUL DUPTHS, AND ABUNDANCE OF VEGETATION AS DETZRe
KINED FOR 13 ILAK=ES IY TFE PIGEQN RIVER STATE FOREST IN
1931 end 1932 BY THE IHSTITUYE FOR FISFRIES REZFARCH

7 in abundance
area shoal depth of vege-
Lake (acres) (rough inlet outlet (meters) tation on
estia- shoal
mate)
Dog 181 100 none intermittent 240 abundant
Grass 2843 100 small small 30 abundant
Hardwood 4643 100 none intermittent 340 common
Two Acre 1,9 100 none none 23 cormon
Pickerel 4046 25 springs small 1046 relative=-
ly rare
Ford 11,7 35 none none 10,0 abundant
Devilss
Soup Bowl 143 35 none none 69 moderate
Herdock 8 35 none intermittent 1942 abundant
Lost 4,6 15 none none 15,8 cormmon
West Lost 4 15 none none 14,45 common
Section 4 33 15 none none 2149 common
North Twin 57 15 none none 15,8 cormon
South Twin 4,3 15 none none 12,7 cormon

Kind of bottome=-Seven of the lakes contained marl, The bottoms wvaried

from almost completely marl in Pickerel Lake to almost completely organic
bottom in Dog Leke, Two Acre Lake and Devilts Soup Bowl. The dominant kind
of bottom on the shoal and slop and under deep water is shown for each lake
in Table 2, and is indicated by color on the maps (Figs. 11-19),

Thermal stratificatione-~The waters in the 3 open shallow lakes (Dog,

Grass end Hardwood) were unstratified. In all the small, protected pit
lakes, other than the very shallow Two-Acre Lake, the water was stratified
with the thermocline rather near the surface, starting at 3 to 5 meters,
The thermal stratification, as well as acidity and clearness, is shown in

Table 2,
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Acidity.-=0ne of the lakes (Hardwood) was quite acid; one (Two=-Acre)

was neutral; all others were alkaline,

Table 2

PRESENCE A¥D LOCATICH OF TFERNOCLINE, ACIDITY, DOIINATE
KN OF BOTTOF, ATD CLEARNESS OF "WATER AS DETERMIEED FOR
13 LAKES I THE PIGEON RIVER STATE FOREST IN 1931 AND
1932 BY THE INSTITUTE FOR FISHERIZS RESEARCH

Thermo=- Acidity or alkalinity}/ Dominate Clearness-
Leke cline Surface Bottom kind of bottom Dise reading
(meters) shoal Slope Deep (meters)
Dog none alkae. (7e9) alke. (7¢3) peat oo son bottom
Grass none alka, (842) alka, (7¢2) mostly eee eon bot tom
peat &
marl mixed
Hardwood none acid (5e2) acid (5.2) sand 0o ose bottom
overlain
with peat
Two-Acre none neutral (7,0) mneutral(7.0) peat ose cos 1.8
Pickerel 5 to alka, (8e3) alka, (8¢3) marl marl marl 349
bottom
Ford 5 to alka. (8,42) alka, (842) sand, marl peat 565
botton peat &
marl
Devil's
Soup Bowl 3 to alka, (7.8) alka, {7,6) peat peat peat S5l
bottom & sand
Hemlock 4.3 alka, (8.1) alka, (7.4) peat arl peat 4,2
& marl
Lost 4.8 alka, (7.,9) alka, (7.4) marl marl marl & 9.1
peat mixed
west Lost 37 alka, (7.9) neutral peat marl peat 5.0
(7.0) & sand & peatb
margin
Section 4 47 alka, (7.9) alka, (742) marl marl peat 68
North Twin 5«9 alka. (745) alka. (7,4) sand peat peat 445
South Twin 4-9 alka. (8.1) alka, (7.8) sand peat peat 745

},

Figures in parentheses indicate pH,
Clearnesse~=The Secchi disc readings varied from l.8 meters in Two=Acre
Lake to 9.1 meters in Lost Lake, Readings could not be taken on Dog, Grass

and Hardwood lskes because of the extreme shallowness of these lakes,



AMUUNT OF UISSULVED uaYirii AL VasouUS uEFTAS IN 12 LAKesS IN
THE PIGEON SIa0Dd FofmsT (SUmMER 1331-1927)

The range of the therwoeline is indicetted by the heavy line;

Table 3

the meximur depth by a dot.

Leptn in Meters
Lake vete S 1 & 3 & 5 & 9 10 11 & 3 14 15 16 19 21 o8
Dog E=d=2l 67 .
Grass 2T el 16.8 .
aardwood Budli I) .
1TWo-ACre 7-20-35 8.2 7e0n
Pickerel E=4-32 2.1 C.D 9. S
Ford S~-1=-3L 2.4 23 «5°
Devilts
30up ZowWl e 28 D.4 5.0
Hemlock 7-28=-32 8.7 5,0 Lol
Lost g=1-31 Bek 77 1.0 0.2 )
W. Lozt N=l3=32 57 & Oev .
section 4 Sel-20 3.1 1.7 0.0 .
e LwWin 7-lB=35 2.2 12,0 BeT .

Se L¥Win

24
'~ et
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Dissolved gases and hardness.-=The abundance of dissolved oxygen at

the surfece varied from 548 p.n.ns in Devilt!s Soup Bowl to 941 pepems in
Section 4 Lake, Of the nine lakes with thermal stratification, all contained
oxygen in or below the thermocline (Table 3), All contained ample oxygen

to support fish life at the bottom with the exception of Lost, West Lost,
Hemlock and Section 4 lakes. The amount of dissolved oxygen found and the
depths at which the samplss were taken are listed in Table 3,

Free carbon-dioxide was found to be present in all lakes except Ford
and South Twine. It was highest in Hemlock Lake with 10 parts per million
at the surface and 39 parts per million at the bottom,

Methyl-orange alkelinity varied in parts per million from 24 in Two-
Acre Leke and 45 in Hardwood Lake to 193 in Lost Lake end 198 in Hemlock
Leke and Section 4 Lake,

Distribution and abundance of fishes.--Thz kinds of fish present were

determined by netting and seining and a rough estimate of their abundance
was obtained, The larger species were identified in the field; smaller
ones were preserved and identified in the laboratorye. The distribution of
fish with ar indication of their abundence is shown in Table 4,

The fish feuna in the seven land-locked "pot-hole" or pit lakes is of
especial interest, In four of these lakes (North Twin, Soutkh Twin, Section 4
and Ford) perch were found to be abundant but no other species were secured,
except for three cormon suckers taken in the surve; of North Twin Lake, In
the other three land-locked pit lskes (Lost, West Lost and Devil's Soup Bowl)
fat-headed mimmows were taken and only this species was found except in
Lost Lake, where broolz trout were present as the obvious results of the
stocking of this lake in 1927 by Mr. William Forsell, Supsrintendent of the
forest, According to reports no trout were present before this stocking,

The vniformity in size of the trout teken by the survey party end reported

teken by fizhermen (in 1931 and 1932) suggests that they were all of one

age class and that they were the fish which had been stocked, The suckers



in ¥North Twin Lake mey have heen introduced as bait by fishermen, Ixamina-

ct

ion of the deta z7vaileble for these lelres fails to irdicele the reason

or this peculier distributior of perch end mirnows in the seven pot-hole

Hy

lekes, Perch were found, too, in Pickerel Leke and Dog Lake, both of which
have outlets into trout streems through which the perch mwight have passed
to reach the lekes,

Brook trout apparerntly reached Pickerel Lake and Grass Lake through
their outlets which are trout streams, before these streams were blocked
by beaver damse Brook traut teken in gill-nets in Hemlock Lake in 1932,
by the survey party, were of a large size and therefore were likely the re-
sult of the stocking of tris lske with smell fish in 1927 (according to
M¥r. Horsell), Hemlock Lake is commected with & trout stream but by an out-
let that is intermittent near the leke and blocked by beaver dems where
permenent,

Pumpkinseeds were tsken only from Dog Lake and Pickerel Leke, Brown
bullheads were taken in Dog Lake. The variety of all species of fish found
in eny one leke was small (see figures in Table 4). As indicated above
none of the pit lakes without outlets contaired rmore than a single species,
either perch or fat-headed minnows, except North Twin which contained two
species, one possibly introduceds This very small fish fauna in the pit
lekes is explainable on the theory of their origin as basins formed by the
meltirg of residual blocks of glacizl ice (pe 7)e The perch and fet-headed
minnows, both of cermon occurrence in isolated northern lakes, perhaps
drained irto the newly formed pit lakes from Terporary pecls that may have
existed on the surface of the sand plain =s the ice front was receding,

Hemlock Lake, the one pit lake with an cutlet, though otherwise much
like the cthers, was found tc have a fauna of six northerr species, not
including the planted brook trout. All siz of these species may have entered

this lake through the outlet, thouzh sore mey have been in the leke since

its first formation,
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Three other lekes of the forest with ean outlet, namely Log, Grass end

Fickerel lakes, have each & moderate {ish fauna, cf 7 to 10 species, most

or &ll of which probably entered these lslztes by passing through the outlets,

These outlets are all trout streams (though warnm near the lekes) but various

warm-weter species occur occasionally in trout waters through which they

ere certairly capable of passing,

The two lakes havirg no fisk faune seem ecologically unfit to support

fish life,

Lake, o very shallow, muddy pit lake,

The species of fish taken by the survey party, or later stocked, include

the followings

Cormon names

Brook Trout
Northern Pike
Yellow Perch
Smell~-mreouthed Bass
Bluegills
Pumpkinseed

Common White Sucker
Northern Provm Rullhead

Northern Creek Chubt
Northern Dace

Fine-seczled Dace

Horthern Eed-tellied Dace
Golcen Shiner

Northern Cormon Shiner
Elack-chinned Shiner
Northern Elack-nosed Shiner
BElunt-nosed Kinnow
Northern PFat-headed Yinnow
Western Mudminnow

Menone Fanded Xillifish
Iowa Tarter

Brook Stickleback

game Fishes

Coarse Fishes

Forage Fishes

They are Hardwood Lake, & very acid, shallow pond, snd Two=Acre

Scientific names

Salvelinus f, fontinalis
Esox luciug

Perce flavescens
Micropterus d. dclomieu
Helioperce racrocnira
Euponmotis gibbosus

Catostomus ¢« cormersormmii
Amexurus ne. nebulosus

Semotilus a, etromeculatus

Marcariscus margarite
nachtriebi

Pfrille neogaea

Chroscrus eos

Hotemiconus crysoleucas suratus

Notroplis cornutus frontalis

Notropis heterodon
Notropls he heterolepis
Hyborn:nehus notatus
Pimephales p. promelas
Umbra lirmd

Fundulus diaphanus menona
Poecilichthys exilis
Fucalis inconstans




Table 4
istribtution of fishes in the 13 lakes of the Pigeon River State Forest as

determined by the Institute inventory of 1931 and 1932, "A" denotes sbundent, "C" cormon and "R" rare
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EZPIZILTNTAL FISE MAAGEMNWNT IN THE LAKES OF THE

PIGEON RIVER STATE FOREST

The original survey of the lekes in the Pigeon River State Forest was
made primerily as a basis for fish menagement. Because they were located
on stete-cwned lend, these lekes could be maneged in eny manner considered
feasible or desirable, The setting up of this region as & test area for
developing an all-use program for idle land encouraped trial management in
these laekes. The remarkeble similarity of some of the pot-hole lakes as
v:ell as their small size made them especielly suitable for experimental
menagemente The location of & C.C.C. camp (Camp Pigeon River) in the area
made it possible to obtain labor for creel census work and for other projects
requiring considerable man power and very limited training or, as in creel
census, requiring the daily patrolling of the lakes, All of these factors
led to the experimentel fish menagement program in the lekes of the Forest,

end contributed tc the success of the experiments,

Phases of Fish Management

The term "fish menegement” hes come into general use only in recent
years and several of its phases are of very recent origin, Fish management
is based on the assumption that fish are crops and that these crops are
subject to cultivation by mane It parallels, in principle and practice,
the Letter knowvn field of game management which hes beern described in somne
detail by Leopold (1938) and otherse

Fish mepagement, at present, embreces primarily three phases (1) stock-
ing, (2) legal restrictions, and (3) envirommental adjustment., All three
phases are being used in greater or lesser degree in the experinental
menagerent of the lekes in the Pigeon River State Forest,

Stockinge~~The stocking of fish in these lekes consists primarily

of intrcdueing exoticﬁpecies and of planting fish of species already present
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for the maintensnce of the supply. Although the benefits to bte derived
from pest and current a@@cking practices are now being questioned to ean
increasing degree, the value of stockinz certein species in certain waters
is obvious. As will be noted later, stocking serves am an irportent phese
in the manapement of the lakes in questiones The increase in the yield of
desired gere fish in these lakes is attributable more teo this phase of
fish management than to either of the other phasess

Legal restricticnse-~Legal restrictions on the teke of fish in the

lakes of Michigan have been confined largely to the closing of lakes to
fishing during certain seasons end to the limiting of the number, kind and
size of fish which mayv be taken. It was found on the trout lakes in the
Figeon River State Forest that changes in the open season were desirable
if the lekes were to produce a maximum yield of trout. At the writer's
suggestion & number of the lakes were changed from undesignated lakes to
trout lakes, so that fishing in these laekes was permissible at the opening
of the trout fishing season (now the last Saturday in April) rather than
on dJune 25th, the opening day of fishing on undesignated lekes. Reasons
for the desirability of such a change are given later in this discussione
That legal restrictions may be injuriocus in some lakes is strikingly brought
out in the discussion of the perch populationse

Environmental acjustmentse--lalle improvement, the adjustment of the

environment of lake fishes, sc as to increase the yield of desirable srecies,
has been developed on a bread scele primarily by Dr, Carl L. Hubbs and the
writer, and is discussed in a corprehensive bulletin which is now in press,
Leke improverent practices utilized on the lakes in the Pigeon River State
Forest include: (1) an increase in food by fertilizing, by introducing
forage fish, and by reducing the actuzl fish rcpulation through netting;

(2) an improvement of the bass spawning conditions by installing gravel
spevming beds; (2) an incresse inmrotection by instelling brush shelters;

and (4) the replecenent of the fish populations of three lekes by other speciess
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That the fish yield hes increassed through the several manacerent

prectices is indiceated in the discussion on yield (rp.ﬁbﬂto¢é9/).

Manegerent Prectices and Results

A-

In the discussion below, the kind of experimental fish manasgement
practices on each leke and the results obtained from these atterpts at

menagement are listed for each lake,

The survey of this lske in 1932 indicates that its maximum depth is
crly two meters and its average depth less than one meter, although, in
area it is the largest leke in the forest. Game fish (northern pike, perch
and pumpkinseed) and coarse fish (brown bullhead) were found but, according
to the results of the netting and seining, none of these specles appeared
to be sbundant. The lake is little fished and access to it is relatively
difficult,

Because of the extreme shallovmess of Dog Lske, no fish menagement
wes ettempted or recommended here and stocling was discouraged. Deepening
by means of damming the outlet or of dredging out scme of the soft peat
bottom seemed too impracticable to warrant propcsel, because the potential
gmount of Tishing that the leke would suprort when deependd would probtably

not Jjustify the cost of the improvement,

Greass Lake

The small ccol inlet would probably keep a very small portion of the
leke sultable in ternperature for trout, but the waters as a whole becone
too warr ir summer to support trout in abundance, Water Teuperature in early

. o . . .
gust was 72° F, at the bottom when the air tempersture was 690 Fo

4

v

Only one species of food or geme fish (brook trot) was found in Crass

Lake, and ornly ome individual of that species was teken by the survey party.
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It wes hoped that this leke could te irmproved for fish production by
increasing the depthe Efforts were made by Canp Figeon River to enlarge
the dex originally built by the *eaver, but were abmndoned because of the
difficulty in stopping seepages

This warm, shallow lake, contaizing an abundance of vegetation, an
sbundance end a variety of forage fishes end areas ol firm gravel botton,
appears well suited for large-mouthed bass and for bluegills. The latter
were stocked in 1934 (4,000 4 months old) and in 1935 (1,000 4 months old),
but the lake has not been reexamined to determine to what degree the stock-
ing may have been successful, It is anticipated that bass too will be
planted and that the effect of the stocking of both species will te determined
through creel census, netting, and studies on the rate of growth,

It appears, currently, that the management of this lake involves
primarily the introduction of fish suitable to the envirommental conditions,
Grass Lalkte was apparently not fished and was of little or no value for fish-

ing at the time of the Institute's original survey of the lake in 19832,

Hardwood Leke

The survey party (1932) found no fish in Hardwood Lake and a casual
@xamination sugpested that food was extremely scarce, Tecause of these
conditions and the rather extrseme acidity of the water, it was considered
improbable that this lake is suited to game fish, A plant of bass and blue-
2ills was recozmended, however, as an experiments In 1933 the lake was
stocked with 7,500 bluezills (4 months old) and 250 small-mouthed bass
(4 months old)., It is doubtful whether any of the fish survived, however,

hecause extended seining in Au

(o1

ust, 1934, with a 25 foot minnow seine, produced
no fishe ¥No further recommendetions for stocking fish in Hardwood Lake are

contermplated,



The feasibility of improving the fish conditions in acid lakes by

. "

neutralizing the water with lime mey Le tTested in Hardwood Lale, since slmost

nure marl i

available in sufficieat guantity in Fickerel Lake, Before such

n

zn experiment is run, however, the seasonal if not annual fluctuations of

the acidity of Hardwood Lake should be deteri:ined,

Two=Acre Lake

Two=4Acre Leke was found to have a maximan depth of 243 meters, a bog
shoreline; brown, turbid water; an organic bottom, and no fish fauna, It
is apparently too near extinction to be considered suitable for desirable

Fal

food or rame fishes, No reassonable neans of effective improvement have come
to minde. The lake hag therefore beon ignored so far as fish management

plans are concernedes

Pickerel Leke

At the time of the survey, and at wvarious times since, it was noted
that Pickerel Lake was frequenced to some extent, It has been fished to a
minor degree for some years. The information gained from the survey ine
dicated that Pickersl Leke contains both cold water fish (brook trout) and
warm water fish (small-mouthed bass and perch), but thet only perch are
abundant, Forage fish ars very rare; only two specimens were seon by the
Institute party in the seining and netting, end the only one collected was
2 mudminnow, which seemed distinetly out of place in this clear marl lake,
according to Adams and Henkinson(1928: 386) and Forbes and Richardson (1920:
205) o

Metzelaar in his survey of 1925 noted that Fickerel Lake was reported
to contain brook trout, The survey party of the Institute for Fisheries
Research took 14 brook trout in a zillenet which was set for 17 hours

the

(Lugust 3-4, 1932) in the desper part of the lake, One of these trout, th

o

only one not in zood condition, had a length of 13 i.ches; the others

@

varied from 9 to 12 inches, The water terperaturs (below the thermocline)
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is suitable for trout, snd oxyzen is apparently present in emple quantity,
Small-mouthed bass are apparently not abundant, oprobably because the
only spawning conditions available for this bass in water of suitable depth
consist of soft marl and roots of bulrushes, rather than the gravel that
is usually demanded by this species,
Perch were reported by Metzelaar to be numerous, and by the Institute
survey to be cormon, The 8 perch taken by the Imstitute in gill-netting
in September, 1936, showed slow growth, according to age determinations,
Environmental changes recormended to increase the population of desire
able fish and the degree to which these have been carried out are indicated
belows These improvements are particularly needed, since the public camp
site now being established on the lake by Camp Tanderbilt (U. S. Parks
Service) will undoubtedly lead to an increase in the fishing intensitye

