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INTRODUCTIONR

Maximum production and maximum growth are the ultimate aims in the pond
propa;ation of bleek bass. Important amonz the factors controlins production
and growth are food hahits, rate of srowth end cannibalism. Although previous
investi ;ations have contrihuted considerably to our knowledze of these factors,
their interrelationships and their relationship to production, it is believed
that further information along these lines will :ive the fish culturist a better
understandin; of the complicated processes invelved in bess propa_ation and will
@id him in increasinz his output., The following studies have been uniertaken as
an attempt to obtain further data on the interrelationship between these basic

factors in production, namely: rate of srowth, food hahits and cennibaliam.
MATENTALS AuD LETHODS

The : udies deal with the history of youns "largemouth™ black bass (Aplites
salmoides) in state=operated rearinz ponds in ifichi ;an during 1935. The studies
wore based ou the examinations of samples collected from the ponds at different

times during the summere. The ponds examinsd are: +two state-owned resrin; ponds
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at Fenton (hereafter referred to as Fenton Ponds 1 and 2), the state-operated
Corduroy Cord Pond at Grand Repids and Pond AB at the Lydell iatchery at Come
stock Parke.

The two Fenton ponds are of recent constructionsy Pond 1 was operated first
in 1934 and Pond 2 in 1935. The large Corduroy Cord Pond is a relatively old,
artificial pond, 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
fortiliger or artificial feedinz 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 ere ziven in the first part of Table l.

The two Fenton ponds were stocked with bass fry seined from natural lakes in
Oakland Countys Pond 1 was stocked with 50,000 fry during 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 November 1934, ¥r. Claud Lydell stocked this pond with 302 adult

"largemouth™ bass and 6,957 edult jolden shiners (Notemigonmus crysoleucas). The

1935 hatoh of bass fry appeared about the first of June. Definite data on. the num=
ber of bass fry produced in this pond were not obtained; however, it was the opine-
ion of the Lydell Hatchery personell that the number still far exceeded 200,000,
even after 20,000 had been removed for stocking the Lydell fond, This trensferal
of 20,000 bass fry from Corduroy Fond to Pond AB at the Lydell Hatchery was made

on June 21,

Adult zolden shiners were introduced accidentally into the Fenton ponds dure
ing the fall of 19343—apporoximately 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. Similer observ=-
ations were made by ¥r. A, T. Stewart and members of his staff during the period

of June 15 to 29, An enormous number of younz shiners (estimated from sampling

and observation to be several millions) was produced in Corduroy Ponds. The Lydell
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éo;d had'no shiners, FPossible foragze fishes, other than jsolden shiners, were so
rare in all ponds as to be unworthy of mention.

+a on the number, date, time, etc. of samplings, taken throughout the sea=
son, of the bass and shiners in these ponds are ziven in Table l. 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 colleeting. Lach of the two October
samples from the Fenton ponds was taken by hand-net at random when the pond was
drained and the entire pond population was oconfined in small holding poolsj; the
cannibal bass were separated from the non-cannibal bass, on the basis of size, be=
fore the semples were taken. Thus these Octobsr ssmples from the Fenton ponds
include separate random samples of these cannibal and non-cannibal groups, for
example: the 34 nonecennibal bass of the sample (Fond 1) represent the total
9,260 individuels of that class 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 t- pond.(ses footnotes to Table 2).

All other semples were collected by seines which had meshgs sufficiently small
(1/6 inch, 1/4 inch and 3/8 inch—bar measure) to capture the }maller fishes and were
lonz enough (20 to 60 feet) to cover & sufficient area of both;deep and shallow wate
er to zuarantee the capture of the larger individuals. | |

All fish in each sample were preserved in 10% formalin immediately after they
were seined from the pond, eand after 2 or 3 days were transfered to 70% alcohol for
permanent pressrvation. Examinations of these samples were made‘during the period
of December 9, 193%-dmMay 6, 1936. Since those samples which were collected first
wore likewise eoxamined first, all of the sampleg had been in preservative approxie
mately the same lenzth of time. Since the method of preservation was identical for
all collections, it is believed that any error in lingths and weights, resulting
from the failure to correct for the effect of the preservinz fluids, was uniform

for all the samples. All lengths referred to in this paper are body or standard
lengths; these were taken by placini each fish on the ruler snd sighting to the

nearest millimeter., In recording weights, the gpecimens were divided into three
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groups—non-camnibal beass, cannibal bass eand jolden shiners, and each ;:roup within
each collection was weighed as a unit. The excess of preservative fluid was allowed
to drain off before woeighin; end all weizhts were taken to the nearest gram.

The separation of the non-cannibal and cennibal groups amonz the bass was de-
sireble due to the ;reat differonce both in food hsbits and in growth. This sep=
aration was made in part on the basis of direct evidence and in part on circumstan=-
tial evidence. Those bass which, during the food studies were found to contein
other bass in their stomachs were used as the limits of the gize range of the can=
nibal class; all other bass within this size range were alsc considered as cannibals
except where the smaller cannibals were unusually small in relation to the entire
bass population. It is believed that, in zeneral, the data ovtained during the
food studies velidate the separation of the two groups by this method. The records
of cannibals are as follows:

Fenton Pond 1-—July 6, of the 16 specimﬂhs in the cannibal class, 14 contained
young bass; July 16, of 25 specimens, 7 conteined bass; July 30, 9 specimens,
no vassj Aug. 24, 18 specimens, 1 bags; Oct. 17, no food studles made. Fen-
ton fond 2-~July 5, 26 specimens, 8 conteined basss July 18, 21 speocimens, 6
bass; July 30, 7 spe¢imens, 2 bass; ﬁug. 24, 2 specimens, 1 basss Oct. 31,
no food studies made. Corduroy .ondé~July 27, 1 specimen, 1 bass. Summrary—
125 specimens recorded as cannibals,! of which 40 specimsns (32%) contained
young bass in their stomachs at the %ime»they wars collected.
From these data it app:ers to be a logical assumption that, durinz the course of the
gsummer, most if not all of the bass within the size renze designeted for the eanni-
" bal olass were actually cannibalistic. The cannibal classes in the Octobsr samples
from the Fenton ponds were defined on the basis of sige distribution and the size

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

that the largze cannibals were younz of 1935.

Food studies were made on all of the cannibal bass, and either on all or on
& large samplz of the non-cannibal bass in each collesction, except the October col=-
lections from the Fenton ponds. For food studies on the bass, only the contents

of the stomschs were analyszed; 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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exaninga Sions of stomach contents were recorded for individual fish as the number
of each type of organism and e&s thé estimated percentaze of total volums repree
ssnted by each type. Facilities were not available to measure the volumes of
food organisms in individual fish; however, the total volume of each type of ore
genism from all non-cannibal bass and from all cannibal bass in each collection
was determined by water displacement, in a centrifuze tube with which r eadings
to the nearest 0.02 cubic centimeters could be made. In the event of seversl
types of orgenisms each of too small & volume to be accuretely measured, their
combined volume was measured and their respective volumes estimated., Identifi-
cationgs of the insect food orgenisms to femily, genus or speeles werc mede chief-

ly by Wr. 9. W. Leonard of the Institute for Fisheries Research.
HESULILS

This study is concerned with the history of the populations of each pond
oﬁly during that time period included by the dates of sempling from each pond
(Table 1)« The amount of growth made by the bass in the two Fenton ponds prior
to June 29 (date of the first sample) is not known. Those bass stocked in “ond
2 after June 29 (70,000 of the total 160,000 stock) were approximately the same
averége size as the bass already in fhe pond; therefore this introduction of
bass into Pond 2 subsequent to the first sample was not an important ceuse for
the difference in averaje size between the bass in the June 29 and July § sam=
ples. Data on produetion of bass in Corduroy Pond end on lengths end weizhts
of bass in Lydell Pond at the end of the summer are not evailable.

