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INTRODUCTION 

Maximum production and maximum growth are the ultimate aims in the pond 

propa.6ation of black bass. Important among tho factors controli~ production 

and growth are food habits, rate of' growth emd carmiba.Uam.. Although previoua 

investisations have contributed considerably to our knowledge of these tactora, 

their interrelationships anq. their relationship to production, it is believed 

that further information alon;; these lines Vfill ,;ive the fish culturist a better 

understandil\:; of the complicated processes involved in bass propacation and will 

aid him in increasin?,; his output. The following studies have been undertaken a■ 

an attempt to obtain further data on the interrelationship between these basic 

factors in production, namelyt rate of growth, food habita and cannibalism.. 

The ~ ~udies dea'l with the history of yo~ 11 largemouth" black bass (Aplite■ 

salmoides) 1n state-operated roari~ ponds in rUohi.;an during; 1935. The studie1 

wer~ based on th~ examinations of samples collected from the ponds at different 

times durinJ the summer. The ponds examined are I tvro state-owned ree.ri11;; ponda 
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at Fenton (hereafter referred to as Fenton Ponds 1 and 2) 6 the state-operated 

Corduroy Cord Pond at Grand RPpida and Pond AB at the Lydell llatehery at Com­

stock Park. 

The two Fenton ponds are of recent oonstruotionJ Pond 1 was operated first 

in 1934 and Pond 2 in 1935. 1'he large Corduroy Cord Pond is a relatively old6 

artificial pond6 maintained by the Corduroy Cord Tire Co. as a fire protection. 

The Lydell Pond was remodeled during 1934. In the fall of 1934 all of the 4 ponds 

were drained. the fish removed and the ponds then allowed to fill with water. No 

fertilizer or artificial feeding was employed in any of the ponds during the per­

iod covered by the present study. Data on the area. depth. bottom composition, 

_water supply and vegetation of each pond are given in tha first part of Table 1. 

The two F'enton ponds were stocked with bass fry seined from natural lakes in 

Oakland County a Pond 1 was stocked with so.ooo fry dur1n6 the period of June 15 

to 24. and Pond 2 was stocked with 160.000 fry during the period of' June 24 to 

July 3. The bass fry in Corduroy Cord ~ond were produced by natural reproduction in 

the pond. In ~ovembar 1934. Mr. Claud Lydell stocked this pond with 302 adult 

"largemouth" bass and 6.957 adult 6olden shiners (Notemigonus crysoleucas). Tllit 

1935 hatch of bass fry appeared about the first of June. Definite date. on-the num• 

ber of bass fry produced in this pond were not obtainedJ however. it was the opin­

ion of the Lydell Hatchery personell that the nwnber still far exceeded 200.000. 

even after 206 000 !lad been removed for stocking +,he Lydell .Pond. This transferal 

of 206 000 bass fry from Corduroy Pond to l'ond AB at the Lydell Hatchery was made 

on June 21. 

Adult ~olden shiners were introduced accidentally into the Fenton ponds dur• 

ing the fall of 1934:--approximately 30 into Pond 1 and 400 into Pond 2. At the 

time of the first examination of the Fenton ponds on June 29, no shiner fry were 

encountered in Pond 1, but they were found in abundance in Pond 2. Similar observ­

ations were made by Mr. A. ~·. Stewart and members of his staff during the period 

of June 15 to 29. An enormous number of young shiners (estill!B.ted from sampling 

and observation to be several millions) was produced in Corduroy Pond. The Lydell 
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Pond bad no shiners. Possible forage fishes. other than 6olden shiners., were eo 

rare in all ponds as to be unworthy of mention. 

Data on the number, date. time. etc. of samplings. taken throughout the sea­

son. of the bass and shiners in these ponds are given in Table 1. It is believed 

that each of these collections was a close approximation to a true random sample 

of the young fish in the pond at the time of collecting. Each of the two October 

samples from the Fenton ponds was taken by hand-net at random when the pond wa■ 

drained and the entire pond population was confined in small holding pool1J the 

cannibal bass were separated from the non-cannibal bass., on the basis of size, be­

fore the samples were taken. Thus these October samples from the Fenton pond1 

include separate random samples of' these cannibal and non-cannibal groups., for 

examples the 34 non-cannibal bass of the sample (Pond 1) represent the total 

9,250 individuals of that olas1 which were taken from the pond., while the 64 canni­

bals of the sample represent the total 200 individuals of the cannibal class which 

were taken from tI:,0, pond, ( see footnotes to Table 2) • 

-All other samples were collected by seines which had meshJs sufficiently small 
·1 

(l/6 inch. 1/4 inch and 3/8 inch--bar measure) to capture the Lmaller fishes and were 

lon~ enough (20 to 60 feet) to cover a sufficient area of bothi deep and shallow wat­

er to 6uarantee the capture ot the lar6er individuals. 

All fish in each aa:n,,plti were preserved in 10% formalin immediately after they 

were seined from the pond., and after 2 or 3 days were transfered to 70% alcohol for 

permanent preservation. Examinations of these samples were made during the period 

of December 9., l~y 6., 1936. Since those samples which 118N collected first 

were likewise examined first. all of the samples bad boen in preservative approxi• 

rue.tely the same length of time. Since the method of preservation was identical for 

all collections. it is believed that any error in l~ngths and weights. resulting 

from the t'aill~e to correct for the effect of the preservin.; fluids., was uniform 

for all the samples. All lengths referred to in this paper are body or standard 

lengths; thesa were taken by placin.,; each fish on the ruler and sighting to the 

nearest millimeter. In recording weights. the specimens were divided into three 
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&roups--non-cannibal bass, cannibal bass and golden shiners, and each ~roup within 

each collection was weighed as a unit. The excess of preservative fluid was allowed 

to drain off before weighiD.is and all wei6hts were taken to -the nearest 6ram.. 

The separation of the non-cannibal and cannibal groups among the bass waa de­

sirable due to the ;reat difference both in food habits and in growth. This sep­

aration was made in part on the basis of direct evidence and in part on circum.atan• 

tial evidence. Those bass which, during the food studies were found to contain 

other bass in their stomachs were used as the limits of the size range of the can­

nibal classJ all other bass within this size range were also considered as cannibals 

except where the smaller cannibals were unusually small in relation tot he entire 

bass population. It is believed that, in general, the data obtained during the 

food studies validate the separation of the two groups by this method. The records 

of cannibals are as followaa 

Fenton Pond 1---Juq 5, of the 16 specimens in the oanuibal class, 14 contained 
young bassJ J~ly 16, of 25 specimens, 7 contained bass, July_ao. 9 specimens, 
no bassJ Augo 24, 18 specimens. 1 bassJ Oct. 17, no food studies made. Fen• 
-con Pond 2--July 5, 26 speoimens, 8 ¢ontained bassJ July 16, 21 speoimena, 6 
basaJ July 30, 7 specimens, 2 basaJ ~ug. 24, 2 specimens, 1 bassJ Oct. :51, 
no food studies made. Corduroy ron~uly 27, 1 spaeimen, 1 base. Summary-
125 specimens recorded as oannibals,l of which 40 specimens (32%) contained 
young bass in their stomachs at the time they were collected. 

From these data it app, ars to be a logical assumption that, durin,g the course of the 

eummer, most if not all of the bass within the size range designated for the canni­

bal class were actually cannibalistic. The cannibal classes in the October samples 

.from the Fenton ponds were defined on the basis of size distribution and the size 

range of cannibals in earlier collections. Scale examinations verified the fact 

that the large cannibals were young of 1935. 

Food stud'.as were mde on all of the cannibal bass, and either on all or on 

a large sampl: of the non-cannibal baas in each collection, except the October col­

lections from the Fenton ponds. Ii'or food stud:<.es on the bass, only the contents 

of the stomachs were analyzedJ the contents of the intestines were not examined 

and are not represented in the data presented in this paper. The results of the 
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e:x:amina:;ions of stomach contents were recorded for individual fish as the number 

of each type of or6anism and as the esti::rated percentage of total volume repre­

sented by each type. Facilities wore not available to measure the volumes of 

food organisms in individual fishJ however. the total volume of each type of or• 

ganism from all non-cannibal bass and from all cannibal bass in each collection 

was determined by water displacement, in a centrifuge tube with which r eading1 

to the nearest 0.02 cubic centimeters could ba made. In the event of several 

types of organisms each of too small a volume to be accurately measured, their 

combined volume was measured and their respective volumes estimated. Identifi• 

cations of the insect food organisll16 to family, genus or species were made chief­

ly by Mr. J. w. Leonard of the Institute for Fisheries Research. 

RESULTS 

This study is concerned with the history of the populations of' each pond 

only during that time period included by the dates of sampling from each pond 

(Tabl~ 1)11 The amount of growth made by the bass in the two Fanton ponds prior 

to June 29 (date of ~he first sample) is not known. Those bass stocked in Pond 

2 after June 29 (70,000 of the total 160,000 stock) were approximately the same 

average size as the bass already in the pondJ therefore this introduction of 

bass into Pond 2 subsequent to the first sample was not an import"lnt cause for 

the difference in avera5e size between the baas in the June 29 and July 5 sam• 

plea. Data on production of bass in Corduroy Pond and on lene;ths and weight■ 

of bass in Lydell Pond at the end or the summer are not ~vailable. 