Increase of fertility.--The abundance of phosphates and other fertiliz-

ing elements was not determined, but food organisms of suitable size were
indicated to be scarce by direct observation and by the slow growth of the
perche It was recommended that two tons of fertilizer hizh in phosphorus

be a~plied to the lake, and this fertilizer is now being gradually added by
Carp Vanderbilt, Perch will be examined for grovrth to determine the effects
of fertilizing im- Serms-of Hhe growbh bo debermine the offeets of Lforbilize
4ag in terms of the growth of the fish--the last elz=ment in the food chain,
%hile obvionsly not the most certain method of determining the effect of the
incressed fertility, the method is regarded as having value., Differences

in the growth mizht be due to chanzes in the abundance of Iish or to any of
e variety of other conditions, conseguently a mwnber of similar studies or
more intensive stidies of the food chain than the writer has been able %o
undertake will need to be made to determine definitely whether or not the
added fertility is reponsible for increased growth, The study on Pickerel

Lelze cannot be corplsted for at least sunother year,
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Increased protectione--Vegetation was found to be searce and protection

for youngz fish in general to be poors Observations mede by the authon;/on
other lakes sugzested that the installation of brush shel®srs might be ex-
pected to improve conditions for the basse A number of shelters were con-
sequently placed in Pickersl Lake by Cenp Pigeon River in 1935, The number
has not been ascertained and the use made of the shelters by the several
species of fish has not been determinedes

Improved bass spavming conditionse--A number of bass spamming boxes

(containing gravel) has been placed on the soft marl shoal in Pickerel Lake
in 1935, The extent to which these are being used has not been ascertained,
but use of some of these beds in Pickerel Lske has been noted. OCbservations
onn other lakes where gravel has been introduced for bass, indicate thav
this gravel was used to a large extent in each lake, and the preference of
this species for gravel in spavming has been known to hatchery men for many
yearse

The extent to which the envirommental changes accompanied by the stocke
ing of the lake are affecting the fish populations is scheduled to be
studied in same detail during the coming year by observation and by cresl

Censuss,

1

Observations on Howe Lake, Crawford County, in 1934 and 1938, indicated
that the perch were chasing the schools of Dass fingerlings along the shoree
Fishing with scome of these bass fingerlings as bait produced a dozen or
more perch, Removal of approximately 50 small brush shelters (surrounded
by a seine before their removal) from Clear Lake, Fontmorency County, showed
that the young bass frequented the shelters but that the perch were generally
in open water and used the shelters very littls, Clear Lske resemtles
Pickerel Leke in many respects. According to the Fichiran Lake and 3treams
Directory, Clecar Leke is "unfit for big game fish," This 160-acre lake,
however, vielded in excess of 260 legal-sized bass in 1934=1335 (one full
year) and 220 legal-sized bass in 1936 accordinz to an intensive creel census
t:ken by Cawp Presque Isle (LeZeCoWe)e
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Stockings~-Annual stocking with 500 brook trout yearlings or 1,000
brook trout advanced fingetrlings and with 3,000 small=mouthed bass fingerlings
was recommended as a result of the 1932 survey. Introduction of 5,000
blunt-nosed minnows or fat<headed minnows %to increase the forage fish supply

was also surzesteds The stocking since 1932 was as follows:

Year Number Species Age
1934 7,000 Brook trout 6 mo. o0ld
800 Brown trout g n v
600 Reinbow trout Yearlings
500 Small-mouthed Bass 4 mo, old
3,000 Bluegills 4 mo. old
1935 1,500 Bluegills 4 mo. old
500 Brook trout 6 " "
100 Rainbow trout Adults
400 Brook trout Adults

In view of this heavy stocking, for a small lake, it will be interest-
ing to note the composition of the catch in the creel census, On the basis
of an incomplete creel census for 1936 (pages ¢ ) fishing in pickerel Lake
was fair when compared with fishing in other lakes of the area, The records
indicate that 58 fisherman-days yielded 123 fish at the rate of 0,7 fish
per hour. The catch consisted primerily of perch but 17 brook trout of a

good average size were also teken,

Ford Leke

Experimental menagement of the Ford Lelze fishing has consisted
primarily of altering the fish pop:lations in a number of ways. The 1932
survey indiceted that Ford Lalze contained an abundance of small perch and
that no other species of fish were present, The management practices,
briefly and chronologically are:

18334~=An experimental plant of 800 eight-months-old brook trout was
made in the fall,

1934 ,-=Netting to determine the success of the trout rlamt indicated

that they grew slowly and suggested that many of them had died. To de-

crease the fish population, 1137 perch and 15 brool: trout were removed by
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fishing with gill nets. To increase the food approzimately 15,500 forage
fish were then planted. Afterwards, the lake was stocked with brook, brown
and rairbow trout,

1935 ,==The lake was stocked with adult rainbow troute

1936 4==0n being informed that the trout were fished for very little be-

cause of their very "thin" condition, the writer and others destroyed all
the fish in the lake by noisoning end dynamiting, Results showed that the
trout had not been very successful, but that the forage fish had doubled
in number, The perch had improved in condition. The perch population was
studied in detail, The lake was then restocked with Montema grayling, an
oxotic speciesse
Ford Lake furnished very little fishing at the tire of the survey in
1832, when perch were abundant but too small to be attractive to the anglerse
Prom the standpoint of increasing the fishing, the management experiments
on Ford Leke met with failure; as an aid in determining the value of certain
management practices, however, these management tdals have been enlightening,
Since Ford Lske definitely showed thermal stratification snd was found
to contain abundant oxygen st all depths, it appeared that the lake was
suitable for trout, but no trout were found when the survey was made, Since
shoal area was extensive, covering about one-third of the lake, stocking
with warm water species seemed preferable, but, as an experiment, 500 3-month-
old brook trout were planted in 1933, In the summer of 1934 the lake was re=-
examined by the writer to determine the stetus of the trout which had been
planted the previous year., Fishing with gill-nets for several days showed
that tThe perch were still very abundant and suggested that the trout were
not meking rapid growt” end were not surviving well, The stocking with
trout had obviously not been very successful. In view of these findings the
writer decided to continue the netting for a number of days to reduce the

perch populatione It was believed thaet a considerable decrease in the
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number of fish might result in an increased growth for the remaining fish
and might benefit any surviving trout or other trout which might soon be
planted, Fishing for a period of 8 days with two 250-foot experirental
gill-nets with meshes varying from 1 L/é to 4 inches stretched measure,
yielded 1,137 perch and 15 brook trout, The trout were between 6 and 7 inches
long and therefore weremaking very poor growth compared with the trout in
several of the other lakes., That their numbers had declined was evident
from the ratio of trout to perch in the catch, If there was no net selectiv-
ity with reference to species (the writer has found that both species are
readily teken in gill-nets) and if the 500 trout were all living at the time
of the netting, the perch population consisted of almost 38,000 individuals,
a total of about 3,500 perch per acre, On the basis of a study of Tthe fish
populations on South Twin Lake and Section 4 Lake such concentrations of
perch in Ford Leke seemed extremely improbable,

A hundred of the 1,137 netted perch, taken at rendom, had an average
weight of 24 gramse. The total weight of the perch which were removed from
Ford Lake by netting was therefore about 27,3 kilograms (60.2 pounds) or
a wiight of 2,56 kilograms (5.6 pounds) per acre. An exemination of the
perch which had been netted indicated that they also had growm very slowly,
that the females grew more rapidly than the males, that the oldest fish were
all females, and that the perch were in good condition despite their very
slow growth,

To improve food conditions approximately 15,500 forage fish were
planted in July, 1934. These fish, from a beaver pond in & very small

tributary of the Pigeon River, were mostly northern dace (Chrosomus eos),

although limited numbers of fat-headed minnows (Pimiphales promelas),

sticklebacks (Fucalia inconstans), mud minnows (Umbrae limi) and perhaps

a few fish of some other species were includeds
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In 1934 Ford Lake was again stocked with trout, this time with 6,000
brook trout, 6 months old; 500 brown trout, 8 months old, and 600 yearling
rainbow trout, In 1935, 300 adult rainbow trout were stocked in Ford Lake,
The folleowing year (1936) it was indiacted by Mr. Willian Forsell that
trout fishing in Ford Lake was not practiced toﬂgﬁ& extent because the
trout which had been caught were extremely "thin",

Since the plantings of trout in Ford Lake were obviously not success-
ful, it was decided to destroy the perch so that other fish %o be planted
would not need to coupete with them,

On the morning of September 9, 1936, N¥r. W. F. Carbine and the wikiter,
assisted by men from Camp Venderhilt, noisoned the waters of Ford Lake,

On the afternoon of the seme day, removal ol the dead fish was facilitated
by discharging 500 pounds of dymamite in the water, After the poisoning
and dynamiting 4,817 perch were collected; and of these 3,762 were pre=
served for laborstory studies. It appears to be relatively certain that
the number of perch which had been present in the lake was not very much
greater <than the number actually collected,

Only 27 trout of the 8000 trout that had been ;lanted were recovereds;
of these 24 were brook trout, 1 was a brown trout and 2 were unidentified
because of their semi-decorposed condition when found, This check-up Bhowed
how futile it had been to plamt larze numbers of trout in a lake over-
populated with perchs

The experiment proved, however, thst forage fish could become es-
tablished, or at least could be termrorarily increased in number, in a lske
containing an abundance of under-fed perch, The number of forage fish was
estimated to be 35,700 at the time of the poisorninze. Since none had been
taken in 1932 by the survey party, these fish presumably resulted from the
stocking with about 15,500 forage fish in 1834, Including these forage

fish, the lake hzd maintained, rourh#l about 50 »nounds of fish per ecre
2 . » = » I L
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It was found by laboratory study that the perch were still growing
slowly, but that their condition was tetter than the condition of the
perch in this same leke in 1934, It could not be determined whether this
jncrease in "fetness" resulted from 2 decrease in the porulation (a decrease
of 56 pounds per ecre), from the introduction of forage fish or from scme
other environmental change which may have taken plece., It seems probable
that the two chenges specifically mentioned brought about the improved
condition of the fish, It was found too that the male perch decidedly pre-
deminated over the females in the ratio of 3:1, but that most of the perch
which had attained the legal length of & inches were females,

The altered fish populations of Ford Lake are analyzed and discussed
in greater detail on pages gﬁ to ?/.

A determination has not yet been made of the status of the grayling,
but it is anticipated that the lake will be reexamined in the very near
future,

If the grayling which were stocked in Ford Lake, should survive and
grow satisfactorily, after the other fish in the lake had been destroyed,

& special regulation for fishing in Ford Lake will nced to be made, because
grayling are now fully protected by law, Since anglers in Michigan are
exhibiting an intense interest in grayling, fishing on Ford Leke would un-
doubtedly be so iztensive that the maximum daily limit per angler would
need to be made low., A deily limit of two fish per angler will probebly
be recormended,

Should this trisl stocking of grayling prove successful, s similar
planting will be recommended for ssversl of the other lakes in the area,
Such recommendation would not be mede on the basis of any greater suit=
ebility of the lakes for grayling than for trout, but merely because of the
greater povularity of grayling and the difficulty of reesteblishing this
desired species in the state. In the opinion of the writer, fish menagement

h o o s N , . .
should meet Lhe desires of +he sportsmen, and should recognize that the
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vilts Soup Eowl

Yenagemert of this small pond hes been lirited entirely to stecking
end tc the designetion of this lake as a trout lake, Eecause in exbent the
warn weter in this 1,3 acre pond crratly exceeded the cold water, stocking
with bluepgills, a warm-water species, was recormended, but the lake wus
stocked with 5,000 5-mnonths-o0ld breok Trout in 1933 and with 500 G-nmonthse
0ld brook trout ir 1934, It was reported thet this little lake provided
scme excellent brock trout fisking in 1934, and ar examination of the shore
late in that year indicated plairly “hat the lake had been much frequcntea.
Petailes on the amcunt of fishing and on the survival of the trout were not
obteired., It mey be stated, however, that the limited manapgerent attempts

were successful since they provided censiderable trout fishing where none

o
o

had existed previously,

Hemlock Lake

The meneagement of Iemlock Lake has been limited to stoeking with brock
trout end to chenging the designation of thris lale from "undesicnstecd" to
a trout lake, 4 conrlete record cf the fishine wss obtained for & two year
pericd,

Lecording to lr. Horsell this lzke was first stocked with brook trout

by Williar Green, ¥Yillmern, in 1927, The Department of Conservation has no

record of this stocking so the number and size of trout plented is not
Imevme It may be assumed that trhe fish were fingerlings, In 1932 the

survey party tcok six trout that varied in length from 15 1/2 to 20 inches

(Fige l}e They were probably all of the 1627 stocking end therefore sbout

(9} ]

1/2 yeers clce Since it appeared righly imprcbable that the lake would



ke restocked by natural reproduction, further plenting of trout was recom=-
mended, Stockins wes limited entirely to brook trout and included the

—

folloving rlants of fencnths-cld fingerling: 5,000 ir 183, 10,000 in

IRY

('JJ

4 ond 5,000 in 1935,

There is evidence trat this lske was Tished very little before the
time of the survey in 1932,

Yo irformation is aveilstle for the fishing in 1933, Detailed data

are not available for the fishing in 1934, but according to reports the
fishing in Herlock Lake was excellent in that year; cbservetions and fishing
by the writer add support to these rerorts, Since 1934 the fishing hes
very obviously declineds, Only 215 trout were teken from this six-acre lake
in 1635 end only 52 were caught in 1936, This decline irn yield can obviouse
ly not be due te inadequate stocking. Only 1,8 per cent of the number of
fish stocked in 1934 end 1935 were recovered by the snglers, Details of the
fishing for the twoaesr period are found on pages 5“9/ to\J_;7.
Reasons for the decline in fishing and for the present low yield have

not been ascertaineds It apvears thet the lsake conteins an abundence of

food and temperature and oxygen conditioms appear suitable for trout. Whether

or not the extremely heavy stocking may have been in eny way injurious is

o

not kniown,

The reneperment of Hemlock Lelke has been feairly successful but it is es-
sential that the reasons for the steady decline in the yield be determined
erd trat the causes for this decline be remedied, If the present trend in
vield continues there will te very little fishins on Hemlock Lzl-e in the
future,

Lost Lake

The menagesent of Lost Lake has been sinilar to thet of Eerlock Leke
in slrmost every respect, but the yield in Lost Lake has been very much the

hirher,
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Lost Lak%e was first stocked in 1927, when !r. Horsell planted 200 brook
treut fingerlings, It is reported to have been fished very little or nob
gt all until 1931, when the presence of trout in this leke became generslly
knovm. Aecording to eczparently relisble reports, two men fished this leke
in 1631 before the seasor (on undesiynated lel:es) had "opened"., It appears
that these two men not only caught fish but that they found fishing exception=
ally good. They are reported to have taken 58 brook trout in one daye. Ac-
cerding to information from the general census this lske supported very
intensive fishing on the opening day of the season (June 25th) because of
the publicity it had received as a result of the earlier fishing by the two
men. The census data, collected by Conservation Officer Slade, indicate that
the lake on the opening day of the 1931 season yilelded 104 brook trout sverag-
ing 1C inches in length in 104 fishing hours, a catch of one trout per hour
of fishinge. It is reported that fishing declined repidly efter this first
dey, as wovld be expected, for =zt least 162 of the 200 trout which had been
stocked in 1927 had been removed and there had been no further stocking,

In August, 1931, an Institute party in surveying the lake caught only 4 trout,
each about ten inches longe The uniform size of all the trout recovered by
anglers as well eas by the survey party suggests plainly that they were all

of one stocking, evidently that of 1927, These fish hed grown to be approxire
ztely ten inches long in about ¢ 1/2 years, Survival of the stocked fish
must have beexn slrost corplete,

The successful establishment of the trout in Lost Lake as indicated by
the fishing in 1931 led to the survey of *the lekes in the area and to the
later menezement experiments,

Further stocking of Lost Lake with trock trout was naturally recormended,
Flents of brook trout made since 1927 are as follows: 5,000 S-months-cld
end 500 g-menths-cld in 1933; €,000 S-months-cld in 1934 and 5,000 S-menthse
cld ir 1935, It is rerorted thet L.st Lake supported little fishing in 1932

and 1933. It mey te stated with certeinty thet the lake contained almost
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no trout cdurinz these two seasons except for the smell trout stocked late
ir the second season. Lost Lake supported considerable fishing in 1934
but definite informetion regarding this fishing is lacking, A complete
record on the fishing during the next two seasons i1s available however,
In 1935 Lost Lake yiclded 461 brook trout ¢f en average length of 8,9 inches,
It was fished by 387 englers for a total of 1,157 3/4 hours. The yield re-
presented 1C0,2 fish per acre having a weight, per acre, of 3042 poundse
In 1936 the lake yielded only 11485 pounds of fish per acre, a very decided
decline over the previous year. The reason or reasons for this decline in
The yield have not been determined,

The yield for the two seasons represented only 547 per cent of the
trout stocked in this leke in 1934 and 1935, A high mortality of the plarnted
fish presumebly resultse An inventory of the yielc will presumably be con=-
tinued and efforts will be made to determine the reasons for the decline in

the fishinge

Wwest Lost Lake

Fish menagement on West Lost Lake has been limited to stocking and to
a re-designation of this lake from an undesignsted lake to a trout lake,
Stocking with brook trout was recormended as a result of the survey in 1932,
when none were founde. According to the stocking records this lake was first
planted in 1934 but there is reason to believe that trout were actually
first plented in West Lost Lake in 19334 Seversl records of fishing for
1934, in the general creel census of the state, indicate that fish of legal
size were caught that season,

According to the records the stocking included a plent of 6,000 6-months-
0ld breok treut in 1934 and a plant of 5,000 brook trout, 5 months old, in
1635, As shown in deteil on pagesﬁ/f)t0\513, West Lost Lake yielded 159 brook
trout in 1935 and 284 brock trout in 1936. These fish represent 4,£ per cent

of the trout stocked in 1534 and 1935, On the basis of the numter ¢of fish



caugkt, the fishing in 1935 was iy

better thar during the previcus year, In rounds per acre the yield declined
very slightly, however, since the lake yielded 23,5 pounds per scre in 10385
=nd 2245 mounds per acre in 1936, Judging from the trend of fishing in

Lost Leke end in Hemlock Lake, both of which supported trout for a longer
period than did Yest Lost Lake, it is probable that, for reasons unkrown,
the vield in West Lost Lake will gradually decline,

A study of the yield through the creel census will probably be contirued

for at least another year,

Section g_Lake

Section 4 Leke wes found to be similar in character to Lost Lake and
west Lost Lake but similer in fish populetion to Ford Leke., It too was
found to contain small perch in abundance, Stocking with brook trout was
recormended and 300 8-menths-cld trout were planted in 1933, Results of
this stocking were apparently similer to the results obtained in Ford Lake-=-
slow growth and high mortality. All fish were rermoved in 193b and the lake
wes later stocked with adult reinbow trout,

As in Ford Lake, the attenpts to manage this lake met with little
success (except possibly in 1936) but certain informetion was obteined which
may be of value in managing similar waters,

Gill-nets fished in Section 4 Leke in Aurust, 1934, yielded g total of
39 perch and 3 brool trout, the latter not over 7 inches in total length,
The perch toc were small, ‘ccording to reports the lake yielded very few
trout to the anglers in 1934 and 1835, It was decided therefore to rerove
the perch by polson and to restock with trout,

About 75 poinds of vowdered derris root were distrituted cver the
leke on Ceptember 1§, 193E, During the next 5C hours deed fish were col-
lected, These fish are discussed in deteil on pages fg/toffr. It is
probable that not all of the fish mere collected since some were still

corming to the surfece at the time the party left after the poiszoninge A



330

totel of 1,736 fish, all perch, representirg 526 fish (23,1 pounds) per
acre were recovered, A study of these fish showed that they were growing
slowly, that relatively few were of legal size (6 inches long), that males
were decidedly the most abundant, that the females grew rore rapidly and
that the older fish were all females, The fish were mostly young, only
seven were older than 4 summers, and these were all S-surmer-old ferizles.
The perch were in good condition even though trey had grown slowly,

The lake was stocked with 150 adult rainbow trout soon after the
poisoning. No informetion was obtained on the fishing on this lake in 1936
although it appears that the leke was little fished, probably because it
was not generally kmown that the changes in the fish population had been made.

