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FURTHER STUDIES OF PERCH 
POPULATIOKS * 

H. WILLIAM ESCHMEYER 

IXTRODCC.:TIOX 

AGROVP of lahs in the Pigeon Rin·r State Forest, in Otsego 
and Cheboygan eounties, .:Vliehigan, is being usPd by the 

Institute for Fisheries Research for experimental studim; in fish 
management. Tlm-;e small lakes, thirteen in number, are located on 
state-owned land. Certain of them arc remarkably similar in their 
general characteristies. At the time of the Institute's original survey 
of these lakes in 1931 and 1932 they were found to contain a very 
limited fish fauna. They were little frequented and resembled virgin 
waters more nearly than any other group of lakes in the Lower 
Peninsula. 

After the preliminary biological, physical, and chemical survey of 
these waters in 1931 and 1932 a number of experimental studies in
\·olving environmental changes and alterations in the fish fauna were 
made, particularly on a group of eight small lakes which are known 
locally as "pothole" lakes and which fit almost perfectly the descrip
tion of pit lakes as given by Scott (1921). These eight lakes all have 
thermal stratification, all have high, steep, sandy banks, all but one 
are almost perfectly circular in outli1w, and all but one are land
locked. 

In four of the lakes the surny party found only perch (except 
that one also yielded a few common suckers). Two of the others 
apparently contained only brook trout and minnows. In the other 
hrn only forage fish were found. The trout taken from the two lakes 
were of uniform sizP and, according to .:VIr. William Horsell, superin
tendent of the forest, had been introduced in 1927. The four lakes 
containing perch proYided little or no fishing because the perch 
apparently were too ;.:mall to be worth eatching; the two lakes with 

* Contribution from the Institute for Fisheries Research of the Michigan 
Department of Conservation and the l'nivernity of Michigan. 
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no game fish were obviously not fished; the two lakes that had been 
stocked with trout provided excellent fishing. 

As a result of the findings of the survey party it was recommended 
that all eight lakes be stocked with brook trout. The recommenda
tions were carried out in 1933 and 1934. It was found later that four 
lakes provided some good trout catches, but that the four lakes which 
contained perch still failed to produce worth-while fishing. Several 
of these lakes were fished with gill nets to determine the success of 
the stocking with trout. Apparently few trout had survived in the 
lakes which contained perch and those which had survived had 
grown very slowly. 

As a further attempt to improve the fishing in the "perch" lakes 
several environmental changes were considered: (1) increase of the 
food by fertilizing; (2) removal of a considerable portion of the perch 
population, and (3) complete removal of the perch followed by 
stocking with some other species. If lack of food alone limited the 
growth, fertilization might be expected to increase the number of 
fish of legal size; if either competition or scarcity of food or crowd
ing was responsible, fishing should be improved by removal of a 
large percentage of the stock. 

One of the lakes was fertilized with several hundred pounds of 
phosphate fertilizer. The fish in the other three lakes were killed 
by poisoning (coupled with dynamiting in two of them), and the lakes 
were later stocked with other species. For methods employed my 
earlier paper (1937) may be consulted. This paper is confined chiefly 
to a study of the fish which were collected in three of the lakes after 
the poisoning. 

Some characteristics of one of these populations (that from South 
Twin Lake) have already been described (Eschmeyer, 1937). It was 
found that in this lake perch grew very slowly and were in very poor 
condition. The females grew more rapidly than the males and lived 
longer. Males, however, were the more numerous. Over three 
fourths of the fish belonged to a single age group (II group). The 
evidence suggested further that most of the perch normally died of 
starvation before reaching legal size. 

The discussion which follows includes primarily a c:om,ideration of 
some of the characteristics of the recently studied perch populations 
(from Ford Lake and Section Four Lake), together with a comparison 
of these populations with the South Twin Lake fish. The collections 
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of all tlm•(• group,; of foh were made in lake,; in thf' ~ame general 
Yicinity and at the ,-ame time of year (in c·on,;ecutin years). The 
methocb u:-:ed in killing and collecting the fish ,wre the :-:ame for each 
lake except that dynamite was not used in Section Four Lake. 

THE FORD LAKE FISH POPliLATIOX 

Ford Lake lies in Section 8, Township 32 North, Range 1 West, in 
the northeastern corner of Otsego County. A survey of the lake in 
1932 by the Institute revealed an area of 11.7 acres ( 4.73 hectares) 
and a maximum depth of 10 meters. In summer the water is definitely 
stratified, with the thermocline between the depth of 5 meters and 
the bottom. The bottom soil in shoal is varied (sand in some area:-;, 
marl or peat in others) and in deeper water is entirely peat. The 
water is moderately clear (Secchi disk reading 5.,5 meters) and i.~ 
alkaline (pH 8.2). Dissolved oxygen was present at all depths (9.4 
p.p.m. at surface, 8.6 p.p.m. at bottom on August 1, 1932). Thi,-, 
landlocked lake is in sandy country covered by "sec-ond-growth" 
timber. The drainage area i,, small. 

In September, 1936, the water level was considerably lower than at 
the time of the 1932 survey. The lake was resurveyed by Mr. J. B. 
Schwerdt, project superintendent of Camp Vanderbilt (U. S. Parks 
Service), and the area was determined as 10.66 acres. This determi
nation is used below in the discussions of population density. 

The yellow perch was the only species of fish taken in gill-net and 
seine collections made in Ford Lake by the survey party in 1932. 
These perch were mostly small. If fish other than perch were present, 
they were apparently quite rare, since the lake was fished rather 
intensively. So far as could be determined, the lake supported 
little angling. 

Ford Lake was stocked with trout on several occasions in an effort 
to improve fi,-,hing conditions. The years in which plants were made 
and the number, species, and size of the fish are shown in Table I. 

Gill nets ,wrc fished in this lake in 1934, and the entire popula
tion (apparently) ,ms killed by poisoning and dynamiting in 1936. 
It ,ms obvious in 1936 that the trout plantings had not been very 
successful. After the fish had been removed, the lake was stocked 
with ::\fontana grayling. 

Both the fish reeovercd by netting in 1934 and those taken by 
poisoning and dynamiting in 1936 arc discussed below. 
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TABLE I 

STOCKING RECORDS FOR FORD LAKE, 1933-35 * 

Age when 
Average size in 

Year Species Number inches when 
planted planted 

1933 Brook trout 500 8 months 4 
1934 Brook trout 6,000 6 months 3¼ 

Brown trout 600 8 months 3½ 
Rainbow trout 600 Yearlings 5 

1935 Rainbow trout 300 Adults 12-15 
(3 years old) 

* Data provided by Mr. Guy Lincoln, district superintendent of fisheries 
operations, Oden Hatchery. 

Fish Taken in 1934 

A total of 1,137 perch and 15 brook trout were taken in two ex
perimental gill nets 1 fished continuously from July 23 to July 30. 
The trout were not preserved and were not measured. Their esti
mated average total length was 6 to 7 inches. Some of the perch 
were discarded, but a random sample of 602 specimens was preserved 
in a 10 per cent solution of formalin. 

Sex determinations were made of all the preserved fish. Deter
minations 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) 2 of each age group in each sex arc shown 
in Table II. 

If the 100 specimens constituted a representative sample of all the 
perch taken in gill nets, the following conclusions may be made re
garding the Ford Lake perch population: 

Sex. - The two sexes were about equally represented. Of the 
602 specimens, 298 were females, 304 were males. 

Growth. -The females grew more rapidly than the males. In all 
age groups represented (except age group I) the fish of both sexes 

1 The sizes of mesh (stretched measure) in the nets varied from I¼ to 4 inches. 
W X 105 • • 

2 The formula K = L3 was used, where W = weight m grams and 

L = standard length in millimeters. 
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TABLE II 

AVERAGE STAXDARD LEXGTH (MILLDIETERS), AVERAGE TOTAL LE:--.GTH 
(I:--.cHEs), AVERAGE WEIGHT (GR.n1s), AXD AVERAGE CoxnrTIOX FOR A 
RA:--.DOM SAMPLE OF FE:<.IALE .-\SD lVL~LE PERCH OF DIFFERE:--.T AGES 

All speeimens were taken in July, 1934, by gill nets. 