The length frequenclies of the bass and shiners in each collection are give
en in Figure l. In the construction of Figure 1, the vertical dimensions of
the graphs, in many instances, have been exmggerated at the extremes in order
to show the presence of a relatively small number of specimens. The number of
specimens range in standard length, average lenzth and averagze 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 terms

of average standard length in millimeters in Figure 2; for
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this fijure the data have been plotted on & semi-lozarithmic scale in order to
show the percentaze increase in length.

There was a considerable varistion among the four bass populations in the
amount of sigze dispersal which developed during the course of the summer. This
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 zrowth. This
was ;reatest in the Corduroy Pond and less in the Lydell “ond and Fenton ponds
1l and 2, in thet order. The average rate of growth of the cannibal bass im the
Fenton ponds was much y;reater then that of the non-cennibal population of any of
the ponds.

When Fenton Yond 2 was drained in October, it wes found to contain, in addi-
tion to the young bass, 16 bass ranging in total lenzth from 9 1/2 to 10 3/4
inches (see Figure 3). Exzsminations of secales from these larger individuaels re-
vealed that they were two sumers old, or young of 1934. (These second=-sum er
bass are not represented in any of the date presented elsewhere in this paper.)
Whether they were introduced into the pond during late June as yearling fish along
with the bass fry or whether they escaped from ‘ond 1 into “ond 2 during late fall
in 1934 is not known. The scales indicated that these fish made a small amount of
growth during 1934 (about the same as that made by the non=-cannibal bass of fond
2 durinz 1435, judginz from the size of comparable ;rowth areas of scales—Figure
4) but an enormous growth in Pond 2 during 1555. Only circumsﬁantlél evidenoe is
available to explain the exceptional second=year zrowth of these 16§bass i% Pond 2.
The only food supply available in any qu&ntity wes an &lmost unlimiied supgly of
bags and shiner fry, and the supposition is that the yesrling bass fed on these
fry.

4 zroup phevograph of approximaite.y avsrage-size bass from several of the
different bass ;sroups which have been discussed in this paper (the secondesummer
bass from Fenton Pond 2, the cannibal and non~cannibal youn; from Pond 2 and the

non~-cennibal young from Corduroy Yond) is presented in Fizure 3. Photographs of
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scales taken from these same fish,and revealing their growth history, are shomm
in Figure 4.

Date on the numbers and lengths of non=cannibal bass from each ccllection
which were examinoed for the present food studies are given in Table 3. A come
parisoﬁ of the data in Table 3 with that in Teble 2 reveals theat those bass which
were studied were typical, in lenzth range and everage length, of their respee-
tive collections. A summary of the total numbsr and total volume of esach type
of food organism taken from the non-cannibal bass of each collection is given in
Taeble 4. The date on stomach contents of all bass studied are in Table 5 to show
the variation in food hebits according to size amonz each population of younz bass
at different times during; the summer, and the varietion in diet of each population
throughout the summer. In the preparation of Table 5, the major food organisms
were grouped into four classes according to size; several catagories of food organe
isms as listed in Teble 4, such as "equatie insects,” “terrestrial insects,™ "animal
remains" and"alzae™ were intentionally omitted in the preparation of Tsble 5. The
non-cannibal bass in each sample were divided arbitrarily into two or three groups
accordins to length; where cannibals were present, they constituted the third zroup.
The importance of each food class to each bass ;roup of each collection was deter-
mined according to (1) the actual number and the per cent of stomachs containing
each food class, (2) the total and everaze number of organisms of each class,(3)
the aver:ze estimated per cent of food by volume for each class and (4) an "impore
tance factor" obtained by multiplyinz the "per cent of stomachs containing each
food cless" by the corresponding Maveregze estimated per ¢ nt of food by volume for
sach class." This ®importance factor™ is thus =a weizhted average and is belisved
to be the most signifioant index to the relative importance of each food class, since
it takes into account the frequenecy of occurrsnce of each and the relative impore
tance of each to individuaml fishj it sscsumes, however, the total content of indie
viduel stomachs to be of equal importance regardless of the fact that the volume

of such contents may vary ;reatly with individual rish,
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The zreat bulk of the food organisms found consistently in the stomschs of
the non-cannibal bass from the four po:nds throughout the season were miero-crus-
taceans, mayfly numphs and chironomid larvae (T:ble 4)., The larger equatic in=
sects (Odonata, Hdemiptera, Coleoptera and Trichoptera) as a jroup were also im=
portant. The Amphipoda were of some importeance only in Co-duroy Pond. Terres-
trial insects, arechnids, ennelids, plant material end debris were generally of
minor importance. The four food clazses in sequence of importence to the four
non~cannibal bass populetions as & whole, from greatest to least, were: 2, 1, 3
and 4 (Teble 5). The cannibal bass had fed mostly on food class &4 (crayfish, bass

and shiners).
VARIATIONS IN FOOUD HABITS

The data presented in feble 5 reveal certain teudencies in food hebits. The
“importance factors® show, for the Fenton ponds, littls or no definite trend towards
& chanze in the importance of each of th: first three food classes with the advance
of the season; howover, in Cordurcy :rond, e big decreage in the microorustaceans
was replaced chiefly by a hig increass in the mayflies, chironomide and amphipods.
¥ood class 4 wms encoun-ered to the lsast extent in the June samiles, but the rec-
orde of subsequent occurrence are too few to justify conclusions on the trend of
importance of this food cless during the remminder 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 none-
cannibal bass had fed more upon the micro~-crustacea than had thelarger ones. In
generai the two size groups of the non-cannibal bass of each collsction had fed
upon food class 2 {(mayflies, chironomids and emphipeds) in ebout squal emounta,
and to a zreater extent than had the bass of the caennibal group. Food cless 3 (ine
cluding the larger equatic insects) was used more by the larger of the non-cannibal

bess than by the smaller. Food olass 4 was of importance only to the cannibal bass.



TABLE 2, THE NUMBER OF SPECIMENS, RANGE IN STANDARD LENGTH,
AVERAGE LENGTHYAND AVERAGE WEIGHT OF ALL (EXCEPT IONS=~SEE,
FOOTNOTES) NON~CANKIBAL AND CANNIBAL, YOUNG LARGERMOUTHED
BASS (L¥B) AWD OF YOUNG GOLDEN S} ITNERS (GS) IN THE RANDOM

SAMPLES COLLECTED FROY THE FOUR BASS-REARING PONDS DURING 1935

Locality Fenton Pond No. 1 Corduroy Cord Pond L%‘:::il
Date . 6/29 7/5 7/16 7/30 8/24 10/17 6/21 7/27  10/19 7/27
Species IMB 1LMB L¥R LMB LMB LMB IMB GSIMB G5 LMB GS LMB
No. specimens 159 381 232 127 93 34 376 oo 67 o» 143 o0 7
Nohe Range in 20 24« 80~ 37- &T= 50= 12. 39~ 65« &0~
cannibal length (mm.) 34 39 44 49 69 72 20 .. 61 120 s 57
bass Ave, length 2861l 30¢4 3661 4342 5744 616 1647 004702 o0 80ed oo 3943
Ave, wte £ 8e 0.57 0.7 l.1 1-9 4.2 5.2 0011 o 2.8 o 12.2 Y'Y 1.5
Noe speeimens o 16 28 o 18 64 .o oo 1l e .e o0 e
: Renge in ‘ 40w 45@ 50w 70w 94w
annibal &
iy length (mm,) e 47 63 T4 116 155 B R
Ave, leng‘bh oe 42,7 50,1 55,6 88.4 121,7 ' ee 61 .e . .e X
' Ave, wb._grs. o0 . 2.2 3.1 4.4 17.0 41.6 o o0 705 o0 (Y
No. speoimens 159 897 257 136 111 94508 576 8405 68 208 148 a1 71
Ave, length
Total (xm, ) 28,1 3049 5744 44,0 6244 6428 1647 1242 4744 38,9 8044 50,0 39.3