The length frequencies of the bass and shiners in each collection are g1•~ 

en in Figure 1. In the construction of 1''igure 1, the vertical dimensions of 

the graphs, in many instanoes, have been exaggerated at the extremes in order 

to show the presence of a relatively small number of specimens. The number ot 

specimens range in standard length. average length and average weight of all 

bass and shiners in each collection are given in Table 2. The rates of growth 

of all non-cannibal and cannibal bass in the four ponds are presented in terma 

of average standard length in millimeters in F'igure 2J for 
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this figure the data have been plotted on a semi•lo&arithmic scale in order to 

show the percentage increase in length. 

There waa a considerable variation among the four bass populations in the 

amount of size dispersal which developed during the course of the swnrner. Thia 

size dispersal was much greater in the Fenton ponds than in the Corduroy and 

Lydell ponds. There was also a considerable variation in rate of growth. Thia 

was ~reatest in the Corduroy Pond and less in the Lydell Pond and Fenton ponds 

1 and 2, in that order-. The average rate of growth or the cannibal baas ia the 

Fenton ponds was much greater than that of the non-cannibal population of any of 

the ponds. 

When Fenton l'ond 2 was drained in October, it was found to contain, in addi• 

tion to the young bass, 16 bass ranging in total length from 9 1/2 to 10 3/4 

inches (see Figure 3). Enminations of scales from these larger individuals re• 

vealed that they were two S'LUDlll9rs old, or young of 1934. (These seoond•sum .. er 

bass are not represented in any of' the data presented elsewhere in this paper.) 

Whether they were introduced into the pond du.ring late June as yearling fish along 

with the bass try or whether they escaped from t'ond 1 into Pond 2 during late tall 

in 1934 is not known. The scales indicated that these fish ade a small amount ot 

growth during 1934 (about the same as that made by the non-cannibal baas ot .Pond 

2 duri~ 1~35, judgi~ from the size of comparable 6rowth areas of acalea-Figure 
:f 

4) but an enormous growth in Pond 2 during 1935. 
; 

Only cireUJ!Jtant.l•l evidfmoe ia ' :,~ 

available to explain the exceptional second-year growth ot these 16) bass 1L Pond 2. 
i f 

The only food supply available in any quantity was an almost unlimiied supply flt 

bass and shiner try, and the supposition is that the yearling bass fed on these 

try. 

A group pho~o&~aph ot approximat~.y avera5e-size bass from several of the 

different bass ~roups which have been discussed in this paper (the second-summer 

baaa from Fenton Pond 2, the cannibal and non-cannibal youn;; from Pond 2 and the 

non-cannibal young :from Corduroy Pond) is presented in Fi6ure 3. Photographs of 
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scales taken from these same fish,and reveali~ their growth history., are shown 

in Figure 4. 

Data on the numbers and lengths of non-cannibal bass from each collection 

which were examined for the present food studies e.re given in '.Table 3. A com• 

parison of the data in Table 3 with that in Table 2 reveals that those bass which 

were studied were typical, in length range and average length, of their respec-

tive collections. A summary of the total number and total volume of each type 

of food organism taken from the non-cannibal bass of each collection is given in 

Table 4. The data on stomach contents of all bass studied are in Table 5 to show 

the variation in food habits according to size amon~ each population of yourll bass 

at different times durin:6 the summer, and the variation in diet of each population 

throughout the summer. In the preparation ot Table 5, the major food organisma 

were grouped into four classes according to size, several catagories of food organ­

isms as listed in Tflble 4, such as "aquatie inseots, 11 ttterrestrial insects.," "animal 

remains" and "algaett were intentionally omitted in the preparation of Table 5. The 

non-cannibal bass in each sa.rnple were divided arbitrarily into two or three groups 

according to length; where cannibals were present, they constituted the third group. 

The importance of each food class to each bass ,~roup of ea.ch collection was deter­

mined according to (1) the aotual number and the per cent of stomachs containing 

each food class, (2) the total and average number of organisms of each class, (3) 

the aver:,ge estimated per cent of food by volume for each class and (4) an •1mpor­

tance factortt obtained by multiplying; the "per cent of stomachs containins eaoh 

food class" by the corresponding "average estimated per c nt of :f'ood by volume for 

each class.• This •importance factor• is thus a wei5hted average and is believed 

to be the most significant index to the relative importance of each food class, since 

it takes into account the frequency of occurrence of each and the relative impor­

tance of eaoh to individual fishJ it asmimes, however, the total content of indi­

vidual stomachs to be of equal importance regardless of the f'act that the volume 

of such eontenh may vary ,.;reatly with individual fish. 
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The 5reat bulk of the food organisms found consistently in the stomachs of 

the non-cannibal bass from the four poi:ds throughout the season ware miero-crus­

tacaans, mayfly numphs and chironomid larvae (T:,:ble 4). The larger aquatic in• 

sects (Odonata, .i:lem.iptera, Coleoptere. and Trichoptera) as a 6roup were also im­

portant. The Anlphipoda were of some importance only in Co--duroy Pond. Terres­

trial insects, arachnids, annelids, plant material and debris were generally of 

minor importance. The four food classes in sequence of importance to the four 

non-cannibal bass populations as a whole, from greatest to least, were: 2, 1, 3 

and 4 (Table 5). The cannibal bass had fed n:ostly on food class 4 (crayfish, bass 

and shiners). 

VARIATIONS IN FOOD HABITS 

The da.ta presented in 'Jable 5 reveal certain tendencies in food habits. The 

·~mportance factors• show, for the Fenton ponds, little or no definite trend towards 

a change in the importance of eaeh of th•J first three .f'ood classes with the advance 

of the season; however, in Corduroy vond, a big decrease in the mioroorustaoeans 

was replaced chiefly by a big increase in the :mayflies, chironondds and araphipods. 

l<'ood class 4 was encoun·'~ered to the la ast extent in the June sam;,les, but the rec­

ords of subsequent occurrence are too few to justify conclusions on the trend of 

importance of this rood class during the remainder of the summer. Differences in 

food preference were consistent and prominent between the different size groups 

of bass of single collections. In almost every collection the smaller of the non­

cannibal bass had f'ed more upon the micro-crustacea than had the larger ones. In 

general the two size groups of the non-cannibal bass of each collection had fed 

upon food class 2 (mayflies, chironomids and amphipods) in about equal amounts, 

and to a greater extent than had the bass of the cannibal group. Food class 3 (in­

cluding the larger aquatic insects) was used more by the larger of the non-cannibal 

bass than by the smaller. Food class 4 was of importance only to the cannibal bass. 
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cannibal 
basa 

Cannibal 
bass 

·rABLE 2. '11:HE NmIBER OJ:i' SP.E.'ClMENS, RANGE m ST.AlIDARD LBNGTII, 
AVERAGE LE}TGTJJiV'AND AVERAGE W'EIGHT OF ALL (EXCEPTIONS--SEE~ 
FOOTNOTES) NON-CANlUBAL AND CAlINIBAL, Yomm .. LARG~OUTmtl 
BASS (I.MB) MID OF YOUHG GOLDEN SHINERS (GS) nr THE RANDOM 

SAMPLES COLLECTED FRO!:.i THE FOUR BASS-REARING PONDS DURING 1935 

Locality Fenton Pond No. l Corduroy Cord Pond 

Date 

Species 

No. specimens 
Range in 
length (mm.) 
Ave. length 
Ave. wt. gr,. 

e/29 1/s _'!b:! 1[30 s[24 10[11 _,_s/_21 __ 
I.MB 

159 
20-

34 
28.l 
o.s1 

•• 

I.MB 

381 
24-

39 
30.4 
0.1 

LMB UJB LMB 

232 127 93 
10- 37- .,_ 

44 49 69 
36.l 43.2 57.4 
1.1 1.9 4.2 

um 

376 
12-

20 
16.7 
0.11 

•• 

GS L..~ 

•• 67 
19-

•• 61 
•• 47.2 
•• 2.a 

•• 

•• 
•• 

l 

61 
61 

10[19 
GS U.ID 

•• 143 
65-
120 

•• ao.4 
•• 12.2 

•• • • 

•• 
•• 

GS 

•• 

•• 
•• 
•• 

• • 

•• 
•• 

Lydell 
Pond 

7/27 

LMB 

•• 

• • 
• • 

No. specimens 
Range in 
length (:nnn.) 
Ave. length 
Ave. wt. grs. 

•• 
•• 
•• 

16 
4<>-

4'1 
42.7 
2.2 

25 9 18 64 
45. 50- 70.. 94-
63 74 116 155 

50.l 55.6 88.4 121.7 
3.1 4.4 17.0 41.6 

•• 
•• 
•• •• 7.5 

•• 
• • 
•• •• •• • • 

No. specimens 
Ave. length 

(mm.) 

169 397 2s1 13s 'i11 94sw 
✓ 

143 41., 71~ 

Total 

Non­
cannibal 
baaa 

Cannibal 
base 

Total 

Ave. wt. grs. 

Locality 
Date 

Species 

No. specimene 
Range 1n 
length (mm.) 
Ave. length 
Ave. wt. grs. 

No. specimens 
Range in 
length (mm.) 
Ave. length 
Ave. wt. grs. 
No. specimens 
Ave. length 

(mm.) 
Ave. wt. grs. 