I Ko. of 
Average stand- Average to- Average I Avera e 

Age group I specimens 
ard length tal length weight Kg 

(mm.) (inches) (grams) 
! 

Females 
II 19 113 5.3 24 1.67 
III 27 115 5.4 26 1.68 
IV 7 123 5.8 31 1.65 

Total or average 53 115 5.4 26 1.67 

Males 
I :, 1 108 5.2 22 1.75 
II 19 110 5.2 23 1.70 

III 11-:: 111 .5.2 22 I 1.62 

Total or average 111 5.2 I 22 I 1.6.5 

had a very slow growth. (See Table II.) The growth zones of the 
scales of all age 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 ;-;mall. 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. - The perch were in relatively good condition. The 
value of K decreased slightly as the age increased, but this decrease 
was probably too small to be significant. In general, condition 
varied 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 were of the IV 
group, but the oldest of the males were of the III group. This sex 
difference in longevity is in accord with findings of other studies of 
perch (Schneberger, 1935; Eschmeyer, 1937). 

Total weight of sample. - If the average weight of the perch is 
assumed to be 24 grams, the number rrmowd (1,137) had a total 
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weight of 27,288 grams (60.2 pounds), or a weight of 2,560 grams 
(5.6 pounds) per acre. 

The ratio of trout to perch in 1934 (15: 1137) was approximately 
1 : 76. A computation of the fish removed in 1936 indicated a total 
population of approximately 5,000 perch at that time. If about the 
same number was present in 1933, the ratio of trout to perch im
mediately 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 clue to net selectivity. 

Gill nets were fished in 1934 in an effort to reduce the popula
tion, since there appeared to be a scarcity of food for the number of 
perch present, especially food of intermediate or large size (min
nows). The perch removed in 1934 represented approximately 24 
per cent of the perch recovered in 1936. It was, of course, impossi
ble to determine what percentage of the fish present in 1934 had 
been removed. 

Not only was the food per fish increased 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 impounded by beaver. Most of them were northern dace 
(Chrosomus eos), although limited numbers of fathead minnows 
(Pimiphales promelas), sticklebacks (Eitcalia inconstans), mud min
nows (Umbra limi), and perhaps a few fish of some other species were 
also present. 

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 per 
cent rotenone content) mixed with water. On the afternoon of the 
same day recovery of the dead fish was facilitated by discharging 500 
sticks of dynamite in the water. The fish began to die within about 
an hour after the poisoning. The collection of the dead fish was 
started immediately and was continued for three days. On the 
third day 183 dead perch were counted along the shore, but were not 
collected because of their semidecomposed condition. 

It is probable that all the fish were killed, and it is also probable 
that almost all the perch were either collected or counted. (In two 
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other lakes where weaker concentrations of derris root had been 
used the entire perch population had been destroyed. Neb :-:et in 
these lakes in 1936 failed to produce fish.) How many dead fish re
mained in deep water in Ford Lake is not known, but over that part 
of the bottom which could be seen from a boat (about a third of 
the entire area) no dead perch were observed other than the 183 
,;pecimens mentioned above. The evidence, therefore, though not 
conclusive, suggest,; that all fi:.!h were killed and that almost all the 
perch were definitely accounted for. 

Total Fish Population 

A collection of 3,762 perch was preserved in a 10 per cent solution 
of formalin and 1,055 perch 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 
givr an estimated weight of 347 pounds for the total perch population. 

A total of 24 rainbow trout and 1 brown trout were preserved and 
2 trout (partly 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 IO-foot sections of shore line the dead 
minnows were counted by Dr. A. S. Hazzard and Mr. Carbine. 
According to the counts made, the lake shore contained 15.3 min
nows per linear foot of shore line. Ford Lake, ·with an area of 10.66 
acres, would have a circumference of about 2,400 feet if it were 
exactly circular. The exact length of shore line was not determined, 
but since the outline of the lake is roughly circular, its length may be 
estimated at that figure. On this basis the lake had contained approx
imately 36,700 minnows. Weight determinations of 61 specimens of 
minnows gave an average weight of about 2 grams. The mim1m\·s, 
therefore, weighed approximately 73,400 grams or 162 pound.~. The 
weight of minnows per acre was about 15 pounds. 

The total fish population in 1936 was approximately W:i follows: 

Poun,ls 

Perch.... :347 
Trout.... 7 
l\IinnO\Ys. . . . 162 

Total..... 516 
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COMBINATION Of 3 SAMPLES 

Fm. 1. 8izc distribution of 205 females in three lots of perch taken at random 
and also in the three lots combined 

The lake therefore maintained about 50 pounds of fo,h per acre. 
The fin;t important evidence obtained 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 (and 15 in 1934). Relatively few were removed by 
fishermen. Some may have remained on the bottom at the time of 
the poisoning, hut it ~eem;; Rafe to collelucle that the survival from 
trout plantings in the lake was nry slight. The frw "·hich were re
covered \Yere in relatiYcly poor condition. 
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Fw. 2. Size didribution of 845 male;; in three lot:-' of pel"C'h taken at ra11d1J111 and 
abo i11 the three Jut~ combined 

Beeatt."(' of thP appan•ntly unfavorable balance between fi:-h and 
food at the time th<· mi11nmYs iYf're :-tocked (in 1934) it was not 
expeete<l that any of the ;;peeie,-: \H)ti!d become established. It was 
a:-sumed that the mi1111011·:- ,rnnlcl "oon he C'aten hy the perch. The 
minnmy,.: clid :-:('n·(• a.~ a food itf'm for tlw pereh, hut eYiclently 
enough ;;un·ivPd for th!'m tu h<•c·omP dc·finitdy e,;tah]i,;hed. All 
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species except sticklebacks knmvn 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 determinations were made for all 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 obtained from each of these three samples (Table III and 
Figs. 1-2) demonstrates that the results obtained from their combi
nation (1,050 fish) may be considered representative for the entire 
population. In further discussions of length and weight it is assumed 
that the averages for the three samples (845 males and 205 females) 
represent the averages of the entire population. The error whieh 
might be involved in using these samples rather than the entire popu
lations is obviously small. 

TABLE III 

AvBRAGE STANDARD LENGTH (IN MILLIMETERS) AND AVERAGE WEIGHT 

(IN GRAMS) FOR THREE RANDOM SAMPLES OF FEMALE PERCH AND THREE 

·RANDOM SAMPLES OF MALE PERCH AND FOR COMBINATIONS OF THE 

THREE SAMPLES (205 FEMALES, 845 MALES) 

Sample 

I 

Average standard length Average weight 
(mm.) (grams) 

Females 
Sample 1 ................. 129.2 38.9 
Sample 2 ................. 127.5 37.7 
Sample 3 ................. 126.5 39.1 

Combination of 3 samples 127.7 38.6 

Males 
Sample 1 . . . . . . . . . . . . . . . . . 114.6 29.3 

Sample 2 . . . . . . . . . . . . . . . . . 114.6 30.1 
Sample 3 ................. 115.1 32.4 

Combination of 3 samples 
1 

114.7 30.6 
.. 

Size Distribution 

The length distribution for each sex is shown in Figures 1-2 and 
in Table IV. The distribution of both male and female perch ap
proaches a normal curve, but fails to indicate more than one age 
group except for the suggestion of a second group of males (at 71-80 
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millimeters) represented by a very fe,v indiYicluab. On the ayerage, 
the femalPs were 13 millimeter;;: longer than the males. 

TABLE n-
LEXGTH DrsTRIBl:TIOX OF 205 FEMALE PERCH A::>;D 845 MALE 

PERCH BY FrvE-MILLL\IETER CLASSES (STAXDARD LE::>;GTH) 

I Females Males 
Length group 
(millimeters) ?\umber Percentage :\umber Percentage 

of total of total 
-

71-75 .... 2 0.2 
76-80 .. . . 2 0.2 
81-85 .. . . . .. 
86-90 . . .... 1 0.1 
91-95 . . . . . . ... . .. 
96-100 .... 4 0.5 

101-105 . . .... 12 1.4 
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 0.1 
141-145 8 3.9 .... 
146-150 2 1.0 ... . ... 
151-155 2 1.0 . . .... 
156-160 . . . .. . ... . ... 
161-165 1 0.5 ... . ... 