Ave, Wt. grs. 0.57 0.7 1.3 2.1 6.3 600 0.11 0002 2.9 O.gl 12.2 1.7 1.5

Fenton Pond No, &

Locality
Date 6/29 7/5 7/16 7/30 8/24 10/31
Species LMB GS LMB GS LMB GS IMB GS LMB 1¥B GS
Noe Bpeciﬁm@a 423 ee 365 Py 504 Yy 390 e 137 164 Y.
None Range in 15« 19 27w 33m 40w 4~
cmibal ].Gngth (mﬂ.) 30 Y 40 P 50 . 61 PY) 68 66 Y )
bass fves length 2442 es 304 oo 40,6 ee 43,4 os 4842 49,0 ve
Ave, m. grs. 0037 o0 0081 'Yy 1.6 (Y] 2.0 Y} 206 208 ve
o Specmenﬂ Y Y LYY 26 ee 21 o 7 e 2 184 se
conmibay  RE0€S i %8 §le T4 108« Tl
bass 19ngth (m.) oe Yy 41 .‘ 61 (Y 88 LY 119 171 s
Ave, length oo ee 3847 4o 5345 se 1946 oo 113,5 128,.6 se
ﬂeo 'W'b. grse o0 "e 1.4 ‘o9 4.4 13.4 P 55.0 51.7 ‘o
Noe. specimens 428 mm §§ W57 45 139 52,37 TTI
Total Ave, length '
o (mme ) 24,2 19,7 31,0 24.6 41,1 40,9 44,1 53.449,1 49,7 70.6

Ave,. W‘t. grs. 0.37 0.14 0.85 0.26 1 7 1.3 2 2 2 9 3.1 3‘3 5 7

J/’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 populatlons excopt the October collections from
the Fenton Ponds. At the time of draining in October, Fenton Pond No. 1 contained approxinately
9,250 nonecannibal bass and 200 cannibals, and Fenton Pond Noe 2 approximetely 32,100 none
cannibal bass and 275 carmibals. Rendor, samplos (included in this table) of the non-cannibal
and cannibel groups were taken separatelyAfo§ each pond, The total average lenpgths and
welghts, however, are based on the entire populations of the two ponds,

3/ 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 shiners;

the June 29 collectio from Fen gox% foga No. 2 oontalned 621 shi ers d the 5 ool etion
from Fenton Pond No. contained 74 58 he spe%%uens o ?.i zn 0111% res +tativ
are listed in this table were taken at random from se to co are P

in sige for the particular species end date.

?/The average size of the bass in this pond on June 21 was the same as that of the Corduroy

Pond from which they were obtained on this date,
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RBELATION OF VOLUME OF ¥00D CONTAIN:ED T0

RATE OF GROWTH

The data reveal that differences in evera;e rate of zgrowth between the bass

populations are correlated with differences in "he averaze volume of food contained

in the stomachs. In enumeratinz the followin; comparative dat&, it is recognized

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

mately the seme average size or where smaller bass contain more food than the

larger ones of another ponde The followin; comparison of non—canﬂikpl populations

are %o be made: »
1. June é? bass of Po;d-z (ave. lenzth 24.2 mm.) with June 29 bass of
Pond 1 (ave. length 28,1 mm.)s
2. July 6 bass of Pond 2 (30.4 mm.) with July 5 and July 16 bass of
Pond 1 (30.4 and 36.1 mmo).
3. July 16 bass of Pond 2 (40.6 mm.) with July 30 bass of Fond 1

(43.2 mm.).

Whereas the bass in Fond 2 were smaller than the bass in “ond 1 on June 29, the

avers:e rate of zrowth of the Pond 2 fish during the period of Jume 29 to July
was much greater than the averaze rate of growth of the Pond 1 fish durinz the
period of Jume 29 to July 30 (see Fizure 2). The more rapidly ;rowing fish in
?ond 2 contained more food on the averaze. The average volumes of the stomach
for each of the bass semples, just cited, are:
1. June 29 bass of “ond 2, 0,006 c.c.; June 29 tass of ‘ond 1, 0.006 c.c.
2. duly 5 bass of “ond 2; 0,031 c.ce3 July 5 and July 16 bass of Fond 1,
0.006 ce. and 0,008 de. reepectively.

3. July 16 bass of Fond 2, 0,014 doe; July 30 bass of “ond 1, 0.010 cac.

18

contexts

This Breater rate of growth of non-cammibal bass in Pond 2 during the early part of

a-
the summer was made in spite ofrprobubly ;reater concentration per acre. During

esgsentially the same time period, Pond 1 was stocked with 15,600 fry per acre and
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yielded 2,950 per acre while Pond 2 received 25,000 per acre and yielded 5,060
per acre. Duriny the latter part of the summer (July 39 to Auzust 24 for Pond
1 fish, July 16 to August 24 for Yond 2 fish), however, the relative rates of
growth of the bass populations in the two Fenton ponds was Just the reverse of
thoss durin: ths first part of the summer—the Pond 1 fish grew more rapidly
and made a much sreater total zrowth. Here again the more repidly zrowing fish
contained the greater everaze volume of food (the August 24 fish of Pond 1 cone
tained 0,031 c.ces, the July 30 and Auzust 24 fish of Yond 2 contained 0.021 and
0,012 c.Co), but this fact is of doubtful siznificence becausge the Fond 1 fish
were also the larger.

The rmch sreater rate of growth of bass in Corduroy Pond over the two
Fenton ponds was definitely correlated with the smount of food eatgn. The July
27 bass from Corduroy contained an averaze of 0,079 Ce8. OF approximately 2 L/E
to 7 times the emount contained by the bass in the August collsctions from the
Fenton ponds (the bass in the latter were the larger. The emount contained by
the Yctober bass from Cordurcy was also comparatively very great (ave., 0.109 c.c.),
but its significance ie open to qusstion due 4o lack of comparative masterial, Ae=
cording to the estimates by members of the Lydell Hatchery staff, the Corduroy
Pond contained in excess of 13,000 young bass per acre et the beginning of the
summer, or at least nsarly the equivslent of the initial stocking of Fenton Pond 1,
The date suggest that the yreater total increase in lenzth, during ths summer, of
the bass in Fenton ond 1 over that of the bass in Pond 2 was, at least in part,
due to the fact that there were fewer fish per scre in Fond 1, but that the big
difference in ratve of growth between the Corduroy and Fenton Pond 1 bass was due
chiefly to differences in amount of food consumed. General observeiions at the
time of sarpling indicated that Corduroy Yond was, by far, the richest of the three