A gill-net was placed in this lake over-night in the fall of 1936, It
yielded no perch but conteined two rainbow trout which were arproximately
a foot long and which were in excellent condition,

t anpears therefore that the perch were all killed in the poisoning
of this lake in 1935, and that the trout were apparently in satisfactory
conditicn. The small number of trout taken in the over-night net-set does
not necessarily indicate that few trout were present. The deeper parts of
this leke are devoid of oxygen, according to the 1932 survey, and mueh of
the net was in this oxygenless ares,

A study of the yield of Secticn 4 Lake for the 1937 fishing season by

intensive creel census is contemplateds

North Twin Leke

North Twin Lake, like three of the other lend-locked pit lakes, con=-
teired an ebundence of small perch at the time of the 1832 survey, It wes
menaged differently, however,

The stocking of trout in this lake in 1533 appeared as the result of

some erperimental netting in 1934 to have met with about the same lack of
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success as the stockings had in the other perch-populated lakes, In an
atterpt to relieve the arparently severe corretition for a limited food
supply, this lake was fertilized in the summer of 1934 with apprroximetely
250 pouncs of "Farm Buresu fertilizer", stated to contein: 4 per cent
nitrogen, 16 per cernt phosphoric acid end & per cent potashe. The fertilizer
was floated in & freme at the center of the leke; approximetely 50 pounds
were added every weel or two as it slowly dissolved,

Fertilizer has for some years been used in rearing-ponds to increase
the productivity and has been found by Juday (unpublished) to increase the
food in raturel waters, Changes in the abundance of food organisms as a
result of the fertilizing in Ford Lzke were not studied, although it was
observed that plankton wes abundent in the vicinity of the fertilizer,

According to reports North Twin Lake yielded perch end trout of feir
size in 1935, It had been heavily stocked with brook trout in 1933 (with
1,300 8-months-0ld and 5,000 S-months-cld fish). Studies of the fish yield
of this lake have unfortunately not been made, The only available informee
tion on the fishing consists of 4 fishing records for 1936 listing a catch
of 21 brock trout averaging 11 1/2 inches in length snd 48 perch averaging
6 1/2 inches in length, all taken in a total of 22 fishing hours. The in-
formation is too meager to be of much value but it suggzests that the trout
grew well and that some of them at least had survivede. The perch were ap=-
parently still small,

It is not demonstreted that the fertilizer effected the growth and
survival of the trout, but the showing mede by the trout in this leke in
corparison with that of the trout in the other three lakes seems more prob-
ebly to be due to the fertilizing than tc any other factors. It is anticipeted
that more trout will be stocked in this lake, that more fertilizer will be
edded, and that a creel census will be initiated here at the opening of the
1637 fishins seasons lorth Twin Lske hes been designated a trout lake to

permit fishing early in the surmer when the trout arparently are nore
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readily teken than leter in the seascn,

South Twir. Lake

Menarement of Scuth Twin Lalre was very similar to that of Section 4 Lake,
It consisted primarily of (1) stocking with trout, (2) of removing all fish
after it appeared that the plented trout were not succeeding in corpetition
with the abundant perch and (3) of restockin: them with trout, with a
planting of forage fish,

Cnly perch were talken in this lake by the survey party in 1932. The
82 specimens taken were mostly small, and in very poor condition, As tempera-
ture and chemical conditions appeared suitable, brook trout were recommended
for stocking and 5,000 S5-months-old and 1,500 8-menths-old brook trout were
planted in 1933. When the success of this planting was tested by fishing
with gill-nets for several days in the summer of 1934, a total of 263 perch
and only 21 trout were recovereds The perch were obviously stunted, as in-
dicated by their large heads and small size, and the trout alsc showed poor
growth. The propcertion of trout to perch (263:21) suggested that a heavy
mortality of trout had teken pl=ce, It is thought improbable that the nets
were highly selective with respect tc the two species, When the lake was
thoroughly poisoned end dynarited in Septerber, 1934, to remove the stunted
perch, 3,61% perch and only 2 trout could be found,

A study of the fish showed that 985 perch, weighing 29 pounds were
present per acre, that 7 per cent were legal fish (54 males, 199 females),
that these perch had grown quite slowly, that over three-fourths of the fish
were of one age group (3 sum-ers cld), that the males predominated but that
the older fish were all Temales, that the fish were in excessively poor
conditicnand unusually large-headed and thet the food consisted prirmarily
of midge larvee. The evidence is that most of the Tish normally died of

starvation before reaching the legel size,
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In the surmer of 1935 the lake was stocked with about 5,000 blunt-nosed

minnows (¥yborhynchus nctatus) end about 50 killifish (Fundulus d. menona)e

A brief exemination of this lake 1n 193€ showred trat the blunt-nosed minnows
haed becorme abundant,

After the killing off of the perch and the plenting of forage fish,
South Twin Leke waes stocked with 100 adult rainbow trout in the fall of 1935,
A creel census study for 1936, discussed in detail on pagesqﬂ7toj?/, indicsates
that 62 of these fish were caught by the fishermen during the 1936 season,
The survival of these fish was therefore good,

Further creel census for this lake is contemplated and continued stocking
with rainbow trout will probably be recommended, as it seems improbable that

the trout will spawn successfully,
DISCUSSION

It is obvious from the foregoing discussion that the sctual managerent
of these lakes though incomplete has resulted in a number of changes in the
fish populaticns, and that these changes hsve affected the yleld of game fish,

Stocking wes extremely successful in some of the lakes and met with
elrost comrplete failure in others. The stocking of brook trout in the four
pit lekes which had previcusly conftained only forage fish was successful
in each lske and especially successful in several of them, On the other
hand, stocking of trovt in three pit lelkes which contained an abundence of
perch was not successful, for the few trout that survived grew slowly. The
ctocking of trout wes successful in arother pit lake, which contained an
tetunderce of perch but which unlike the cther lakes was enriched with ccmrmerical
fertilizer,

Forage fish that were stocked in one of the lalies having e dense perch

population doutled in number in two yeers, Forapge fishes planted in a leke

from which the perch were re:xoved also survived and multiplied, even after



rainbow trout were successfully introduceds

parsnbtly failed completely,

The siocking of bluegills in an acid leke app y

N

in two other lalres has rot yet been determined,

The success of bluegil

-
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Designation of seven of the lakes as "trout lakes" seexed desirable,

N

A majority of the trout were apparently caught after the opening of the
trout season {on or sbout Lay 1) and before June 25, when fishing would have

begun on these lakes had they remdined without the special designation,

Certain lake improvement devices installed in one of the lslzes have not
yeb been examined for effectiveness,

All f£ish were rewoved from 3 lakes by poisoning, supplemented by dyne-
miting in 2 of them, and these lakes have since been stocked with other species,
In one lake this change was shovm to have produced desirsble results, in the
other two lalkes the results have not yet been determineds

ice the lakes in the Pizeon River Stabte Forest provided rslatively

1
3
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1ittle fishinz before the management practices were initiated and since o
nunber of them now yield good crops of fish annudlly the management was, in
zeneral, succeszfl, A continuation of the experimental management nrogram

b}

is obviously needed and is contemplateds
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A STUDY OF TEZ FISH YITLD OF THE LAKNS IX THZ PIGHON
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field that sales inventories occupy in business, 7ithout a determination
the annual crop, the effects of stocking, legel restrictions and envir-
onmental improvements cannot be determined with reasonable accuracy., 1In
¥ichigan, studies of the fishing, (creel census studies) are now being made
on an extensive scale by twe distinct types of census, the general creel
census representing a samcling of the fishing over the entire state and the
intensive creel census which covers all or nearly all fishing on certain
waterses £4s the methods of takinz the census and an account of the sort of
information furnished by the census have been discussed in a number of
publications (Tschmeyer, 1936 a, b; 1937 a, b; Hazzard and Tschmeyer 1937 e,
b), they are mentioned here only briefly,
The general creel census which represents a sampling of the fishing

a

over the entire stafe 1s taken primarily by the Conservation Officers, It

was initiated in 1927, chiefly throurh the elforts of former Conservation
Cortmissioner Harold Titus, =2nd is still in progress. Approximately 20,000
individual fishing records are obtained annuelly by this census, The
officers record ornly the information on fishing (for +the day) up to the
“ime the angler is contacted., The total yield cannot be obtainsd by this
method, but such data as the kind of fishing, the relative abuncance of the
speciss in the catch and the success of fishing in terms of the eatch per
rour, are cowrlled from zensral census recordse. The trend of fishing, zs

related To stockins or improverent or other fish menagenment may be determined
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for parts of the state or individual wraters, »rovided that the generel census
3 >

+
~

is continued for several years, as an adeguate and random sarple of the
i ‘-iI’Ec

The intensive census which covers all or nearly all fishing on certain
watsers i1s telen by crews of men, orimarily from C.C.C. cazpns. This census,
initiated in 1533, has provided a complete or nearly couplete inventory of
the winter fishing on about 35 lakes aand the summer fishing on about 30 lake
The intensive census is taken each day of the fishing season from about day-
light to dark and each man on the census cfew patrols & certain portion of
the shoreline to contact all fishermen who lsave the lake along the section
assicned to hime The crews are generaelly of ample size to insure that all
fishermen will be seen, A few anglers who are seen but are not contacted
ars regarded, in the final swmrarizing of the data, to have caught the average
number and size of fish per angler in an average fishing daye.

The blan%s used for recording the census informetion are similar Tor
both the general and the intensive census. The form now used 1s showm in
Figure 2, The following information is obtained regaerding each angler and
his day's fishing: Fisherman's name, address, sex and approximate

o

number and size of fish of each species caught; the date; the kind of fish-

ing end kind of bait used; the weather conditions; the time fished and the
time of day when the fishing was best,

The intensive census grovides a variety of informetion, including means

of deterwining, for each water: the awvount of the annual crop, the catch

[ ]
per hour, the atundaace in the cateh of each speciss at each sesason, the

the variocus ficghing methods and of

dence of the anglers, the number of undersized fish cancht (which helos

ol

to predict the fishing trend for the mnext year or two), the time of day

when fishing is Zest, the rela onship between wegther conditioas and fish
MBitinet + ; L s - n . ;
biting", the size distribution of the fish caught, =nd the seasonal fluctuation
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rears the census tends to indicate the maximunm annusa
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Qver a period of
cateh which may te taken witihout injury to future fiskting. Coupled with
an extensive markin~ program, it will help indicate the total populstio

of adult fish and the percentaze of these fish reroved amuelly. Coupled

with stocking end marking, the censuc can, in time, rrovide data sufficlent
to eveluate the benefits derived from stocking, Coupled with lake improve-
ment, it can similarly be made to indicate, in %time, the effectiveness of
lake improverent work in general, snd of devices of different sorts. The
census, talren on lukes at different evolutionary stages will tend to indicate
the production from lszkes at these stareses It will show, in time, the effect
of variations in the numbers of one species on the zbundance of another,

If carried out on a number of representative lakes, the intensive census

L]
will help to determine anproximately the combined ammual fish cateh for gll
lakes in the state. It will test the effectiveness of existing legislation
and will help to indicate what restrictions would be of greastest benefit to
the lake and least objectionable to the fishermen,

Where relatively corplete information regarding the fishing is desired,
the intensive census is decidedly preferable to the general census, which
represents merely a sampling of the fishing and which gives only a portion
of the information which may be cobtained fror the intensive census,

The establishment of a Ce7.C. camp (and later a second caxp) in the
Pigeon River State Forsst made posszible the teking of an intensive census

n

on some of the lakes in the area, Some lakes rrovided so little fishing

that the continued petrolling of

these waters during the fishing season
seemed impracticable and was nct recommended, On the three heavil
lakes (Lost, West Lost and Femloecl:) a creel census was taken during the 1935
fishing season. On the following yeer this census was exbtended to include

9ls50 South Twin La¥e, Fick

The 1935 census was taien

.

teliing was by Caip Venderbilt, U. S. Parks Service. Project estirates have
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been submitted and approved to continue and extend the creel census for the
1937 season; the census is to te taken by Camp Pigeon River,

In 1935 one census=-taker covered tre fishing on Femlociz Lake and one
man examined the catches on Lost Lake and West Lost Lake; the latter two
lakes are only a fraction of a mile apart and one census-taker was able %o
obtain the {ishing information on both by walking from oue to the other,

It is believed that almost every fishorman who used the three lakes was
contacted, The method of taking the census differed sorewhat in 1936, Fish=-
ing was not very intensive after the first week or two of the season and

one man with a car went from lake to lele to contact the fishermen during
most of the surmer. This man also took a census on part of the Pigeon River
but the river census was incomplete in thet not all fishermen on the river
were contacteds Information on the fishing on Pickerel Lake is incormplete;
on the other lakes where the census wes taken all or almost all of the fish-
ermen were contacteds The pit lakes are very small and a glance at each
lake will indicate whether or not anyohe is fishinz on it; census-taking

on these waters is therefore relatively simple and calls for a very small
CTEW,

Data on the census of the lakes in the Pigeon River State Forest, in-
cluding a small amount of information obtained from the general census are
listed and discussed by individual lakes below, The information obtained
from the census and stressed in the discussion includes

Total yield.--A determination of the tctal yield is necessary to learn

to what extent the menagerant practices have been instrumental in increasing
the crop end to note whether or not the lakes are yielding a satisfactory
crope A study of the fishing to note the relative abundance of the species
in the catecn is not usually needed in the Figeon River Forest for nmost of

the lekes of this region contain only one species of game fishe
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Size distribution.-=The approzirete size of the fish in the catch was

tebulated for the season and for esch =onth, to defermine whethrer the fish
were growing satisfactorily,

Effectiveness of baitse.-=The eifectiveness of the wvarious baits in

catching trout is not ouly of considerable interest to the angler but is

also of irgortance in fish menagemente. The wriver has found from creel coensus
studies on other waters that certain baits are decidedly more effective than
others in taking fish of certain species, also in taking fish of different
sizes, The genersal census (Eschmeyer, unpublished) shows a close correlation
between the percentage of brook trout in <the catch and the mean monthly
temperature; brook trout are lesast represented in the catch during the hot-
test months, hence, during the tcurist and resort season, Any kind of bait
which may increase the catch (yield) during mid-sumrer when the yield is
normelly low and the fishing pressure is great should be recommended to the
mid-sumrer fishermen, unless, of course, an increase in the crop appears
undesireble because of too great a removal of the brood-stock., Since fish-
ing for {rout on these lakes must be supported entirely by stockiag, on
account of the unfavorable spewming conditions, no "Brood stock problem" is
presented,

lesidence of the anglerse--The residence of the anglers is determined,

primarily, to note the relative numbers of englers who are local end who
ere tourists or resorters. A lake which attracts persons who live many
miles away naturally may be expected to provide more revenus to the area

then a lelre which is fished with egual intensity by local anglers, The de-

1

gree of intensity fo which rmanagement is prezticable denends to a consider-
N

atle extent on the economiz value of the

Trend of the fisiinge=-The trend of the fishing is woted for those

lakes on wrich the creel census has been %Halen for several years, It will

be noted telow that the trend of the yield is downward on the three lales
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in the area on which [ishing informetion for Two seasons is awvailable., This

i

trend suzcests that certain changes must be made in the menacement of these
several lskes if they are to continue to produce a good crop, but unfortunately
does not irdicate what chenges should be made, ¥No information is yet awvalilable
for the fishing on 7 of the lakes, In view of the indiceted laciz of zame
fish, it mey be safely stated however, that there was no fishing, or at least
no catch, on Two-Acre Lake and on Hardwood Lale, eand probably none on Grass
Lake. Dog Leke has apparently beea supporting a small emount of fishing
each season. Fishing on Ford Leke has been very limited, Devil's Soup Bowl
supported a considerable amount of fishing for at least one season, and =
small amount of fishing hes been done in Section 4 Lake. In the following
pazes fishdng on those lakes where the creel census has been in progress

for two seasons is first discussed, followed by a consideration of the fishe

ing on those waters where the census was taken for a single season,

Creel Census on Lost Lake

Fishizg on Lost Lake was very intensive in 1935, but declined very
decidedly in 1936 This 4,6 acre lake was fished for 387 fishermer-days
for e total of 1,157.,75 hours during the 1935 season. In 1936 it was fished
by only 164 fishermen, for a total of just 500 fishing hours. In comparison
with fishing on other lakes where the census has been taken, however, even

<

this concentration is heavy. 3Zach year the fishermean caught on the average
slizhtly more than one fish each per day's fishing but a wmajority of the
fishermen took no Zish (84 per cent took no fish in 1935, 72 per cent took

none in 1936), The catch per hour was slizhtly higher in 1935; the average

size of the fish cauzht was a little larger in 1938, GCeneral information

e

on the fishing is shown in tebles & and 6, In 1935 the fishing season on
trout lakes extended from Yay lst to Labor BTay, in 1936 it extended from

the last Saturday in Arril to Lebor Dair (both dates inclusive both years),



The fish caugnt in 1975 veried decidedly in size as showm in Table 7,
The one very large Tish, evidently a remman®t of the original 1627 rlant,
hed therefore zroom to a length of 22 inches in about 3 1/2 years. The
other fish had appsrently oll been stocked in 1933 and 1934, the larger
ones probebly in 1933 or, since many undersized fish were taken, perhaps

representing the 1934 plant, it is possible that alsmost all

sized fish were of the 1833 stockinz. IU mey be stated, =t

1

the e size of almost 9 inches in

13

fish had gromm to an avera

2 1/2 years,
The 8 and 9 inch groups dominated in 1925, but in 1936
of the fish were sypparently in the 9 and 10 inch groups and

were registered as caught,.

that of 1935 and perhaps the one

N

Computations of the weignhts of the
dicate that
54,5 pounds in 1938,
znd 11,9 reswpectively.
Were the total catch

relatively poor crop of

et

of only ebout one per three hours of fishing,

i R

n trovt lakes Ri

ouiside of the Pireon

7ield from Lost Lake was hi-her than that of warm wabter

of the lsles for which census dzta are

t3

er ecre

-

effectirensss of t

fish since they were taken
N
Comparative data are

ver area,

least, that

less than

(Table 8) most

none of 7 inches

This trend suggests that the recent stockings,
in 1934, hzd been reletively unsuccessful,
fish given in tables 7 and 8 in-
the lake yielded a total of 138,92 pounds of trout in 1835,

In pounds per acre the production figzures are 30,2

no*t known it mizht be assumed that Lost Lake

at thzs rate
lack-
tut

fish from any

vield of 30 nounds

cf trout,



w45

Table 5
VOITULY ATLLYSIS COF TISIING O°T LT LAYT 0% 1935
Total or Ter
Yay June July Avzust  iverace Acre
himber of fisher=
man-days 155 56 114 62 387 84
Wumber of fisher-
men taking no fish 90 30 88 40 248 esse
Number of hours
fished €Che5 155,25 204,5 15645 1157.75 25147
Mumter of 1e§al
fish tekens 206 78 93 34 4€1 10042
Fisk per fisherman 1,3 1.4 «32 1,4 1.2 con
Fish pef‘hour o o34 oS0 039 5 pe: v e
Ave, size of legal o
fish (inchES) 8.8 8.8 8.8 9.2 8.9 YY)
Tumber of undere
sized fish® 99 30 12 24 165 36
;/111 fish caught were brook troute
g/ﬁndersized fisk not included in atove calculationse
Table 6
FONTELY MVALYSIS CF TFISTIINC O07 LOsT LAKE TOR 1636
Total or Per
Lrril liay June July Auge Average iere
Tunter of fisher.
ren-deys 53 77 8 12 13 164 ____ 5547
Tumber of fisher-
ren taking no fish 28 61 7 11 11 118 eee
¥umber of hours
fished 1€3,5 256 21 21425 30425 500 1C8 47
Tumber ol le:al
fisk teken 126 23 1 10 6 166 36,1
Fish per Tishcrman 244 0429 0,13 0477 0446 1,01 eee
Fish per hour 0,77 0,09 0405 0447 0,16 0,33 erea
Lve, size of legsl
fish (inches)t 943 9.2 £4C 9.5 10,0 9.3