2a.1 
o.57 

30.9 37.4 44.o 62.4 s~ 
o.7 1.s 2.1 s.3 s.o 

10.112.2 47.4 38.9 so.4 so.o 39.3 
0.11 0.02 2.9 0.9112.2 1.1 1.s 

Fenton Pond No• 2 

6/29 'l/5 7/16 __ 7/_3_0 8/24 10/31 
1MB 

423 
15-

30 
24.2 
o.37 

•• 

•• 
•• 
•• 

GS LMB GS I.MB 

•• 365 •• 504 
19- 27-

•• 40 •• 50 
•• 30.4 •• 40.6 
•• o.a1 •• 1.a 
•• 26 •• 21 

38- 51-
•• 41 •• 61 
•• 38.7 •• 53.5 
•• /1.4 ~-· 4.4 

!Ui'7 8§1J ~82 526 

GS LMB 

•• 

•• 

390 
33-

61 
•• 43.4 
•• 
•• 

•• 
•• 
•• 
68 

2.0 

7 
74-
88 

79.6 
13.4 
397 

GS U1B 

•• 137 
40.. 

•• 68 
•• 48.2 
•• 2.s 

um 
164 
41-

66 
49.0 
2.a 

•• 2 184 
108- 71-

GS 

•• 

• • 
•• 
• • 
• • 

•• 119 171 •• 
•• 113.6 128.6 •• 
•• 36.0 51.7 . , •• 
46 1!§ !2_s1st''211 

24.2 19.7 31.0 24.6 41.l 40.9 
o.37 0.14 o.as 0.2s 1.1 1.s 

44.l 53.449.l 
2.2 2.9 3.1 

l7 All average lengths are based on the frequencies of single millimeter classes, not on the 
4-millimeter classes listed in Figure 1. 

~ All collections were random samples of the pond populations except the October collections from 
the Fenton Ponds. At the time of draining in October, Fenton Pond No. 1 contained approximately 
9-250 non-cannibal bass and 200 cannibals, and Fenton Pond No. 2 approximately 32,100 non­
cannibal bass and 275 cannibals. Randorn s~los (included in this table) of the non-cannibal 
and cannibal groups were taken separately,,..fcit"~~ach pond. The total average lengths and 
weights, however, are based on the entire populations of the two ponds. 

~/ Only part of the entire sample is represented here. The June 21 collection from Corduroy Pond 
contained 1616 shiners; the October 19 collection from Corduroy.Pond contained 1230 shineraJ 
the June 29 collection from Fentot1. Pond No. 2 contained 62hshiners ~d the ,A1li 6 colie2tion 
from Penton Pond No. z contained -741_ baaa. The speQiJ,,enst Oli thes6 0t'!.'ahso'll.'.aeorioilp'Vfe\~tativ 
are listed in this table were taken at random from these o a.I. co.LJ.e a 
in size for the particular species and date. 

~The average size of the bass in this pond on June 21 was the s9lne as that of the corduroy 
Pond from whioh they were obtained on this date. 
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?..ELATION m' VOLUMJ•~ OF FOOD CON'IAIN!..D TO 

RATE OF GROW'lB 

The data reveal that differences in avel~a,~e rate of growth between the bass 

populations are correlated with differences in .he average volume of food contained 

in the stomachs. In enumeratin?; the followin,; comparative data. it is recognized 

that comparisons are significant only where the bass populations are of approxi­

mately the same average size or where sme.ller basa contain more food than the 

larger ones of another pond. The followin; comparison of non-oa~l populations 

are to be made s 
., 

1. June$ bass of Pond 2 (ave. len6th 24.2 mm.) with June 29 bass of 

Pond 1 (ave. length 28.l mm.). 

2. July 5 bass or Pond 2 (30.4 mm.) with July 5 and july 16 bass or 

Pond 1 (30.4 and 36.l mm.). 

3. July 16 bass of Pond 2 (40.6 mm.) with July 30 bass of ~ond 1 

(43.2 mm.). 

Whereas the bass in Pond 2 were smaller than ths bass in ?ond 1 on June 29, the 

avera;e rate of growth of the Pond 2 fish during the period of Jtme 29 to July 16 

was much 6reater than the average rate of growth of the Pond 1 fish during the 

period of June 29 to July 30 (see Figure 2). The more rapidly 6rowing fish in 

L-'ond 2 contained more food on the average. 'l'he averabe volumes of the stomach c 0 "'fr.wts 

tor each of the bass samples, just cited, are, 

1. June 29 bass of lond 2. o.016 c.c.; June 29 bass of ~ond 1. 0.006 c.c. 

2. July 5 bass of ~ond 2. 0.031 c.c.1 July 5 and July 16 bass of Pond 1. 

o.006 c~. and o.ooa CX). ;•eepectively. -· 
5. July 16 bass of fond 2, o • .oH ~.; July 30 baas or ,Pond 1. 0.010 c.c. 

Thia greater rate of growth of non-cannibal bass in Pond 2 during the early part of 
0v 

the sl.P.!lloor was made in spite oh prob~bly ;;reater concentration per acre. During 

essentially the same time period, Pond 1 was stocked with 15,600 rry per acre and 
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yielded 2,950 par acre while Pond 2 received 25,000 per acre and yielded 5,060 

per acre. During the la. tter part of the sUillller (July ~ to A~ust 24 for Pond 

1 fish, July 16 to AuGust 24 for rond 2 fish), however, the relative rates of 

growth of the bass populations in the two Fenton ponds was just the re·terse of 

those durin~ ths first part of the summer-the Pond 1 fish grew more rapidly 

and made a much 6reater total growth. Here again the more re.pidly ;;rowin1; fish 

contained the 6raater avera.6e volume of food (the August 24 fish of Pond l con• 

tained 0.031 c.c., the July 30 and August 24 fish of rond 2 contained 0.021 and 

0.012 o.c.), but this fact is of doubtful si6nificanee bacauee the fond 1 fish 

were also the larger. 

The much ;;;reater ra:i;e of growth of bass in Corduroy Poiid over the t-wo 

Fenton ponds was definitely correlated with the i:mount of food aa ten. The July 

27 bass .f'rom Corduroy contained an avers.6e of 0.079 c.o. or approximately 2 1/2 

to 7 times the amount contained by the bass in the August collections from. the 

Fenton ponds (the bass in the latter were the larger. The amount contained by 

the vctober bass from Corduroy was also comparatively very great (ave., 0.109 c.o.), 

but its significance is open to question due to lack of comparative material. Ac­

cording to the estimates by members of the Lydell F.atchery staff, the Corduroy 

Pond contained in excess of 13,000 young bass par acre at tha beginning of the 

summer, or at least nearly the equival0nt of the initial stockin;; of Fenton Pond l. 

The data sug,;est that the greater total increase in len;;th, during the summer, of 

the bass in Fenton Pond 1 over that of the bass in Pond 2 1'8.s, at least in part. 

due to the .fa.ct th.at there were fewer fish per aere in Pond 1, but that the big 

difference in rate of growth between the Corduroy and Fenton Pond 1 bass was due 

chiefly to differences in a.mount of food consumed. General observations at the 

time of sa:--::plin6 indicated t:hat Conlu.roy .l.'ond was, by far, the richest of the three 

ponds in abundance of food organisms, especially the mayflies. 

P.EU1. TI@ OF POOD riA.B!TS '.l.'0 SIZE .DlSPEl{SAL A.1'JO '.i.':.-E; BBGI;:;l:IJ:K¾ OF 

CA:;NIBALISM 
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The data obtained during the present food studies suggest that food ia a 

factor of prime importance in the increase of size dispersal. It has been in­

dicated that the larger of the non-cannibal bass .fed upon food class 3 (the 

larger aquatic insects) more than did the smaller ones, and conversely, the 

smaller ones fed on food class 1 (microcrustacea) more than did the larger ones. 

Further, it was observed during the food studies that the actual volume of the 

contents of individual stomachs was much 6reater when the food was mostly in• 

sects than when it was mostly micro-crustaceans. This fact is aug6ested by a 

comparison of the 11 importance taotors11 (Table 5) with the date. on measured vol• 

ume of food organisms (Table 4)J the aquatic insects are ranked as more important 

by the measured volumes than by the 9 importance factors" which do not take into account 

the variation in volume of the contents of individual stomachs. The faot that, over 

a considerable portion of the summer, the larger of the non-cannibal bass actually 

ted upon food class 3 (the aquatic insects) more than did the smaller of the non­

cannibal group is indicated by tha data, for examples among the bass of Fenton 

Pond 1 (comparing: fish or the same size) the "importance factor" of food class 3 

for the larger of the non-cannibals of June 29 was 32, while that for the smaller 

of the non-cannibals on July 16 was 3, the two groups being of the same size range, 

approximately, on their respective dates...,.11 similar comparisons tor the Fenton 

ponds reveal the same circumstance. The food organisms of .food class 3 ot most 

importance to the bass in the Fenton ponds during the early part of the sum.mar 

ware the Corixidae and Coleoptera, and during the early aumr~er the supply of 

corixida was nearly exhausted. During the latter part of the summer the larger 

insects ot food olass 3. such as the Odonata, replaced the oorixids. It is be-

lieved that the unequal extent of utilitation of the larger aquatic insects was 

responsible for the initiation of the rapid increase in size disperlial among the 

Fenton bass durin~ the summer. During •rly summer the la.r&er bass, by virtue of 

their size advantage, fed more ~pon the cqrixids than did the smaller bass. and 

nearly eliminated these insects before the smaller bass reached a sufficient size 
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to use this food source to an equal advanta6e. The resultant size dispersal was 

sufficient to allow cannibalism to begin. This explanation or the beginning of 

cannibalism receives confirmation from a comparison of the conditions in the 

Fenton ponds with those or Corduroy Pond. In Corduroy, the larger aquatic in• 

sects ware of less importance; the entire population was more uniform in food 

habits at any one timsJ there was much less size dispersal amon.:; the baas, and 

the occurrence of cannibalism was less frequent in Corduroy Pond (0.47% among 

all specimens collected) than in Fenton ponds 1 and 2 (2.1% and 0.8% respective­

ly at the time the ponds were drained in October; 7.5% and 3.9% in the summer ool• 

lections). 