ponds in abundance of food organisms, especially the mayflies,

RELATION OF ¥GOD HABITS TO SIZE DISrPEaSAL AND THE BEGINHING OF

CAUNIBALISM
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The date obtained during the present food studies suzgest that food is a
factor of prime importance in the increase of size dispersal, It has been ine
dicated that the larger of the non-cannibal bass fed upon food class 3 (the
larzer aquatie ingsects) more than did the smaller ones, and conversely, the
smaller ones fed on food elass 1 (microcrustacea) more than did the larzer ones.
Further, it was observed during the food studles that the actual volume of the
contents of individual stomachs was much :recater when the food was mostly ine
sects than when it was mostly micro-cruatacegns. This fact is sugsested by a
oomparison of the “importance factors™ (Table 5) with the date on messured vole
ume of food organisms (Table 4)3 the aquatic insects are ranked as more important
by the measured volumes than by the ™importence factors™ which do not take into account
the variation in volume of the contents of individuml stommchs. The faot that, over
& considerable portion of the summer, the larzer of the nonecannibal bass actually
fed upon food class 3 (the mguatic insects) more than did the smaller of the non=
cannibal zroup is indicated by the data, for examples among the bass of Fenton
Pond 1 (comparinz fish of the same size) the "importance factor® of food class 3
for the larger of the non-cannibels of June 29 was 32, while that for the smaller
of the non~cannibels on July 15 was 3, the two zroups beinz of the seme size rance,
approximately, on thelr respective datesw-all similar comparisons for the Fenton
ponds reveal the seme ocircumstence. The food organisms of food class 3 of most
importance to the bass in the Fenton ponds during ths early part of the summer
were the Corixidae and Coleoptera, and during the early sumuer the supply of
oorixids was nearly exhausted. During the latter part of the summer the larger
insects of food class 3, such as the Odonata, replaced the corixids. It is be=-
lieved that the unequal extent of utilization of the larger aquatic insects wae
responsible for the initiation of the raepid increase in size dispersal among the
Fenton bass during the summer. During #®arly summer the larzer bass, by virtue of
their size advantage, fed more upor the corixids 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 egqual advantage. The resultant size dispersal was
sufficient to allow cannibalism to begin. This oxplanation of ‘the beginning of
cannibalism receives confirmation from a comparison of the conditions in the
Fenton ponds with those of Corduroy Pond. In Corduroy, the larzer aguatic in-
sects were of less importance; the entire population weas more umiform in food
hatits at any one timej there wus much less size dispersal amony the bass, and
the ocourrence of cannibalism was less frequent in Corduroy ond (0.47% among

all specimens collected) than in Yenton 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)e

RELATION OF CANNIBALISM AND VOLUME OF ¥FOCD CONTAINED TO

S1ZE DISF:RSAL

OUnoce cannibalism was started by Qirtue of & oert;in size advantage of pre=
dator over prey, the cennibals cortinued to grow much more rapidly than the non-
cannibals, resulting in a continual increase in size dispersal throughout the
sumner, This continual increase in size dispersal may have been a necessary
condition for the continuation of cannibalism as well as the result of it. The
cannibals wers always the larger bass of a population, and they were feeding on
only the smaller bass in the pond. The avera e difference in length betwsen pre-
dator and prey in the Fenton ponds increased continually, from 16,9 mm. on July 5
0 21.2 mm. on July 16 to 46.5 mm. on July 30 to 56.5 mme on Ausust 24 (Table 6).
The date indicete that camniballsm was dependent upon sige dispersal end that
(comparin: the Corduroy populetion with those of the Fenton ponds, see Figure 1)
the emount of eannibalism was proportional to the extent of the size disperael.

The much greater rate of zrowth of the cannibalvbass over the non-cannibal
bass was unquestionably due to the fact that they consumed a much zreater amount
of food which was probably also more nourishinz 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 averaze of 0.016 c.c. per stomsche The total content
of the stomachs of the 124 cannibal bass from the Fenton ponds listed in Table
5 was 21.91 ce.c., &n average of 0,17 c.c. per stomach or 10 times that for the
average non-cannibal bass; 17.09 esc. or 78% of this amount comsisted of food
class 4 (bass, shiners and crayfish), and the remainder was mostly the larger
aquatic insects. Also, ths ceonibal bass contained more food than did none
cannibal of the same size, or larger, taken at a later date. Of the Fenton
Pond 1 collections, the 16 cannibals of July 5 contained en averaze of 0,201
cece While the 43 non-cennibals of July 30 contained an averaze of 0,010 c.ca}
the 25 cannibals of July 16 and the 9 cannibals of July 30 conteined 0.143 and
0.084 c.0. respectively, while the 42 non-cannibals of August 24 contained 0.031
6.0, Of the Fenton Pond 2 collections, the 26 cannibals of July 5§ contained an
ave agze of 0,057 c.c., while the 66 non-cannibals of July 16 contained 0.014 c.c.
The 21 cannibals of July 16 from “ond 2 contained an averaze of 0.285 c.c., where=
as the 42 non=cannibals of August 24 from Yond 1 conteined an average of 0.031 c.c.
The bass populatibn of Corduroy “ond was about intermediete between the camibals
and the non~cannibals of the Fenton ponds in average rate of growth (Figure 2)
and in averaze volume of stomach contents. The data obtained point to the cone
clusion thet for all bass, cennibal 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-sumrer bass in Pond 2 offers further evidence
of the inherent capmeity of the "largemouth" bass for rapid growth if sufficient
food is available. The apparently reliable circumstantial evidence points to
the conclusion that the enormous amount of growth duriny their second sumrer was
the result of an almost unlimited food supply; their very slow growth during the

first year was probably due to a limited food supply.
RELATION OF AVERAGE GROWTH OF THE POPULATION ©0 AMOUNT O~ CAWNIBALISM

Those factors which were found to be condusive to cannibalism—unequal utill=-
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gation of certain types of food, and the resultant increase in size dispersel-—
were of less importance, and conssquently the f{requeney of cannibalism was less,
amon; the more rapidly srowins population of bass in Corduroy than amonz the more
slowly srowing populations of the renton pondé. Thus it appears that the rate of
growth of the bass populations was another factor of importamce in the develop-

ment of caunibalisme
GOLDEN SHINLERS AS FGRAGE IN BASS PONDS

The present study has furnished some information on the prohlems involved
in the use of zolden shiners as a forage in bass rearing ponds. In Fenton Pond
1, young shiners, according to the collections and counts made at the time the
pond was drained, outnumbered the bass 2 to 1 at the beginning of the summer, but
by the end of the season’the proportion was about 1 to 1. Younz shiners in lorduroy
outnumbered the younz bass more then 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 the
shiners was more rapid in Pond 1 than in Corduroy (just the opposite of that of
the bass in the two ponds, see Figure 1), and was correlated with density of
population. 8hiners were found in bass stomachs in two Instancss for the Fenton
pond (July 16 and 30) and in 10 instances for Corduroy Pond (June 21 to October 19);
it does not follow, howsver, that the Corduroy bass ate msre shiners because the
ghiners in this pond were smaller, for they were also at least § times as abundant.
In the Fenton pond the baes involved were of the cannibal classj the differences in
longth between bass and shiner were 13 to 38 mm., respectively. Tor Corduroy the
base wsre also amonzg the largsst of the population and the shiners were among the
smallest; the average differences in lenzth between the bass and the shiners which
they ate were 9 mm. for June 21, 21 mm. for July 27 and 63 mm. for October 19—e
continual increase in the difference in lenzth between predestor aend prey.

The data reveal that size of the fisheprey wasg the most important fector in
determining whether the larzer bass fed on the smaller bass or on the shiners.

From enton fond 1 there were 17 recorded instances of ecannibelism and 2 instances
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of predation on shiners; from Corduroy there were 10 instences o~ predation on
shiners and 1 instance of cennibalism. In the former pond the smallest of the
shiners were lar;er than the smallest of the bassj in the latier pond the reverse
was true. It should be indicated also that a :reater difference in size frequency
between the populations of bass and forage minnows than existed amonz the fishes
in Corduroy Pond is necessary for an extensive use of the shiners as food by the

basse



Table 1.