‘J{/
L

he nurber of under=sized fi

A1l fish czucht vwere brock treut

ish

cauplt was rot

determinedes



Teble 7

T OF CATCH, LOST

Size

(inches) 7 T3 % 73/ 82 83/4 9 g9k : 1o
Yo. (2ay) 4 9 7 15 3 7 5 27
¥o. (June) 3 2 21 6 1t 3 10
Voo (July) 3 7 38 15
Noe (fuge) 8 47 17 4
No. (total)®” 4 3 11 10 51 9 171 3 22 56

Tstimated wte

per £ish?’ o141 L1EE o174 G192 4211 G221 282 o276 300 328 0303 o411
Totel wte
(1bse ) o5€ o247 1491 1492 20489 1439 12.85 2e48 B5le30 497 Ta77 23,402

Table 7 contirued;

Size

{inches) 104 11 12 13 22
Yo, (Yay) 3 2 1
Noes (June) 2 1

Hee (July)

No. (Aug.) 7

No. (totel)e 2 10 1 2 1
Estimated vwt,

per £ish®”

(1bse) 476 548 «711 204 4,379
Total wt,

(1bse) ¢95  5.48 71 1,81 4,38

Tre number of fish meesuring even inches is not in proper preportion with the
number hraving fractional measurerents, Obviously measurerents on meny of the
fish were probebly rot correct to more than the nearest half inch,

2
¥ Since emch sheet irdiceted Ltre everzge size of the Tish talren, the distritution
es listed here is zot correct, Fowever, it approzches the sctual size distritution,

To cecxvert zroducticn irto pounds, the cendition factor used was 1445, This was
found by L. 4, vioodbury {(unriblished) 2s eversze for trook trowt in seven lales
in Glscier Uzticnal Psrk. Thz sverace cordition of the trout in Lost Lake was
probably not less thren 1.45, so the estimete of weight riven here snpesrs to te
e reletively conservetive cne, Ir. “oodbury provided a teblc b: which nis
meesurerernts could be expressed in inches and nounds,
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Size (inches) 8 9 ol 10 102 11

Mumber (2pril) 5 80 40 2 1

Number (kay) 7 5 9

Nunmter (June) 1

Fumber (July) 6

Number (Auge) 6

Number (total) 13 85 6 55 2 1

Totel weight (1bs,) 2474 25 450 2,12 22,60 95 55

&/Footnotes under Table 7 apply here also,

Fishirg with worms rated second in effectivensss ir 1935 end was decidedly
best in 1936,

The residences of the anglers were deternined for both seasons, by
cormmunities the first year, by counties the next season; non-resicdents are
listed by state cnly, A check of the residsnces of the anglers who fished
Lost Lake in 1935 indicates thet the lake'attracted fishermen from a large
nurber of localities. The cormunities from which the specified number of
fishermen came in 1935 to fish in Lost Lake was es follows: Local (within

ar arproximete Z0-mile radius, including

e>

the tovns of Yolverire, Afton,
Oneway, Tower,Vanderbilt and Indien River) 188, Ann irbor 2, Bay City 3

Pettle Creek 3, Boyme City 14, Comway 1, Cheboygzen 6, Charlevoiz 1,

Detroit 24, Learborn 2, T, Lansing Flirt 3, Gaylerd 11, CGrend Rasids 4,

ey
dones 1, Jackson 2, Falemazco 5, Lensing 7, ¥ullet Leke 1, lidland 16,

¥t. Clemens 2, Lt, Fleasant 4, lonrece 1, Iuskegon 2, Forth Star 4, Hewaypo 1,

rinewr 12, Three 2ivers )

Owossc 8, Oden 2, Petosky 41, Pontiac 2, 3eag , 1,

0a

Topizabee 9, Vyendotte 3, Walcon Lske 2, Ypsilanti 4, and Vickshurg 2;

Chic 5, Indiane 4, Tllirois 4 znd Pennsylvenia 2,



Taple 9
EFFLOTIVENESS OF RAITS USED 077 LOST LAKE, 1835
Noes using o. hours Toe fish rish per Ave, size
Eait bait teit used ceught hour of fish
Insects 33 59.00 25 .42 8.5
Iirnows 117 495e 10 219 Pr:-%9 Sel
Worms 7c 1954c0 116 000 Sel
Sfainner 4 5.25 1 .19 1l .O
Plug 1 T .50 - - -
Takle 10
EFFLCTIVENESS OF 2AITS USTD OU LOST LLiKE, 1936
Ho, using TNo. hours o, fish Fish per Ave, csize
Bait bait balt used caught hour of fish
Insects 1 4,50 ¢] ¢} -
Art, Fly 3 6425 1 16 8
Finnows 34 106470 20 ) 46
Torms 65 186400 106 58 O e
Spirner 0 - - - -
Flug 0 - - - -

Over helf of the fishermen in 1936 were from three nearby counties
(Otsego, Cheboygan and Emret). The counties represented and the number of
anglers from eech are: Obtsego 52, FErmet 26, Cheboygan 22, Waime 10,
Kalemazoo @, Presque Isle 7, Tidland 4, l'uskegon 4, Charlevoix, Calhoun
and Cenesee 3 each, ilpene snd Chippewa 2 esch, and one esch from Jackson,
Catland, St. Clair and Veshtensw, lon-residents were 7 from Chio, 5 from
Indiane end 1 from Illinois,

The yield was excentionelly rood in 1835, but only fair the next

3
&
=
o
o3
@
I3
o
21

seescn, The decline in the fishinc supgrests thaet changes in th
of this lale are to be mede if the fishing is to be mairtained on 2 satis-

factory level, The decline is even r.ore strikin

census dete for 1931 are taken into considerestion, for, in tiat year, two

bel

ren caught 88 trout in one day before the seascn opened and a total of

C
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104 trout were recorded as caught in 1@4 hours on the opening dey of fish-
ing., Since cnly 200 fish had been planted the total yield could not have
exceeded that of 1935 when almeost 500 fish were texen but the catch per
hour wes very ruch better in 1831, Almost all of e trout which were
vlanted survived in 1931, but thereafter the survivel from the stocking
has apparently decreased constantly, ‘hether or to what degree this trend

frigiy

will continue will be determined {rom the further crecl census on this loke,

Creel Census on ~jest Lost Lake

Fishing on WWest Lost Lake differed from that on Lost Lake and lemlock
Lake in that it decllned very little in 1936, when in fact, both the number
of fishermen end the number of fish caught increesed. The catch per hour
and in pounds decliied slightly however, In 1935 the fishing was concentrated
in Ney, whereas in the next season it was distrituted releatively evenly through-
out the season. During the first season of the census 164 fishing records
were obtaired representing 582425 hours of fishing., The fish were of & large
averege size (1Ce¢F inches) and were taken at. the rate of one fish per 3 hours
of fishinge. West Lost Lake yielded 1S9 trout in 1935,

In 1636 the fishing records totaled an even 200 and represented 658,25

g
hours of fiskinge In that year the lake yielded 254 trout, at the rate of
Oe? fish per fiching hour,

In terrms of rounds per acre the vield was 23.F pounds for the first
vear and 22,7 pounds for the sescond yeer, a hardly significant declins of
onie pound per acre, rev under-sized fish were rezorted in either yearse

General date on the fishing is shovm, by menths,
It will be noted that fishing declined each month in 1935; but was apperent-

ly best in July during the next season, Good trout fishing in July seem

unusuel end the success during that wmorth in 1935 cannot te expleireds
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Tatle 11

TQITITLY AYALYSIS R OFICIIING O UEET OLOAT LT F0P 1985
Total or Par
Yay June July Auge  Average Acre
Tumber {ishermane
days 95 35 26 8 164 41
Tumter {ishermen
taking no fish 54 23 19 7 103

Tumber of
hours Tished

78 40 21450

582¢25

145450

Tumber of lcgal
£ish talend” 161 23 14 1 199 50
Fish per fisherman le 0465 0eh3 Oel3 le2
Fish per hour o3 0422 0413 0405 Oe34
Ave. size of legeal

fish (inches)

1340

1045

urwer of under.

sized fishg//

22

545

All brook trout

2 -
v ot included ia

celeculations

Table 12

ICFTFLY ATALYSIS OF CICFING O UNST LOCT LENT FOR 1936
Totel or Ter
April Iy June July Auge GZepte Sverage ore
Tumcer flshermen-
days 12 55 34 42 45 12 200 50

Tumber iisherms
taikingz no fish

33

Tumzer hours

fished 34 204 1i2 104,75 172 31450 58425 18443
Turber lerga 1,
fish takeny” 17 8 28 g4 37 4 254 63 o5
Tisn cer ©igiie
ermen 1.41 1452 0,82 2.0 0,82 0633 1,3
Tisn per hour OB Dedl Oe225 0680 el? Dol 030
ive, size of legel
fish {(inches) D03 G455 941 Jel5 D542 Se0 Je4
UMD Eer UNUeT- S
. s 2
sized Zish ‘9 3 1l 13 o2

37 11
&/ Tot

nrook trout
included in




In 1835 trout of a length of 11 and 12 inches were wall rercressite
in the cz
the records fail to indicate that “est Lost Lale weas stocized that year,

It is imzrobeble

did not stock eany of the lakes in the area with trout before that year end,
so far as covld be determined, the laelre was not stocked by private iadividnals,

The smaller {ish were probably of the 1934 stocking, It may be stated

[¢]

at least that +the trout which were caught in 1935 hed reached an average

lengsth of about 1045 inches in about 2 L/B vears, The fect that the lalke

)

contalined only

v forage Tish before the stoclkiing, and the rrobability that

£
trout food wes plentiful would explain such good growch,

Py 1936 the average size had declined; only 4 fish lonser than 11 inches
are recorded. It is probable that the 1933 stocling was represeated poorly

i? at 211 in the cetech, The 8-inch fish were probably primerily of the 1335

stocking and the larger fish chiefly of the plemt in 1934, Since scale
sairples to detsrnine the ages of the fish were not taken, however, any attempt
to indicate the ages of the size groups is purely hypothetical, Size dis-
tribution and weight of the fish in each group is shovm in tables 13 and 14,

The effectiveness of the several baits used varied from the one year
to the next; worms were most effective in 1936 mut yielded reletively poor
results the previous year, Tata on The beits used are shown in tables 15
end 16,

The =nzlers cme from 2 large number of localities, The residences

PR N I S ~yyoral- o - 3 o
witn the nunrer from each residence

1

IS

sted for <he 1635 fishermen,

Local (withing a 20-mile radius) 62

Zaylord 11

Dearborn 1 1,

s =
s Jackson 3,

Ocer 2, Ferry 1, Petosky 13, Tontiac 5, Zomeo 4, R 2, 5t. Jorns 2,

ozinabee 4,

Traverse Titir 3
v ; iy

s
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TTRITT o TLTCHG{ TTIT OLesT L, 1985

Tize

{inches)

[l

7

\Y]

(

8 gL 9

10

=4
@)
(\Dﬁ

(=]

Toe (LBy) T
Yo, (June)
Toe (July)
Yo (Luze)

1 10 5

20

Wo. (total) 5

26

Estimated whe
ner fish (1lbse) 174

o2l

1 6231 252

Total wte

(lbs.) .87

3al

7«92 11,40 1,77

10469

L -
Comments under table 7

Table 13 confinued:

arply here also,

Size
(inches)

131

17

Yoo (May) 6
o, (June)
Noe (July)
Toe (Aure)

ﬁsa
™ ™
IS F

o)

Yoo (Total) 6

34 4 3

motimeted whe
per fish
(1bs,)

A28

o711 0204 14,012

24021

Tocal wtae

(le.) 3.75

24417 3682 3604

2402

SI7E DISTRIBUTIOCT AYD VEISHET OF

Tabls 14

CALCHlj/iTST LO3T LAXE, 1936

Size
(inches)

1
9%

Yoo (April)
Yo, (lay)
¥oe (June)
Yoo (July)
G (.»’xug. )

o, (Zerh

[
HOowWo@MmH]o

ju

= W

40

159

=
[Xo]

78

20 3

Be44d

1,01

17470

17,30

32,06

10,96 1,38

71

L

: - .
Table 7 arply 2lso hisre.
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The residences, listed by counties, in 1936, indicate that over 60 per
cent of the fishermen were from three nearby counties. Cheboygan County
provided 72 of the anglers, The other counties, with number of anglers
from each, are: Otsego 31, Shiawassee 19, Emmet 22, Ingham 15, Wayne 9,
Gretiot 6, Jackson 4, Genessee 4, Mecosta 3, Saginew 3, Charlevoix 2, Kent 2,

Kelemazoo 2, Oaklend 2, Four of the anglers were non-residents, all from

Chioe
Table 15
EFFECTIVENESS OF BAITS USED, WEST LOST LAKE, 1935
No. using Noe hours No. fish Fish per Ave. size
Bait bait baeit used caught hour of fish
Insects 2 5,0 3 «60 1345
Art, Fly 12 3640 36 140 Bel
Minnows 45 227610 1062 R3] 1069
Worms 68 206470 o4 o20 1040
gpinner 4 T 900 - - -
Table 16
EFFECTIVENESS OF BAITS USED, WEST LOST LAKE, 1936
Noe. using No. hours No. fish Pish per Ave, size
Bait beit bait used caught hour of fish
Insects 1 44,25 - - -
Kr'b. F:[y 1 4.75 ! 021 8.0
¥innows 59 200elD 109 27 Vel
Worns 30 109,0 B3 010 Te0
Spinner 1 240 - - -
Plug z B ebU - - -

Judging from the trend of fishing in Lost Lake and Hemlock Lake,
both of which have had a slightly longer fishing history, it seems probable
that the fishing in West Lost Lake will further decline. More definite
information on the trend will eventually be available since the census

will presumably be continueds



Creel Census gg'Hemlock Lake

The fishing on Hemlock Leke in 1935 and 1936 was disappointing. The
trout recovered by the survey party in 1932 were large and in excellent
condition, and some good catches were made in 1934, It was assumed, there=-
fore, that the yield in this lake would prove to be excellent during the
seasons covered by the censuse. However, only 215 fish were taken from
Hemlock Leke in 1935 and only 52 in the next year. Compared with the Lost
Lake fishing, this leke was not fished intensively and the yield was much
lower. Hemlock Lake yielded ormefish per day's angling in 1935 and less
thean one fish per day's fishing in 1936, MNost of the trout were taken in
Mey sach year, The anglers took some creek chubs while fishing for trout
but these fish are not included in the general data on the fishing as listed
in tables 17 and 18 or in the subsequent tables,

Per acre, Hemlock Lake yielded only 8 pounds of trout in 1935 and aly
4,3 pounds in 1936, It has been well stocked (perhaps too well) with trout
in recent yeers and, ecologically it seems suited for the fish. Why fishe
ing has been so poor in the last several years has not been explained, Most
of the fish caught in 1935 averaged from 7 to 9 inches in length, and wa e
probably most of the 1934 stocking, Fish caught by the writer in this lake
in 1934 &s well as fish seen by him that season averaged almost 9 inches
in length after having been in the lake almost a year. It seems therefore
that the fish grew more slowly after the 1934 stocking. The 8-inch group
predominated in 1935 whereas the 9 inch group epparently predominated the
previous year. The 10 inch group predominated in 1936, suggesting that the
1935 stocking of 5,000 brook trout hed been unsuccessful or that these fish
hed not yet reached & catchable size. The size distribution and the weight

of the catch for the two seasons are listed in tables 19 and 20,
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Table 17

MONTHLY ANWALYSIS OF FISHING ON HEMLOCK LAKE FOR 1935

Total or Per
Mey June July Aug., Average Acre
Number of fishermane
days 123 37 44 8 212 35
Number of fishermen
taking no legal trout 72 21 27 4 89
Number of hours
fished 373 116,50 110 22,450 622 104
Fumber of legel
trout taken 143 15 40 17 215 36
Fish per fisherman 1.2 py-2 o0 Zel 1.0
Fish per hour Bl old o . °c0
Ave, size of legal
trout (inches) 842 Te7 748 845 6.1
Number of undersized
277 45 22 0 344 57

trout

v

MONTHLY AWALYSIS OF FISHING

Eleven creek chubs were also caught, but

Table

are not included in these calculations,

18

ON HENLOCK LAKE FOR 1936

Total Per
April May June July Aug. Sept, or Ave, Acre
Tumber of I1shermen-
deys 18 37 8 8 1 3 75 1245
TWumber of fishermen- o
taking no fish 12 23 8 6 1 0 50 -
Number of hours
fished 62450 120,450 21,50 16,50 1 10450 241450 40,2
Number of legal
trout take 8 29 0 0 0 15 52 8a7
Fish per fisherman oi4 YL 0 0 0 5 69 -
Fish per hour old Py 0 0 0 ol 22 -
Ave, size of legal
fish (inches) 11,5 10,7 - - - 949 1046 -
Number of unders
sized fish - 1 1 0 0 0 21 3¢5

\;VA,total of 25 ereek chubs were slso taken but are not included in the data,
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Table 19

SIZE DISTRIBUTION AND WEIGHT OF CATCH}C4HEHLOCK LAKE, 1935

Size

(inches) 73 75 73/4 8 8% 9 92 10
Noe (Xay) 12 1 28 2 40 10 47 2 1
Noe (Juns) 4 3 6 2
No, (July) 6 15 15 4
No. {Aug,) 2 15
No. (Total) 7 Z 71 S 53 75 53 4 T
Estimated total
wte {1lb,) 3610 62 7483 033 13,29 6,30 15,90 ,L71 o241

1 ;
//Comments made under Table 7 apply also here,

Tabls 20

DISTRIBUTION AND WEIGHT OF CATCHY; HEMLOCK LAKE, 1936

Size

(inches) 9 95 10 11 12 122 133
No. (4April) - - 1 2 5 - -
No. (Mey) 1 2 15 5 2 1 3
No. {June) - - - - - - -
No. (July) - - - - - - -
Noe (Auge) - - - - - - -
NOe (Sept.) - 4 11 - - - -
Vo. Total pi K3 — o7 B 7T b k]
Total weight

(1bs,) 030 2,13 11,07 3429 4,93 81 3,04

1l
L//Comments made under Table 7 apply also here,

A study of the effectiveness of the several kinds of bait which were

used shows that artificial flies and insects were apparently the better

baits. Deta on the baits used and their effectiveness are included in

tables 21 and 22,

Residences of the fishermen in 1835 were not compiled; those who

fished the lake in 1936 were from 10 counties in MNichigan and one was from

New York,



Table 21

EFFECTIVENESS OF BAITS USED, HEMLOCK LAXE, 1935

No. using No. hours Noe fish Fish per Ave, size
Bait bait bait used caught hour of fish
Insects 13 34,450 20 58 8.1
Art, Fly 12 30450 9 30 Ted
Minnows 16 62475 18 29 8.1
Worms 122 343,50 122 33 840
Spinner 5 9425 1 011 745
Table 22
EFFECTIVENESS OF BAITS USED, HEMLOCK LAKE, 1936
No. using No. hours No. fish Fish per Ave, size
Bait bait bait used caught hour of fish
Art., Fly 3 6 5 «83 10
Mimmows 11 40,45 13 032 10,4
Worms 27 9545 15 16 10,49
Flug 1 1 3 3 13,5

Creel Census on South Twin Lake

South Twin Lake was stocked with minnows in the summer of 1935 and
with 100 adult rainbow trout in the fall of the same year, From the time
of the poisoning of the fish in this lake in September 1934 to the time
of this stocking the lake had been without fish,

