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00D OF THE SMALL-MOUTHED BLACK BASS
(MICROPTERUS DOLOMIEU) IN SOME
ONTARIO WATERS

ABSTRACT
CONTENTS ,
The food of the small-mouthed black bass in Georgian Bay, Lake Nipissing,
ch Lake, and other waters, was determined by examining stomach contents.
percentage by volume and the percentage frequency of occurrence of an
m are both considered in presenting the results. As bass fry increase in
“several changes in diet similar to those found by investigators in other
es, take place. These changes are apparently correlated with the ability
g fish to take organisms of increasing size. In Georgian Bay and Lake
ng, the two larger bodies of water, the food of the larger bass consists of
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INTRODUCTION

'As the small-mouthed black bass (Micropterus dolomieu
pede) is one of the most important game fishes of Ontario,
udy of its food becomes of both scientific and popular
>St.  This paper is based on an examination of stomachs
40 bass of all sizes obtained during the summers of the
,‘-1_928 to 1931 from various localities in Ontario. The
Wwas extended to include the food of fish commonly
ated with the black bass to assist in the estimation of
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Wickliff (1920) presents one of the most important food
udies on smal.l bass. He examined 313 specimens (0.85 to
s C_,&ntimetres)_ from the western end of Lake Erie Ohio
Copepods were found in 61.0 per cent., Cladocera in 3§.9 per-
ent., chironomid larvae in 19.8 per cent., chironomid pupae
1 27.4 per cent., ephemerid nymphs in 12.1 per cent., adult
sects in 24.9 per cent., fish in 17.8 per cent., and cra);ﬁsh in
per cent. of the stomachs. Quoting the author: “The
od cycle seems to be copepods and cladocerans of an almost
ure diet to 15 mm.; then from 16 to 45 mm. mixed with these
e mayfly nymphs, midge larvae and pupae, with fish and
dult in§ects; and above 45 mm. fish, adult insects, and cray-
sh are important.”
- Hayford (1921) states that “‘Stomach examinations of
ung bass carried on at the Hackettstown station (New
y) show tf'lat during the first few weeks of their existence
£oo'd con51sts‘almost entirely of microcrustacea, the pre-
nating organisms in their order of importance being
s, Simocephalus, Chydorus, and Scapholeberis.”
i Green Lako, Wincomn, one o (4657 contimetres)
: ke, ; ocera—forty-one per
ch.lronomld larvae and pupae—iforty-seven per cent.
lemerid nym.phsﬁthree per cent., amphipods—eight per,
-. a few miscellaneous insects and a small quantity of

and supervision of this investigation. I am indebted alg to
several other members of the staff of this Department and
members of the Ontario Fisheries Research Laboratory
assisted in the identification of certain insects and whg col-
lected material for me.

Thanks are given to the fishing clubs and hotelg of
Georgian Bay and Lake Nipissing and to all sportsmen whq
assisted in the collection of material.

SUMMARY OF LITERATURE ON THE FoOoD OF SMALL-Mouthgp
Brack Bass

Apart from the work of Clemens and others (1923 and
1924), there has been no scientific literature published on the
food of the small-mouthed black bass in Ontario. Adams and
Hankinson (1928) have given in tabular form the results of
the more important food studies on the bass up tq 1927.. Th'e_
following summary of the findings of the various investi-
gators, based partly on the tables of Adam's and Han_kmsor_k. |
is presented in order that the results of this pre.:sent.mvestl-
gation may be compared with the results obtained in other

regions.
Fry and Fingerlings

Forbes (1880) investigated the food of seven specim?:-
of small bass in Illinois and found that they had eaten en 1
mostracans—five per cent., chironomids—four per cents

odonate nymphs—eleven per cent., and Corixa—fifty-one P= ’0sin lakes to consist of Cladocera—about one to teq per

cent. heri g Chlronomids-about fifty per cent., Corixa—16.7 per
Lydell (1904) reports that as bass fry grow older they €=

large quantities of corixids. _ . o
Pearse (1918) examined the stomachs of glght S-Pec:::l :
(2.9-4.8 centimetres) from Lake Mendota, Wisconsii,