Descriptive data on the four basgs-rearing ponds

involved in the present study, and notes on the collecting of

Lydell
Fenton Pond los 1 Fenton Pond No. 2 Corduroy Pond Pord
Area (acres) 3.2 6.4 16 1
Ave. depth (ft.) 3 3 4 4
Bottom 8and Sand Peat & mud Sand
Water supply Spring Creek Fenton Pond No. 1 Warm Creek Warn Creek
Vegetation Scant to abundant Abundant ~Jxtreusly Scant
(mostly algae) (mostly algae) (submer;ent
. types)
Date (1935) June July July July Aug. June July July July Aug. June July Oct. July
28 5 16 30 24 .. 89 & 16 30 24 21 27 19 27
Time of ’ ‘
sampling 3to4 9:30 b toé 3:30 4 to 440 1l0to 6to ¢%te B to 10 to 8330 9 to 11 ¢o
PJde - to 10 Pele to 4 6330 5 P.Me 12 683130 5 P.M.6 P.M. 12 to 10 12 AJde 11350
A-M. P.M. .P.Mo AOMC PoMo AOM. A.MO A.M.
Water temps C» 29 29 28 27 26 30 30 28 27 25 .o 28 14 29
Air temp. C. 27 29 26 28 17 27 30 27 28 17 ve 27 19 28



TABLE 3¢ NUMBER OF SPECIMENS, RANGE IN STANDARD LENGTH AND AVERAGE LENGTH OF NON-CANMIBAL,

YOUNG "LARGENMOUTH" BASS

FROM EACH COLLECTION EXAMINED FOR THE PRESENT STUDY ON FOOD HABITS

Tydell
Loocality Fenton Pond No, 1 Fenton Pond Noe 2 COrdIEon Pond Pond -
Date June  July July July Auge June  July July <uly ZAuge Jane y  Octe July
29 5 16 30 24 29 6 16 30 24 21 27 19 27

No. specimems 41 47 49 43 42 118 53 65 55 44 50 67 143 7
Range in 22« 26« 30w 88  48- 16« 19« Sl 35~ 4la 18« 39« 65 50-

length (mm.) 33 37 '3 § 49 69 50 40 50 57 68 20 61 120 87
Ave. length 2844 3142 35,7 4S.4 58,3 2444 31,9 39,9 44,5 49,8 17,5 47,2 80,4 393




TABLE 4. SUNFARY DATA FROM THE STURIES OF STOMACY CONTENTS OF THE NON=CANIBAL, YOUNG
_ "LARGEMOUTH" BAs. COLLECTED DURING 1935 FROM FOUR BASSREARING PONDS IN NICHIGAN, INCLUDING
THE TOTAL NUMBIR AND TOTAL VOLUME (IN CUBIC CENTIKETERS) OF BACH TYPE OF FOOD ORG&FISM FOR
EACT CO'.LECTION STUDIEDe. DATA O) THE BASS EXAMTNED ARE GIVEN IN TABLE 3.

Fenton Pond No. 1

Jane 20 July b _July 16 July 30 Aag. 28
Food Organisms Hoe VOle No, VoOle Nos VOl, 1o, Vol, Noe VOl

- - - - - 293 0,008 1032 0,015 803 0,026 8530 0,17 1332 0,10
------ 114 0,01 1183 0,025 214 0,012 145 0,003 79 0,01
Ostracodfa o « = - - ma- 14 tre 71 tre 32 04005 b tre 8 tr.
Decapodl - - - - o - - eee eee 1 tre eoe see oee eee see oeo
Ephemeroptera, nympha (Baetis and
CAONiB) o » = = = = = = = = = 18 0,025 8 0,004 357 0,070 18 0.017 603 0.84

Zygoptere, nymphs and adults

Coenagriidae - e e = - .- cse rys 1l tre 2 0,003 1 0,001 4 O.14
Anisopters, nymphs

Gomphidae {Gomphus)

Libellulidae « « « « =~ « =

Cladocers = o« -
Copepod w ~ =

- - - - (Y Y} [ X X ) (X X ] eoe 1 0,002 1l 0,006 *sa oeeo
eee ose (XX see 1 0,002 1 0,004 ose eoo

Homoptersa o = @ =« = = = =« = « = = soe see (XX} (XY 2 0,001 (XY oo eee aeoe
Hemiptera
Corixidee e « « =« =« « = o = = = 40 0el3 3 tr. see ooo ceoe eee eee soe

Other Hemiptera - - - - - - see see eee ece 3 0,002 (YY) eoe ' TY N YY)
Colecpterae, larvee
Gyrinidee (D1HQUtOﬂ) - - .- o= (XY see 3 0,016 ess oeee ese ooe 2 0,03
Hydrophilidae (Berosul) L PP eee 6 04024 7 0.04 14 0,10 4 0,05
Dytiscidae LA N B B . 13 0,005 6 0,025 eoe eve Yy eoe see ooe

Chironomidae, larvee = = = « = - = 146 0,05 517 0,178 552 0,19 205 06,11 239 0,15

Diptera, adults = = « = @« « - - - oo eoe see see 8 0,006 coe see eee ose
nymenoptera - e - - - - - - soe eee s0e eve 2 0,001 oee eoce eed oee
Acuatic insccts (other) - - - - - 2 0,002 5 0,004 8 0.013 eo ese 1l tre
Arachnidf = @ = = = @ « = v - =« coe soe TS Y 2 tr, ese eeo eee oeoo
AlrB® = @ @ = - 0 - = = - - - - - XX ese co 0 XX see oune XX (XX ? tre

Total VOlumB L I I L I I ) one 0.23 200 0.29 YY) 0037 cee 0041 (YY) 1.32

- ggnton Pond No.gz .
June Jul p 1 July 30 Mupge 24
Noe Vole Nos  VOle o. ol, No. Vole 1No. %ol.

Annelida

Oligochaeta L eoe (Y X (XX [ X X ) 2 0.l (XY} (XY} (X1} (XY}

Hirudinig = o « @« = = =@ =« = =« - P Y 1l GOl wee L XY 1 0.22 ese oos
Cladocert = = o = = = = = = « = = 1288 04,06 6034 0,77 3206 0,10 3048 0,12 6564 0,06
Copepoda = « = = = @ = = = = = = = 1690 0,13 653 0,06 3386 0,18 3009 0,16 183 0,02
0strocodl = = = = «w « = = = = = = 2 tre Y'Yy Y 29 tre 45 tr. 8 tre
Amphipod = = = = = = = - - - - 1 tre eoe oo XY see Xy eee see oee
Ephemeroptera, nymphs (Laetis end

Ceaenis) = = = = = « - - === 2026 1,33 2¢ 0,08 469 0.10 164 0,13 125 0,12

Zygoptera, nyrphs and adults

Coenagriidae A L I A - (XX ) ese [ X X L XX 29 06,07 35 0055 14 0°224
Anlsopters, nymphs

Libellulidae LA R Y X e see 'YX 1l 0.04 eee XX 2 0,004
Homopters = = @ = e = = « =« = - - 1 tre oee soe Y XY oo Y 1 tre
Hemiptera -

Corixidee e = -« « = = - =« - - & 260 0,23 105 0426 3 0610 oo XYY soe coe

Gerridae R L XY eee eeoe eee 2 0,02 (YY) ece 1 tre
Coleoptera, larvae '

Hydrophilidae - e - e.ew e - .- coe ‘eme oes soe (XY} eoe 1 0,002 1l 0,002

Dytiscidee w w = = = = =« - - o - 18 0,02 19 0,05 10 0,01 5 04008 2 0,004
Coleoptera, AdUltE = = @ « = - - - ose ooe eoe XY B 0,04 1l tre l tre
Trichoptera, larvae

Hydroptilidao - - e - e e - - (XY eee (YY) YY) eoe 0o ose oee 5 0,004

Limnephilidae - wm o ow - o - YY) vos (XY L XY} eece ceoe oee eoe 2 0,002
thronomidao, larveg = = = - = = - 176 0613 174 0639 374 0,13 219 0,17 62 0,07
Diptera, adults = « = = = - - YY) ove (XX oae 6 tr. 1 tre 1 tr.
Ibmmnoptera o me e, m . - .- ese ese (XY s see eee see ece 3 tre
Aquatic insects (other) - - - - - 1 tr. 9 0401 2 o0.01 1 0,02 1 tre
Terrestrial insects (other) - -- see ece (XY YY) Xy see eee ese 1 tre
Arachnida @« o = @ = « = - - --- 1l tre see eee tre XY see LY Y ece
Animal remaing « « = = « - - - - . see eee 7 tre ove eee one see 1 tre
Algae L I ? tre YY) oee ? tre ? tre ? tﬂ‘ i
mndigoatible debris o = = @ = - - Y eoe ? tro ece ove YY) XX ove ess