As shown in Table 23, South Twin Lake yielded 62 trout during the
1936 fishing, it is certain therefore that at least 62 per cent of these
fish had survived end it is probable that the actual percentage of survival
was much higher,

The trout were caught only in the early part of the season (April and
May) and in the last few days of the season (September)., The lake yielded
only about one fish per five hours of fishing. According to Guy Lincoln,

who made the plant, these fish weighed three-fourths of a pound each when

stocked,



The lake attracted fishermen from 14 different counties in Michigan

and from two states (5 from Ohio, 4 from Indiena),

Table 23

YONTHLY ANALYSISQF FISFING ON SOUTH TWINT LAKE, 1936

Noe Yo. T'ishermen Toe No. Ave, Catch Noe Of  Hours
fish- taking no Legai/ hours Size per fish per
or- fish Hour per fish=
men fisher=- erman
Noe. A man
April 25-30 28 19 68 26 T0e0 13,7 0Oe4 0.9 2,5
May 1-30 93 73 78 33 287450 14,0 0,1 0.4 36l
June l-3-5.25 8 8 100 - 20476 - - - 266
July 4-23 6 6 100 - 10,0 - - - 1,7
August § 1 1 100 - 1,25 - - - 1,3
Sept. 6 1l - - 3 De0 1340 0.6 360 540
Total or ave, 137 107 73 [:¥4 394400 1348 00l 045 o9

.}/ All rainbow troute

Creel Census on Pickerel Lake

The census on Pickerel Lake (tables 24 and 25) was doubtless incomplete,

as the census taker was chiefly engaged in checking the fishing on the

trout lakes, but it is thought that the data are more than half complete

for the fishing from the opening day, June 25, until September 7, when the

census was discontimued although fishing was legal through the winter,

Only 123 fish are recorded as having been caught.

the average rate of 037 fish per hour,

These fish were taken at

Yellow perch predominated in the

catch, The information, though incomplete, indicates that fishing in

Pickerel Lake has been poor and that the yield has been low.

determined if possible whether the yield increases considerably after the
fertilizing of this lake (see p.QZVI) has been completeds It is expected

that the creel census on Pickerel Lake will be continued and will cover

all fishing during the coming season,

It will be



Table 24

NONTHLY ANALYSIS OF FISEING ON PICKEREL LAKE, 1936

No. No. fishermen No. Noe. Ave. No. of Catch Hours
fish- taking no legal hours size fish per Br
Date er- fish fis per hour fishe-
men fisher- erman
No. %
man
June 25«30 13 3 23 68 5340 841 542 1,3 4,1
July 36 20 55 46 91,2 846 1,3 045 245
Magust 4 3 75 2 15,5 Te0 065 Cel 369
Sept. 1-7 5 - - 7 11,0 14,4 1.4 0.6 242
Totels or ave, O8 <6 45 125 17067 Beb Zod Oo7 ZeS
Table 25

NUMBER AND AVERAGE SIZE OF FISE TAKEN FROX PICKEREL LAKE,
BY SPECIES, 1936

Brook Yellow Sme.ll-mouthed Bull=

Trout perch Bass heads
Date No, Ave., size No,. Ave. size No. AvVe. Size No. Ave, Size
June 25-30 5 Ded 63 8,0 - - - -
July 1-29 5 11,4 38 8,0 1 10,0 2 12,0
fugust 6=7 = - 2 7.0 - - - -
Sept. 1.7 7 14:.4 - - - - - -
Totels or
averages 17 11,7 103 7o 1 10,0 2 12,0

Creel Census 2£'North Twin Lake

No census wes taken in 193€ on North Twin Lake, but fishing records
for 4 fishermen-days were submitted. The two fishermen (fishing 2 days
each) ceught a total of 21 brook trout averaging 11 1/2 inches in length
end 48 perch averaging 6 1/% inches in length. These €69 fish were taken
in 22 hours of fishing, an average of sbout 3 fish per hour, The informas-

tion is too meager to be of rmmch value,
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Creel Census on the Pigeon River

Incomplete census figures are availeble for & section of the Figeon
River from near the Vanderbilt road (south line of Section 17, Te 32 N,

Re 1 We) to the old forest headquarters site (Section 10), & distance of
about 2 1/2 miles (straight line distence--much longer actual stream
distance). This informetion is included for comparison with information
on the lakes and is shown in the tables below (Tablecs 26-29),

The information on fishing in the Pigeon River indicates however, that
this fishing is not very goode. The census covers only primarily the poor=
est period of the season for trout fishinge. It is probeble that the fish-
ing was very much better in late April and May, also that it wes more in-
tensive at that seasone The river is heavily fished and is fished by
anglers from a wide variety of communities (tables 28 and 29). It is probable
that the river would have been fished even more intensively had not the
trout fishing in the other lakes been developed., The largest number of
resident anglers were from Wayne County., Noneresidents ceme from seven

states and the District of Columbie,

Table 26

MONTELY ANALYSIS OF FISHING ON THE PIGEON RIVER, 1936

Noe. of  No. fishermen Noe To. of  Ave. Noe of Catch Hours
fisher=  taking no legal  hours size fish per per
men fish fishd” per hour fisher-
Noe 7 fisher- men-dey
man
May 3 - - 12 9.0 8.5 4.0 1.3 5.0
June 119 78 66 178 430,425 845 1,5 044 346
July 86 51 59 107 259,50 8e5 1.2 04 360
Auge 62 38 61 79 189,425 8e4 1,3 0.4 Sel
Septe 29 11 38 53 89,0 842 1.8 046 3el
Totals
or averages 299 178 60 429 977,.0 84 1.4 0.4 343

v

377 creek chubs also caught--not included
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Table 27

NUMBER AND AVERACE SIZE OF TROUT CAUGHT IN FIGEON RIVER, BY

SPECIES, 1936

Brook trout Reinbow trout

Date Number Ave, Size Number Ave, Size
May Bel7=<9 11 Beo p ! S0
June 166 85 12 860
July 97 866 10 77
August 75 863 6 Be7
September 4] 8ol 12 8e7
Totals

or Averages 398 844 4] 8.4

1_

3Hf—creck—chubs—elso—carghtwsnot—inctudeod

Table 28

RESIDENCE OF RESIDENT ANGLERS, PIGEON RIVER, 1936

County

Nay

June

July

August

September 1-7

Total

Wayne
Otsego
Cheboygan
Inghem
Genesee
Gratiot
Kent
Oakland
Oceana
St. Joseph
Emmet
Mecosta
Muskegon
Clere
Kalamezoo
Seginaw
Washtenew
Brench
Charlevoix
Monroe
Shiawesses
Bay
Eerrien
Isabells
Jackscn
Macomb
Calhoun
Crawford
Gladwin
Ionia
Midland

™

54
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Table 29

RESIDENCE COF (OUT-OF-STATE ANGLERS, FIGEON RIVER, 1936

State May June July August September Totals
Ohio - 2 8 7 1 18
I¢pinois - 1 4 - 1 6
Indiena - 4 4 2 1 11
California - 1l - - - 1
New Jersey - - - 2 - 2
Kansas - - 1 - - 1
Pernsylvenia - - 1 - - 1
Dist. Col, - - - 2 - 5
Totals - 8 18 13 3 42

Discussion of the Fishing

Prior to 1930 the lakes in the Pigeon River State Forest supported
alwost no angling, but the Pigeon River was more or less heavily fished,
The attempt to improve fishing in the lakes was prompted, partially, by
the apparent over-fishing of the Figeon River in thet section of the
river loceted in the general vicinity of the lakes. A study of the fishe
ing history of the lakes and the river suggests the following points:

l, The Pigeon River in 1936 provided relatively poor fishing dur-
ing much of the season. The average catch of 0.4 trout per hour (average
length 8.4 inches) was much lower than the average catch per hour for
the general area in 1935, According to the 1935 general census (data
for 1936 are not yet available) the catch per hour for trout waters in the
9 northern counties of the Lower Peninsule was 0.9 fish per hour-<double
$hat the catch for the Pigeon River., A catch of 0.8 fish per hour was
reported as average for the entire state., Because of the increased fishe
ing in the Pigeon River State Forest, resulting from the building of
better roads in the area, and perhaps from other causes, improvement of
the fishing in the lakes is especially desirable,

Z2e The three lakes on which fishing information for two seasons

is available (Lost, West Lost and Hemlock) supported 763 fisherman days



=63=

in 1935 and 439 fisherman days in 1936, The other lakes in the area sup-
ported relatively little fishing,

3. These three lakes yielded 875 brook trout in 1935 and only 472 brook
trout in 1936. These figures probably represent well over 50 per cent of
all fish taken from the lakes in the area,

4, The yield of the three lakes declined in 1936 over 1935. Informe-
tion for each year on the catch, the pounds per acre and the average size
of the trout caught, is shown in Table 30. The reason or reasons for the
decline in yield have not been determined; a decline in the food supply as
& result of the very heavy stocking offers one plausible explanation,
Observation fails to indicate however that the forage fish have noticeably

declined since the time of the survey (1931-32),
Table 30

TREND IN THE CATCH AND SIZE OF BROOK TROUT TAKEN IN LOST,

WEST LOST AND HEMIOCK LAKES in 1930-36.

Brook trout Average
Lake Year Number Pounds size
caught per acre (inches)
Lost 1935 461 30.2 8.9
1936 166 11.8 9.3
1935 199 2345 10.5
West Lost 1936 254 22.5 9.4
1935 215 8.0 8.1
Hemlock 1936 52 4.3 10.6

5. Even though the yield from several of the lakes was relatively
good, 58 percent of the fishermen in 1935 and 66 percent in 1936 caught no

fish in the three lakes.

6. Trout were generally caught least readily in midseason, at the
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time when the tourist and resort trade is at its peak. The yield has prob-
ably been greatly increased by having these lakes designated as trout lakes
to permit fishing earlier in the season.

7. No one kind of bait was found to be invariably outstanding in
effectiveness and the general use of any one bait would probably increase the
yield very little if at all.

8. Information on their residence indicates that the anglers came from
many communities, near and far. The economic and recreational value of the
fishing in these lakes cannot be even roughly estimated, but is probably
considerable.

9. Information on one lake containing rainbow trout indicates that this
species in lakes is most readily caught early in the season, as is the brook
trout in lakes,

10. The census indicates that the attempts at managing the lakes in the
Pigeon River State Forest, though incomplete, have decidedly improved the

* fishing in these lakes.
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_A STUDY OF THE PERCH POPULATIONS IN THREE LAKES OF THE PIGEON RIVER

STATE FOHEST

The fish that were removed from three of the lakes in the Pigeon
River State Porest, when it became evident that good fishing could not be
expected in these lakes without some drastic change in the fish populations
or in the fish environment, were collected for laboratory study. Since the

populations consisted almost entirely of perch (Perca flavescens), the

study centered on this species. The few species other than perch enter
into the discussions but were not studied in detail.

The populations which were studied were all taken in September, from
South Twin Lake in 1934, from Ford Lake in 1936 and from Section 4 Laks in
1935, All were removed after being poisoned with powdered derris root (5
percent rotenone content). In two lakes the recovery was facilitated by
discharging dynamite after the poisoning.

Studies of 8ish populations have been many and varied but actual
studies of totzl populations seem to have been relatively few. Nost notable
of recent studies of total fish pupulations in America are prehaps the
studies in Illinois by D. H. Thompson (unpublished) and in Lake Jesse, Nova
Scotia, by Smith (1936). 1In Illinois the populations are being determined
by fin clipping; the fish studied by Smith were killed by use of copper
sulphate. The lake studied by Smith contained both yellow perch and brook
trout, the same two species present in the populations studied by the writer;
Lake Jesse, however, contained also a number of other species. The total
production of fish in Lake Jesse as determined by Smith was 19.8 pounds per
acre.

Biological studies of the American perch have been very numerous but
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many of these deal primarily with the food of the species. These food
studies are summarized by Adems and Hankinson (1928), Studies of the
growth have been made by Harkness (1922) and by Jobes (1933) for perch
in Lake Erie, by Hile (1231) for perch in a number of lskes in northern
Indiana and by Schneberger (1935) for three lakes in northern Wisconsin.
Greeley (1936) has given data on the growth of perch from a number of lakes
in New York, but his material froin any one lake is insufficient to yield
a reliable growth curve. None of these authors studied any entire popu-
lations; their studies were generally limited to at most a few hundred
fish from any one water.

A number of life history studies have also heen made of the closely

related European species Perca fluviatilis. Most noteworthy of these in=-

vestigations, in so far as comparison with the studies on the perch of the
lakes in Pigeon River Forest is concerned, are perhaps the studies of
Jarnq:?elt {(1921) in Tuusulasee, Finland, and the work of Huitfel¥-Kaas
(1927} in Norway. Jarnefelt found the older age groups to be all femsles
but feiled to find an appreciable difference in the growth rate of the sexes.
He found decided differences between the rate of growth of perch from differ-
ent waters. Huitfeldt-Kaas found that the females gre% somewhat more
rapidly than the males and that they grew to a much lager size. He found
that in the older year-classes females predominated and that, in the oldest
year-classes, all perch were females. On the other hand, he found that

the males not infrequently appear to be the more numerous in the youngest

year-classes. The writer's findings on Perca flavescens agree with those

of Huitfeldt-Kaas for Perca fluviatilis.

The writer does not agree with Huitfeldt-Kaas, however, in attributing
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the apparent differences in age of the two sexes as shown by a study of
the scales to the cessation of the growth of the males at a limited size
and their consequent fallure to ﬂﬁ@n annuli. A more plausible explanation
is that the males actually die sooner than females (as in other forms,
humans included)}, on account of the greater visbility of the females
(Geiser, 1924).

The inventory of about 160 lakes in Michigan, and other studies,
indicate that populations of stunted perch are common. The stunting in growth
is at least usually associated with an abundant population. It has been
noted that predators are usually few where stunted perch are especially
abundant. Perch are generally associated with the predacious northern pike,
which under normal conditions especially are prehaps able to hold the perch
in check. There 1is evidence, from reports for Otsego Lake and from the
unpublished creel census of Houghton Lake, that a decline in the catch of
plke tends to be associated with an upward trend in the catch of perch.

The three populations from the Pigeon River Forest Lakes were studied

separately and are discussed separately on the following pages.

The Perch Pogulation‘gg'South Twin Lake

Because the stocking of trout in South Twin Lake was found to be
relatively unsuccessful it was decided to mske an effort to remove all fish
in this lake by poisoning with derris root, and to restock later with trout.
The poisoning was resorted to because of the unsuccessful efforts to materia-
1lly reduce the perch population by setting gill-nets of seven mesh sizes
varying from 1} to 4 inches stretched measure, in this lake for several days,
a few weeks prior to the poisoning and by discharging five sticks of dynamite.
The perch obtained by gill-net and dynamite were placed in one lot (lot 4 of

this study).
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On the morning‘of September 20, 1934, an Institute party consisting
of Milton B. Trautmen and the writer distributed about 48 pounds of powdered
derris root (5% rotenone content) over the surface of the lake. Most of
the poison was spread by pouring an aqueous misture of the poison in the
wake of an outboard motor; the remainder was broadcast by hand. About 8
hours after the poision was distributed, 100 sticks of 40% dynamite were
discharded in deep water (in three lots of approximately 25, 25 and 50
sticks), with the primary purpose of assuring a thorough circulation of
the poision throughout the lake.

The poision had killed a considerable number of fish before the dyna-
mite was discharged. Many of these perch were collected and are included
here as lot 1. Lot 2 was collected on the same day but after the dyna-
miting. Lot 3 was collected on the following day. Most of the fish
which floated, or which sank in shallow water, were recovered. To check
the effectiveness of the poison and dynamite, & gill-net with the same
mesh sizes as the one previously used was set in the lake overnight several
weeks later. Although this net took no fish, a live perch was seen at the
time the net was lifted. Not all of the perch were killed, but the popul-
ation seems to have been effectively destroyed, because further gill-netting
in 1936 yielded no perch, and none were caught since the poisoning in this
lake, on Which a creel census was conducted.

All studies of the perch were made from preserved specimens.

All gerch in all four lots were preserved in 10% formaldehyde and were
later transferred to 70% alcohol. In addition to the perch, a few trout

were taken by netting and two were recovered after poisoning. No other

species were taken or are known to have been present. Data concerning the

trout are not included in this study.
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The entire population was probably not collected for study, because
sore fish presumably died on the bottom in situations from which they could
not rise after decomposition had begun. The fish tended to come tojiﬁrface,
when dying, and wawe action tended to wash the dead fish toward the shore
region where they continued to float, or sank in the shallow water. Most
of the fish that sank in dppper water later rose to the surface. Although
a precise estimate of the percentage of the total population recovered is
not possible, it is‘believed that a relatively large percentage, much more
than half of the population was collected.

The purpose of this study is to describe some of the characteristics
of this population of stunted perch, based on the collection obtained by

the several methods indicated above.

Total Population

The four lots comprised a total of 3,615 perch. In addition, 503 perch
were counted lying on the bottom after the last lot had been rscovered.
A total of 4119 fish are therefore definitely known to have been present in
the lake. This number represents 955 perch per acre. The total population
was probably about 1,000 fish per acre.

The 3,815 perch had s total weight of 109.3 pounds (49,591 grams).
This represents a weight of 25.4 pounds per acre. I1f the S0& perch which
were seen but not collected were of the same average weight they represented
a total of 15.2 pounds, increasing the total weight per acre to about 29
pounds. The weight of the entire population was probably about 30 pounds per
acre.

Size and Age Distribution

Wieight, length and age were determined for all specimens, Both standard
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and total lengths were recorded to the nearest millimeter. The 8ish were
weighed on a Welch balance graduated to tenths of grams. The small fish
were weighed in groups of 2 to 90 fish but all fish older than the TI group
were weighed individually. The length distribution irrespective of age or
sex 13 shown in Table 31, in which the measurements are grouped by 10
millimeter intervals. The pronounced rode at 80-89 mm. suggests that most
of the fish probably belonged to one age group. Another mode at 110-119mm.
suggests the presence of another age category, which proves to consist of
several age groups.
Table 31
SIZE DISTRIBUTION OF ALL PERCH, SEXES COMBINED, BY

10 MM. CLASSES (STANDARD LENGTH)

Size Class Number Per cent of Total
50-59 3 0.1
60=69 0 0.0
70=-79 144 4.0
80-89 2270 62.8
90-99 345 9.5
100-109 112 3.1
110-119 357 9.9
120-129 222 6.1l
130-139 93 2.5
140-149 32 0.9
150-159 18 0.5
160-169 7 0.2
170-179 3 0.1
180-189 3 0.k
190-~199 0 0.0
200-209 0 0.0
210-219 2 0.1
260-269 1 0.0
270=279 1 0.0
280~-289 1 0.0
Total 615 T
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Ages were determined for all of the 3615 fish from an examination
of the scales under a binocular microscope. The annuli were readily
identified in the young fish (I and II groups) but were difficult to
£ind in the scales from some of the older fish, especially in those
from individuals in poor condition, since meny of these emaciated
individuals had apparently partially resorbed portions of their scales.
For some specimens a large number of scales had to be examined before
the age could be determined with any degree of certainty. Even though
the scales were studied carefully, it is possible that the age deter-
minations on some of the older fish were incorrect.

The number of the perch in each age group is shown in Table 32,

The ages indicate the number of winter marks (annuli}. Since most of the
fish were taken on September, the fish were actually almost of not quite
one growing season older than the recorded ages.

Over three-fourths (76.7%) of the fish were in one age group (II).
There were more fish in the ILI and IV groups than in the 6 and I groups.
The only age group represented by a definite mode in the length distribu-
tion is the II group.