RELATIOi:i 01'' CANNIBl:>LIS!vl Aim VOLUMi: OF l:"OCD CONTAINED TO 

SIZE DISPi:,RSAL 

Once oannibal~smwas started by virtue of a certain size advantage of pre• 

dator over prey, the cannibals continued to ,;row much more rapidly than the non• 

cannibals, ~esultin~ in a continual increase in size dispersal throughout the 

summer. This continual increase in size dispersal nay have been a necessary 

condition for the continuation of ·cannibalism as well as the result of it. The 

cannibals were always the larger bass of a population, and they were feeding on 

only the smaller bass in the pond. The avere.,_;e difference in length between pre­

dator and prey in the Fenton ponds increased continually, from 16.9 mm. on July 5 

to 21.2 mm. on July 16 to 46.5 mm. on July 30 to 56.5 mm. on Auc;ust 24 (Table 6). 

The data indicate that cannibalism was dependent upon size dispersal and that 

{oomparin.;:; the Corduroy population with those of the Fenton ponds, see Figure 1) 

the amount of cannibalism was proportional to the extent of the size dispersal. 

The much greater rate of growth of the cannibal bass over the non-cannibal 

bass was unquestionably due to the fact that they consumed a mueh greater amount 

of food which was probably also more nourishing in quality. The total content 

of the stomachs of the 557 non-cannibal bass from the Fenton ponds listed in 
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Table 5 was 8.70 c.c., an avera6e of' 0.016 c.c. per stomach. The total content 

of the stomachs of the 124 cannibal bass from the .Fenton ponds listed in Table 

5 was 21.91 c.c • ., an average of 0.17 c.c. per stomach or 10 times that for the 

ave,~e.ge non-cannibal bass; 17.09 o.c. or 78';t of this amount consisted of food 

class 4 (bass, shiners and crayfish), and the remainder was mostly the larger 

~qua.tic insects. Also, th3 ca~nibal basa contained more food than did non­

oannibal of the same size, or larger, taken at a later date. Of the Fenton 

Pond 1 collections, the· 16 cannibals of July 5 contained an average of 0.201 

c.c. while the 43 non-cannibals of July 30 contained an average ot 0.010 c.c.J 

the 25 cannibals of July 16 and the 9 cannibals of July 30 contained 0.143 and 

0.084 o.o. respectively., while the 42 non-cannibals of August 24 contained 0.031 

0.0. Of the Penton Pond 2 collections, the 26 cannibals of July 5 contained an 

ave ·age of 0.051 c.c., while the 65 non-cannibals of July 16 contained 0.014 o.c. 

The 21 cannibals of July 16 from Pond 2 contained an avera~e of 0.285 c.c., where• 

aa the 42 non-cannibals of August 24 from ~ond 1 oontained an averaie of 0.031 c.c. 
I 

The bass popul•tion of Corduroy 2ond was about intermediate between the cannibals 

and the non-cannibals of the Fanton ponds in average rate of growth (Figure 2) 

and in avera6e volume of stomach contents. The data obtained point to the con• 

olusion -chat for all bass, cannibal or non-cannibal, the rate of growth was ap­

proximately in proportion to the amount of food contained in the stomachs. 

The presence of the 16 second-sumn:~r bass in Pond 2 offers further evidence 

of the inherent capacity of the "largemouthu base tor rapid growth if sufficient 

food is available. The apparently reliable circumstantial evidence points to 

the conclusion that the enormous amount of growth during their second 8Ulllli.tSr -waa 

the result of an almost unlimited food supply; their very slow growth durin~ the 

first year was probably due to a limited food supply. 

RELATION OF AVERAGE GROWTH OP THE ?OPUIJl.'I'IOM TO AMOU1fT o~: CAWHIBALISM 

Those factor• which were found to be oonduiive to cannibalima--unequal utili• 
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zation of certain types of rood, and the resultant increase in si~e dispersal­

were or less importance, and consequently the frequency of cannibalism was less, 

amon,; the more rapidly ~rowin; pop11lation of bass in Corduroy than among the more 

slowly ,;rowin6 populations of the Yenton ponds. Thus it appears that the rate ot 

growth of the bass populations was another factor of iJllportance in the develop• 

:ment of cannibalism. 

GOLDEJ'l SHUIBltS AS FORAGE IN BASS PONDS 

The present study has furnished some information on the problems involved 

in the use of golden shiners as a forage in bass rearing ponds. In Fenton Pond 

1, young sh5.ners, according to the collections and counts mde at the tim.e the 

pond was drained, outnumbered the bass 2 to lat the beginning of the summer, but 

by the end of the season the proportion was about 1 to l. Youn.; shiners in Corduroy 

outnumbered the yo'Ullg bass more than 5 to 1 and, on a per acre basis, were several 

times as abundant as the shiners in the Fenton pond. The rate of ,_;rowth of th• 

shiners was more rapid in Pond l than in Corduroy (just the opposite of th.at ot 

the bass in the two ponds, see F'igure 1), and was correlated with density of 

population. Shiners were found in bass stomachs in two instances for the Fenton 

pond (July 16 and 30) and in 10 instances for Corduroy Pond Uune 21 to October 19)J 

' it does not follow, however, that the Corduroy bass ate more shiners because the 

shiners in this pond were smaller, for they were also at least 5 times as abundant. 

In the F'enton pond the bass involved were of the cannibal class; the differences in 

length between bass and shiner ware 13 to 38 mm., respectively. I"or C:orduroy the 

bass wc,re also among the largest of the population and the shiners were among the 

smallest_; the average differences in length between the bass and the shiners which 

they ate were 9 mm. for June 21, 21 mm. f'or July 27 and 63 mm. for October 19-e. 

continual increase in the difference in lenc3th between predator and -prey. 

The data reveal that size of' the fish•prey was the r:iost important factor in 

determining whether the larger bass fed on the smaller bass or on the shiners. 

From Yenton .fond 1 there were 17 recorded instances of cannibalism and 2 instances 
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of predation on shiners; from Corduroy there ware 10 instances o:"' predation on 

shiners and l instanoe oi' cannibalism. In the former pond the smallest of the 

shiners were lar~er than the smallest of' tho bassJ in the latter pond the reverse 

was tr:.te. It should be indioated also that a ;reater difference in size frequency 

between the populations of bass ar,1 forage minnows than existed amoll.i; the fishes 

in Cord1u-oy .Pond is necessary for an extensiw use of' the shiners as food by the 

bass. 



Area (acres) 
Max. depth (.rt.) 
Ave. depth (rt.) 
Bottom 
Water supply 
Vegetation 

Date (1935) 

Time or 
sampling 

Water temp. c, 

Air temp. c. 

June 
29 -

3 to 4 
.P.M. 

29 

27 

Table 1. Descriptive data on the four bass-rearing ponds 

involved iu the present study. and notes on the collecting ot 

samples. 

Fenton Pond ?to. 1 

3.2 
6 
3 
sana 
Spring Creek 

Scant to abundallt 
{mostly algae) 

July July July Aug. June 

Fenton Pond Wo. 2 

6.4 
a 
3 
8a:n4 

Fenton Pond No. 1 
Abundant 

(mostly algae) 

July July July Aug. 

Corduroy POl'ld 

15 
9 
4 

Peat 4: mud 
Wan Creek 
A.!~:.fmely 
( submeri.!;ent 

types) 

June July Oct. 
5 16 30 24 19 5 16 30 24 ..!!.. 27 19 - - - - - - - - - - -

9:30 5 to6 3150 4 to 4 to 10 to 6 to 4 to 5 to 10 to 8130 9 to 

Lyd•ll 
Pond 

1 
8 
4 

San4 
Warm CrHk 

Scant 

July 
27 

11 to 
to 10 P • .M. to 4 6130 5 P.M. 12 6:30 5 P.M..6 P.U. 12 to 10 12 A.M. 11130 
A.t,! • P.M.. P.M. .A.M. P.M. A.M. A.M. A.M. 

29 28 21 25 30 30 28 27 25 •• 29 14 29 

29 26 28 17 27 so 27 28 'J.'1 •• 27 19 28 



Looalitz 
Date 

No. speci.JD.«ls.a 

Range 1n 
length (mm.) 