Total volume = = = = = = = - - - & see lo9 eee 1,63 eee 0,88 see 1.16 Y 0.51



TABLE 4 (CONCLUDED)

Corduroy Pond ;_t Egall Pond
June 24 July 27 Oct, 19

Voe Vol, Tos Vols Yoe 7Jole Noe Vol,
Annelida
oligoohnsta .- eew - - - sse ose ove sea awme see 1 0.0
Hirudinis - o e e e = e - - (YY) . ese 2 0.203 1 0.01 2 0.10
Cladocerf = = = » « « = = =« = - = 408 0,08 2526 0,896 3512 2.4 1245 0432
COPQM‘ @ > B e W s oweow wow 222 0.018 365 0010 256 0.08 855 0.11
Ostracodl @« « « =~ = = = = = = -~ « see vas 36 0,002 2 tr, 7t 0.01
Amphipoda DR B A A - 1 0,001 24 0,06 120 0«48 ose see
Decapods « « '« = = « = - - - - - oo YY) vee cee 3 1.68 (XY eee-
Ephemeroptera, nymphs (Baetis and
Ca@n’-ﬂ) Lo I I 8 0.005 7256 5.12 4760 5.6 18E 0.20
Zygoptera, nymphs and adults
Coenagriidaa - w m e w e = - - Y (YY) 3 0.007 21 0.54 8 0.07
Anisoptera, nymphs .
Gomphldae EGomphus) - - .- sse sce 3 0,007 aee ean sns ese
Aeshnidae (Anex juniusg) « « - = vee ese 4 0,008 § 0.04 ses cas
Libellulidae (Libellula) « = = ene ves see ese T1 0454 was ese
Hemiptera
Corixidag = « = « = = = = = = w 1 0,001 12 0,018 5 0410 coen ove
Notonectidae (Notonecta) - - - coe ove (X Y7 oo S 0405 see see
Bolostomatidae - « « « ~ - - - see see see see ses  sse 1 C.007
Gerrided e « @« =« « « v -« - = oo oo sne 2ee oese cee 3 04003
Coleoptera, larvee
DyﬁiSOidl. L R 2 0,001 15 0,03 (XX see 8 0.015
Haliplidas « « « w = = = = = = ey abeo ane ces wow s b 04016
Coleoptora, Aults w » v « = -~ - 'Yy} (Y L) eeo sen 1l 0.02 l 0,01
Trichoptera, larvae
Hydroptilidao - - o mwew- .- ‘o eoe soe see  sse (T2 ) 7 0,013
Limmephilidee » = « = = =« = ~ = see cae YY) sse  des Y 6 0,012
Leptoceridas o « = = = = « = = ese eee a0 swe oee eoe e 04,005
Other Triohoptera lervee o« = = YY) (YY) Y] 'YX 1 0402 veoo XY ]
Chironcmidee, lorvee « = - - - « 42 0,01 278 0.41 40 0,08 85 0.09
Diptora, edults = @ = = = =« - - eve ase e one  aee see 1l 0401
Aquatie insects (other) - - - - - YY) obe 25 0-044 ? 0.08 ? 0082
Terrestrieal insects (othor) - - - eee onse (XY} eee oo eee 10 0,03
Araohnidf « = = = = v @ = =« = =« - eos 'Y eso (XY 1l 0.10 coe cos
Fotemlipgomug = = @ = = = « = « - - 2 0,005 1 0,3 7 2,98 soo see
Animal remaing o « = @« = - - = - ? 0.018 % 0.054 'Y} 'TY) ? 0.03
AlfBO & = @ = « « o = o = =~ = = = eces ose ese Y ? 0,30 ees ses
Flapnt remging « « = = = = = ~ - - ? 04001 ? 04,007 .46 sse *oe es
Undigestible GoLYis @ = = = = = ~ ece YY) Y} one 7 0,01 T 0,01
Total volume « = = « « = -~ - - - voe 0,12 ees De3 eee 15465 ooe 1.3



"TAPLE 54 SULMARY OF STOMACH CONTENTS OF 14 COLLECTIONS OF "LARGENOUTH™ BASS
TAKEN FRON FOUR STATE BASSREARING PONDS AT DIFFEREN] TINES THROUGHEOUT THE
SUMXER OF 1936, ARDANGED ACCOEDING TO SIZE CROUPINGSY OF BOTH BASE AWD FOOD
ORGANISHS, THE FOUR FOOD CLASSES INCLUDE THE FOLLOWING TYPES OF ORCGANISMS:

FOOD CLASS 1 CLADOCERA, COPEPODA AND OSTRACODA
" % 2 EPITITROPTERA, DIPTERA LARVAL AITD AVPIIIFODA

" " 3 ONONATA, TMWIPTTRA, COLROPTFRA, TRICHOPTERA, HOMNPTIRA,
DIPTERA ADCLTS, MYDENOPTERA, ARACHNIDA AND ANVELIDA
" " 4 DECATODA, NOTEMIGONUS AWD APLITES
Fo. stomachs NoOs SCOBMARCDS  Total o, No. orgenisms Ave. % of food
Food econtaining by food per by velums _ , "Importemce
class food oless % organisms gtomach (estimated factor"

FINTON POND MNO. 1, JUNE B9
13 bass, 22«27 mm,

1 11 85 360 33 28 2
2 10 77 76 Te6 69 53
S b 38 14 2.8 18 7
28 bass, 28e33 mm,
1 8 29 61 746 9 3
2 16 57 88 55 52 30
3 11 39 39 546 81 32
FESTON FOFD NO. 1, JULY &
20 bass, 2630 mm,
1 18 20 1621 80 39 35
2 18 90 234 13 66 50
4 20 5 1.3 20 4
27 bass, 31«37 um,
1 24 89 665 28 28 20
2 a7 100 292 il 60 60
3 11 41 14 1.3 38 16
4 1 4 1 1,0 5 0.2
16 cannibal bass, 40«47 rm,
2 3 19 14 4o7 83 16
3 1 6 1 1.0 50 &
4 13 81 14 1.1 100 61
FINTON POND NOe 1, JULY 16
23 bass, 30=35 mm.
1 20 87 816 41 18 16
2 22 96 491 22 77 74
3 3 13 3 1.0 26 3
26 bass, 36=41 mme
1 21 81 234 11 16 13
2 25 96 418 17 70 67
3 8 31 25 341 45 14
25 cammibel bass, 46«63 mne
1 2 8 11 Se5 4 0.3
2 9 36 137 15 84 30
3 6 24 10 1.7 1z 17
4 ] 36 9 1.0 100 36
PLITON TOND 1O 1, JULY 30
23 bass, 38=43 mm,
1 20 87 5923 296 73 64
2 13 57 56 442 24 14
3 4 17 5 1,3 56 10
20 bass, 44-49 rm,
1 18 80 2787 172 50
40
2 14 70 166 12 56 39
3 4 20 12 3.0 55 11
9 cannibal bass, 50=74 mm,
1 6 67 419 70 30 20
2 7 78 300 43 74 58
3 1 11 ¢ 4.0 100 1l
4

The relative mumbers of bess in the different sige groups in most instances do not represent
the components of randem samples of pond populations for relatively large numbers of the
cannibel class were selected for this food study, However, all bass not indicated as cene
nibals represent random samples of the nonecemnibal populations,

2
p//T?e averapge % by volume is based on only those specimens which contained the particular food
Classe



TAPLE § (CONTINULD)