Total 205 100.0 845 100.0 

Average stand-
ard length 127.7 mm. . . . . 114.7 mm . . ... 

I 

Age Determinations 

An effort ,vas made to determine the ages of the 1,050 fish in the 
three samples. For some reason not known to the writer the annuli 
beyond the second year were very difficult, often impossible, to locate 
with certainty. After repeated efforts the attempt to determine the 
ages was abandoned except for approximately 150 specimens. Even 
on these it is not certain that the annuli were invariably counted 
correctly. Annuli were more easily located on the perch taken from 
Ford Lake in 1934 than on those taken from the ;same lake in 1936. 
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The size, weight, and condition of these fish as determined for the 
different age groups are shown in Table V. 

TABLE V 
LENGTH, WEIGHT, AND CONDITION OF PERCH OF EACH SEX, 

BY AGE GROUPS, BASED ON A STUDY OF 149 SPECIMENS 

Kumber Average stand- Average total Average 
Age group of speci- ard length length weight 

mens (mm.) (inches) (grams) 

Females 
II 1 116 5.51 37.8 
III 21 127 5.98 37.0 
IV 4 130 6.14 41.1 
V 1 131 6.30 41.7 

Total or average 
(females) .. 27 127 5.98 37.8 

Males 
0 1 90 4.06 14.0 
I 1 111 5.31 32.9 
II 7 113 5.35 29.2 
III 90 116 5.51 32.7 
IV 23 119 5.63 35.3 

Total or average 
(males) ...... 122 116 5.51 32.8 

Average 
K 

2.42 
1.83 
1.88 
1.85 

1.86 

1.92 
2.41 
2.00 
2.08 
2.11 

2.07 

The position of the first two annuli showed that the growth was 
reasonably good during the first year and, in most specimens, during 
the second year, but growth ,vai'i very poor in all l':lucceeding years. 
The data on age groups II, III, and IV (Table V) suggest that the 
females grew more rapidly than the males. Fish of the III group 
apparently predominated, although fish of the IV group were fairly 
well represented. Young fish (0, I, and II groups) were scarce. 

The approximate number of legal-sized perch of each sex was 
determined. All fish 150 mm. or more in length were regarded as 
legal-sized fish (6 inches or 152.4 mm. total length). Since all fish 
had been presen'ed before measurements were taken, some shrinkage 
undoubtedly occurred. The shrinkage factor 1.016 determined by 
Van Oosten (1929) for lake herring was used. Of the 845 males 
examined 44 (5.2 per cent) were of legal size, and of the 205 females 
140 (68.3 per rent) were of legal size. Since the entire population of 
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4,817 perd1 (:-:ext'ci ,n•re determined for 3,762 fo,h) ,rn:-: e"timatcd to 
r·ontain 3,572 males and 1,245 females, the total numlwr of legal-sized 
fi:-:h in the lake included approximately 186 male,:; and 850 female,<. 
The ratio of females to males in the lake was approximately l : 3, hut 
the ratio of legal-sized females to legal-sized males was o,·er 4 : 1. 
The only age group., whose average lengths \Yere aho,·e the 6-ineh 
ll'gal limit were the IV and V grot1p females. 

It might he argued that the lake contained more males than 
females because few legal-sized males were taken by the fishermen, 
whereas a majority of the females were of legal length. The lake 
was fished so little, hmYenr, that this argument does not hold. 

8e.r Ratio 

In the perch taken by gill net;,, in 1934 the two sexes were about 
equally divided. Nets, as stated earlier, were again set in Ford Lake 
.i ust 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 de
termined. It was noted later, however, that of those fish having 
gill-net marks about half were females. It may be staJed 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 them. 

The 3,762 perch which were preserved consisted of 2,791 males 
and 971 female;.;. There were 34.8 females per 100 males or approxi
mately a 1 : 3 ratio. A fourth of the perch (25.8 per cent) were 
females. It i,i improbable that the percentage of females changed 
from about 50 per cent in 1934 to 25 .per cent in 1936. It is more 
likely that the perch taken in gill nets set in 1934 were not repre
Rcntativc, with respect to the sex ratio, of the fo;h which \.Vere then 
present in the lake. 

Fourl 

Ko investigatiou ,ms 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 
sho,Yecl a difference in the food of the two sexes. 

A fourth (2.3) of the ::-tomaehs from females contained minno,,·s. 
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They were in various stages of digestion, and obviously many had 
been eaten before the poisoning. The stomach of one female con
tained a partly digested perch. Eight stomachs from females con
tained a half-dozen or more winged ants. It is probable that a flight 
of these ants had crossed the lake just before the poisoning and that 
ants were not ordinarily available in abundance as food. T,:venty
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 numbers. Seventeen stomachs were 
empty. 

Of the 100 stomachs from males only 3 contained minnows. 
Se,,eral ants were found in another. Corethra occurred in 31 stom
achs, and Chironomidae in 14. Odonata, Ephemeridae, Phyllop
oda, Amphipoda, and Cladocera were found in a very few stomachs. 
Over a third (36) of the stomachs were empty. 

Death by poisoning is relatively rapid, and it is possible that the 
proportion of empty stomachs is 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 of the males. 
Earlier in the summer, when the young minnows were smaller, they 
may have served as an important food organism for the male perch 
also. The decided increase in the condition (K) and the slight 
increase in growth in 1936 over 1934 may have resulted from the 
introduction of minnows in 1934 or from reduction in population by 
netting. 

Distrib'Ution of the Sexes within the Lake 

The Institute's lake-survey partieH have frequently observed that 
perch removed from their nets were mostly of one sex. Often catche1:, 
of 50 or mon, were all of one sex. Members of the parties who failed 
to recognize this peculiarity often doubted for a while their ability to 
determine the sex of perch, despite the fact that the structure of the 
gonads makes sex determination of individual perch relatively simple. 
Since the sexes have different rates of growth, the dominance of one 
sex in the net may depend, partly, on net selectivity. It has been 
noted, however, that even in line fishing the fish taken may be largely 
of only one SPX. It would seem, thPrefore, that, to some extent at 
least, the two sexes tend to school separately. Since such schooling 
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appears to take plaee during all or most of the summer, it is seem
ingly not connected with spawning. The food study offers further 
evidence of the schooling in separate sexes and giYes a plau,-ible rea:-tm 
for such segregation. The minnows were apparently normally in 
shallow water, and the ants were wry probably floating on the 
surface. Since thPse t,Yo food items wen' prominent in the stomac-h,
of the females, it appears probable that many of the female.~ werP 
feeding in shallow water. The males, on the contrary, WPI't' ap
parently in deeper watn, where they feel primarily on midge larnH'. 
In Ford Lake, at least, a difference in the distribution of the two 
sexes can be explained on the basis of the differences in the distribu
tion of their favorite food organism. Diff(•rences in growth ratr· of 
the sexe,; account for differences in feeding habits of fish of the same 
age. Whether similar situations are to be found in other pereh 
populations remains to be determined. 

SECTION FOUR LAKE 

Section Four Lake, Town 32 North, Range 1 West, is a pothole 
lake that is similar in many respcet:-i to South Twin Lake. According 
to the Institute's survey in 1932, it has an area of 3.3 acres and a 
maximum depth of 21.7 meter,;. The outline is almost perfectly 
circular, and the basin is bowl-shaped, with very little shoal area. 
In summer the ,vater is definitely stratified, with a thermocline 
at 4-11 meters (August 1, 1932). The bottom soil on the shoal and 
the slope is marl, and in deeper water is peat. The water is relatively 
clear (Secchi disk reading 6.8 meters) and is alkaline (surface pH 7.9). 
The survey showed (August 1, 1932) that the dissolved oxygen is 
high at the surface and in the thermocline (11.1 p. p.m. at 8 meters), 
but is low near the bottom (1.8 p.p.m. at 14 meters; trace at bottom). 
This very small landlocked lake has high, steep, sandy banks and an 
extremely small drainage basin. 