In general, after the second year the females grew more rapidly than
the males. In the I group the males were, on the average, longer and
heavier than the females. In the II group the sexes were of about equal
average length and weight and in all groups older than LI the females
wgre decidedly the longer and heavier. A few of the female perch reached
an exceptionally large size. The single perch doubtfully of the VI group
weighed more than 45 average perch in the Il group and almost as much as
18 average sized madke perch from the oldest group of males (IV). In his

study of perch in three northern Wisconsin Lakes, Schneberger {1935)
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found that the females grew much faster than the males in Silver Lake, the
lake with the slowest growing population. This is in accord with data for
South Twin Lake perch. In the two Wisconsin lakes (Weber Lake and Nebish
Lake) where the fish grew more rapidly, the difference in growth rate of

the two sexes was mueh less pronounced.

Table 32

NUMBER OF FEMALE AND MALE PERCH IN EACH AGE
GROUP, AND AVERAGE LENGTH AND WEIGHT OF FISH
IN EACH GROUP

Age group 0 1 II 111 IV v VI? Over VI
Females (1530)
Iot 1l 2 27 607 24 66 13 ces 2
Lot 2 cos ese 284 4 31 3 ces cee
Lot 3 cee aee 320 6 31 2 1 vee
Iot 4 ces el a7 65 13 .o cee 1
Total 2 28 1238 99 141 18 1 3
Kales (2085)
Lot 1 1l 45 638 132 11 cee oo aee
Lot 2 cee 3 497 oe 32 eae coe aes
Lot 3 coe 10 361 108 42 coe . cea
Lot 4 cee 13 40 84 .9 cee cee oo
Total 1l 71 1536 383 94 cas .ee eee
Total (both
sexes) 3 99 2774 482 235 18 1 3
Percent of
total coll. 0.1 2.7 76.7 13.3 6.5 0.5 0.0 .1

Average Standard
length in mm.

Females 44 80.4 87.1 125.0 134.2 169.1 274,0 282.0

Males 43  89.00 84.4 116.0 121.1
Average weight

in grams

Females 2.7 7.7 9.6 30.2 35.3 76.5 445.3 443.3

Males 2.7 113 9.7 21.7 25.0
Average (app.)

Total length in inches

Females 2.1 3.8 4.1 5.9 6.3 7.88 12.49 13.83

Males 2.0 4.2 4.0 5.5 9.7 cne see cae
Average weight

in ounces

Females .09 27 «34 1.07 1.25 2.70 15.73 15.65

Males .09 «40 37 .77 .89 aes cee ces

\}/ 4 number of the reles in the I group showed exceptionslly rerid grovth corpered
1ith ¥ T i

v
with the older fish ard with the scme BL€ Erour,
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A number of the males in the I group showed exceptiomally rapid
growth compared with the older fish and with other members of the same age
group.

The perch of the dominant group (II) averaged only slightly over
four inches in total length, and only a little over a third of an ounce in
weight.

Some of the males in the I group grew very rapidly, compared with
the other fish of the same age and sex. This rapid groﬁth of a few in-
dividuals raised decidedly the average length and weight for this group.
Such unusual growth was evident also in a few perch of the II group but
was not observed in the older fish. Schneberger (1935) noted a similar
rapid growth in some of the young perch of Wisconsin lakes. He stated
that, "In the younger fish (age-groups II and III) cases are found where
the annulus is far from the focus, indicating an extremely rapid growth.
However, this type is rarely found in the older fish, suggesting that the
rapid growers are shorter-lived."

The approximate number and percentage of legal-sized fish in the
South Twin lLake perch population was determined. Since all the perch were
measured after they were preserved, it is iupossible 10 determine exactly
the number of fish of a gziven length because the amount of shrinkage is
not known. XHowever an approximate correction for shrinkaze following
preservation was obtained through the application of the shrinkage factor,
1.016, determined by Van Oosten (1828) for the lake herring. The legal
length for perch in ¥ichigan is 6 inches (152.4 mm.). This figure divided
by the shrinkage factor equals 150 mm. Accordingly all perch with a length

of 150 mm. or more (after preservation) are here considered to have been
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of legal length. The number of perch 150 mm. or more in length, by age and
sex, and the percentge of the fish of each category that were of legal size are
shown in Table 33.

Table 33.

NUMBER, AGE AND SEX OF ALL LEGAL-SIZED PERCH OF
SOUTH TWIN LAKES

Fish 150 mm. or more in total length when preserved are regarded as
having been of legal size. No fish of the O or I groups were that

large.
Age group II Il v v vi? VI
Sex Male Female Male FPemale Male Female Fem. Fem. Fem.
No. of fish
of legal
size 4 1 31 50 19 128 18 1 3
Percent of
all fish in
age group 0.3 8.1 50.1 20.2 $9.4 100 100 100 100

If the allowance for shrinkage was correct, 7 percent of all the fish
collected, or approximately 60 fish per acre, were of legal length. Of the
males only 2.6 percent were that large; of the females, 13 percent were of
legal size. The ratio of legal females to lezal males was approximately
4 to 1 (199 to 54). Since some of these fish had very large heads and were
in poor condition, and since some were parasitized rather heavily, the per-
centage of desirable legal-sized fish in the total population was very smsll,
certainly less than 5 percent.

The perch of South Twin Lake grew ruch mére slowly than those of any
other lake for which the growth of this species has been determined (Table 34).
The slow growth in South Twin Lake contrasts strikingly with the growth of
perch in Lake Erie, as determined by Jobes. In Lake Erie the perch had at-

tained an average size in the II group greater than that of the South Twin



Lake perch in the V group.
Table 34

AVERAGE STANDARD LENGTH IN MIILIMETERS OF PERCH IN VARIOUS AGE
GROUPS FROM SEVERAL LAKES, ALL COLLECTED IN SUMMER

OR FALL.
Investigator and Age Group
year of publica- Lake I II 111 Iv A
tion

Eschmeyer South Twin, Mich, 87 86 118 129 169
Harkness (1922) Lake Erie ess 144 168 187 217
Hile (1931) Q/ Wawasee, Ind. 86 129 167 198 220
Jabes (1933) 2 &/Lake Erie 161 178 198 213 250
Schneberger (1933) ebish, Wis. 124 157 173 209 245
Schneberger (1935) gfieber, Wis. ... 130 158 174 191
Schneberger (1935) Silver, Wis. ses 109 120 145 173

y/nata for 1926, *27, *28 combined.
EV'Data for 1927 and 1928 combined.
5/ Data for 1930, 31, *32 combined.
ﬁ/Data for 1928, '30, '31, *32 combined.

éy/Data for 1928, '30, '31 combined.

Sex Ratio
For the entire population the sex ratio-.was 74 females per 100 males,

a ratio of approximately 3 to 4. The ratios for the different lots were:

Lot 1. (1568 fish). 89 females per 100 males.

Lot 2. (913 fish). 54 females per 100 males.

Lot 3. (88} fish). 69 femmles per 100 males.

Lot 4. (253 fish). 74 females per 100 males.
The ratics vary considerabl; from one lot to another. Incidentally lot 4
the smallest lot, showed a proportion of females to males identical with
the proportion of the two sexes for all lots conbined. It is possible that .
the poisoning was selective for sex, because of differential susceptibility

or more likely of different habitat selection. The females, like those of

Ford Lake (p.117), may well have been schooling separately and in the
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shallow water, so that they were first affected by the poison. The
data suggest that apparently random samples of a perch population may be
inadequate for the determination of a reliable sex ratio.

In this slow=-growing population of perch, the larger fish were pre-
dominately females. All fish with five or more annuli were females. In
the IV group the females predominate, but in the I, IT and III groups the
males were decidedly the more abundant. Apparentiy the females had a
considerably longer life span than the males, a condi@€ion which is cormon
emong fishes and among meny other forms of animal life as well. Geiser
(1924) held that females are inherently better fitted than males to sur-
vive adverse environmental conditions. Schneberger (1935) found the
large perch to be predominately femeles in two of the three Wisconsin
populations examined by him. Three of the four popukations of cisco

(Leucichthys artedi) of northern Wisconsin lakes studied by Hile (1936)

showed a preponderance of females. Hile stated further that "with the
exception of the irregﬁlar data of), Silver lLake the females tend to be-
come relatively more abundant as age increases."

These observations strongly suggest that age composition shoﬁld
be given consideration in determining sex ratios. Had gill-nets.been used
to obtain the sample in South Twin Lake most of the young fish would not
have been captured and females would have been found relatively the more
abundant. The scarity of young fish in Schneberger's samples of perch
from Wisconsin lakes probably accounts for the disagreement between his
data on the sex ratio in the species and those obtained for South Twin
Lake. Schneberger, using specimens caught by gill-nets and hook, found

the ratio of females to males to be 100:128 in Nebish Lake, 100:76 in Weber
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Lake and 100:71 in Silver Lake. The conclusions were based on 355, 407 and
392 fish respectively. Silver Lake, with the greatest concentration of perch
and with the slowest growing perch had the greatest proportion of females
(59% females). It is probable that he would have found decidedly different
sex ratios had he been able to obtain a representative number of the smaller
fish, which no doubt largely escaped his nets and hooks. The fact that

the perch in South Twin Lake were dominately young fish (primarily the II
group) certainly had a bearing on the sex ratio foumd for the fish in that
lake, and on the disagreement between our findings and his.

Condition of Perch}”

The coefficient of condition (K}, an index of relative heaviness, was
5 M
determined for individuel fish. The formula K.W x 10Y , Was meed, where
3
W = weight in grams and L = standard length in millimeters,

Since all of the perch in the age groups 0, I and II were not weighed
individually, the values of K for fish in these age groups are only approx-
imate. The values of K were caloulated individually for all older fish
than those of group II. Table 35 shows the value of K for each age group.

Table 35

AVERAGE VAIUE OF X FOR PERCH IN EACH AGE GROUP;///

Age grouﬁa// I II 11X v v vi? over VI

Females 1.49 1.48 1.51 l.42 1.46 2.17 1.97
Males 1.49 1,51 1.41 1l.41 XXX seee scce

umber of perch in each group shown in Table 32.
0 group not included in this table.

The values of K were identical for the males and females in the I group.

HDiscussions of coefficient of condition and length-weight relationship are
found in papers by Hile (1836) and others,
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In the II group the males were in slightly the better condition but in the
groups older than II the condition of thé females was better then that of
the males. The fish as a whole were in poorést condition in the III and
IV groups.

The distributioms of the individual values of K were determined for
each sex in each age group older than II. Without presentation of the
extensive tabular material it may be stated that for most groups the dis-
tribution is approximately that of a normal curve. In the population as a whole,
the condition varles over a wide range--from a minimum of less than 1.0 to
a maximum of over 2.0.

A comparison of conditions in the South Twin Lake perch with that of
perch in other waters as determined by Schneberger and Hile is presented in
Table 36, The fish from all the lakes were collected in summer or fall. It
will be noted that, with the exception of the II group in Weber Lake, the
condition of perch from South Twin Lake was poorer than that in the other
four lakes, In making comparisons of the K values for South Twin Lake perch
with those of other populations, it should be remembered that all the perch
from South Twin lLake were weighed after preservation. There is a strong
possibility that the Twin Lake perch may have lost weight on preservation
and that the recorded values found for K consequently may be too low. That
fish do lose weight on preservation is indicated by the observations of
Hile (1936) , who found the shrinkage factor for weight of cisco in one lake

(Muskellunge) to be 1.181, in another lake (Clear) to be l.l44.

Table 36

COEFFICIENT OF CONDITION OF PERCH IN SOUTH TWIN LAKE,
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IN THREE WISCONSIN LAKES,

AND IN ONE INDIANA LAKE

Investigator Lake Age Group

I pn i II1 ¥ v
Bschmeyer South Twin 1.49 1.49 1l.43 l.42 1.46
Hile Wawasee, Ind. 1.51 1.63 1.60 1.77 1.70
Schneberger?” Nebish, Wis. 1.67 1.64  1.83  1.72  1.75
Schnebergers” Weber, Wis. 1.65 1l.44 1.54 1.61 1.65
Schneberger® Silver, Wise .sse 1.57 1,60 1,61  1.65

:lzgata for 1926, '27, 28 and 29 combined.
ata for 1930, '3l and *'32 combined.

Head Length

Repeated observations of systematists suggest that, in normally growing
fishes, the head grows more slowly, in proportion, than the body. 1In the
stunted perch of South Twin Lake, however, the head generally grew more
repidly, in proportion, than the body (Table 37).

The South Twin Iake perch appear to be further unusual in the possession
of a head relatively much larger than that ordinarily recorded for the
species. Jordan (1929) stated that the length of the head of perch is con-
tained 3 % times in the standard length. In the perch in South Twin Lake
the head measures about 2.9 times in the standard length.

There seems to be some correlation between the coefficient of condition
and the length of the head (see Table 37). In general, the fish of this
slow growing population in poor condition have relatively the larger heads,

Table 37

LENGTH OF HZAD, MEASURED INTO STANDARD LENGTH, IN PERCH FROM
SOUTH TWIN LARE, COMPARED WITH COEFFICIENT OF CONDITION (K).
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Age group I II 111 IV v vi{  over VI
Females

Number 1l 28 76 78 18 1 3

K 1.49 1l.46 1.51 1l.42 1,46 2.17 1.97

Length of

Head 3.20 3.09 2.84 2.86 2.96 2.96 3.06

Males

Number 13 42 121 5

X 1.49 1.51 1.41 1l.41

Length of

Head 3.11 3.10 2.90 2.78

Because of the relatively large heads in this slow growing population,
it was considered possible that the slow growth itself might be responsible
for these large heads. If ézgé:)were true, the most rapidly growing fish
of an age group might be expected tc have the smallest heads. However, a
study of the head length for 128 specimens of the III group (see below)
indicates that the head length diffeqﬁs little with differences in growth.
The average sizes of heads for fish of different lengths are:

Group Interval Number of Specimens Proportionate
Length of Head

105 = 109 mm,. 6 2.90
110 = 114 mm. 33 2.87
115 - 119 mm, 67 2.86
120 - 124 mm. 25 2.85
1256 -~ 129 mm. 10 2.88
130 - 134 mn . 7 3.11
135 - 139 mm. 2 2.93
140 -~ 144 mm. 3 2.97
Food

No study was made of the abundsnce of food organisms in the lake but the
stomach contents of a number of perch were examined. A considerable proportion
of the larger perch contained smaller perch, most of which were undigested.
They may not normally have been cannibalistic, for it is probable that the

smaller perch, incapacitated by the poison before the large fish were affected,
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were in consequence easily captured by the large individusals. Q:p doubt,
however, the small perch do serve as an important food item for the large
individuals. It is possible that the excellent condition of the larger
females (part of the IV group and all older than IV) is attributable to the
fact that they had survived and grown to a size large enough to permit

them to prey upon the abundant supply of perch of the II groupe.

A stomach analysis of 34 perch of the I group indicates that insect
larvae and nymphs and small crustaceans constituted slmost the entire food
supply. Chironomids and Cladocera were the most common organisms. The
insects included also other Diptera than Chironomidae, Ephemerida, Trichoptera,
Coleoptera and Odonata. The stomachs generally contained relatively little
food but only one of the 34 was completely empty. The individual stomachs
contained either insects gz‘crustaceans; none were found to contain both forms.

Analysis of stomachs of 50 specimens of the II group showed that the
food eaten by this group was essentially the same as that consumed by the fish
of the I group, except that a greater proportion of the stomachs contained
crustaceans. The insects eaten were chiefly immsture Diptera and Ephemerida;

a few Trichoptera were also eaten. The Crustacea were mostly Cladocersa.

Stomachs of 40 fish of the III group were examined. The bulk of the food
consisted of the larvae and nymphs of Diptera, predominantly Chironomidae and
Corethra. Small snails and small clams were eaten to a limited extent, along
with leeches, algae, Trichoptera, Hemiptera and):z;:;;§§2;;: Six of the
stomachs were empty.

The food in the stomachs of 40 fish in the IV group was essentially
similar to that eaten by the specimens of the Iil group. The most important

items were Diptera, chiefly Corethra. Snails, clams, QOdonata, Orthoptersa,
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Coleoptera, Ephemerida, Trichoptera, leeches and crayfish were taken in
very limited quantities.

If the population 1s considered as a whole, it may be stated that at
the time the perch were taken, Diptera constituted the chief food supply
with Chironomids and Corethera apparently constituting the bulk of the
food. In general the stomachs were relatively very small and contained
little food. However, only 13 of the 164 stomachs were entirsely empty.
A scarcity of satisfactory food organisms for perch of intermediate size
probably accounts for the slow growth and poor condition of the fish in
this lake.

Perch Cycle

There is some reason to believe, although the evidence is not con-
clusive, that a definite cycle with respect to age and size composition of the
stock normally occurred in the population. When the fish were killed the 0O
and I groups were very poorly represented, and more than three-=fourths were
of the IIL groupe. It is possible that, because of the paucity of available
food, the perch of the II group subsisted on the young when these were
available. Had the fish not been poisoned most of the II group would possibly
have died of starvation in the following year, although enough adult fish
would probably have survived to assure adequate reproduction. ‘With most of
the predators removed by starvation (as indicated below), a large crop of
young fish would possibly again have resulted. In such a cycle one age
group would be very abundant, would keep down the following two age groups
by eating the young, would die of starvation in its #third year, and in
dying, would make possible the survival of another group. The dominant age

group of perch in South Twin Lake for successive years would then have been:
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11, o, I, 11, 0, I, 1II, 0, I, II, provided the cycle was uniform. The
dominant group would consistently have been under legal size (6 inches).
Mr. Williem Horsell, Superintendent of the Pigeon River State Forest,
wrote that in the eleven years prior to 1935 the perch in S outh Twin Lake
had always been small, six inches or less in length.
Stagyation
A number of factors suggest that a majority of the fish may have
ordinarily died of starvation. Few fish other than young ones were normally
removed by man or by predators since the lake was fished very little and
predators large enough to take the larger fish were absent. Factors al-
ready mentioned which might suggest starvation of a considerable portion
of the population are: (1) a decrease in condition in the III and IV
group combined, (2) the poor condition of the population in general, (3)
an unusually large head, especially in the groups in poorest condition,
(4) small size of the food organisms in the stomachs, a fact that suggests
an apparent scarcity of organisms of a size intermediate between Diptera
and small perch (II group), (5) small amount of food in the stomachs, (6)
apparent resorption of portions of the scales in many of the thinner indivi-
duals, (7} unusually large proportion of relatively young fish (II group)
in the population, despite the fact that cannibalism was probably relative=-
ly common. In the emmciated individuals the gonﬁds were relativel;:zzgll.
Although it cennot be proven definitely that many of the fish normally
died of starvation, and although none of the items mentioned above in itself
proves starvation, the evidence, considered as a whole, strongly suggests
that starvation wax responsible for an early mortality and consequently for

the observed scarcity of old fish.
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Summary

Gill nets, poison and dynamite were employed to reduce in numbers and
if possible to exterminate completely the perch population of South Twin
Lake (0tsego County). Those perch which floated or which sank in shallow
water were recovered and studied. The study showed that: (1) a total of
at least 955 perch per acre, weighing 29 pounds per acre, were present;
(2) seven per cent were legal fish (54 males, 199 females); (3) the fish
grew gquite slowly; (4) over three-fourths of those recovered belonged to
age group II; (5) the proportion of females to males in the entire population
was 74 to 100; (6) the young fish were dominatly males, the-older ones
dominantly females; (7) all fish over four winters old were females; (8)
in general the fish were in poor condition; (9) they had unusually large
heads; (10) the fish varied widely in condition; (11) Diptera constituted
the primary food item of the fish; (12) there was possibly a definite cycle
with the dominant age-group always of less than legal size; (13) there is
some evidence to suggest that most of the fish normally died of starvation

after their third summer.
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The Perch Population of Ford Lake

Ford Lake was fished heavily with gill-nets in 1934 to reduce the
population of fish present, because it was hoped that, with a decided reduction
in the population, the fish might grow more repidly and might reach a larger
size. Because this action met with indifferent success, it was decided to
remove the existing population by poisoning and dynamiting, and this was
done in September, 1938. The fish obtained each year were studied.