. . g docera i
were collected in 1914. The food ConSlStedsffﬁ%?four pes

'Ot(l)lre (1922) working on Lake George, New York, found
i :ﬁmteeitomachs of forty-six bass fry and ﬁngerlings (1.4-
o res) Cladocera occurred most abundantly; chiro-

_ ae, pupae and aduits, ephemerid nymphs and mis-

; ' leous ;
six per cent., chironomid pupae and adult o adi Belilgsgcts were next in importance; small Crustacea
cent., ephemerid nymphs—thirty-one per ?en ;r gpecim Cimem Srfnall quantities. In the stomachs of sixty-
Thw oo & el : B8 of bass fry (about 1 centimetre) from ponds,

chaetes—nine per cent. f tw
(5.9 and 7.8 centimetres) COl’lSlSt'ed of .dlpter‘ :
adults—fifteen per cent. and Corixa—eighty-five P

_ra,l():opepods, and _chironomld larvae, pupae and adults
abundantly while ephemerid nymphs were present

carh iar‘Vae A1t
r Ce[lt.-
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in small quantities. In the stomachs of fingerlings (up to g
centimetres), in addition to the above organisms, odonatg
nymphs and miscellaneous insects were abundant while caddig
larvae, amphipods, water mites, and fish remains also (.
curred.

Clemens and others (1923) record the results of an exap,.
ination of six bass (2.6-3.3 centimetres) from Lake I\‘ipngn'
Ontario, as copepods, Cladocera, chironomid larvae apg
pupae, mayfly nymphs, Corixidae, and fish remains.

Clemens and others (1924) further record the food of
three specimens (3.0-3.4 centimetres) as fish—ninety ¢,
ninety-five per cent., and miscellaneous (copepods, Clagd-
ocera, chironomids, ephemerids and Corixa)—fve to ten per
cent.

Greeley (1927) states that one small bass from the
Genesee River system, New York, ate phyllopods, copepods,
chironomid larvae and other Diptera, and ephemerid nymphs.

Sibley (1929) examined three specimens (6-9.5 centi-
metres) from the Lake Erie drainage basin, New York, and
found the food to consist of fish—100 per cent.

Rimsky-Korsakoff (1930) found that sixteen small bass
(2.4-6.5 centimetres) from the Lake Champlain watershed,
New York, ate fish—sixty per cent., ephemerid nymph
twenty-seven per cent., adult insects—six per cent., Crus
taceans—two per cent., plant material-—one per cent.,
miscellaneous—three per cent. _

Sibley and Rimsky-Korsakoff (1931) examined seventy®
two small bass (1.7-3.9 centimetres) from the St. Lawrente
watershed, New York: “The small bass from Sucker @
Little Sucker brooks had eaten 40 per cent young fish,
60 per cent aquatic insects, while those from Trout brook h
eaten only water boatmen. A series of 56 small bass W&
secured from lake Ozonia. Mayflies and midge larvae M&

of importance of Cladocera, copepods, chironomid
oe) lar-vz%c, pupae and adults, ephemerid (mayfly)
phs, cor},:(lcls“(:\vater boatmen), aquatic insects, fish, and
ish.  Wickliff (1920) and others point out a chan;{e in
from Cladocera, copepods and chironomid Iarvaye’ to
: insects and thence to fish and crayfish, with growth
Phe data given by most investigators confirm this correlation:

Young and Adult Bass

- Forbes (1880) examined the stomachs of ten fish from
waters of Illinois and found the food to consist of fish
_ .'na caprodes and Noturus Javus), crayfish ambhipods
ods, and odonate nymphs. , '
.Forbps .ar.xd Richardson (1908) examined the stomachs
three lndIVIdL}als from waters of Illinois and found their
ents to consist “wholly of fishes and crayfishes, approx-
tely a third of the first and two-thirds of the Secé)nd”