The survey records indicate that only perch were taken in the 
gill-net and seine fishing in 1932. It is doubtful whether other fish 
were present at that time. In 1932, and again in 1934, ,\·h<'n a few 
perch were taken in gill nets, the fish were small (seldom over 6 or 7 
inches long) in all samples. 

Section Four Lake seemed well suited for trout except that here, 
as in the other landlocked lakes in the area, the trout eould not, of 
course, be expect<>d to maintain them.~elves by natural reproduction. 
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In 1933 Oden Hatchery officials stocked this lake with 300 brook 
trout eight months old. In 1935 the lake (after removal of the 
perch) was stocked with 150 adult rainbow trout. 

On September 19, 1935, Dr. A. S. Hazzard and the writer dis
tributed approximately 75 pounds of powdered derris root (5 per 
cent rotenone content) over the lake. The first dying fish were ob
served one and one-half hours after the introduction of the poison. 
Collecting of the dead fish was begun immediately and continued, at 
intervals, for the next fifty 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. Not all were collected, however. 

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 of 23.1 pounds 
per acre. The actual number and weight of the fish present were, 
of course, in excess of these figures. 

TABLE VI 

LENGTH DISTRIBUTION OF PERCH FROM SECTION FouR LAKE BY 

CENTIMETER INTERVALS (STANDARD LENGTH) 

The dotted line approximately divides the undersized and the 
legal-sized fish. 

Length group 
Both sexes Females Males (millimeters) 

49.5-59.5 1 1 ... 
59.5-69.5 91 40 51 
69.5-79.5 322 142 180 
79.5-89.5 34 9 25 
89.5-99.5 90 18 72 
99.5-109.5 250 50 200 

109.5-119.5 592 53 539 
119.5-129.5 246 124 122 

................... . - ........... ..... . . . . . . . . . . . . . . . . . ........... ". 
129.5-139.5 72 60 12 
139.5-149.5 27 26 1 
149.5-159.5 7 7 ... 
159.5-169.5 3 3 ... 
169.5-179.5 1 1 ... 

Total 1,736 534 1,202 
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TABLE VII 

):c:11BER OF FE1IALE A:s;o MALE PERCH 1:-,; E.-1.cH YEAR GrwtT, 

M,D A YERAGE LEXGTH, WEIGHT, AXD CoxDITIOX OF Frsn * 

Age group 

G27 

Item 
I 0 I II I III ' IV 

-N-'u_m_b_e_r_o_f_fi_s_h_: ________ i----------- ---
Females ...................... . 
Males ....................... . 

Total (both sexes) ......... . 

192 
255 
447 

82 
149 
231 

171 
786 
957 

82 
12 
94 

7 

7 
-------------- ---1----1,---------

Average standard length (mm.): 
Females. . . . . . . . . . . . . . 72.8 
Males. . . . . . 76.5 

Average weight (grams): 
Females ........ . 
Males .. 

I 
6.2 

I 6.o 

104.7 
100.0 

17.2 
15.8 

123.5 
115.2 

28.6 
24.3 

136.9 
1:31.3 

41.0 
34.4 

157.9 

-------------- ------------- ---

Average total length (inc·hcs, approxi- II 1 

mate): II 
Females ....................... I! 33_. 65 
Males ..................... . 

4.9 
4.8 

5.8 
5.4 

6.5 
6.2 

7.4 

Average weight (ounces): I 
Females. . ............... 11 0.2 0.6 1.0 1.4 

_M_al_e_s_. __ · ._. _______ , 0.2 ~ 0.9 I 1.2 _·_··_·_ 
2.2 

Average value of K: 
Females .................. . i 
Males ........................ . 

1.66 
1.:36 

1.531 
1.63 

1.54 
1.60 

1.591 1.60 
1.53 ... 

* Since these fish were taken in mid-September they were actually almost one 
growing season older than the figures (annuli) indicate. 

Size and Age Distribution 

All perch recovered were measured to the nearest millimeter ancl 
weighed to the nearest tenth of a gram after several months' presn
vation (first in 10 per cent formalin and later in 70 per cent alcohol). 
The 0 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 VI. No really large perch were taken. 
The data suggest the presence of at least two age groups. 

The ages of approximately 50 per cent of the fish were determined 
by a study of the scales. :'.\,fany of the perch of the 0 ancl II groups 
eoulcl be placed in their age groups without examination of the scales. 
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This method of separating these two age groups was used for about 
half of these fish. If any error was involved, it was slight, for sub
sequent scale examination proved the ages 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 Four Lake (Table VI) were young. The 
II group, which was represented by 957 specimens, comprised over 
half of the fish taken, but both the O group and the I group were al:-;o 
well represented. Only age groups III and IV, represented by a total 
of 101 specimens, averaged legal size (6 inches). 

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

Sex Ratio 

The ratio of males to females was 100 : 44 or approximately 2 : 1. 
Because the lake was fished very little this predominance of males 
cannot be attributed to the fact that most of the legal-sized perch 
were females and therefore more subject to capture by fishermen. 

Condition 

The perch of all age groups were in fair condition, except that 
the males in the O group were relatively slender. In general, the K 
varied little for the several age groups. The females tended to im
prove slightly in condition after the first year, but the averages of K 
for males decreased slightly with increase in age. 

SOME CONCLUSIONS REGARDING THE THREE PERCH POPULATIONS 

This summary is based on data for the two populations discussed 
above and for the South Twin Lake population described in an earlier 
paper (Eschmeyer, 1937). All three populations were removed in 
September, one in each of the years 1934, 1935, and 1936. Derris 
root was used to poison the fish in all three lakes, and dynamite was 
employed after the poisoning in two of them. 

Total Populations 

The fish of the two lakes which were both poisoned and dynamited 
were probably almost all collected or seen. The population was 

I 
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approximately 30 pounds per aere in the lake ,,·ith wry little shoal 
(South T,Yi11). and about 50 pounds per acre in the one ,,·ith extcn,c;ive 
shoal. The numbers of perch aetually aceounted for rnried from 452 
per acre in Ford Lake to 955 per acre in South T,,·in Lake. 

Size and Age Distribution 

The perch grew slowly in all three lakes. Their growth, exeept 
for the first year, was slm,·er than the growth of perch for other 
,rnters as determined by Harkness (1922), Hile (1931), Jobes (1933), 
and Schneberger (1935). Comparatiw grmYth data are presented 
in Table IV of the study of the South Twin Lake perch (Eschmeyer, 
1937). Since the other authors removed only a portion of the 
fish, data on comparative population densities are not available. It 
Keems probable, howe-ver, that the populations from the three lakes 
in the Pigeon River State Forest were more dense than were those 
in thG other lakes studied. 

From a fishing standpoint, all three lakes ,,·en· of little ya]ue. 
Some of the perch in each lake (5.8 per cent in Section Four Lake 
to 21..5 per cent in Ford Lake) ,wre of legal size (6 inches), but -very 
few had a length of 7 inc·hes. 

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 perch 
of those lakes had been eaten by the larger fish. 

In all three lakes the females grew more rapidly than the males. 
The females also tended to live longer. The oldest fish were invari
ably female8. 

In general, the perch grew Yery slowly after their first or seeond 
year of life. This slrrn· growth is attributed to a scarcity of food 
organisms of moderate size (except in Ford Lake in 1936), but it is 
possible that the concentration of fo:h, rather than the food supply, 
may have been responsible for the slow gro,,·th. 

Sex Ratio 

Male,: predominated in all three perch populations. The ratios 
of males to females for each lake ,,·ere: South Twin Lake, 100 : 7 4; 
Section Four Lake, 100: 44; and Ford Lake, 100: 35. The reason 
for the differences in the sex ratio in the three lakes has not been 
found. It cannot be attributed to the selective capture of females in 
Rport fishing since all the lakes were fished nry little. The lake with 
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the fish in poorest condition had twice as many females per 100 males 
as the lake containing perch in the best condition. Whether or not 
the greater viability of the females in the face of adverse conditions 
(Gei8er, 1924) explains this difference cannot be stated. The pre
dominance of males suggests that, in the early stages, the females 
tended to suffer a much greater mortality than the males unless, of 
course, the sexes were not equally represented in the fish immediately 
after hatching. In later years, however, the mortality of males ex
ceeds that of the females. 