Because the water level had lowered considerably since the time of the
1932 survey, Ford lLake was resurveyed late in 1936 by Mr. T. B. Schwerdt,
Project Superintendent of Camp Vanderbilt. The area of 10.86 acres as deter-
mined by this survey was used in calculating the number and weight of fish
per acre.

Fish Taken in 1934

A total of 1,137 perch and 15 brook trout were taken in two experimental
gill—nets}/;ZShed continuously over the period from July 23 to July 30, 1934.
The trout were not preserved or measured, but their average total length was
estimated to be 6 to 7 inches. Some of the perch were discarded, but a ran-
dom sample of 602 specimens was preserved in a 10% solution of formalin.

Sex determinations were made of all the preserved fish. Determinations
of weight, length and age were made for a random sample of 100 individuals.
The average standard length and average total length in millimeters, the
average weight in grams and the average coefficient of condition (K)g/;f each

age group in each sex are shown in Table 38.

:ijéép sizes of mesh (stretched measure) in each net varied from % to 4 inches.

See page 7 a
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Table 38
THE CHARACTERISTICS OF THE PERCH POPULATION QOF FORD LAKE

The average standard length in millimeters, average total

length in inches, the average weight in grams, and average

coefficient of condition (K) are given for a random sample

of male and femsle perch of different ages, all taken by
gill-nets in July, 1934

Age No. of Av. Standard Av. total Av. Wt. Av.
Group Specimens length (mm.) length (grams) K
(inches)
II 19 113 5.3 24 1.67
Females III 27 115 5.4 26 1l.68
Iv 7 123 5.8 31 1.65
Total or
Average 53 115 5.4 26 1.67
I 1 108 5.2 22 1.7
Males II 19 110 5.2 23 1,70
III 27 111 5.2 22 1,62
Total or
Average 47 111 Se2 22 1.65

If the 100 specimens constituted a representative sample of all the
perch taken in the gill-nets, the following conclusions may be made regarding
the perch population of Ford Lake as it existed in 1934:

Sex: The two sexes were about equally represented, 0f the 602 specimens,
298 were females, 304 were males.,

Growth: The femmles grew more rapidly than the males. In all age groups

with the possible exception of group I, the fish of both sexes had a very

slow growth (see Table 38) . The growth zones of the scales of all age

2
Bee=p+—94.
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groups indicated that growth was moderately good during the first year and
generally during the second year. After the second year the annual growth
increments were small. It is probable that this change in growth resulted
from a lack of food of a size suitable for larger perch.

Weight: The perch had an average weight of 24 grams or slightly less
than one ounce (entire sample of 100 fish).

Condition: Despite their slow growth, the perch were in relatively
good condition. In general condition differed little with either sex or age.

Length of Life: The sample suggests that the females tend to live

longer than the males, Seven of the 53 females werse of the IV group, but
the oldest of the males were the III-group fish. This sex difference in
longevity is in accord with findings of other studies of perch.

Total Weight of Sample: If the average weight of these perch was

assumed to be 24 grams, the number removed (1,137) had a total weight of
27,288 grams (60.2pounds) or a weight per acre of 2,560 grams (5.8 pounds).
The ratio of trout to perch in 1934 (15:1137) was approximately 1:76.
The removal of the fish in 1936 indicated a total population of approximately
5,000 perch at that time. If about the same number were present in 1933,
the ratio of trout to perch irmediately after the planting of 500 trout in
1933 was about 1:10. Apparently the number of trout in the population had
declined very materially between 1933 and 1934, unless the difference in
the two ratios (1:76 and 1:10) was due to net selectivity.
Gill-nets were fished in 1934 in an effort to reduce the population
since there appeared to be a scarcity of food for the number of perch present,
especially food of intermediate or large size (minnows). The perch removed

in 1934 represented approximately 24% of the perch recovered in 1936. It

was impossible to determine what percentage of the fish present in 1934



had been removed.

Rot only was the food per fish increassed by the removal of some of
the perch, but a total of about 15,500 forage fish was planted in July,
1934, These fish were taken from a small stream where it had been im-
pounded by beaver. Most of them were northern dace (Chrosomus eos}),

although limited numbers of fathead minnows (Pimiphales promelas),

sticklebacks (Eucalia inconstans), mud minnows (Umbra limi) and perhaps a

few fish of other species were also included.

Fish Taken in 1936

On the morning of September 9, 1936, Mr. W. F. Carbine and the writer,
assisted by men from Camp Vanderbilt, poisoned the waters of Ford Lake with
200 pounds of powdered derris root (5% retenone content). On the afternoon
of the same day recovery of the dead fish was facilitated by discharging
500 sticks of dynamite in the water (¥igs.7 and 3/). The fish began to die
within about an hour after the poisoning. The collection of these dead
fish was started lmmediately and was continued for three days. All fish
seen were collected, except 183 perch found on the third day along the shore,
in semi-~decomposed condition.

It is probable that all of the fish were killed, and it is also probable
that almost all of the perch were either collected or counted. In two other
lakes where weaker concentrations of derris root had been used, the entire
perch population had apparently been destroyed. Nets set in these lakes in
1936 failed to produce fish. How many dead fish remained in deep water in
Ford ILeke is not known, but ¢over that part of the bottom which could be seen

from a boat (about & third of the entire bottom) no dead perch were seen

three days after the poisoﬂing, other than the 183 specimens mentioned above.

The evidence, therefore, though not conclusive, suggests that all fish were
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killed and that almost all of the perch were definitely accounted for.

Total Fish Population

0f the perch collected, 3,?62{:;:2preserved in a 10 percent solution
of formalin and 1,055 were discarded. At least 4,817 perch are therefore
definitely known to have been present. Computations based on the average
weight of 1,050 specimens taken at random give an estimated weight of 347
pounds for the total perch population, or about 33 pounds per acre.

A total of 24 rainbow trout and 1 brown trout were preserved and 2
trout (partially decomposed) were discarded. These trout had a combined
weight of 7 pounds (provided the 2 trout discarded were of average weight).

Dead minnows lined the shore, especially along the wave swept side.
On two representative 10 foot sections of shoreline, the dead minnows were
counted by Dr. A. S. H Bhzzard and Mr. Carbine. According to the counts
made, the lake shore contained 15.3 minnows per linear foot of shore line.
Since it has an area of 10.66 acres and is nearly circular, Ford Lake hag
a shoreline of approximately 2400 feet. The lake therefore contained
approximately 36,700 minnows. Weight determinationa of 61 minnows gave an
average weight of about 2 grams. The minnows, therefore, weighed approximately
73,400 grams or 162 pounds. The weight of minnows per acre was about 15
pounds.

The total fish population of Ford lLake in 1936 therefore weighed about
516 pounds, or about 50 pounds of fish per acre.

The first important evidence obtainéd from the collections was that
the plantings of trout in Ford Lake were not very successful. A total of
8,000 trout had been planted since 1933, but only 28 were recovered in 1936

4and 15 in 1934). Relatively few had been removed by fishermen. Some of

the trout may have remained on the bottom at the time of the poisoning, but
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- 1t seems safe to conclude that the survival from trout plantings in the

lake was very poor. The few trout which were recovered were in relatively
poor condition. At the time the minnows were stocked {in 1934), it was

not expected that any of the species would become established because of

the apparently unfavorsble balance between fish and food. It was assumed
the the minnows would soon be eaten by the perch. The minnows did serve as
a food item for the perch, but apparently enough survived for them to become
definitely established. All species except sticklebacks known to have been stocked
in 1934 were found in 1936. The number of minnows had apparently doubled in
the two years.

The large number of perch in the collection made the use of samples
advisable. Sex dterminations were made for all of the 3,762 preserved perch,
but the data on length and weight are based on three samples of 350 fish
each, taken at random. The close similarity of the data obtalned from each
of these three samples (Table 39 and Graphs 1 and 2) demonstrates that the
results obtained from their combination (1,050 fish) may be considered
representative for the entire population. In further discussions of leng&Q
snd weight it is assumed that the averages for the 3 samples (845 males and
205 females) represent the averages of the entire population. The error
which might be involved in using these samples rasther than the entire popula-

tions is obviously small.
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Table 39
LENGTH AND WEIGHT OF PERCH TAKEN FROM FORD LAKE IN 1936
Averase standard length (in millimeters) and average
weight (in grems) for three random samples of male perch

and three random samples of female perch and for com-
binations of the three samples (845 males, 205 femmles).

Ave. Standard Ave. Weight
Length (mm.) {erams) —
Females
Sample 1 129.2 38.9
Sample 2 127.5 37.7
Semple 3 126.5 39.1
Combination of
3 samples 127.7 38.6
Males
Sample 1 114.6 29.3
Sample 3 115.1 32.4
Combination of
3 samples 114.7 3046

Size Distribution

The length distribution for each sex is shown in Graphs 1 and 2 and
in Table 40, The distributions of both male and female perch approached
a normal curve. The distribution fails to indicate more than one age
group except for the faint suggestion of a second group of males (at 71-
80 millimeters). On the average, the females were 13 millimeters longer

than the males.
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Table 40

LENGTH DISTRIBUTION OF 845 I'ALE PERCH AND 205 FRMALE
PERCH TAKEN IN FORD LAKE IN 1936

Standard
length Females Males
{(Millimeters) Number Percent of Number Percent of
Total Total
71 - 75 eee ees 2 0.2
76 - 80 aen o0 2 0.2
81 - 85 s LY se0 ses
86 - 90 ses cee 1 0.1
gl" 95 es e eos e ®ee as e
96 - 100 - cee cen 4 0.5
101 - 105 cae ere 12 l.4
106 - 110 2 1.0 150 17.8
111 - 115 2 1.0 319 37.8
116 - 120 32 15.6 245 29.0
121 - 125 47 22,9 81 9.6
126 - 130 57 27.8 24 2.8
131 - 135 39 19.0 4 0.5
136 - 140 13 6.3 1 0.1l
141 - 145 3.9 eoe see
146 - 150 2 1.0 cee cee
151 - 155 2 1.0 soe s 00
156 - 160 e o0 se ee o
161 - 165 1 005 bose se e
Total 205 100.0 845 100.0
Average Standard
Length 127.7 M. ees 114.7 mm. ace

Age Determinations
An effort was made to determine the ages of the 1,050 fish contained
in the three samples of the 1936 collection. For an unknown reason the
annuli beyond the second year were very difficult, often impossible, to
locate with certainty. The annuli were more easily located on the perch
taken from Ford Lake in 1934 than on those taken from the same lake in
1936. After repeated efforts the attempt to determine the ages for the

1936 samples was abandoned except for approximately 150 specimens. Even
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on these it is not certain that the annuli were invariably counted correctly.
The size, weight and condition for these fish as determined for the different
age groups are shown in Table 4l.

Table 41

LENGTH, WEIGHT AND CONDITION OF PERCH TAKEN IN FORD
LAKE IN 1936.

The values are given by sex and age for 149 specimens.

. No. of Av. stand~ Av. total Av. Av,

Sex Age Group speci- dard length weight K

mens length (inches) (gr.)
(rm.)

I1 1l 118 5.51 37.8 2.42
Female IIT 21 127 5.96 37.0 1.83
IV 4 130 6.14 41.1 1.88
v 1 131 6.30 41.7 1.85
Total or av, 27 127 5.98 37.8 1.86
0 1 20 4.06 14.0 1,92
Male I 1 111 54,31 32.9 2e41
11 7 113 De35 29.2 2,00
III 90 116 5,51 32.7 2.08
Iv 23 119 5.683 35.3 2.11
Total or Av, 122 116 5.91 32.8 2.07

The position of the first two annuli showed that the growth was reason-
ably good during the first year and, in most individuals, during the second
Year, but was very poor in all succeeding years. The data on age groups II,
IITI, and IV (Table 41) suggest that the females grew more rapidly than the
males. Fish of the III group apparently predominated, although fish of the

IV group were farily well represented. Young fish (0,I and II groups) were

scarce.

The approximate number of legal-sized perch of each sex was determined .
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As for South Twin Lsake (see p.,gg), all specimens 150 mm. long or longer
were assumed to have been of legal size (6 inches or more). Of the 845
males exsmined, 44 (5.2%) were thus indicated to have been of legal size,
and 140 (68.3%) of the 205 females were computed to have been of legal
size. Since the entire population of 4,817 perch (sexes were determined
for 3,762 fish) was estimated to contain 3,572 males and 1,245 females,
the total number of legal fish in the lake was approximately 186 males
and 850 females, The ratio of females t0 meles in the lake was approximately
1:3, but the ratio of legal females to legal males was over 4:1. The only
sex and age groups whose average lengths were above the 6 inch legal limit
were the IV and V group females.

It might be argued that the lake contained more males than females
because few legal males were taken by the fishermen while & majority of
the females were of legal length. The lake was fished so little, however,
that this argument does not hold,

Sex Ratio

In the perch taken by gill nets in 1934, the two sexes were about
equally divided. Nets, as stated earlier, were again set in Ford Lake just
before the poisoning in 1936 and were lifted immediately after the poisoning
operations had been completed. The fish taken in the nets were inadvertently
placed with the dead fish collected and consequently the sex ratio of the
gill-net sample could not be determined. It was noted later, however, that
of those fish having gill net marks about half were females. It may be
stated with assurance that the gill-nets were highly selective with respect
to the sexes, probably because most of the males were too small to be
caught in the nets.

The 3,762 perch which were preserved comprised 2,791 males and 971
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females., There were 34.8 females per 100 males, or approxmately a 1:3
ratio. A fourth of the perch (25.8 per cent) were females.
Food

No study was made of the food available for the fish, but the stomach
contents of 100 males and 100 females, taken at random, were examined. This
study was especially interesting because it show a difference in the food
of the two sexes.

A fourth (25) of the stomachs from females contained minnows, which
were in various stages of digestion, indicating that many were eaten before
the poisoning. The stomach of one female contained a partially digested
perch. Eight of the stomachs from females contained a half dozen or more
winged ants. It is probable that a flight of these ants had crossed the
lake at some time just before the poisoning and that ants, as food, were
not ordinarily available in abundance. Twenty=four stomachs contained
Corethra (mostly larvae) and 22 contained chironomid larvae. Other food
organisms including Ephemeridae, Amphipoda, Odonata, Coleoptera, Phyllopoda
and Trichoptera were present in relatively insignificant quantities.
Seventeen stomachs were empty.

Of the 100 stomachs from males, only 3 contained minnows and one con-
tained several ants., Corethra were present in 31 stomachs and Chironomidae
in 14. Odonata, Ephemeridae, Phyllopoda, Amphipoda and Cladocera were
present in a very few stomachs. Over a third (36) of the stomachs werse
empty. Since death by poisoning is relatively rapid, it is possible that
the proportion of empty stomachs was representative of normal conditions.

It may be stated that minnows constituted the chief food of the females

and that Corethra larvae were the chief food wmere ef the males. ZEarlier in
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the summer, when the young minnows were smaller, they may have also served
as an important food organism for the male perch. The decided increase from
1934 to 1936 in the coefficient of condition, from 1.87 to 1.86 for females
and 1.85 to 2.07 for males, and the slight inecrease in growth in 1936 over
1934 (Tables 38 and 41) may have resulted from the introduction of minnows
in 1934 or from reduction in population by netting.

Distribution of the Sexes Within the Lake

The Institute's laske survey parties have frequently observed that perch
removed from single nets were primarily of one sex. Often catches of 50 or
more were all of one sex. Since the sexes have different rates of growth,
the dominance of one sex in the net may depend, partially, on net selectivity.
It has been noted, however, that even in line fishing the fish taken may be
primarily of only one sex. It would seem therefore that, to some sxtent at
least, the two sexes tend to school separately. Since such schooling
appears to take place during all or most of the summer, it apparently is
not connected with spawning. The food study offers further evidence of the
schooling in separate sexes of the perch in Ford Leke, and givem a plausible
reason for such segregation. The minnows were apparently normally in
shallow water and the ants were apparently floating on the surface. Since
these two food items were prominent in the stomschs of the females, it
appears probable that many of the females were feeding in shallow water. The

males, on the contrary, were apparently in deeper water where they fed

primarily on midge larvae. In Ford lake, at least, a difference in the
distribution of the two sexes can be explained on the basis of the differences
in distribution of their favorite food organism. Differences in growth rate
of the sexes may therefore account for differences in feeding habits of fish

of the same age. Whether similar situations are to be found in other perch
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populations remains to be determined.

The Perch Population of Section 4 Lake

On September 19, 1935 Dr. A. S. Hazzard and the writer distributed
approximately 75 pounds of powdered derris root (5% rotenone content)
over the lake. The first dying fish were observed one and one half hours
after the initroduction of the poison. Collection of the dead fish was
begun immediately and continued, at intervals, for the next 50 hours.
Dead perch were still coming to the surface when the party left. Nets set
in this lake a year later (September, 1936) produced no perch. It seems,
therefore, that all perch were killed, but not all were collected.

Total Population

A total of 1,736 perch (526 per acre) were recovered. These fish had
a combined weight of 76.36 pounds or a weight per acre of 23.1 pounds.
The actual number and weight of the fish present were, of course, in excess
of these figures.

Size and Age Diatribution

All perch recovered were measured to the nearest millimetpr and weighed
to the nearest tenth-gram after several months' preservation (first in 10
percent formalin and later in 70 percent alecohol). The O group fish were
weighed in lots of 20«50 each; all other fish were weighed individually.
The length distribution, by centimeter groups, is shown in Table 42. No
really large perch were taken, The data suggest the presence of at lasast
two age groups. The ages of approximately half of the samples were deter-
mined@ by a study of the scales. Many of the (0 and II) perch could be placed
in their respective age groups without examination of the scales; this method
was used for about half of this number. If any error was involved in this

method, it was slight, for subsequent scale examination proved the ages
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estimated for several hundred fish to be correct.

In contrast with the perch from South Twin Lake and Ford Lake, most of
the fish in Section 4 Lake (Table 42) were young fish. The II group, which
was represented by 957 specimens, comprised over half the fish taken, but
both the O group and the I group were also well represented. Only age groups
III and IV, represented by a total of 101 specimens, averaged of legal size
(8 inches).

The females were larger than the males in all except the O group, in
which the males were the larger. The young fish were dominantly males, but
the fish of the III group were 87 per cent females and all fish in the IV
group were females, Most of the legal-sized fish were females,

Table 42

LENGTH DISTRIBUTION OF PERCH FROM SECTION 4 LAKE
BY MILLIMETER INTERVALS

The dotted line represents, approximately, the
dividing line between undersized and legal-sized fish.

Standard Length

M. Females Meales Both Sexes
49.5 - 59.5 l e e 1
59.5 - 89,5 40 51 91
69.8 = 79,5 142 180 322
79,5 = 89,5 Q i 25 34
89.5 - 99.0 18 72 20
9945 = 109.5 50 200 250
109,5 -~ 119,95 83 539 592
119,55 = 129,05 124 122 246
129.5 « 139,95 60 : 12 78
139,5 =« 149.5 26 1l 27
149.5 - 159.5 ? ess ?
159.5 « 169.5 3 see 3
169,5 = 179,5 1 eve 1

Total 534 1,202 1,736
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Table 43

NUMBER OF FEMALE; AND MAIR PERCH IN EACH YEAR GROUP, AND
AVERAGE LENGTH, WEIGHT AND COMDITION OF FISH IN EACH

GROUPL
Age Group

Item 0 I 11 I11 v
Number of fish:

Females 192 82 171 82 7

Males 255 149 786 12 s

Total (both sexes) 447 231 957 94 7
Average standard length (mm.)

Females 72.8 104.7 123.5 136,98 157.9

Males 76.5 100,0 115.2 131.3 see
Average Weight (grams):

Females 6.2 17.2 2846 41.0 63,1

Males 6.0 15.8 24.3 54.4 LA ]
Average Total length

(inches, approximate):

Femsales 3¢D 4,9 508 605 7.4

Males 3.6 4.8 5.4 6.2 e
Average weight (ounces):

Females 0.2 0.6 1.0 l.4 2.2

Males 0.2 0.58 0.9 1.2 cee
Averaze value of K:

Females 1.66 1.53 1l.54 1.59 1.60

Males 1.36 1.83 1.60 1.58 cave

3/Since these fish were taken in mid-3eptember, they were actually almost one
growing season older than the figures (annuli) indicate.