Reighard (1915) gives the results of an examinatiogl of
'&tpmachs of eight bass from Douglas Lake, Michigan
ﬁih occurrcd in six stomachs. Other food (:arganisms:
Ir:fere fish, leopard frogs, and the large cladoceran
tearse (1918) examined four specimens (13.2-18.1 centi-
from L_ake Monona, Wisconsin. The food c.onsistcd
_dgl_lepomziy, a minnow, and fish remains), insects (cor-
Ironomid larvae and ephemerid nymphs), and plant

€arse (1921) found in two bass (39.2 and 89.5 centi-
rom Green Lake, Wisconsin, perch, fish remains, and

a&r‘sﬁ. (1 921'31) reports that twenty-one bass in Lake
' ViSconsin, ate crayfish—20.6 per cent., vertebrates

up about 30 per cent \of the total while plankton cfft:; P cent., insects—43.0 per cent., and a few Clad
o PO e e ladbcath. Site e - b Jepi i i bass £
formed 70 per cent. The Cladocera were very muc ; ﬁeshI § . Visconsin, twelve bass ate crayfish—9.1 per

=5 F 5 " » P Ve

4 <)()~.o Per cent., msects—29.8 per cent
. 851‘15%.).7 per cent. In Lake Michig
% Per cent., and plant material—1 £

, and Ento-
an two bass ate
.0 per cent.

abundant than the Copepoda.” f bas
From the summary of the literature on the food 0! "=
fry and fingerlings, it may be seen that the food constst=
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Greeley (1927) examined thirteen specimens from thg
Genesee River system, New York. The food consisted of
crayfish—fifty-six per cent., fish (Eu pomotis gibbosus., I:[ Ypen.
telium nigricans, and minnows)—18.4 per cent., aquaticC insectg
—24.2 per cent., and terrestrial insects—1.4 per cent.

Eaton (1928) gives the results of an examination of the
stomachs of fifty-nine bass from Finger Lakes, in the Osweg,
watershed, New York, which was made by Dr. Charles K
Sibley. The food consisted of crayfish—40.7 per cent., fish
(sculpins, sticklebacks, perch, and minnows)—34.2 per cent,
Gammarus—4.7 per cent., and insects (ephemerids, Trichop.
terans, and chironomids)—20.4 per cent.

Allin (1929) found that four bass (26.0-38.0 centimetres)
from Silver Creek of the Erie-Niagara watershed, New York,
ate crayfish—sixty-four per cent., and fish—thirty-six per
cent.

Reighard (1929) found that the stomachs of 'three bass
(39-42 centimetres) from Whitefish Lake, Michigan, con-
tained a crayfish, a fish (probably cisco), and a leopard frog.
In Loon Lake, the stomach of one bass (37 centimetres) con-
tained a small sculpin, a dragonfly nymph, and several tn-
chopterous larvae.

Rimsky-Korsakoftf (1930) examined the stomachf‘» of
eight bass from the Lake Champlain watershed, New York:
The food of five specimens (13.0 centimetres) consisted of
adult insects (Orthoptera, Hymenoptera, and Diptcra).‘“
ninety per cent., and Coleoptera larvae—ten per cent., while
that of three larger specimens (16.7-28.5 centimetres) ¢o™
sisted of fish (perch and unidentified fish)—sixty-seven Pi‘:
cent., crayfish—three per cent., adult insects (Coleopt(‘.ra)
thirteen per cent., and miscellaneous—seventeen per cent-

Sibley and Rimsky-Korsakoff (1931) state that thim"
four of forty-seven bass (7.3-31 centimetres) from ‘E}lc 5
Lawrence watershed, New York, contained foc_>d. rhhra
specimens had eaten nothing but crayfish. Eighteen e
eaten surface drift and aquatic insects. The other thir

had eaten fish.” : ) oot
From this summary of the findings of various 1%
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gators it may be seen that, in general, the food of young
(larger than fingerling) and adult bass consists mostly of fish
and crayfish with a smaller percentage of insects. All the
investigators report the presence of fish of various species in
the stomachs. Crayfish were eaten by bass in most of the
podies of water. The percentage of insects eaten seems to
vary considerably and probably depends on the relative abun-
dance of insects as compared to other food organisms which
are present in cach of the bodies of water.