Condition 

The perch in South Twin Lake were in very poor condition; those 
m Ford Lake were in excellent condition. The average of K for 
Section Four Lake perch was intermediate. Nevertheless all three 
populations grew quite slowly. The condition of these fish was 
therefore not 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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},:JRTHER STUDI~S OF PERCH POPULATIONS~ 

R. William Eschmeyer 

Introduction 

A group of lakes located in the Pigeon River State Forest, in otsego 

and Cheboygan counties, is bei~1g used by the Institute for Fisheries Research 

for experimental studies in f'ish management. These small lakes, 13 in num

ber, a.re located on state-owned land. Certain of them are remarkably similar 

in their general cha.racteristios. At the time of the Institute•s original 

survey of these lakes in 1931 and 1932, they were found to contain a very 

limited fish fauna. They were little frequented and resemble virgin waters 

more nearly than any other group of lakes in the Lower Peninsula. 

After the preliminary biological, physical and chemical survey of 

these waters in 1931 and 1932, a number of experimental studies involving 

environmental changes and alterations in the fish fauna were made, particular

ly on a group of eight small lakes which are known locally as "pot-hole" 

lakes and which fit almost perfectly the description of pit lakes as given 

by Scott (1921). These eight lakes all have thermal stratification• all 

have high/steep;sandy banks• all but one are almost perfectly circular in 

outline and all but one are land-looked. 

•/ Research 
i,' Contribution frOl!l the Institute for Fisheries,of the Michigan Department 

\ 

of Conservation and the University of Michigan. 
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In four of the lakes the survey party found only perch ( except that 

one also contained a few common suckers). Two of the others apparently 

contained only brook trout and minnows• In the other two only forage 

fish were found. The trout taken from the two lakes were of uniform size 

and. according to :Mr. William. Horsell., superintendent of the forest., had 

been introduced in 1927 • The four lakes containing perch provided little 

or no fishing because the perch apparently were too small to be worth 

catchingJ the two lakes with no game fish were obviously not fishedJ the 

two lakes that had been stocked with trout provided excellent fishing. 

As a result of the findings of the survey party., it was recommended 

that all eight lakes be stocked with brook trout• The recommendations 

were carried out in 1933 and 1934. It was found later that four of the 

lakes provided some good trout catches but that the four lakes which con

tained perch still failed to produce worthwhile fishing. Several of these 

lakes were £ished with gill nets to determine the success of the stocking 

with trout. Apparently few trou·t had survived in the lakes which con• 

tained perch and those which had survived had grown very slowly. 

As a further attempt to improve the fishing in the "perch" lakes, 

several environmental changes were considered, (1) increase or the food 

by fertilizingJ (2) removal of a considerable portion of the perch popula

tion and (3) complete removal of the perch followed by stocking with some 

other species. If food alone limited the growth, fertilization might be 

expected to increase the number of fish of legal size; if either competi

tion., food or crowding were responsible., fishing should be improved by 

removal of a large percentage of the stock. 

One of the lakes was fertilized with several hundred pounds of 

phosphate fertilizer. The fish were killed in the other three lakes by 

poisoning ( coupled with dynamiting in two of them) and were later stocked 

with other species. For methods employed, consult my earlier (1937) paper. 
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This paper is con.fined primarily to a study of tha fish which were 

collected in three of the lakes a:rter the poisoning. 

some charaoteristios of one of these populationa ( that from. south Twin 

Lalce) have already been described (Eschmeyer. 1937). It was found that 

1n this lake perch grew very slowly and were in very poor condition. The 

females graw more rapidly than the males and lived longer than the males. 

However• males were the more numerous. over th..ree-fourths of the fish 

belong~ to a single age group (II group). The evidence sugcested further 

that most of the perch norm.ally died of starvation before reaching legal 

size. 

The discussion which follows includes primarily a consideration of 

some or the characteristics of the recently studied perch populations 

{from Ford Le.lee end section 4 La.lee) together with a comparison of these 

populations with the South Twin Lake fiah. The collections of all three 

groupa of fish were :made in lakes in the same general vicinity and at the 

same time of year (on consecutive years). The methods used in killing and 

collecting the fish were similar .for each lake except that dynamite was 

not used in Section 4 Lake. 

The Ford Lake ~ Population 

Ford Lake lies in Section 8# Township 32 North., Range 1 west. in the 

northeastern corner of Otsego County. A survey of the lake in 1932 by the 

Institute revealed an area of 11.7 acres (4.73 hectares) and a maximum 

depth of 10 meters. In summer the water is definitely stratified with the 

thermocline between the depth of 5 meters and the bottom. The bottom 

soil in shoal is varied ~d in some areas., marl or peat in others) and 

in deeper water is entirely peat. The water is moderately clear (Secchi 

disc reading 5.5 meters) and is alkaline (pH a.2). Dissolved o:xyGen was 

present at all depths (9.4 p.p.m. at surface., 8.6 p.p.m. at bottom on 

August 1., 1932) • This land-locked lake is located in sandy country 



covered by "second growth" timber. '.i'he drainage area is small. 

In September, 1936 • the water level was considerably lower than at 

the time of the 1932 survey. The lake was resurveyed by Hr. J. B. Schwerdt, 

Project Superintendent of Camp Vanderbilt (u. s. Farks Service), end the 

area was determined as 10.66 acres. This determination is used below 1n 

the discussions of population density. 

The yellow perch was the only species of fish taken in gill-net and 

seine collections ma.de in Ford Lake by the 1932 survey party. These perch 

were mostly small. If fish other than perch were present• they were ap.. 

parently quite rare, since the lake vtas fished rather intensively. So 

far as could be determined, the lake supported little angling. 

Ford Lake was stocked with trout on several occasions in an e£fort 

to improve fishing conditions. The years in which plants were made and 

the number, species end size of the f'ish are shown in Table l. 

Table 1 

stocking Records for Ford Lake, 1933-193~, 

Age When Average She 
Year Species Number Planted When Planted 

1933 Brook Trout 500 8 months 4 inches 

1934: Brook Trout 6,000 6 months :t • 
Brown Trout 600 8 ff fl 

Rainbow Trout 600 Yearlings 5 • 

1935 Rainbow Trout 300 Adult1 12-15 " 
(3 yrs. old) 

~ata provided by Mr. Guy Lincoln, District Superintendent of Fisheries 

Operations, Oden Hatchery. 



Gill neta were fished in this lake in 1934 and the entire population 

(apparently) was killed by poisoning and dyn!U!tlting in 1936. It was ob

vious in 1936 that the trout plantings he.d net been verJ successful. After 

the fish were removed, the lake was stocked ~th Mo~tana grayling. 

Both the fish recovered by netting in 1934 and those ta.ken by poison

ing and dynamiting in 1936 are diaeussed below. 

Fish Taken in 1934 ------
A total of l.137 perch and 15 brook trout were taken in two experimental 

gill netsVrished oontinuously over the period of days from July 23rd to 

July 30th. '.l'he trout were not preserved md were not measured. Their 

estimated average total length was 6 to 7 inches. Some of the perch were 

discarded, but a random sa.."!lple of 602 specimens was preserved in a 10% 

solution of formalin. 

sex determinations were ma.de of all the preserved fish. Determinations 

of weight, length and age were made for a random sample of 100 individuals. 

'l'he average standard length and average total length in millimeters, the 

average weight in grams and the average coefficient of co!ldition (K)~.f 

each age group in each sex a.re shown in Table 2. 

~/ 

The sizes of mesh {stretched measure) in each net varied from 1¼ to 

4 inches. 

~/ The formula K • W x 105 was used• where W = weight in grams and 
L3 

L • standard length in millimeters. 
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Table 2 

Avei:-age standard Length (rtilH.l!leters)., _A_verage Total Lenrth (Inches). 