Ave. length 

TABLE 3. NUMBER OF SPJOOIMENS • RANGE IN STANDPJID Lb'NGTR AND AVERAGE LRNGffl OF NON-CAJHUBAL• 

YOUNG "LARGEMOUTH" BAS}] 1'"'ROM EACH COLLECTION E.X.AlUNED FOR THE PRESENT STUDY OU ~·ooD HABITS 

Fenton Pond Noe 1 Fenton Pond No. 2 Corda Pond. 
line Ji.iiy Juiy Juiy lug. ™ Juiy JiiXy Jilly liig. June · y dot. 
29 5 16 30 24 2t s 16 30 24 21 27 19 

41 47 4t9 43 42 118 53 65 55 44 50 61 143 

22- 26- so- sa.. 48- 16- 19- 31- 35- 41- 13- S9- 65-
33 37 41 49 69 30 40 50 67 68 20 61 120 

28.4 s1.1 35.7 41., 58.3 24.4 :n.t 39.9 44.5 49.8 17.3 47.1 so., 

• Pon4. 
Jiiiy 
21 

71 

so-
61 

39.3 



TABLE 4. SlJT.'.}W?Y DATA li'ROF 1.·m~ STTmIES OF },'f01'1AC,;; GO~!TENTS OF THE noN-CAiri:'IBAL, YOUUG 
"LARGEMOUTH" BA:.:i~ COLLECTED DtJRING 1936 1'"ROM FOUR BASS-REARnm PONDS nr MICHIGAN, rncLUDING 
THE TOTAL NUMBER MID TOTAL VOLUME (IN CUBIC CEllTIMETERS) o:r EACH 'fYPE OF FOOD ORGAtIISM FOR 

EA.CB CO!'.LECTIOll STUDIED. DATA OU '.r!rn BAS8 EXAYDJBD JJUI: GIVEN n-r TABLE 3. 

Food Organia:ma 
Cladocera - - - - - - - - - - - • 
Copepoda - - - - - - - - - - - • 
Ostraooda • - - - - - - - - • 
Deoapocla • ~ - ~ ~. - ~ - - - • 
Epheraettoptera, nymphs (Baetia and 

Caenis) • - - • - - - - - - -
Zye:;optera, n~hs and adults 

Coenagriidae - - - - - - - -
Aniaoptera., nymphs 

Gomphid~e (Gomphua) • - - - - -
Libellulidae • - - • - - • - - • 

Homoptera - - • - • - - - - - ~ -
Hemipte:ra 

Corixidae - • - - - - - - - - • 
other Hemiptera - - - - - -

Coleoptera, larvae 
Gyrinida.e (Dineutea) • - - - - -
Hydrophilidae (Beroaua) - - - • 
Dytiaoidae • - - - - - -

Chironomidae, larvae - - - - - - -
Diptera, adults - - - - - - - - -
Bymenoptera - - - - - - - - -
Aquatic ins nets {other) - - - - -
Araclmida - - - - - - - -
Alca.e • - - - - - • • 
Total volume• - - - - - - - -

.Annelida 
Olie;ochaeta - - - - - ... 
Hirudinia - - - -

Cladocera - - - - - -
Copepoda - - - - - - - -
Ostracoda - - - - - - - -
Amphipoda - -

- -

Ephemeroptera, nymphs (na.etis end 
Caenis) • - - - - - - - - - • 

!ygoptero., nymphs and adults 
Coenagriidae - - - - - - - - - -

. /l.nisoptera, nymphs 
Libellulidae - - - - - - - - - -

Homoptera - - - -
Hemiptera .• 

Corixidae - - - - -
Gerridae - - - - -

Coleoptern, larvae 
Hydrophilidae - -
Dyt1soidae • • - - - -

Coleoptera, ndulta - - - - - - - • 
Trichoptera, ~arvae 

Rydroptilidae - - • -
Limnephilidae • • • - - - - - • 

Chironomidae, larvae - - - - -
Diptera, adult• • - -
IJymenoptera - - - - - - - -
Aquatic insects (other) - - - - -
Terrestrial insects {other) - - -
Araclmida • - - - - - - - - -
Animal remains• - - - - - -
Algae - - - - - - -
lllndigestible debri1 - - - - -

Total volume• - - - -

~e 19 
io. Vol. 
293 o.oos 
114 0.01 
14 tr. 
••• 
18 

••• 

••• 
••• 
••• 
40 

••• 

••• 
••• 
13 

146 
••• 
••• 

2 

••• 
••• 
••• 

••• 
••• 

1288 
1690 

2 
l 

226 

••• 

••• 
1 

260 

••• 

••• 
18 

••• 

••• 
••• 
175 
••• 
••• 

l 
••• 

l 
••• 

? 

••• 
••• 

••• 
0.025 

••• 

••• 
••• 
••• 

0.13 
••• 

••• 
••• o.oos 

o.os 
••• 
••• 

••• 
••• 

••• 
••• o.oe 

0.13 
tr. 
tr. 

••• 

• •• 
tr. 

0.23 
• •• 

, ... 
0.02 

• •• 

••• 
• •• 

0.13 
• •• 
• •• 
t:r. 
• •• 
tr. 
• •• 
tr. 
• •• 

Fenton Pond No• 1 
Jiiiy 5 Jui:,: lG 

No. \ro1. No. Vol. 
1032 0.015 803 0.025 
1183 0.025 214 0.012 

71 tr. 32 o.003 
1 tr. ••• ••• 

9 0.004 

1 tr. 

••• • •• 
••• • •• 
••• • •• 

3 tr. 
••• • •• 

3 0.015 
a 0.024 
6 0.025 

517 0.11s 
••• • •• 
••• • •• 

s 0.004 

••• • •• 
• •• ••• 
••• 

357 0.010 

2 0.003 

1 0.002 
1 0.002 
2 0.001 

•••••• 
3 0.002 

••• ••• 
7 o.04 

••• • •• 
552 o.19 

8 o.oos 
! 0.001 
a 0.013 
2 tr. 

••• ••• 
••• o.37 

Fenton Pond No. 2 
Ju1y 5 July 1s 

No. Vol. No. 7fo1 • 

••• 
1 

6034 
553 
••• 
••• 
24 

• •• 

• •• 
••• 
105 
• •• 

' • •• 
19 

• •• 

• •• 
• •• 
174 

• •• 
• •• 

9 

• •• 
••• 

' ••• ., 
• •• 

• •• 
0.0t:'-
o.77 
o.oo 
• •• 
• •• 

o.os 

• •• 

• •• 
• •• 

• •• 

• •• 
0.05 

• •• 
• •• 
• •• 

0.39 
• •• 
• •• 

0.01 
• •• 
• •• 
tr. 
• •• 
tr • 

2 

••• 
3206 
3386 

29 

••• 
469 

29 

l 

• •• 
3 
2 

• •• 
10 

6 

• •• 
• •• 
374 

6 

• •• 

0.11 
• •• 

0.10 
0.1s 
tr. 
••• 

0.10 

0.01 

o.04 
• •• 

0.10 
0.02 

• •• 
0 .. 01 
o.04 

• •• 
• •• 

o.13 
tr. 
• •• 

I. 0.01 

••• • •• 
1 tr • 

••• • •• 
? tr. 

••• • •• 
• •• o.as 

8530 0.11 
145 o.oos 

6 tr. 
••• • •• 
18 0.01'1 

1 0.001 

1 0.005 
1 0.004 

••• • •• 
••• • •• 
••• • •• 

••• • •• 
14 0.10 

••• 
203 

••• 
• •• 
••• 
••• 
••• 
• •• 

• •• 
0.11 
••• 
••• 
• •• 
• •• 
• •• 

o.41 

July So 
No.voi. 

• •• 
1 

3048 
3009 

45 

• •• 
164 

35 

• •• 
• •• 

••• 
• •• 

l 
5 
l 

• •• 
• •• 
219 

1 
• •• 

1 
••• 
• •• 
• •• 

? 

••• 
• •• 

••• 
0.22 
0.12 
0.1a 
tr. 
••• 

0.13 

o.:.;s 

• •• 
• •• 

• •• 
• •• 

0.002 
o.ooa 
tr • 

• •• 
• •• 

0.11 
tr. 

• •• 
0.02 
• •• 
• •• 
• •• 
tr. 
• •• 

1.16 

Aug. U 
No. Vol." 

1332 0.10 
79 0.01 
8 tr. 

• ••••• 
603 o.M 

4 0.1, 

•••••• 
•••••• 
• ••••• 

• ••••• 
•••••• 

2 o.os 
4 0.06 

• ••••• 
239 0.15 
•••••• 
•••••• 

1 tr. 
•••••• 

, tr. 
••• 1.32 

• ••••• 
•••••• 
664 o.os 
183 0.02 

8 tr. 
• ••••• 
125 0.12 

14 0.224 

2 0.004 
l tr • 

••• • •• 
1 tr • 

1 0.002 
2 o.004 
1 tr. 

s o.004: 
2 0.002 

62 0.01 
l tr • 
3 tr • 
1 tr. 
l tr • 

••• • •• 
l tri. 
? trJ 

••• • •• 
• •• 



Annelida 
Oligochaeta - - - - - - - -
Hirudinia - - - -

Cladooera - - - - - - - ... -
Copepoda • • - • • - ~ ~ - - ~ -
estracoda - - - - - - - -
Amphipoda • • • .., .. .., ac .. - • 

Deoapoda • .. - - - -
Ephemeroptera• nympha (Baetis 8lld 

Caenie) - - - - - - - - - -
Zygopten.., nymphs and adult• 

Coenagriidae • - - - - - -
.Anisoptera. nympha 

Gomphidae (Gomphus) • - • • 
Aeehn.ida• {A:nax junius) - .. - ... 
L1bellulidae (Libellula) - - ... 