MATERIALS, METHODS, AND PRESENTATION OF DATA

As mentioned above, the material for this investigation
was collected during the summers of the years 1928 to 1931.
In 1928, 140 specimens from Georgian Bay were examined.
These were taken from various localities from Whalens Island
to Sans Souci. In 1929, stomachs of 109 adult black bass were
obtained from Lake Nipissing, a large body of water to the
gast of Georgian Bay. In addition, the stomachs of eighty-
six black bass {rys and fingerlings from this lake were exam-
ined. In 1930, fifty-three specimens, and in 1931, 126 speci-
mens were taken in Perch Lake, a small irregularly-shaped
bf)dy of water two miles long and less than a quarter of a mile
Wide which lies three miles to the south-east of the South
River, Lake Nipissing. In 1929, eighteen specimens were
Obtained from Phantom Lake, a larger body of water near
terch Lake. The stomachs of six black bass from the Ox-
Ohgue River in the Muskoka district, and two small bass

0m the Grand River in southern Ontario were examined

S were caught by still-fishing with hook and line, using
:ﬁ_il‘thworms as bait. In Georgian Bay and Perch Lake, a few
T obtained by the use of gill nets.  Bass fry were taken in
Neighbourhood of nests with a dip net. A few fingerlings
~T€ caught by means of a hand seine. It is believed that the
10us methods of capture employed were not selective as to
feeding habits of bass captured. In each size group no

8.

b Most of the larger specimens of small-mouthed black
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stituents, each stomach is assumed to have the same volume.
When the food organisms vary greatly in size, this is apt to

G g d Lake Nipissing, pails containing give a distorted idea of their relative| importance. To take

At Georgian Bay and Lake Nip & pd : extreme case, suppose one stomach contained one small

formalin were placed at several hotels and fishing camps and | ia:sect while anotherrz*gntained one large fish. If the volume

anglers deposited the stomachs of bass into these containers, ‘were not considered, the first stomach would be recorded as

Although no data are available on the lengths of the 1hShb]fr0'm 100 per cent. insect and the second as 100 per cent. fish, and

g’hich these S}EOITflaC(}JlS ;"eriel 1fc)bﬁt§}11n6d;%st};i}é]§rrse :;;2 L:(i)t ;Glrn the food from a consideration of these two stomachs would be
etermining the iood ot adu : C ~

4 inches (25.4 Mgt 4 fifty per cent. insect and fifty per cent. fish. These results are
mitted to keep fish under ten inches (25.4 centimetres) in B dictorted

length, it is presumed that all these stomachs are from fish ob y

greater than that length.

significant difference could be observed in the food of adult
bass taken on worms, spoons, or in gill nets.

The third method, used by certain trout investigators,
involves an estimation of the percentage of each kind of organ-
ism in the stomach and, in addition, the determination of the
“volume of the total stomach content for each stomach. The
actual volume of each kind of organism for each stomach is
then calculated and the percentage of that organism for all
the stomachs is figured on the volume of the total food con-
tent. In the example, if the volume of the contents of the
irst stomach was one cubic millimetre, and that of the second
line cubic millimetres, the food of the fish from these two
‘Specimens, based on percentage volume, would be ten per
ent. insect and ninety per cent. fish. In this instance, this
1ast method gives a much more accurate idea of the relative
‘mportance of the two food items.

Small specimens were preserved whole in a five to ten per
cent. solution of formalin. Stomachs of larger specimens
were removed and were either tied up, numbered, and pre-
served in large jars, or the contents of each were preserved in
a separate vial.