Average Weight (Grams). and Average Condition For a Random Sample Of 

Male end Fame.le Perch Of Different Age•• All Specimens were Taken 

In Jl1ly., l9M-. By Gill Net•• 

No. of Averar;e standard Average Total Average l'f eight 
Age Group Specimens Length {mm.) Length (inches) (grams) 

II 19 113 s.3 24 

III 27 115 s.4 26 

IV 7 123 s.a 31 

Total or Average 53 115 5.4 26 

:Males I l 108 s.2 22 

II 19 llO s.2 23 

III 2"1 111 5.2 22 

Total or Average 47 lll s.2 22 

Average 
JC 

1.67 

1.68 

1.66 

1.67 

1.15 

1.10 

le62 

1.65 



If the 100 specimens constituted e. representative sa.t,ple o:f' all the 

perch ta.ken in gill nets, the follcming ccnch.:;ions 1"1..ay be m!ide rc;;ardi:ng 

the Ford LaJce peroh population: 

sex: ,:'he two sexes were about equally represer:tec.. Of the 002 spec1• 

mens, 298 v--ere fem.ales, 304 were males. 

GI'Olw-th, The .f'e!!lf.lles grew more re.pid.lJ tha."11 the males. In all age 

groups represented { except age group I), the fish of both sexes had a very 

slow growth. (see Table 2.) The growth zones of ·l;he aoales of ell age 

groups indicated that growth was .i:ooderately good during the first year 

m1d cenerally during the second year. After the seoond year the annual 

growth ir.cra-men-t;s wa1~e mns.ll. It is probable that this che.r!ge in brOYtiih 

resulted from a la.ck of food o:f a size suitable i'or larger parch. 

Weie,t:· The perch riad an average weight of 24 grams or slightly less 

than one ounce ( ~tire sample of 100 fisr.) • 

Condition, The poroh were in i-datively good condition. The value 

of X decreased slightly as the &.£6 increased. but this deeree.se was probably 

·l;oo s:mall to be significant. In ge-.aoral condition varied little with 

either sex or age. 

Length 2£. ~' The sa..--nple suggests that the fer.aales tend to live 

longer than the males. Seven of the 53 females were of the IV group, but 

the oldest of' the :ma.lea were the III group fish. This sex difference in 

longevity is in accord with findings of other studies of perch (Schneberger 

19351 Eschmeyer 1937). 

Total Weight 2£ Sar-,ple: If the average weight or the perch is assumed 

to be 24 grams, the number removed (1.137) had a total weight of 271 288 grams 

(60.2 pounds) or a weight per acre of 2,560 grams (5.6 pounds). 
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The ratio of trout to perch in 1934 (1511137) 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 immediately a:f'ter the planting of 500 trout in 

1933 was about 1:10. Apparently the n1mber of trout in the population had 

declined very materially between 1933 and 1934 unless the difference in 

the two ratios (l:76 and lslO) 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, of courae, impossible to determine what percentage of the fish present 

in 1934 had been removed. 

Not only waa the food per fish inorefl.sad 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 impounded by 

beaver. Most of them were northern dace (ChrosolllUs eosJ. although limited 

numbers of fat.head minnaws (PimiJ?hales prom.elas) 11 sticklebacks (J1'Ucalia 

inconstans) • mud minnows ( umbra limi) and perhaps a few fish of some other 

species were also present. 

Fish Taken in 1936 

On the morning of sept ember 9 • 1936 • Mr. W. F. Carbine end the writ er• 

assisted by men from Camp Vanderbilt., poisoned the waters of Ford Lake 

with 200 pounds of powdered derris root (5% rotenone content) mixed with 

water. On the af'ternoon of the same day recovery of the dead fish was 

facilitated by discharging 500 sticks of dynamite in the water. The fish 

began to die within about an hour a:f'ber the poisoning. The collection of 

these dead fish was started inmediately and was continued f'or three days. 
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On the third day 183 dead perch were oountad along the shore. but these 

were not collected because of their semi ... deoomposed 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 6 the entire perch po_;_:mlation had. a1:parently been destroyed. Nets 

set in these lakos in 1936 failed to produce fish.) How lsl.!UlY dead fish re

mained in deep water in Ford Lake is :1ot kn•::YN'll• but over that part of the 

bottom which could be seen from a boat (about a third of the entire bottom) 

no dead perch were seen other than the 183 specimens mentioned above. The 

evidence. therefore. though not conclusive. suggests that all fish were 

probably killed and that almost all of the perch ~ere definitely accounted 

for. 

Total !!!!'! Population 

A collection of 3,762 perch was preserved in a 10 per cent solution 

of formalin and 1.055 perch were discarded. At least 4,817 perch e.re 

therefore definitely known to have been present. COI!lpUta.tions based on 

the average weight of 1,050 specimens taken e.t random give an estimated 

weight of 347 pounds for the total perch population. 

A total of 24 rainbow trout and 1 brown trout were preserved and 

2 trout (partially deoo:mposed) were discarded. These trout had a combined 

weight of 7 pounds {provided the 2 trout discarded. were of average weight)• 

Dead minnmvs lined the shore, especially aloni the wave nept side• 

On two representa.ti ve 10 foot sections of shoreline, the dead minnows were 

counted by Dr. A. S • Hazzard and Hr. Carbine. According to the counts 

ma.de• the lake shore contained 15.3 minnows per linear foot of shore line. 

Ford Lake, with an area of 10.66 acres. would have a ciroum.ferenoe of about 

2400 feet if it were exactly circular. The exact amount of shoreline was 

not determined. but since the outline of the lake is roughf;ly circular• 
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the length of the shoreline may be estimated as 2400 feet. On this basis, 

the lake had oontained approximately 36, 700 minnows. Weight determina

tions of 61 specimens of minnows be.ve a-c. average v-eight about 2 grams. The 

minnows, therefore, weighed approximately 73,400 grams or 162 pounds. The 

weight of' minnows per a.ere was about 15 pounds. 

The total fish population 1n 1936 was appro:x:im.ately as follows1 

Perch 
Trout 
Minnows 

Total 

347 pounds 

7 " 
162 " 

516 pounds 

The lake ·therefore maintained about 50 pounds of' fish per a.ere. 

The first important evidence obtained from the collections was chat 

the plantings of trout in Ford !,ake wore not very successful. A total of 

8,000 trout had been pla.ited since 1933~ but only 28 were recovered in 1936 

(and 15 in 1934). Relatively few were remo"'Ted by f'ishermen. So.me of the 

trout may have re:ma.ined on the bottom. at the time of the poisoning, but; 

it 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 oondition. 

At the tme the minnaws were stocked (in l\134), it was not expected 

that any of' the species would become established because of' the apparently 

unfavorable balance between fish and food. It Vf8.S assumed that the minnows 

would soon be eaten b:r the perch. The min..YJ.ows did serve as a food item. 

for the perch, but apparently enough survived for them to become definite

ly established. All species except sticklebacks known to have been stocked 

in 1934 were found present 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 determinations 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 de.ta obtained 
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from each of these three samples (Table 3 and Fig. 1 and 2) demonstrates 

that the results obtained from their combination (1,050 fish) may be 

considered representative for the entire pop-..tlation. In further discus

sions of length and 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 rather than the 

entire populations is ob'rlously small• 



Table 3 

Average standard Length (In Millimeters) and Average 

Weight ( In Grams) For '!'hree Random Samples of 11s.le 

Perch and Three Random Samples or Female Perch and 

For Combinations of the Three Samples (845 Vales, 

205 Females) 

Ave. standard Length (mm.) Ave. Weight (gram .. 

Females 

Sample l 129.2 38.9 
Sample 2 127.5 37.7 
Sa:mple 3 126.5 39.1 
Combination of 3 samples J.~·,. 7 36.6 

Males 

Sample 1 114.6 29.3 
Sample 2 114.6 30.1 
Sample 3 115.l. 32.4 
Combination of 3 samples 114.1 30e6 

s) 
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Size Distribution 

The length distribution tor each sex is shown in Figures 1 and 2 

and in Ta.ble 4. The distributions of both male and female perch approached 

a normal curve. The distribution fails to indicate 1DOre than one age 

group except for the suggestion of a second group of males (at 71-80 milli

meters) represented by a very ff!lfl individuals. On the average. the females 

were 13 millimeters longer than the males. 