Hemiptera 
Corixidae • - • - - ~ - - - - • 
Notonectidae (Notonecta) - - -
Belostomatidae - - - - -
Gerridae • - - - - - -

Coleoptera• larvae 
Dytisoidae - • - • - - - - - -
Haliplidae - • • - - - - - - • 

Coleoptera., adulta - - - - -
Triohoptera., larva.e 

!Iydroptilidu - - - - - - • 
Limnephilidae - - - - -
Leptoceridae • - - - -
Other Trichoptera larvae - - -

Chironomida•• larvae - • - - - -
Diptera• adults ... - - - - -
Aquatic insects (other) - - - - • 
Terrestrial insect, (other) - - -
Arachnida• - - - - - - -
!1'otemigonu1 • - - - - - .. - -
Animal remain.a • ~ - - - - - - -
Algae• - - • • • - - • - -
Plant remaine • - -
Undigestible debris•• - - -

Total volume - - - -

TABLE 4: (CJTICLUDED) 

Corduroy Pond 
Jiiiie ll July 27 

No. Vol. no. Vol. 

••• • •• 
••• • •• 
408 o.06 
222 0.01s 

••• • •• 
l 0.001 

••• • •• 
8 0.005 

••• • •• 
••• • •• 
••• • •• 
••• • •• 

l 0.001 
••• • •• 
••• • •• 
••• • •• 

2 0.001 

••• • •• ... . ... 
••• • •• 
••• • •• 
••• • •• 
••• • •• 
42 0.01 

••• • •• 
••• • •• 
••• • •• 
••• • •• 

2 o.oos 
, 0.01s 

••• • •• 
t 0.001 

••• • •• 
••• 0.12 

••• • •• 2 o.2os 
2525 o.ae 
365 0.10 
36 0.002 
2f 0.06 

••• • •• 
725 s.12 

3 0.001 

3 0.001 
4 o.oos 

••• • •• 
12 0.01a 

••• • •• 
••• • •• 
••• • •• 
15 0.03 

••• • •• 
••• • •• 
••• • •• 
••• • •• 
••• • •• 
••• • •• 
21a o.41 
••• • •• 2s o.044 
••• • •• 
••• • •• 

1 o.3 
? 0.034 

••• • •• 
? 0.001 

••• • •• 
••• 

Oct. 19 
Mo. Vole 

••• 
1 

5512 
256 

2 
120 

3 

• •• 
0.01 2., 
o.os 
tr. 

0.48 
1.68 

4760 5.6 

••• • •• 
5 0.()4 

7l o.54 

5 0.10 
S 0.05 

••• • •• 
••• • •• 

••• • •• 
••• • •• 

1 0.02 

••• • •• 
••• • •• 
••• • •• 

l 0.02 
40 o.os 
••• • •• , o.os 
••• • •• 

1 0.10 
7 2.98 

••• • •• 
, 0.30 

••• • •• 
? 0.01 

••• 

No. Vol. 

l 
2 

1245 
85f 

76 

••• 
••• 
18E 

9 

••• 
••• 
• •• 

••• 
••• 

l 
3 

6 
5 
1 

7 
6 
2 

• •• 
85 
1 
? 

10 
• •• 
••• 

? 

••• 
••• 

? 

••• 

a.OJ. 
0.10 
0.32 
0.11 
0.01 
• •• 
·••· 

0.01 

••• 
• •• 
••• 

• •• 
• •• 
0.007 
0.003 

0.015 
0.015 
0.01 

0.01s 
0.012 
0.005 
••• 
0.09 
0.01 
0.22 
o.03 
• •• 
••• o.os 
• •• 
• •• 

0.01 



1'AJ3LE 5• S1TI/1.TARY OF STOMA.CH G'.)NTElfl'S OF 14 COLLECTIO?m OF "L.ARGEt,OUTH" BASS 
·rAKEll' PROli FO"lffi S'l'ATE BASS-RF..ARiliG PONDS AT DIFPERJ~Ii!? ,TII':ES ·rHROUGHOUT THE 
Sill'ili'.:::R OF 1935. ARlU\JIJGED ACCOF:DIHG 'l'O SIZE GROU?nmscV 01~ BOTH JlAS[( AND FOOD 
ORGAlUSMS. TJm POUR FOOD CLASSES rncLUDR TUE FOLLOWDIG TYPES OF OHGAJJIS:MS. 

FOOD CL.ASS 
fl n 
1t 11 

tt tt 

l 
2 
3 

4 

CLADOCERA, COPEPODA .AND OSTRACODA 
1::PHT:J'/SROPTgHA, IHPTP,R.r\ L.rnVA:.C Juill J\l/PJII:POI.>A 
ono:NATA_. TlBMIPTEB.A, COLROPTY.:RA, TRICHOPI'ER.A, HOMOPTERA, 
''I1=··=A a-,)'t"l'T" = 'Vt,•t\DT}•'~-, ~ Al' A\."u·i.~IDA At•tri ~1-,,.rn'Til)A ,;J . :--- .L ~, J\.~,· ,,J.J ,J- 1 J1.,1.1 · .i. .. , • v;;-. ,.:.-u1. ~ .\..fi'. J.J:l..i:-: ...... r .... L~ .1;..,; ,H.t.•; -.v ;..:..i..,. 

DECAT'ODA, lJO'l'El'.IGONTJS Alm J\PLITES 

No. stoma.oh.a 
Food containing 
claSB ~ olaa■ 

No. sto:maoha 
by 

% 

Total no. 
food 

,organiaa 

No. organ!ams 
per 

stoma.oh 

f..ve. % of fooil 
by volume / "Importance 

( estilnated t:'. factor" 

l 
2 
3 

1 
2 
3 

1 
2 
3 

l 
2 
3 
4 

2 
3 
4 

1 
2 
3 

1 
2 
3 

l 
2 
3 
4 

l 
2 
3 

1 
2 
3 

l 
2 
3 

¥ 

11 
10 

5 

8 
16 
11 

18 
18 
4 

24 
27 
11 
1 

3 
l 

13 

20 
22 
3 

21 
25 

8 

2 
9 
6 
9 

20 
13 

4 

16 
14 

4 

6 
7 
l 

86 
77 
38 

29 
57 
39 

90 
90 
20 

89 
100 
41 
4 

19 
6 

81 

87 
96 
13 

81 
96 
31 

8 
36 
24 
36 

87 
57 
17 

80 
70 
20 

6'7 
78 
11 

FRHTON POND !'TO • l • Jli'NE l~ 
13 bass, 

.360 
76 
14 

28 bass. 28-33 mm. 
61 7.6 
88 5.5 
39 3.6 

FEF:TOH nm,m NO• 1, JULY 5 

20 bass, 

1621 
234 

6 

27 bass, 

665 
292 
14 
1 

26-30 llllle 

90 
13 
1.3 

31-37 :mm. 

28 
11 
1.3 
1.0 

16 cannibal bass, 40-47 mm. 

14 4.7 
1 1.0 

14 1.1 
FENTO'l'r POND NO. l, JULY 16 

23 bass, 30-S6 l!lm• 

816 
491 

3 

41 
22 
1.0 

26 bass, 36.41 mm. 

234 11 
418 17 

25 3.l 
25 can11ibal bass, 45-63 :nun. 

11 s.s 
137 15 

10 1.7 
9 1.0 

l';,V'fOH POND lffl• 1, JULY 30 

23 bass, 38-43 mm. 

5923 296 
55 4.2 
5 1.3 

20 bass, 44-49 mm. 

2757 
166 
12 

172 
12 
3.0 

9 crumibal bass. 50-74 mm. 

419 
300 

4 

70 
43 
4.0 

26 
69 
18 

9 
52 
81 

39 
56 
20 

23 
60 
38 

6 

83 
50 

100 

18 
77 
25 

16 
70 
45 

4 
84 

TG 
100 

73 
24 
56 

50 
56 
55 

30 
74 

100 

21 
53 
7 

3 
30 
32 

35 
50 

' 
20 
60 
16 
0.2 

16 
:5 

01 

16 
74 
3 

13 
67 
14 

o.3 
30 

l'i 
36 

64 
14 
10 

40 
39 
11 

20 
68 
11 

The relative numbers of bass in the different si.le groups in most instances do not represent 
the components of random samples of pond populations .for relatively large numbers of the 
cannibal class were selected for this food study. However. all bass not indicated as can­
nibals represent random samples of' the non-cannibal populations. 

2 . 
V The average % by volume is baaed on only those specimens which contained the particular food 

olasa. 



TABLE 6 (CO'.MTrnUim) 

No. stomaoha No. stomachs Total no. No. orgudaa Ave. % of food 
Food containing by food per by volume t:::/ "Importance 
clasa food olas1 % orgo.niema stomach ( estimated :t'aotor11 

FJ~TTO'.H POND NO. l, AUGUST 24 

22 bass, 48-58 nun. 

1 16 73 1215 16 21 16 
2 18 82 339 19 79 85 
s 2 9 2 1.0 24 2 

20 bass, 59-69 mm. 

1 16 76 204 14 12 9 
2 18 90 603 28 76 68 
3 6 30 8 1.s 41 12 

18 cannibal base, 70-116 mm. 