Large organisms like crayfish and fish were identiﬁ_ed
with the aid of a simple lens. For smaller organisms, a bin-
ocular dissecting microscope was used.

In making food studies of bass fry and other adu_lt. fish
which feed on small organisms, some authors have con§1dcr§d
only the frequency of occurrence of the various organisms 111
the stomachs in drawing their conclusions. The organism
which occurs in the greatest percentage of the stomachs l?
considered the most important food item. This m?thod (¢
presenting the results completely neglects to c_onsxder the
importance of the relative size of the food constituents.

The last method was followed in dealing with the stom-
achs examined and the percentages in the tables, unless stated
Otherwise, refer to the actual percentage volume of each
ind of organism which occurred. In measuring the volume
the contents of each stomach, the excess water was first
oved by blotting with filter paper. The contents were
“'€n dropped into a ten cubic centimetre or a twenty-five
fUbic centimetre graduated cylinder partially filled with
ter, and the volume of water displaced was measured.
€0 considering the stomachs of bass fry and larger fish

~uch contained but very small quantities of food, the volume
"98 estimated.

Another method which is adopted is to consider the t0tal{
food in each stomach as 100 per cent. and, by countm.g[?1
estimating the number or quantity of each kind of worg_é;m;in_'
to give to each a certain percentage of the total. By o ?}t]b g
ing an average of these percentages foy al! the stoma;f t, 3
more accurate idea is given of the relative importance 0 he
organisms in the diet of the fish. This method doe-s m_)t'»_‘xu
sider the actual volume of the contents of each indiv!

t h. In averaging the percentages of the various cofl” An effort was made to portray graphically the importance
stomach. : g
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of the larger groups of organisms in the diet of the bass. Ip
some cases it was found that the method of analysis used
tended to mask the importance of the frequency of occurrence
of certain smaller organisms. In stomachs of bass within 3
certain size range from Perch Lake, insects occurred very fre.
quently and undoubtedly formed an important food item,
In a small percentage of the stomachs, larger organisms—figh
and crayfish—were found. The volume of the few large
organisms was much greater than the volume of the more
frequently occurring insects. A considerable number of
insects would have to be taken to make up for one large fish.
These insects, however, would be taken one at a time and,
being smaller, would digest much more rapidly than the fish.
This might tend to lower the total insect content relative to
the total fish content. In any case, in order to take into
consideration both the frequency of occurrence and the per-
centage by volume in presenting a graphical summary of the
results, diagrams have been constructed in two dimensions.
The relative importance of each kind of food is indicated by
the size of a rectangle. The horizontal distance represents
the percentage by volume of the total food content; the ver-
tical distance, the percentage frequency of occurrence of the
organism in the stomachs. If both factors were considered
of equal importance, the horizontal and vertical distances
should be equal. But, as has already been pointed out, the
percentage by volume appears to be considerably more i{n-
portant and accordingly the vertical scale has been arbitrarily
fixed as forty per cent. of the horizontal scale.

The standard lengths of the specimens are given in centi-
metres. The standard length is the length measured from
the tip of the lower jaw to the end of the vertebral column Eft
the base of the tail. The total length, expressed in inches, 18
the length from the tip of the lower jaw to the fork of the tail.
Figure 1 offers a convenient method of converting the stan-
dard length in centimetres into the total length in inches af
wice versa. The graph is based on standard and total length
measurements from a large number of specimens.
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length in inches