Length Group 
(Milli.meters) 

71 • 76 
16 • 80 
81 - 85 
86 • 90 
91 - 95 
96 - 100 

101 - 105 
106 - 110 
lll - 115 
116 • 120 
121 - 125 
126 • 130 
131 • 135 
136 • 140 
141 • 145 
146 - 150 
151 - 155 
166 - 160 
161 -·165 

Total 

Average Standard 
Length 

Table 4 

Length Distribution of 845 Male Perch and 205 Female 

Perch by 5 Millimeter Classes (Standard Length) 

Femalea llali,a 
Number Per Cent 01' T ,NUlllOer "er Cent of Tot&l. 

••• • •• 2 0.2 
••• ••• 2 0.2 
••• ••• ••• • •• 
••• • •• 1 0.1 
••• ••• ••• • •• 
•• • ••• 4 o.s 
••• ••• 12 1.4 

2 1.0 150 17.8 
2 1.0 319 37.8 

32 15.6 246 29.0 
47 22.9 81 9.6 
57 27.8 24 2.s 
39 19.0 4 o.s 
13 6.3 l 0.1 

8 3.9 ••• ••• 
2 1.0 ••• ••• 
2 1.0 ••• ••• 

••• ••• ••• • •• 
l o.s ••• ••• 

205 100.0 846 100.0 

127 .7 mm. ••• 114.7 mm. • •• 
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Age Determinations 

An effort was made to determine the ages of the 1.oso fish contained 

in the three samples. For some reason not kno,rn to the writer the annuli 

beyond the second year were very difficult. o.f'ten impossible. to locate 

with certainty. After repeated efforts the attempt to determine the ages 

was abandoned except for approxilnately 150 specimens. Even on these it 

is not certain that the annuli were invariably eounted correctly. .Annuli 

were more easily located on the peroh taken from Ford Lake in 1934 than 

on the pereh taken from the same lake in 1936. The size, weight and 

condition for these fish as determined for the different age groups are 

shown in Table 5 • 



sex 

Female 

Total or Ave. 

J,fal.e 

Total or Ave. 

--lG-

Table 5 

Length, Weight and Condition of Perch of Each Sex, 

By Ae;e Gro11ps. Based on a study of 149 Specimens 

Number of Ave. Jtandard Ave. Jotal Average 
Age Group Specimens Length (mm.) Length (Inches) Weight (gr.) 

II l ll6 5~51 37.8 
III 21 12'1 s.9a 37.0 

IV I 4 130 6.14 41.1 
V t 1 131 6.30 41.7 

{females) I 27 127 5.98 37.8 

t 
l 0 I 90 4.06 14.0 

I 1 111 5.31 32.9 
II I 1 113 5.35 29.2 

III I 90 116 5.51 32.7 
IV 23 119 5.63 35.3 

{:males) I 122 116 s.s1 32.8 j 
' 

Average 
K 

2~42 
1~83 
1.aa 
1.as 

1.as 

l.92 
2.41 
2.00 
2.00 
2.11 

2.01 
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The position of the first two annuli showed that the growth was reason

ably good during the first year and, in most specimens, during the second 

year, but was very poor in all succeeding years. The data on age groups 

II, III, and IV (Table 5) suggest that the females t;rew more rapidly thtpJ. 

the males. Fish of the III group apparently predominated, although fish 

of' the IV group were fairly well represented. Young fish (O, I, and II 

groups) were scaroe. 

The approximate number of legal peroh of each sex was determined. 

Legal fish ( 6 inches or 152 .4 mm. to cal length) were c o:asidered as all fish 

150 mm. or more in length. Since all fish had been preserved before measure

ments were taken, sorne shrinkage undoubtedly occurred. The shrinkage faotor 

l.016 detar.nw.1eC:: by van oosten (1929} £or lake herring was used. Of the 

845 males examined, 44 (5.3ft) were cf legal size, and 140 {68.3%) of the 

205 females were of legal size. Sin~e the entire population of 4,317 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 !;he lake included ap

proximately 186 :males and 850 females. The ratio o~ females ·to males in 

the lake was approximately l:S, but ~he ratio of leeal females to leeal 

.males was over 4:la The only 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 :.nales than temalee 

because few legal males were taken 'ty the fishermen while a majority o:f 

the females were of legal length. The lake was fished so little, however• 

that this argv.ment does not hold. 

sex Ratio 

In the perch takeu by gill ntfts in 1934, the two sexes were a.bout 

equally divided. Nets, as stated earlier• were a6a.4.n sat in Ford Lake 

just before the poisoning in 1936 and were lifted iLllllediately ai'ter the 



-18-

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 waa 

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 s.762 perch which were preserved consisted of 2.791 males and 

971 females. There were 34.8 females per 100 males or approximately a 

1:3 ratio. A fourth of the perch (25.8 per cent) were females. It is 

improbable that the ratio changed from about 50 per cent females in 1934 
to 
&e- 25 per cent females in 1936. It is more likely that the perch taken 

in gill nets set in 1934 were not representative• with respect to the sex 

ratio• of the fish which were then present in the lake. 

Food 

No study was me.de of the food available for the fish, but the stomach 

contents of 100 males end 100 females. taken at random, were examined. 

This study was especially interesting because it showed a difference in 

the food of the two sexes. 

A fourth (25) of the stomachs from females contained mirmaws. The 

minnows were in various stages of digestion and apparently 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 stoma.ohs 

contained Corethra (mostly larvae) and 22 contained chironomid larvae. 

Other food organisms including Ephemeridae, .Amphipoda, Odonata, Coleoptera. 
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Phyllopoda and Triohoptera. were present 1n 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 presen:t; in 31 stomachs, and Chironomidae 

in 14. Odonata, Ephemeridae, Phyllopoda, .Amphipoda, and Cladocera were 

present in a very fflJ'lf stoma.cha. over a third (36) of the stomachs were 

empty. 

Death by poisoning is relatively rapid and 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 fe

males and that Corethra larvae were the chief food of the males. Earlier 

in the summer; when the young minnows were smaller, they may have also 

served as an important food organ.ism for the male perch. The decided in

crease in the condition (K), and the alight increase in growth in 1936 

over 1934 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 lake survey parties have frequently observed that 

perch removed from their nets were primarily of one sex. Often catches of 

50 or Il'..ore were all of one sex. Members of the parties who failed to 

recognize this peculiarity often doubted, for a while, their ability to 
the 

determine the sex of perch despite ~ fact that the structure of the 

gonads makes sex determination of individual perch relatively simple. 

Since the sexes have different rate of growth, the dominance of one sex 

in the net may depend., partially., to net selectivity. It has been noted, 

however., that even in line fishing the fish taken may be primarily of only 

one sex. It would seer.i therefore that., to some extent at least, the two 

sexes tend to school separately. Since such schooling appears to take 
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place during all or roost of the summer. it is apparently not connected with 

spawning. The food study offers further evidence of the schooling in 

separate sexes and gives a plausible reason for such segregation. The 

minnows were apparently normally in shallow water and the ants were appar

ently floating on the surface. Since these two food items were prominent 

in the stomachs of the f'emales. it appears probable that many of the fe

males 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 the distribution of their 

favorite food organism. Differences in growth rate of the sex &.ccount 

for differences in feeding habits of fish of the sr.me age. Whether similar 

situations are to be found in other perch populations romaine to be determined. 

section 4 Lake -----
section 4 Lake, Town 32 North, Range l West, is a pot-ijole lake that 

is similar in many respects to South Twin Lake. According to the Institutets 

survey in 1932, section 4 Lake has en area of 3.3 acres and a maximum depth 

of 21. 7 meters. The outline is a.lroost perfectly circular and the basin is 

bowl-shaped. with very little shoal area. The water, in SW!llli.er, was definite

ly stratified with a therm.ooline at 4-11 meters (August 1. 1932). The bot

tom soil on the shoal and slope is marl, and in deeper water is peat. The 

water is relatively clear (secchi disc reading 6.8 meters) and is alkaline 

(surface pB 7.9). According to the survey (August 1, 1932), the dissolved. 

oxygen is high at the surface and in the thermocline (11.1 p.p.m. at 8 meters), 

but is low near the bottom (1.8 p.p.m. at 14 meters, trace at bottom). 