1 8 44 111 14 4 2 
2 14 78 614 41 60 47 
s 11 61 37 3.4 54 33 
4 3 17 3 1.0 86 16 

FENTON POND MO. 2, JUNE 29 

48 bass, 16-23 DIil• 

1 . ., 98 2314 49 34 33 
2 42 87 167 4.0 56 49 
3 36 76 127 3.6 24 18 

70 bass, 24-30 mm. 

1 57 81 666 12 12 10 
2 68 97 235 3.5 79 11 
I 61 73 163 3.0 19 14 

FENTON POND NO. 2, JOLY 5 

22 bass• 19-30 mm. 

1 22 100 3159 144 48 48 
2 17 77 84 4.9 52 40 
3 11 50 49 4.6 23 12 

31 basa, 31-40 mm. 
1 30 97 3428 114 55 53 
2 16 62 114 7.1 45 23 
s 20 65 76 3.8 31 20 

26 cannibal bass, 38-41 mm. 

l 5 19 127 25 8 2 
2 12 46 47 s.9 36 17 
3 16 58 85 4.3 63 37 
4 9 36 9 1.0 98 34 

FENTOM POND NO. 2• JULY 16 

31 bass, 31-59 mm. 

l 27 87 3766 139 60 44 
2 25 81 301 12 61 41 
3 9 29 23 2.6 20 6 

34 baas, 40-50 mm. 
l 22 66 ,fl865 130 39 25 
2 26 74 542 22 42 31 
3 16 44 36 2.4 66 29 

21 cannibal baH 1 51-61 :mm. 
1 4 19 28 7.0 2 0.4 
2 12 61 187 16 70 40 
3 10 48 16 1.6 54 26 
4 1 33 7 1.0 92 30 

FE.NTO?I POlID NO. 2, JULY 30 

29 bass, 35.44mm. 

1 29 100 4668 161 63 63 
2 23 19 269 12 39 31 
3 9 31 28 s.1 20 6 

26 ba.ss, 45-57 mm. 
1 15 58 1434 96 54 31 
2 11 65 114 e., 53 34 
3 5 19 16 8.2 19 15 

7 cannibal ba••• 74-88 mm. 
2 1 14 2 2.0 60 8 
3 2 29 6 3.0 28 8 

' 3 43 3 1.0 95 41 



TABLE 5 (C0HCLUDED) 

No. stomachs No. sbomaolia Total no. No• organiaru Ave. ,C of food 
Food containing by food per by volume .· "Importance 
claaa food claea % orgen181118 stomach (estimated~ fe.otor" 

PE!T'.tON POND NO. 2• AUGUST 24 

28 bass. 41-52 DIil• 

l 24 86 669 27 37 32 
2 22 79 151 6.9 54 43 
3 8 29 11 1.4 49 14 

16 bass, 53-68 mm. 

1 8 50 96 12 38 19 
2 11 69 36 3.3 23 18 
3 10 63 23 2.3 76 47 

2 ca:rmibal bass. 108-119 mm. 

3 1 60 2 2.0 25 13 
4 1 50 l 1.0 '75 38 

CORDUROY POND• Jl,'lffi 21 

12 bass, 13-16 mm. 

1 12 100 148 12 75 76 
2 4 33 11 2.s 15 5 
3 1 8 l 1.0 20 2 

38 baas. 17-10 :an. 

1 35 92 ·t82 14 73 67 
2 15 39 40 2.7 30 12 
3 2 6 2 1.0 10 o.s 
4 2 6 2 1.0 95 5 

CORDUROY POND• JULY 27 

41 bass, 39-48 mm. 

l 39 95 2341 GO 22 21 
2 41 100 616 15 72 72 
3 11 27 18 1.6 16 4 

26 bass, 49-61 mm. 

1 26 96 680 23 14 13 
2 25 96 411 16 77 74 
3 8 31 21 2.s 24 7 
4 1 4 1 1.0 60 2 

l cannibal bass• 61 mm. 

1 100 1 1.0 100 100 

CORDUROY PO!ID, OCTORER 19 

50 bass. 65-76 mm. 

1 47 94 1769 38 24 23 
2 49 98 1865 38 67 66 
3 18 36 36 2.0 25 9 

82 bass. 77-92 mm. 
l 74 90 1787 24 27 24 
2 80 98 2839 35 66 66 
3 24 29 64 2.1 28 8 
4 2 2 2 1.0 74 1 

11 bass, 96-120 mm. 

1 3 27 214 7l 27 7 
2 7 64 226 32 33 21 
3 2 18 9 4.5 52 9 4: 6 55 8 1.3 96 53 

LYDELL POND,, JULY 27 

26 bass, 30-3 7 mm. 
1 26 100 1462 56 64 54 2 21 81 102 4.9 37 30 
3 6 19 12 2.4 50 10 

38 bass,, 38-45 mm. 
l 34 89 713 21 33 29 2 26 68 173 s.1 51 36 
3 12 32 27 2.3 36 11 

7 bass, 48-57 mm. 

3 3 43 5 1.7 62 22 



Locality 
Date 

Lengtha cannibals 

No.s oanniba1a 

Length, bass eaten 

No., bass eaten 

Ave. difference in 
lengths predator 
and prey 

TABLE Se RANGE rn STMIDARD LENGTH (MM.) OF CANUI:RAL BASS AND OF YOUNG BASS li'OTlND 
IN THEIR STOMACHS. AND AVERAGE DIFFERENCE nr LmmTH BETVVEE'N PlU<JDATOR .AND PHEY. 

FOR ALL ACTUAL RECORDS OF CANNIBALIS:U ENCOUNTERED I:N THE PHF,SENT. STUDY 

Fenton Pond No• 1 Fenton Pond Noe 2 
Juiy Jiiiy lug. Jiily Juiy July lug. 

5 16 24 5 16 30 24 

40-41 45-63 70-116 38-41 51-61 74-88 108-119 

16 25 18 H 21 1 2 

24-30 31-38 49 22-24 30-36 35-36 45 

14 1 1 8 6 2 1 

17.1 20.9 50 16.6 21.a 46.5 63 

Cordurol Pond 
Jiiiy 

27 

61 

l 

39 

1 

22 



16. 

Fig. 1. Length frequency distributions of young non-cannibal and cannibal 

"largemouth" bass and of youn..; golden shiners in all collections from 

the four rearing ponds. 

Fi;;. 2. Average growth in length of non-cannibal and cannibal bass based on 

all collections from the four rearing ponds. Data are from Table 2 and 

are plotted on semi-lo5arithmic paper to show per cent of increase. 

Fig. 3. Group photograph or •1argemouth" bass to illustrate variation in rate 

of growth. A scale from each fish is pictured in figure 4. 

A- rlaturint: male taken from Fenton Pond 2 on October 29. 1936 at the end 

of its second growing season. Standard length 227 mm •• total length 

268 nnn •• weight 332 grs. This fish was presumably a cannibal during 

its second sUl'llI .. ar, see scale in Figure 4. 

~ Immature 4emale cannibal taken from Pond 2 on October 31, 1935 at 
•.-

the end of its first growing season. Standard length 145 mm •• total 

length 181 mm., weight 72 6rs. 

c- Immature female non-cannibal taken from Corduroy rond on October 19, 

1935 at the end of its first growing season. Standard length 77 nun., 

D- Hon-cannibal taken from .fond 2 on October :n. 1935 at the end of ita 

first ;rowing season. Standard length 52 mm., total len5th 64 mm., 

weight 2.4 .;rs. 

Fig. 4. Scales f'rom the bass shown in Figure 3 revee.lilli; their age and ,;rowth 

history. All scalos are reproduced at the se.me ma;;nification and they are 

arran.,;ed in t,his figure in the order eorrespondin6 to that of the fish they 

represento fo,ta on the fish are given in :n:;ure 3. 



l'T. 

A..- fish two summers old ( one annulus, I) J cannibal during its second summer. 

B'!""" Cannibal young-of-the-year from Fenton I' ond 2. 

i,. 1fon-canni ba.l young-of-the-year from Corduroy ?ond. 

D-lfon•cannibal young•of'•the-year from Fanton .;.'ond 2. 
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This e.rpendix was not ir1 cbded in +;he re:)ort itself (the report is to be 

published by the _A_'clerican Fisheries Society) because it includes certain criticisms 

of the present r1ethods of oper3.ting our brtss rearing ponds. 

Of the four r:;onds in question, the co2T:nlete history of the populations of young 

bass ( initial stockinc, food imrl grovrth studi,gs, e.r.rJ. proriuction per acre e:t the ond 

of the SU!l'.r:,er) was obtained for only the two Yenton ponds• For Corclm·oy Pond, the 

initial stocl:inf0'. of :rounc be.ss wo.s ~~ot l:c2.o·.1m l,ec<iuse the~r ~·rere :_:iroduced by o..dult bass 

in the pond; and the production w-e.s not determined because the pond vms 2:1ot drained. 

Data. on the stockinc and the production in the Lydell Fond were available but the 

mmber of sa.r.;_plos obts.ined for the present study were too few. Therefore the follot"r-

inz discussion of the methods of opere.tin;:; the bass rearing ponds refers specifically 

only to these two Fenton ponds, elt}ion:-_;h it micht be found to ar,ply to severr.l other 

be.:,s re8.rircg ponds in tl'.is state if a care:f'ul study of these other ponds were ma.de. 