Foop or SmarLL-MoutHED Brack Bass FrRY 1N LAKE NIPISSING IN
1929 axp 1930

- The stomachs of eighty-six small bass from 1.0 to 7.9
*ntimetres in length were examined. These fry were taken
_ps_t!y in the vicinity of bass nests at the Goose Islands, Lake
‘Mpissing. The bass were found to start feeding while a con-
Slderable amount of yolk still remained in the yolk-sac. Food
¥as found in a few specimens one day after they had risen
Tfom the nests when they had reached a length of 0.9 centi-
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- raBLE 1 Food of eighty-six small-mouthed black bass fry and fingerlings of
metres. All the stomachs examined, except two, contained Lake Nipissing in 1929 and 1930

food material. In order to detect any change in diet with

growth, the results of the stomach analyses were arranged ip i

groups according to the lengths of the fish, each group repre- {ength in centimetres....................... 1-1.51.5-2{ 2-3 3—4.}4—5 5-8

g a‘ Jength‘ e Ot'— 1 Cen'tlmetr& e Bt group Number of stomachs with contents. . ......... 27 | 24 | 13| 12 i 6 | 4

(1-2 centimetres) was subdivided into two groups of equal - L i o R N I T T

size interval while the last three groups were considered as COlUS e oot oo R T R A TN/

one. The results are given in table 1. Table 2 presents 5 Cyprinidae. . ................. U IR 3 U1 F: S 4 U

summary of table 1, giving both the percentage by volume Unidentified remains........... o4 .. 110.0/32.3/40.8| 4.2

Z.)'nd t!le peracniage frequency ol occurren(‘,(_: of th.e Principal - stacea Decapoda—Cambarus propinguus| .. ol e f - | .. 48.0

food items. The results are shown graphically in figure 2 vl W it 66.8 4.4 6130 03

which is based directly on table 2. ERARIE s it I I e
The results show that bass in the smallest length group (Argulus)............ RPN IR I (R 2.t

(1-1.5 centimetres) fed exclusively on Copepoda, Cladocera, Cladocera—Acroperus.......... 2.1 0.6 1.8 .. | ..

and insect larvae and pupae. Copepoda, chiefly Cyclops, éif::i‘:;a """""" g‘i s &4

formed 66.8 per cent. of the food and occurred in all the N 11

stomachs examined. Insects were the second most abundant Sida. oo | 6.4

group of food organisms, occurring in forty-five per cent. of ARG v tan fivg mbos S Y =

the stomachs and constituting 21.8 per cent. of the food. Daphnia. ............ S 7 8 | QP | B |

They consisted exclusively of chironomid larvae and pupae. Unidentified. ......... N T N T A

In eighty-five per cent. of the stomachs occurred Cladocera, & it~ oy == g

forming a volume of 11.3 per cent. These were mostly the wE, ki and s . . . o1 8l 13 821 al11 4| 6 2

smaller water fleas—DBosmana, Acroperus, and Chydorus—al- Ephemerida— Baetis and Ecdyo-

though there were traces of the large Leptodora. These rée- nurus—nymphs and adults.| .. | 35.2/13.9/12.2) 1.3

sults agree closely with those obtained by Wickliff (1920) for Cip[e(’pterat‘“llyd"’?h”"‘ o g I~

fish of this size. e found the first food of the bass to cons Hemiptera—Coriidae—arvae. .| .. | .. | 14] 4.4 1.2 4.2

sist of Cladocera, Copepoda, and Chironomidae, in oardf:l’_l'-'f Buimnisns Cradite—attt o F = L. ed .

importance. However, Daphnia, Diaphanosoma, and .Sfrd“ Unidentified remains. ... ... ... S O 9 0 O (I O (I W

were the commonest Cladocera in the stomachs he examined. s

In addition to larvae and pupae, he found chironomid adults tscellancous OStfadfcoda, Isopoda, Arachnida, 5 2l

in small quantities in this length group. . i e R 33
It may be seen from the tables and figure that 1n the next

. 3 . uc
size group (1.5-2 centimetres) the copepod content was ;lnt i
c .

smaller (26.6 per cent.) occurring in seventy-nine per ¢ .
the stomachs and consisting mostly of a large spect 28
Diaptomus. In the groups of larger fish, Copepoda_deTIrE but
in volume and frequency until they constituted hn'a E:fou!’ .
15.3 per cent. of the food in the stomachs of bass betwee '