This very small land-locked lake has high, steep, sandy banks and has an 

extremely small drainage basin. 
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According to the survey records. only peroh were taken in the gill net 

and seine fishing in 1932. It is doubtful whether other fish wero pre11ent 

at that time. In 1932, and again in 1934 when a few perch we1re taken in 

gill nets, the fish were small (seldon1 over 6 or 7 inches long) in all samples. 

ssotion 4 Lake seemed well suited for trout except that here, as in 

the other land-locked lakes in the area. the trout could not, of oourse,be 

expected to Ill8.intain themselves by natural rerroduction. In 1933 Oden 

Hatchery officials stocked this lake with 300 S-months old brook trout. In 

1935 the lake was stocked with 150 adult rainbow trout (after reznoval of 

the perch). 

On September 19, 1935 Dr. A. s. Hazzard and the writer distributed 

approximately 75 pounds ot powdered derris root (5% rotenone content) over 

the lake. The first dying fish were observed one and one half hours after 

the introduction of the poison. Collecting 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 seeme, therefore• 

that all perch were killed. Mot all were collected however. 

Tot.al 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.l pounds. The 

actual number and weight of the fish ~resent were, of course, in exoess of 

these figures. 

~ ~ ~ Distribution 

All perch recovered were measured to the nearest millimeter and weighed 

to the nearest tenth-gram art er several months t preservation ( first in 

10 per cent formalin and later in 70 per cent alcohol). The O group fish 

were weighed in lots of 20-50 e&ohJ all other fish were weighed individually. 
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The length diatribution. by centimeter group•• ii shown in 'fable s. 

No really large perch were taken. The data suggest the preaence of at 

least two age groups. 



Table 6 

Length Distribution of Perch From Section 4 Lake 

By centimeter Intervals. (standard Length). 

Len~-th Group 
(Millimeters} 

49e5 • 59.5 
59.6 • 69.5 
69.5 • 79.5 
79.5 • 89.5 
89.5 • ~9.5 
99.5 • 109.5 
109.5 • 119.5 
119.5 • 129.6 
-- - - - - ... --
129.5 - 139.6 
139.5 - 149e6 
149.5 - 159.5 
159.5 .. 169.5 
169.6 - 179.5 

Total 

The Dotted Line Represents, Approximately. 

the Dividing Lina Between Undersized 

and Legal-sized Fish. 

Both Sexes Females 

l 1 
91 40 

322 142 
34 9 
90 18 

250 50 
592 53 
246 124 .. - ----- - - - -----' -- - - - - -

72 60 
27 26 

7 7 
3 3 
l l 

1,736 534 

Males 

••• 
51 

180 
26 
72 

200 
539 
122 -- .. .. -
12 

1 
••• 
••• 
••• 

1.202 
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The ages of app~ately 50 per cent of the fish were detennined by 

a study of the scales. Many of the (8 and II) perch could be placed in 

their respective age groups without examination of the scales. This method 

of separating these two age groups was used for about half o:r this number. 

If any error was involved in this method. it was slight;• for subsequent 

scale examination proved the ages 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 6) 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 rv, represented by a total of 101 specimens, averaged legal 

size (6 inches). 

The females were larger than the males in all except the O group. 

Young fish were do'Jlinantly males# bu~ the fish in the III ~roup were 

87 per cent females a..i-id all fish in the IV group were £'em.ales. Most of 

the lege.1-sized fish were females. 



.. 

I-tem 

NUmber of fish: 

Females 
Males 

Total {both sexes) 

Table 7 

Number of Female and Male Perch in Each 

Year Group, and Average Length, ·weight and 

Condition of Fish in Each Grou¢" 

AfA ~ Group 
0 I Il 

192 82 171 
255 149 786 - - -447 231 957 

Average standard length (mm.): 

Females 12.a 104.7 123.5 
Males 76.5 100.0 115.2 

Average weight (grams), 

Females 6.2 17.2 28.6 
Males s.o 15.8 24.3 

Average total length {inches. approximate): 

Females 3.5 4.9 5.8 
:Males 3.6 4.8 5.4 

Average weight (ounces): 

Females 0.2 o.s 1.0 
Ualea 0.2 o.ss o.9 

Average value of Xi 

Females 1.66 1.53 1.54 
Males 1.36 le63 1.so 

. 1 

III 

82 
12 -94 

136.9 
131.3 

41.0 
34.4 

6.5 
6.2 

1.4 
1.2 

1.59 
1.53 

Since these fish were taken in mid-September, they were actually almost one growing 

season older than the figures (annuli) indicate. 

IV 

7 
••• - 7 

157.9 
••• 

63.l 
••• 

7.4 
••• 

2.2 
••• 

1.so 
••• 



sex Ratio 

The ratio of males to females was 100:44 or approximately 2:1. This 
the 

predominance of males cannot 1::e attributed to idtn 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 K varied 

little for the several age groups. The fe:aa.les tended to improve slightly 

in condition ai'ter the first year, but the averages of K for males decreased 

slightly with increase in age. 

Some Conclusions Regarding the 

Three Perch Pop;u;lationa 

This swmnary is based on data for the two populations discussed above 

and for the South Twin Lake population described in an earlier paper 

(Escbmeyer 1937). All three populations were removed in September, one 

each year in 1934, 1935 and 1936. Derris root was used to poison the fish 

in all three lakes and dynamite was used after the poisoning in two of 

them. 

Total Populations 

The fish of the two lakes which were both poisoned and dyn8JD.ited 

were probably almost all collected or seen. The population was approximate

ly 30 pounds per acre in the lake with very little shoal (South Twin), and 

about 50 pounds per acre in the 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 Lalce. 
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~ ~ .Age Distribution 

The perch grew slowly in all three lakes. Their growth, except for 

the first year. was slower ths.n the grm'fth of perch for other waters as 

determined by Harkness (1922), Hile (1931), Jobes (1933), and Schneberger 

(1935). comparative growth data were presented in Table 4 of' the study 

of the South Twin Lake perch (Eschmeyer, 1937). Since the other authors 

removed only a portion of the fish, data on comparative population densities 

are not available. It seems probable, however, that the populations from 

the three lakes in the Pigeon River State Forest were more dense than were 

the populations in the other lakes studied. 

From a fishing standpoint, all three lakes ?.rere 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 ot 

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 perch of those lakes 

had been eaten by the larger fish. 

In all three lakes the females grew more rapidly than the males. The 

females also tended to live longer than the males. The oldest fish were 

invariably females. 

In general, the perch grew very slowly after their first or second 

year of life. This slow growth is attributed to a scarcity of food organisms 

of moderaj;e size (except in Ford Lake in 1936). but it is possible that 

the concentration of fish, rather than the food supply, may have been re

sponsible for the slaw growth. 



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. e.nd Ford Lake 100135. The reason for the dif'ferenoes 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 ver-y 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. Whether or not the greater viability of the teal.es in the 

face of adverse conditions (Geiser. 1924) explains this difference cannot 

be stated. The predominance of males suggests that. in the early stages. 

the females tended to suffer a much greater mortality than the ma.lea 

unless, of course, the sexes were not equally represented in the fish im

mediately af'ber hatching. In later years, however, the mortality of males 

exceeds that of the females. 

Condition 

The perch in South Twin Lake were in very poor conditionJ those in 

Ford Lake were in excellent condition. The average of K £or Section 4 Lake 

perch was intermediate. Nevertheless all three populations grEJW quite 

slO'Wly. The condition of those fish was therefore not correlated with 

their rate of growth. Apparently the fact that a fish is in e:ood condition 

is not an indication that it is also growing rapidly. 
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