FNo., stomachs No. stomachs Total no. No, organisms Ave., % of food
Food oontaining by food per by volume - " Importance
class food class % orgeni sms stomach {estimated factor"®
FENTON POND NO. 1, AUGUST 24
22 bess, 48458 rm,
1 16 73 12156 76 2 16
2 18 82 339 19 79 65
S 2 9 2 1,0 24 2
20 bass, 59«69 mm,
1 16 75 204 14 12 9
2 18 20 503 28 76 68
3 8 30 8 1.3 41 12
18 ocannibel bass, 70~116 mm,
1 8 44 111 14 4 2
2 14 8 674 41 60 47
3 11 61 87 3e4 54 33
4 3 17 3 1,0 86 15
FENTON POND NO. 2, JUNE 29
48 bass, 16«23 mnm,
1l 47 98 2314 49 34 33
2 42 87 187 440 56 49
3 36 76 127 3.6 34 18
70 bass, 24«30 ma,
1 87 81 666 12 12 10
2 68 97 235 345 79 77
3 61 73 1563 340 19 14
FENTOX POND NO. 2, JULY &
22 bass, 19«30 mm,
1 22 100 3159 144 48 48
2 17 77 84 4.9 52 40
3 11 50 49 4,5 23 12
31 bess, 3le40 mm,
1 30 97 3428 114 66 53
2 16 52 114 Tel 45 23
S 20 65 76 38 31 20
26 cannibal bess, 38~41 mm,
1 5 19 127 25 8 2
2 12 46 47 39 36 17
3 16 658 65 443 63 37
4 9 36 9 1.0 98 34
FENTON POND NO. 2, JULY 16
31 bass, 31«59 mm,
1 27 87 3766 139 50 44
2 2b 81 301 12 5l 41
3 9 29 23 2.8 20 6
54 bass, 40«50 mm,
1 22 65 2865 130 39 25
2 26 74 542 22 42 31
$ 16 44 36 24 66 29
21 ocannibal bass, 5le6l mm,
1 4 19 28 7.0 2 04
2 12 87 187 16 70 40
3 10 48 16 1.6 54 26
¢ 7 33 7 1.0 92 30
FENTON POND NOe 2, JULY 30
29 bass, 35w44 mm,
1l 29 100 4668 161 63 63
2 23 79 269 12 39 51
3 9 31 28 . % X 20 6
26 bass, 45«57 mm,
1 18 58 1434 96 54 31
2 17 €5 114 647 53 34
3 5 19 16 3.2 79 15
7 cannibal bass, 74-88 mm,
2 | 14 2 24,0 60 8
3 2 29 6 340 28 8
4 3 43 3 1.0 96 41




TABLE 5 (CONCLUDED)

To. stomachs  Ho. stomachs  ToG&l nOe No, organisms Avee % Of food
Food oontaining by food per by volume - "Importance
class food class % orgenisms stomach (eatimated);/ factor”
FENTON POND NOeo 2, AUCUST 24
28 bass, 41«52 mm,
1l 24 86 659 27 37 32
2 22 79 151 68 54 43
3 8 29 11 1.4 49 14
16 bass, 53«68 mm,
1l 8 50 96 12 38 19
2 1 69 36 3e3 23 18
3 10 63 23 2e3 78 47
2 canmibal bess, 108«119 mm,
g 1 50 2 2.0 26 13
4 1 50 1 1.0 75 38
CORDUROY POND, JUNE 21
12 bess, 13«16 mm,
1 12 100 148 12 75 78
4 4 33 11 2.8 15 5
3 1 8 1 1,0 20 2
38 bass, 17«80 mm,
1l 35 92 482 14 73 67
2 15 39 40 247 30 12
3 2 5 2 1,0 10 0.5
4 2 B 2 1.0 98 b
CORDUROY POKD, JULY 27
41 bass, 39«48 mm,
1 39 95 2341 80 22 2l
2 41 100 616 15 72 72
3 11 27 18 1.6 16 4
26 bess, 49«61 mm,
1 25 96 682 23 14 13
2 26 96 411 16 77 74
3 8 31 21 246 24 7
4 1 4 1l 1,0 60 2
1 cannibal bass, 61 rm,
4 1 100 1 1.0 100 100
CORDUROY POWD, OCTOBER 19
50 bass, 65-T76 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,
1l 74 90 1787 24 27 24
2 80 98 2839 35 66 66
3 24 29 64 2.7 28 8
4 2 2 2 1.0 74 1l
11 bass, 96120 xm,
1 3 27 214 71 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
LYDILL POND, JULY 27
26 bass, 30«37 nm,
1 26 100 1462 56 54 54
2 21 8l 102 449 37 30
3 5 19 12 244 50 10
38 bass, 38«45 mm,
1l 34 89 713 21 33 29
2 26 68 173 647 51 36
3 12 32 27 243 35 11
7 bass, 48-57 mm,
3 3 43 5 1.7 52 22




TABLE 6, RANGE IN STANDARD LENGTH (MM.) OF CANNIBAL BASS AND OF YOUNG BASS FOUND
IN THEIR STOMACHS, AND AVERAGE DIFFERENCE IN LENGTH BETWEEN PREDATOR AND PREY,
FOR ALL ACTUAL RECORDS OF CANNIBALISM ENCOUNTERED IN THE PRESENT STUDY

Looality Fenton Pond No. 1 Penton Pond No, 2 Corduroy Pond
Date July July Auge July July July Auge July

5 16 24 5 16 . 30 24 27
Length: cennibals 40=47 45«63 70-116 3841 51-61 74-88 108-119 61
Noe: ocannibels 16 25 18 26 21 7 2 l
Length: bass eaten 24=30 31=38 48 22«24 30«36 S6=36 45 39
Noest bass eaten 14 7 1 8 6 2 b § 1l

Ave, difference in
lengths predator
and prey 17.1 2049 50 16.6 21,5 4645 63 22
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Fige le Length frequency distributioms of youn; non-cannibal and cannibal
"largemouth™ bass and of young golden shiners in all collections from

the four rearing ponds.

Fiz. 2+ Average growth in length of non-cannibal and cannibal bass based on
all collections from the four rearins ponds. Date are from Table 2 and

are plotted on semi-logarithmic papsr to show per cent of increase.

Fize 3. Group photograph of “largemouth” bass to illustrate varietion in rate

of zrowth. A scale from each fish is pictured in iigure 4.

A~ Maturing male taken from Fenton FPond 2 on October 29, 1935 at the end
of its second zrowings seagson. Standard length 227 mm., total length
268 mme, weight 332 zrs. This f'ish was presumably a cannibal during

its second sumer, soe scale in Figure 4.

Be Immature female cannibal taken from Pond 2 on October 31, 1935 et
the end of its first growiny season., Standard lenzth 145 mm., total

length 181 mm., weight 72 zrs,.

C~ Immature female non-cannibal taken from Corduroy fond on Gctober 19,
1935 at the end of its first growing season. Standard length 77 mm.,

total len;th 96 mm., weizht 10.3 zrs.

D- lon=cannibal teken from Yond 2 on Getober 31, 1935 et the end of its
first zrowing season. Standard length 52 mm., total lensth 64 mnm.,

weight 2.4 :rs.

Fige 4¢ Scales from the bass shown in Fizure 3 revealing their age and jrowth
history. All scalcs are reproduced at the seme magnification and they are
arran;ed in this fizure in the order corresponding to that of the fish they

represent. D:ta on the fish are given in Fijure 3.
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A, Fish two summers old (one annulus, I)j cannibal during its second summer,
Bpe Cannibal young-of=-the-year from Fenton fond 2.
",. Non~=cannibal young=-of=the=year from Corduroy “ond.