ﬁW‘E centimetres and occurred in but two of the six stomachs
camined. The chief copepod of this group is a large para-

: _fOrm (Argulus) which was found in but one stomach.
- Inclusion of this rare form was undoubtably accidental.
it were not included in calculating the results, the average
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Ficure 2. The food of eighty-six small-mouthed black bass fry and fing®”

of Lake Nipissing in 1929 and 1930
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4BLE 2. Summary of the food of eighty-six small-mouthed black bass {ry and
- fingerlings of Lake Nipissing in 1929 and 1930

ength in centimetres..................... 1-1.5/1.5-2/2-3 /34| 4-5 |5-8

mber of stomachs with contents......... 27 24 |13 | 12 6 4
A. Percentage volume

.................................... v .. |31.5148.0| 74.2 45.8

................................ o I 4 .. (45.0
............................... 66.8| 26.6; 6.1 3.9/(15.3)
............................... 11.3| 16.4(17.2) 6.1] 0.1

.................................. 21.8| 56.6{41.3{42.0| 10.4 | 5.9

B Tl i .1 .. 15150 8 |50
............................... o b o E oo Bl e |88
............................... 100 | 79 | 38 | 25 | (33)
............................... 85 | 54|85 |25 17

.................................. 45 | 67 | 85 | 75| 33 150

As groups of successively larger fry were considered, the
ntage volume of Cladocera first increased and then

‘order of importance, the Cladocera found in the larger {ry
tre Daphnia, Bosmina, Leptodora, Sida, Alona, Acroperus,
id Chydorus.
~ As the Copepoda and Cladocera content decreased, the
Sect content at first increased and then decreased in import-
¢ as larger organisms—fish and crayfish—entered into the
t.  Chironomid larvae and pupae formed a decreasing
‘Centage of the food. Larger insect larvae and adults
tering into the diet of fry of greater length caused the rela-
¥Ely large total insect content in the second, third, and fourth
&th groups. Mayfly (Ephemerida) nymphs and adults
"Onging to the genus Baetis and the genus Ecdyonurus
‘Med a considerable percentage of the insects which oe-
Ted in these three groups. Chironomid adults, occurring

1k
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first in the two to three centimetre group tended to increase
the percentage of Chironomidae in that group. Other larvye
and adults belonging to the orders Coleoptera, Hemiptery
and Homoptera, were present in smaller quantities. Wicklif
found that the insect content, principally Chironomid pupae
and adult insects, was relatively more important in the fopg
of the bass of Lake Erie.

Small minnows and unidentified fish remains occurred
first in the two to three centimetre group, where they formed
31.5 per cent. of the food and occurred in fifteen per cent. of
the stomachs. As the bass became larger, the fish content
increased in importance until the fry were large enough to
take both small fish and small crayfish. In addition to min-
nows, small perch and sculpins were found in the stomachs of
larger fry.

Figure 2 shows the following char_lges_in the fooc! of bass
y of Lake Nipissing. At first the fry feed exclusively on
-noda, Cladocera, and insects. As they increase in size
take larger organisms. The Copepoda and Cladocera
ase in importance as the insect content increases. Small
(Chironomidae) larvae and pupae are replaced by
larvae, nymphs, and adult insects. Gradually the
decrease in importance as fish enter into the diet.
or the fry have reached a length of about five centimetres,
- food consists mainly of fish and crayfish with a small
ntage of insects.

Foop oF ApuLT SMAaLL-MouTHED Brack Bass

Georgian Bay

! i .