Sex Ratio

The ratio of males to females was 100:44, more than 2:1, This predominance
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of males cannot be attributed to the fact that most of the legal perch were
females and therefore more subject to capture by fishermen, because the lake
was fished very little.

Condition of Perch

The perch of all age groups were in fair condition except that the males
in the O group were relatively slender. In general the coefficient of condition
(K) differed little between the several age groups. The females tended to
improve & slightly in condition after the first year, but the averages of K
for males decreased slightly with increase in age.

gpnp}u§;gp§ Regardigé the Three Perch

Pogulations

All three populations which were studied were removed in September, one
each year in 1934, 1935 and 1936. Derris root was used to poison the fish in
all three lskes and dynamite was used after the poisoning in two of them.

Total Populations

The fish of the two lakes which were both polisoned and dynamited were
probably almost all collected or seen., The population was approximately 30
pounds per acre in the lake with very little shoal (South Twin}, and about 50
pounds per acre in the lake (Ford Lake) with extensive shoal. The numbers of
perch actually accounted for varied from 452 per acre in Ford Lake to 955 per
acre in South Twin Lake.

Size and Age Distribution

The perch grew slowly in all three lakes, Their growth, except for the
first year, was slower than the growth of perch for other waters as determined
by Harkness (1922), Hile (1931), Jobes (1933) and Schneberger (1935). Since

the other authors removed only a portion of the fish, data on comparative
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population densities are not available, It seems probable, however, that
the populations from the three lakes in the Pigeon River State Forest were
rore dense than were the populations in the other lakes studied.

From a fishing standpoint, all three lakes were of little value. Some
of the perch in each lake (5.8 per cent in Section 4 Lake to 21.5 per cent
in Ford Lake) were of legal size (6 inches) but very few had a length of 7
inches.

In two of the three lakes the young age groups (0 and I) were almost
entirely absent. It is possible that most of the young percl of those lakes
had been eaten by the larger fish.

In all three lakes the females grew more rapldly than the males. The
females also tended to live longer than the males. The oldest fish were ine
variably females.

In general, the perch grew very slowly after their first or second year
of life. This slow growth is attributed to § scarcity of food organisms of
moderate size (except in Ford Lake in 1936).

Sex Ratio

Males predominated in all three perch populations. The ratios of males
to females for each lake were: South Twin Lake 100:74, Section 4 Lake 100:44,
and Ford Lake 100:35., The reason for the differences in the sex ratio in the
different lakes has not been found. It cannot be attributed to the selective
capture of females in sport fishing since all of the lakes were fished very
little. The lake with the fish in poorest condition had twice as many females
per 100 males as the lake containing perch in the best condition; The greater
viability of the females in the face of adverse conditions (Geiser, 1924)
would explain this difference. The predominance of males suggests that, in

the early stages, the females tended to suffer a much grester morality than
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the males unless, of c¢ourse, the sexes were not equally represented in the
fish immediately after hatching. In later years, however, the mortality of
males exceeds that of the females.

Condition and Growth

The perch in South Twin Lake were in very poor condition; those in
Ford Lake were in excellent condition, though of slow growth. The average
value of K for Section 4 Lake perch was intermediate. Since all three
populations grew slowly, the condition of these fish was not definitely
correlated with their rate of growth. Apparently the fact that a fish is in

good condition is not an indication that it is also growing rapidly.
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SUMMARY AND CONCLUSIONS

l. A preliminary physical, chemical and biological surgey was made of
13 lakes in the Pigeon River State Forest, in Otsego, Cheboygan and
Montmorency counties, Michigan.

2. It was found that the lakes varied widely in characteristics but
that 9 of the lakes were similar to the extent of being pit or "pot-hole"
lakes.

3. The fish fauna was found to be extremely limited with respect to
specles, No fish were found in two lakes, only one species was taken in
six lakes (stocked species not included), 2 species were taken on one
lake, and 6, 7, 8 and 10 species respectively were found present in the
other four lakes. The lakes with more than 2 species all had outlets,

4, The preliminary inventory was followed, in most of the lakes, by
experimental fish management. The management differed in kind and amount
in the different lakes.

5. Management of the 4 pit lakes in which only forage fish had been
found by the survey consisted primarily of stocking with brook trout.
Similar management of 4 other pit lakes which were found to contain an
abundance of small stunted perch failed to produce satisfactory fishing.
The fish in three of these lakes were removed by poisoning (with rotenone)
and were later stocked with trout or grayling (two with adult rainbow trout,
one with Montana grayling). The fourth was enriched with cormercial
fertilizer.

Two lakes were stocked with bluegills. One lake was "improved" by an
increase in shelter, installation of bass spawning beds, planting of

vegetation and fertilizing with commercial fertilizer,
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6., The yield of these lakes was very decidedly increased by the
management practices,

7. Complete records of the fishing on 3 lakes were obtained for
two consecutive seasons with the help of two C.C.C. camps located in the
area, One year fishing records were also obtained for two lakes. Information
on the fishing on each lske, by months, includes data on the number of
fishermen, the average catch per hour and per angler, the average size of
the fish caught, the yield per acre in pounds and in number of fish, the
effectiveness of each kind of bait used and the residence of each angler.

8. On several of the trout lakes the yleld tended to decline sven
though these lakes were heavily stocked with young brook trout. The
reason for this decline was not definitely determined; the drop in the
catch may have been due to a decrease in the food and may have been
augnented by the exceptionally heavy stocking.

8¢ The perch populations which were removed from three lakes by
poisoning were collected and studied in detail.

10, Of the two lakes in which the fish were both poisoned and dynamited
and from which almost all of the fish were apparently recovered for study,
the one with little shoal had supported about 30 pounds of fish per acre;
the lake with extensive shoals yielded about 50 pounds of fish per acre.

1ll. The perclp grew very slowly in each of the three lakes, more slowly
than the perch of other waters, studied by several authors.

12, The evidence suggests that in South Twin Lake the fish normally
died of starvation before they reached legal size (6 inches). This lake

supported at lsast 955 perch per acre.

13. 1In all three lakes male perch were more abundant than the femsales,

The sex ratio varied from 100 males to 74 females in South Twin Leke to 100
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males per 34 females in Ford Lake.

14, The females perch grew more repidly than the males in all three
of the lakes.

15, The oldest age group of perch in each lake was composed entirely
of females, indicating that the female perch definitely live longer than
the males.

16, It was found that the rate of growth was not correlated with the
condition of the fish. Perch which were in excellent condition nevertheless
grew very slowlye

17, All three chief phases of fish management were applied, Stocking
was used extensively and successfully. Legal restrictions were altered to
inerease the yield, by permitting fishing in late spring and early surmer.
In several of the waters, environmental improvement work was carried out.

18, In view of the fact that fish management must be continuous to
be effbctive, a continuation of the studies on the laskes in the Pigeon

River State Forest is contemplated.
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Figures 1l to 19 are maps of the various lakes and are prepared
from information gathered by the lake survey party in 1931 and
1932, Two maps, those of Dog Leke and Hardwood Leke, are omitted
because of their large size and because of the relative insignifi-
cance of these two lakes in the text. The maps included are:

Fige
Fige
Fige
Fige
Fige
Fige
Fige
Fige

Fige

11,
12,
13.
14,
15,
16,
17,
18,

19,

Grass Leke and Devil!'s Soup Bowl
Two=Acre Lake

Pickerel Leke

Ford Leke

Hemlock Leke

Lost Leke

West Lost Lake

Section 4 Lake

North Twin lLake and South Twin Leke






























Figures 20 to 25 include
the set of survey cards for
Lost Lake, Similar cards

were prepared for each lske,
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Prepared for the Fish Division
Michigan Department of Conservation

LAKE SURVEY—SUMMARY CARD

By the Institute for Fisheries Research
Uaiversity of Michigan

1. County Otsego Coe Township Corwith T. & R 32 N, R1W Sec. 2 and 3
2. NAME of ke  Lost Lake
3. ACCESSIBILITY  Poor Nearest R. R. Station Distance miles
4. How reached by road (give distances)
5 Condition of side road Sand trails. Fair
6. TRIBUTARY TQ (immediate and main drainage)
7. Prevailing fish in immediate drainage below
5. WATER SUPPLY No inlet, This is a pot-hole.
9, Fluctuations in level Almost none, if anve
10. POLLUTION  Take is very cleare. No signs of polluticn founde
11. DAM in outlet? No Owner - Use -
Head - Effect on level - Passable for fish? -
12. Immediaie SHORE  Very steep sides, 50-75 ft. high,
13. Suwounding COUNTRY  Second growth timber,
14. USE OF WATER Degree fished Jow fished extensively. Fished very little until recentlye.
15. Ownership No State property Public fishing permitted
6. Boating None
17, Swimming Tone
18. Recreational dev. None
15, Other uses None
20. TEMPERATURE—Suriace High Thermocline Pregsent gt 15=20 fte Decp-water  O39te cold

21. WATER--Degree roughened by storms

Almost none

Color Very clear blue

Tubidity pxceptionally claar

22, Hardness Moderately hard Alkalinity oyite alkaline €0 None found, except ot
23. Osyeen Puite high, except at very bottom, (very bottome

2. SIZE—Acres 446 lensh] ake alrost perfectly round Wi

25, FORM AND DEPTH—Shaals Quite narrow Width of Shoal—Min. 10t Max. 30t Ave. 1520 fto

26. Drop-of  Cuite near shore

27. Decp-water

Slee_ Quite steepe Over 45 degree angle,

Maximum depth 1548 meters

Average depth sbout 40 ft,
28, BOTTOM—Shoals and slope marl

Deep-walter

Marl with some pulpy peste.

29, COVER

Quite a few tree trunks and spags in The water,

Form 3088 11-32 300

OVER



Lake Survey Summary Card (con.)

30.

VEGETATION—shost  Fairly abundent. Chiefly muskgrass and pond lilies,

sipe Fairly abundant, Chiefly muskgrass Deep-water — None

31.

NATURAL FOOD  Minnows quite common, Some aguatic insects present,

32.

SPAWNING GROUNDS  Nome found, Wot suited for trout spswning,

33.

PREDATORS None seen. Evidently very few

34,

FISHING—General reputation  EXcollent trout fishing during last season,.

35.

History of fishing  Fished Very little until last season, Then fished quite intensively for trout.

36.

SPECIES OF FISH—Game fish Large brook trout, 10=15 inches long, quite commons

These are excellent

trout with very pink flesh. WNo small trout seen or taken in small mesh net,
37. Coarse fish none
38. QObnoxious fish none

39,

Forage fish, ete. Quite & few minmows seen. Seining from shore impossible.

A few were teken from ==

boat, all fat-headed minnows,

CONTINUATIONS (use item numbers):

Prepared by Escl‘uneyer

Date Aug, 18, 1931
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Prepared for the Fish Division FISH MANAGEMENT By the Institute for Fisheries Research

Michigan Department of Conservation PROPOSALS FOR LAKES University of Michigan
1. County Otsego Township Corwith T. & R. T 32 IL R l w Sec. 2 and 3
2. NAME of lake Lost Lzake

3. LOCAL REGULATIONS- Fish refuges NOL needsd

4, Special designation Recomnended that this lake be designated as a trout lake
5. Creel and size regulations Those now pI‘OVided appear satis factory.

o Fishing priviegs - Open to public

7. STOCKING SUGGESTIONS (Annual if not otherwise indicated)

Amnual stocking with 1000 brook trout yearlings or

2000 late fall fingerlings is recormmended for 3 years, stocking therealfter to

_depend on amount fished, possibl ng L 3
no other game fish be planted heres

8. PREDATOR CONTROL Vot recomnonded

0 GRAVEL SPAWNING BEDS ¥

iot recommended It is doubtful whether the trout would spewn even if gravel
o were present,

10, FOOD INCREASE Minnow intraduction Pood appears to be arple for the time beine.

Ammual stocking with

: . minnows might prove very desirable later,
t. Yedilizing Not recormmended,
12. ;‘.abs 7!';::1;:"\“\\' sp:\w;\ing Not recommended,

Form 3002 12-33 200 OVER



Fish Management Proposals for Lakes (Con.)

13. VEGETATION INCREASE Nob reconmmended,

14. COVER INCREASE The cutting of counsiderable brush near the lake and the throwing of this brush in shallow
waber around the edge is considered advisable., Some protection is now present but more could be usaed

to advantage. Since very littls wave action occurs here, the brush would very likely not need to be
15. REGULATION OF WATER LEVEL AND FISH MOVEMENTS (fastened in snv wavae

16. CHANNELS TO CONNECTING WATERS

CONTINUATIONS (use item numbers) :

Prepared by Eschmeyer Pate Qctober 1, 1932,
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Water Analysis

Lake and Stream Survey INSTITUTE FOR FISHERIES RESEARCH
DIVISION OF FISHERIES
County: (/5 e MICHIGAN DEPARTMENT OF CONSERVATION T. 32N R ... Sec. 4.
* g 0 COOPERATING WITH THE o T g T s SR e
Lake or stream: Lo 51" La . UNIVERSITY OF MICHIGAN Township COXMUT A ...

[When more than one Station is entered, locate by map or description on reverse]

No. | station | P2 | Time Winp { lw:aefﬁgf WATER DEPTH TBMPERATURE %; OXYGEN " ‘CARBON Dioxidt
M| Sky - Trans. | Bottom | Exam.| Thermom, | Corrected | Bot-] c.c. | Fac.] ppm | Bot-[Free [Alkalinity |pH
-or Dir. | Velocity Period & Kind Color = |S disk ¥eP | Pt~ P - - tle i tor | O, |ue {CO,
P.M. M? M? M? Kind | No. | Air| Water | No. | thio. No. phsth ] MO
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| 1&T e | 74 1771 1014 W77
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T
v/ T 7y R A 7¢
i
/2 ¥y %
/3 9| ¥
/4 4 ’% ot pi
V> AT LA R A Y 77
ENTER OTHER ANALYSES CR REMARKS ON REVERSE SIDE | . ’ ‘ | &Mmeyevlﬂrflyézc/r)e#

£ k]

Form 5103 6-37 200
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INSTITUTE FOR FISHERIES RESEARCH Vegetation analysis

Lake and stream survey

DIVISION OF FISHERIES

MICHIGAN DEPARTMENT OF CONSERVATION
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County:

Lost Leke
2

Lake or stream:
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Vegetation card. Numbers refer to stations
shown on map. Vegetation shown in symbol.
Abundance shown by Roman numeral.,

Form 5326 6-37 10D
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Prepared for the Fish Division LAKE SURVEY—EXAMINATION

By the Institute for Fisheries Research
Michigan Department of Conservation

University of Michigan
County O‘tsego Township  Corwith T.&R. T 32 N, R1 W Sec 2 gnd 3
NAME of ke  LOBE

Point of examination From shore to center

GEAR USED—kind Gill nets Length 600" Mesh 9 1 /on 2z 7 /om

Arca covered

Immediate SHORE  Steep shore,(soft marl in water) sandy shore and wooded

TEMPERATURE-~Air 82 Surface 72 Bottom 46

Weather (present and preceding) ClOUdy and dark

WATER (color, siltiness, ctc.) Very clsar

DEPTH 1-15 meters

porrom NMerl on shelf, peat below shelf

COVER

veGeTATioN  Chara to bottom of slope

NATURAL FOOD Minnows and insects abundant

remarks No trout taken in smaller mesh

DATE Aug. 1, 1931

Tine 9 8elle £0 & Dem, Field No. C8

CoLLECTOR  Eschmeyer - Ashley

Form 3087 6-36 1M FISH LIST ON REVERSE



LIST OF FISH CAUGHT (For data see reverse}

GAME FISHES

OBNOXIOUS FISHES Age - Remarks

Brown Trout

Short-nose Gar

Rainbow Trout

LoNG-NosE GaR

Lake Trout

Dog fish

o

Broox Trovr 1Q=15 inches long (4 discarded)

Carp

Mud Pickercl

NorTHERN Piks

FORAGLE FISHES, etc.

AU HSIA

[ 3

H

LEBL 82 -130

v

-'1{

A3aNniao=d

B

Muskellunge Northern Dace
White Bass Fine-scaled Dace
PERCH Red-bellied Dace
Sauger BLACK-MOSED SHINER
WALLEYE BLACK-CHIN SHINER

SMALE-MOUTH Bass

" Mimic Shiner

LArGE-MOUTH Bass

Straw-colored Shiner

Warmouth Bass

Spot-tail Shiner

Green Sunfish

Common Shiner

BLuzGiLL

GOLDEN SHINER

Long-eared Sunfish

BLUNT-NOSED MINNOW

Pumpkinseed

Fat-head Minnow

Rock Bass

Tadpole Cat

Black Crappic

Mud minnow

Menona Killifish

Black-banded Top-m,

Log Perch

COARSE FISHES

JounNY DARTER

ComMON SUCKER

Towa Darter

Lake Chub Sucker

Least Darter

Mullet (M...

Silversides

Black Bullhead

Muddler (raérdii)

Brown Bullhead

Brook Stickleback

Yellow Bullhead
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Prepared for the Fish Division LAKE SURVEY—EXAMINATION By the Institute for Fisheries Research

Michigan Department of Conservation University of Michigan

County O'tSGgO Township T.&R T 22 N, R1W Se. 2 and 3

NAME of lake Lost

Point of cxamination Boat landing, east shore

GEAR USED— kind Seine Length — 15¢ Meh  1/8" common sense
Arca covered 256 x 12

Immediate SHORE ~ H1 ﬂ'h s sa.ndy

TEMPERATURE —Air 74 . Surface 73 Bottom

Weather (Prvscnt and preceding) Pt , cloudy. Strong W. wind. Ph. Clondy last 36 1""5—0—};&3&1—?—129?—3-8&8—3.?—

WATER (color, siltiness, ete)  very clear, greenish

bErTH 2 ft. to shore

BOTTOM Marl

covik Some snags snd a raft,

VEGETATION  Muskgrass abundant,

NarTuraL Foob  Insects, frogs, snails and minnows sbundant,

REMARKS — Only 1 species of minnow taken,

pare  July 29, 1932 Time  11:45 AJMe FieldNo. p.p_ g

COLLECTOR  Fuhne

Form 3087 6-36 1M FISH LIST ON REVERSE



LIST OF FISH CAUGHT (For data see reverse)

No. GAME FISHES Age Remarsk No. OBNOXIOUS FISHES Age Remarks
Brown Trout Short-nose Gar
Rainbow Trout Long-NosE Gar
Lake Trout Dog fish
Broox TrROUT Carp
Mud Pickerel
NORTHERN PIKE FORAGE FISHES, cic.
Muskellunge Northern Dace

White Bass Fine-scaled Dace

TERCH Red-bellied Dace

Sauger BLACK-8X0SED SHINER

WALLEYE BLACK-CHIN SHINER
SMALL-MOUTH Bass Miniic Shiner
LARGE-M0OUTH Bass Straw-colored Shiner
Warmouth Bass Spot-tail Shiner
Green Sunfish Common Shiner
BLuEGILL GolLDEN SHINER
Long-cared Sunfish BLuNT-KOSED MINNOW
Pumpkinseed 110 Fat-head Minnow
Rock Bass Tadpole Cat
Black Crappie Mud Minnow

Menena Killifish
Black-banded Top-n.
Log Perch
COARSE FISHES JouNNY DARTER

Coanaron SUCKER Iowa Darter

Lake Chub Sucker Least Darter

Mullet (Mo) Silversides

Black Bullhead

Muddler (&airdit)

Brown Bullhead

Brook Stickleback

Yellow Bullhead
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