Derlion=cannibal young-of-the-year from i'enton <ond 2,
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LPPEIDIX TO REPORT 382

LPPETDIZN TO

Trhis erpendix was not included in The renort itself (the report is to be
published by the American Fisheries Society) becouse it includés certsin criticisms
of the present methods of operating our bass rearing nonds

0f the four ronds in guestion, the complete history of the populations of voung
bass (initial stoeking, food ond pgrowbh studiss, ard production per scre st the end
of the summer) was obtsined for only the two Venton ponds, For Corduroy Pond, the
initial stocliing of voung bess was not Imown because ther were nroduced by aduls bass
in the pond; =znd the production wes not determined becanse the pond was not drained.
Date on the stocking and the production in the Lydell Pond were availablo but the
number of semples obtsined for the present study were too few, Therefore the follow-
ing discussion of the methods of opereting the bass rearing ponds refers specifically
only to these two Fenton ponds, elthouch it mirht be found to 2pply to several other
bass resring nénds in this state if a2 cereful study of these other ponds were medes

Data on the number of young bess stocked in the Fenton ponds at the beginning

of the sururer and on the number produced when the ponds were drained in the fall, and

gures on total number stocked in,

Fy
e

the percentage of survival in each pond, are (the

nnd taken from each pond, snd the figzures on pond esreas were furnished by Lre A.T. Stewart):

Stocking Production ) sur= Areg

Total number Ilos per scre Total Mo, Fo. ver ecre vival eaprg

Fenton Pond 1 50,000 15,600 9,450 2,950 13,9 3.2
Ferton Zond 2 160,000 25,000 32,375 5,060 2042 64

The productinns per f2cre obtalined in these two ronds were comparatively good, cone

sidering the fact thet no zrtifircial feeding was done, Fowvever, the percentare of survival
O & 2 <

of the young bass in the two rends was very low--approximately 20%; end their zrowth



was also quite poor

to The growth of Tre Tass in Corduroy rond, which is

believed by the writer to Te guite tymical of naturel waters in scuthern Ihchi~an,

- - . - s . I ‘ -
These tass were in the Fenton vonds for erprroximately 45 months during which period
/
N 4 s s U . .
approxiretely 807 of them perished for one reason or another”, 211 eavailable svidence

pecints to the conclusion that the cernibals accounted for a Li; portion of this losse

. (e

fccording to Lr. Stewart ihe bass stocked in the Tenton ponds were obtained
mostly from Lake Osklend (or Liprett Lake) in Osldand County. The Uichigen Loke and
Stream Uirectory lists the'largemouth" as an important pame fish of this lake; and the

Institute filcs iadicate that tiis lake nroduces larce basse From this it is essumed
i <

thet Lele Oskland is at least fairly good natural water for the "largerouth" bass,

[=1

Unfortunetely we have no information on the rate of mortelity et different ages

of bass populetions in neturel waters, TFowever, it is the opinion of most fisheries
workers that the mortality during the first year is relatively highe. It mirht be as
high as 80%; it mizht be somewhatb less, or it might rossidly be as hizh as 90, It
does not seem possible that the mortality of hess in natural weteres covld be rore

an 907 for the first 4% months of existence, and less th
10 or mcre years before the particular ropulstion hes been extermineted, Allowing
penerously in favor of this propagation 4nterprise, its efficiency from the standpoint

of survivel wes certoinly not mere then 107 better than thet of the netural waters

from wnich the young tass were token,

-

i}/ The total number of bass token for all of the sample collections uced in this study

was very small compared with the initial ctocking of the ponds: 1,094 specimens or

(.4

20197 for Fond 1; 2,389 specimens or 1,497 for “ondy 2 Further, as the summer pro=-
sressed end the porulations of the two ponds nrobably decreased, reletively fewer

bess were telen from the nonds for the sary

1=

5]

"-\j



L2 2l

lio collections of young bass were made during

> <

the summer from La
from which the stock lor the enton ponde was obtained. Therefore it is impossible

11

to corpere the growths of the bass in the Fenton nonds with thelr expected growth
had they bLeen left in Lzke Oakland. However, To evaluate thelr srowth in the rearing
ponds, the writer has corpered the size range of the Fenton hass at the time of draine

th *the size ranges of numerous Aupust end Septermier collections of young bass

<

ing vi

from natural waters in Ifichigen (these collections are in the Fish Division of the

O

Aaseum of Zoology; the collections were selected at random), Here egain all allowsnces

in the compearison were mede in favor of the Fenton bass, for all of the collections
from ratural waters were made earlier in the growing season. The conclusions from
this ccmparison are that the growth of the Fenton bass was only slirhtly if any better
ther the growth of young bass in netursl waters,

It is concluded that, from the stendpoints of both survival and growth (the two
ultimate goals in the method of bass rearing employed for the Fenton ponds), there was
probably very 1little, if anything, gained by the use of the two Fenton ponds during
/1955. Under normal conditions, these bass which were seined from Laske Oakland would
probably have fared nesrly or just as well had they been left in Leke Oeakland,

The date on food hebits and growth together with the data on production and
survival rzoint to the one conclusion that both Fenton ponds during 1935 were greatly

overstocked for the amount of food available, (Probebly most of the men sxperienced

in fish cwlture would have arrived at the same conclusion without undertakinge the

=

aborious task of studving numerous samples,) The shortage of food resvlted in a
comperatively slow growth of the big bulic of the bass nopulation which in turn wes a
factor in the cause of cennibalism; the cennibals, in turn, cccounted for a large portion,
if not most, of the 80% mortality among the whole populetions,

In order to increase theefficiency ol the cperation of the Fenton ponds and thereby

justify the continuation of their operation, either the stocxing should be reduced, or

-

more food should be mede available, or bothe If *there were more food available for eech

fish, it would be expected that the whole population would grow more rezidly with less

i i o £ 3 nd there would be
variation between individual fish; there wculd be fevier cannibals, end



a greater percentage of survival, Artificial fertilization would probably add

kn)

considerably to the food supply. Such large ponds 2s those at Fenton are not well

e

suited to "hand-feeding" (according to informat

o

on obtained through conversation

with Yr, Stewert and !r, Lydell); thus this method is not recommended. Theluse of
forere minnows in the bass ponds is promising but there is still much to be learned
about the best methods of using this type of food supply. <he enormous population

<

of young golden shiners in Corduroy Pond was of mo practical value to the bass because
the shiners were too large. A suggzested method for future use of the golden shiner

in bass rearing vonds is as follows: hold the adult shiners in cold spring or trout
water from about the middle of MNey until the ¢nd of June and thereby delay their
spevmning season (this was dore successfully at the ponds of the U., S. Beach estate

1

st Highland, Michigan in 1935); then stock the bass ponds very heavily with adult
shiners (about 500 per acre) so that a very large hatch of youns 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(ﬁg erowth, by competition
within the species, but would not tend to retard the growth of the bass through the
fectors related to population density--conclusions based on a comparison of Corduroy
Pond and Fenton Pond 2,

The writer believes thet it would be desirable, in the menagement of the Fenton
ponds, to both reduce the arount of stocking, end vo attempt to increase the food
supply by fertilization and by the use of golden shiners sccording to the method
mentioned abtoves

Whatever methods employed in the future in operating these ponds should be care=
fully evaluated if there is to be any improvement in the worke The results of each
year's work at these ponds should be ccmpared in order to determine what concentrations
of stocking give ‘the best results--percentage of survival and growth, within certain
limits of production, should be considered of most importance in meking this evaluation,

Further, our Conservation Department is oblizeted itself and to the sportsmen

<

who fish the lakes in Oakland County tc determine the rate of growth and percentare of
J I z



=5
survivel of voung "largemouth" bass in these nstural waters, end to demonstrete
That there is an erprecieble geain Ly teking these bass from the natural weters end
holding them in the Tenton ronds,

IFSTITUTE FOR FISHERIES RESBANCH

By: Gerald F, Cooper
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