Data or- the mun.ber of younr bass stocked in the Fenton ponds at the be6in..'ling 

of the sur:nr.er and on the number produced when the ponds were drained 5.:n t:'le fall~ ar.d 

the percentage of survivn.1 in 13ach pond, are (the figures on total nUI>Jber stocked in., 

n.!:.d taken from each pond, and the figures on pond o.reas '!tere furnished by 1:r. A.T. Stewart): 

Stockint; Production c;;' sur- i'.reE I 0 

Total number lio. per e.cre To·fal 1To. Eo. per acre vival ar:r/ 
Fenton Pond 1 50.,000 15,600 9.,450 2,950 13.9 s.z-
Ferton ?ond 2 160,000 25,000 32,375 5,060 20.2 6.4 

'~he r1roduc~~ions per ~.ere obtD-::. 01ed in these t-.-ro ponds ·:rere compe.rati vely good., con-

sidcring the fact t:i.e.t no e.rt:i.f5~inl feeding ·:ras c~orns. ?mrever, the perce:nta.ze of survival 

of the youne: bass in the two pcr.ds was very lavr--appro:ximately 20,'s; end their grmvth 



, ' 
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s•;?.s also quite poor, 

poi:its to the conclusion that the ce.r.2:ibals accounted for a ·bi,:~ portion of t 11is loss. 

Lccorclin6 to :::r. Stevmr-t t}:.e bass stocked. i.YJ. tre ?enton ponds were obtained 

Yn.ostly from Lake Ocl:L~.nd ( or Lic;cett Lake) in Oakland County. The U.chisi:m Lake and 

Stream Director:/ lists the"larg;emouth11 as an i:r::_-;:·ortn:nt ca.me fish of this laJ:e; and the 

Institute files i:-1.dica.te ·chat ti is lake produces large bass. From t}-,is it is P.ssumed 

that Le.lee Oo.kland is at least f::i.irly good natural water for i::he "largeronth" 'bs.ss. 

Unfortunately vre ha-ve no inforna.tion on the rate of mortality e.t different ages 

of bass popule.tions in nc.turB.l waters. :2owever, it is the opinion of ::-::ost fisheries 

worl:ers that the mortality during the first year is relati'Vely high. It rr.icht be as 

high as 80%; it r.ig:ht be soJr.ei.-rhat: le Gs, or i·s migl1t possibly be as high as 90/. It 

does not seem possible that the mortality of bass in nahlral vro.ters c,x·J.d be :r:ore 

+:han 90;'° for the first 4½ no1-,_t}1s of existence, 9.nd less tho...n 1(% for the renaining 

10 or more years before the partic-:..,.lar :;_:::o~ule.tion has been exter?.inated. Allm·iring 

generously in favor of this propagation 1.nterprise, its efficiency froE the standpoint 

of sur-vi vc.1 ,;re.s cortc:.n.ly not rr:cre than 1o;rt, better than tJ~e.t of the natural waters 

fron wnicD the youn;; to.ss vrere tcJ:en. 

J,/ The total m.1.rnber of bass t'."~ken for all of the sample collections used in tr•is stud:r 

·.,ra.s verJ small :::ompared with the i:'.'1.itial stocking of tr0 ponds: 1,094 speci:.'T!ens or 

2.19% for Pond l; 2,389 s:9ecim0ns or 1.49:~ for 1.'ond,,_ 2. Further., as the su .. -r:m:er pro-

cressed cr.r3. -t:!.",e po~:ule.t::.or!.s o-t" the two r_:;onds prob3.bly cJ.e8rensed, relatively fewer 



-3--

lio collections of :roun.; bass '.'rere !'l~de c; 1 ri:::1c t1,e st·T2-:-.er from Lake Oaklai1.d 

i'r0x ,·:hich the stock for the ?enton :Jonds was obtained. Therefore it is impossihle 

to cor:pa~·e the grovrths of the hv.ss in the ?en.l:;on ~~oY:ds vri"':;h their expec-t8'.i grovrth 

had ttgy teen left in Lake Oakl9.nd. Ho1·rever, to 

ponds, the writer has co:rr::;ie_red the size ranse of the Fento!l ·bass at the ti:::le of drain-

ing vrith ":he size ra..'1.ges of nu.inerous Aucust S..'1d Septer;:;er collections of young: bass 

fron natural 1craters in I~icl-:.it;an ( these coll-set ions are i:'.1 the Fish Di vi:Jion of the 

}Zuseum of Zoology; the collections ·were selected at random). Here ac:1in all allowr;mces 

in the comparison were :made in favor of the Fe::1ton bass, for all of the collections 

from ~o..tural v:aters were made earlier i!l the growi:'.:.[': season. The conclusions from 

this ccr.:;,arison are that the grovrth of the Fenton bass was only slichtly if any better 

thsr. -1:;he g;ro,1rth of youn0 bass in natural waters. 

It is concluded that, from the shmdpoints of bot½ surviv-a.l and r;rowth (the two 

ul tirnate .soals in the method of bass rea.rL"lg enployed for the Fenton ponds)., there was 

probably very little, if anything, ga5.ned by the use of' the two Fenton ro:'.lds duri:?:1.1:_; 

1935. Under norrnal conditions, these bass vfr.ich were seined from Lake Oaklsnd would 

probably have fa.red nearly or just as well had they been left in Le.ke Oakl-::m.d. 

The data on food habits end grovrth together with the d.ata. on production and 

survivo.l poi!lt to the one conclusion that both Fenton ponds rl-:.1ring 1935 were c;reatly 

overstocked for the a.mount of food available. (Probably most of the men experienced 

in fish cuJ.tnre wmlld have arrived at the sai:1e conclusion v-rithout ,.mc1ertc.kinc the 

laborious te.sk of shl(l:ring numerous ss.:mples.) The shortage of food resulted in a 

corr.pc.ratively slow growth of the bir_:: b-:.Ilk of tl1e bass populat'!.on which in turn vro.s a 

factor in the cause of cennibalism; the c8.n.'":ibals, in turn, D.ccmmted for a lo.rge portion, 

if not most, of the 80fo mortality e....Tiwns tl,e whole popule.tions. 

In orcler to increase the efficiency of the operation of the ?enton ,;ond[; and thereby 

justify t:!.1e continuation of their operation., either the stocking should be reduced, or 

more food s'.:ould. be ::re.de availab~9, or both. If -shere were r:ore food avs.ilable for each 

fish, it would be expected that the vrhole population vroulci grow ncre re.:;-;idly ·.rith less 

, .i-.. • 1 • • • •• 1 fi· ch• t}1P.rP. ••r,-.•ul,; be f'gv;er c&"lllibals, a.r..d there would be variation oe 1.dreen 1.nc.1.1 v::i.au.a .., , . - - • v •. - v 
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a. greater percentage of' survival. 

considerably to the food supply. 

Artificial fertilization would probably add 

Such larbe pcJnds e.s those at Fenton a!'e not v1ell 

suited to "hand-feeding" (according to information obtabed through conversation 

with 1h·. Stevra.rt a...."ld Er. Lydell); thus this method is not recommended. The use of 

fore.e:e minnows in the bass ponds is pro:misinc bnt there is still much to be learned 

about the best nethods of using this type of food s1..ripl:r• i'he enonnous population 

of' yonng golden shiners in Corduroy Pond was of no practicc.1 -value to the bass because 

the shiners were too large. A suc;::ested net hod for future use of the golden shiner 

in bass rearing ::,ands is as follows: hold the adult s1:iners in cold spring or trout 

water from about the middle of 1,Ia:r until the c::1.d of June and th,::::reby delay their 

spawning season (this was done successfully at the ponds of the u. s. Bea.ch estate 

a.t Hig!1lruid., Ni-~higan in 1935); then stock the bass ponds very heavily with adult 

shiners ( about 500 per acre) so that a very large hatch of youn[; shiners is produced. 

It would require a large population of young shiners to feed the bass; and an increase 

in the shiner population would tend to slow -up their rate l'%j growth., by competition 

1·lithin the species., but v,ould not tend to retard the grovrth of the bass through the 

fe.ctors related to population density--conclusions based on a cor.1parison of Corduroy 

Pond and Fenton Pond 2. 

The writer believes that it would be desirable, in the wmagement of the Fenton 

ponds, to both reduce the e.r•;ount of stocl-::inrt, and to attempt to increase the food 

supply by fertilization and b~r the use of golden shiners a~cording to the method 

mentioned above. 

Whatever !::ethods employed in the future in operating these ponds should be care-

:E'nlly evah;_g_ted if there is to be any improvement in the vrc:rk. The results of each 

year's work at these ponds s):;.ould be ccmpared in order to deterrn_=-..YJ.e what concentrations 

of stocking give the best resul ts--Jercentage of survival a.n.d growth, within certain 

limits of production., should be considered of most importax:ce in making t~is evaluation. 

-1:o 
Further, our Conservation Department is obli.;::e.-'ced itself and to the sportsmen 

who fish the lakes in OaklGnd County to deter::ri.ne the rate of grovrth and percentace of 



... . ' 
-5-

survival of youne: "largeEouth" bass in these ne.tural waters., and to demonstrate 

-that there is ~ e.ppreciable r;e.in b:.' tr--J-::inc these bass from the natural waters and 

holding them in the ?enton ::onds. 

II::JT!Tli'TE FOR FISBE?..IES ?:.ESEP.R.CH 

By: Gerald P. Cooper 
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