- In table 3 the results of the examination of adult bass
hs from Georgian Bay are summarized. Of the 140
s examined but ninety-eight (70 per cent.) had food

Only four specimens were available in the largest group
of bass fry examined (five to eight centimetres). In this
group small crayfish (Cambarus propinguus) occurred for the
first time. The inclusion of crayfish decreased the relative
importance of the fish content. In the bass {fry examined by
Wickliff, crayfish occurred in the four to five centimetre
group. As this author treated his data from the point of view

3. Food of ninety-eight adult small-mouthed black bass of Georgian
y in 1928

Number | Volume
contain- | in cubic |Per cent.| Total

of frequency of occurrence, he did not consider the crayfish ing milli- | volume | per cent.
content important in the diet of fish of this size. i e o

Plant material was found in but small quantities and Perca flavescens . . ... . .. ... 6 183 49
probably did not form a significant part of the food of young Cyprinidae. . ............ 1 120 2.8 $27,7
bass. i Unidentified remains. . . . .. 49 901 20.7

Although the results presented are based on relatively Decapoda—Cambarus pro-

few specimens in the larger length groups, it is believed that pinquus. . ... ... 54 2272 | 52.3 |)

the numbers are sufficient to justify the following conclusions: (é“’"b‘"“s pirghs. ' 10 475 | 10.9 (71 b,
The choice of food organisms on the part of growing fry C‘;’;ﬁ"’:& :’:I;’Z:‘:: li ;i’g i'; 5

of small-mouthed black bass in Lake Nipissing is positivel¥ Ephemerida— Hexagenia— '

correlated with the size of the fry themselves. This co™ nymphs. . . . 4 5

clusion was also reached by Wickliff in the case of the fry & Odonata—nymphs. ... ... 2 5 %04 0.4

the small-mouthed black bass of Lake Erie, and by Turn¢f . x;‘i}c?a“ews ------------ 5 2

and Kraatz (1920) working on the food of the fry of the 1ar8 B il .g.g.s. andp]ant Tater- 13 6 0.2 0.2

mouthed black bass.
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content. The greater number were obtained from 5
and the lengths of these fish were not available.

It may be seen that crayfish, occurring in over sevent
five per cent. of the stomachs, constituted 71.7 per cent. of tli:
food of these adult bass. Cambarus propinquus, the smallest us), a minnow, and unidentified fish remains made up the
of the three species of crayfish found in the stomachs, formeq nainder of the food. In Lake Nipissing insects were again
by itself 52.3 per cent. of the total volume and was the most negligible food item. Corixidae, caddis larvae, and midge
important single food organism. rvae replaced the mayfly, dragonfly and damselfly nymphs

Fish formed 27.7 per cent. of the food and occurred in f the Georgian Bay stomachs. In general, as in Georgian
fifty-seven per cent. of the stomachs. A large percentage of ay, larger bass tended to eat more fish than smaller bass.
the fish content was partially digested and could not be fyr. p
ther identified. However, a number of yellow perch (Pereq
Aavescens) and one minnow (Cyprinidae) were recognized,

The insect content was practically negligible (0.4 per
cent.). The principal insects were mayfly nymphs (Ephem-
erida) of the genus IHexagenia, dragonfly, and damselfly

~ecies were again the most important food item with a
ightly greater percentage volume (79.0 per cent. as opposed
, 71.7 per cent.). As before, Cambarus propinquus formed
cer half the total food content. Perch, small pike (Esox

ngle rs

Number | Volume
contain- | in cubic [Per cent.| Total

S 3 5 ing milli- | volume | per cent.
nymphs (Odonata.). Corixid nymphs and chironomid larvae A P e
were each found in one stomach. Two stomachs contained
terrestrial beetles and three contained unidentifiable insect Perca flavescens. ... ....... 9 542 8.7 l
remains Boleosoma nigrum. . . ... .. 1 37 0.6 20.6
: i a ) P . . Eso% Wcits. ... oovvvos.. 2 185 3.0 ‘“'
On arranging the few specimens of known lengths into it it %5 ik T i

length groups having a four-centimetre size interval, it was

found that the fish content tended to increase in volume and ea  Decapoda—Cambarus pro-

frequency as the bass increased in size. The food of the pinquus . . . .. 52 3400 | 54.7 l
largest specimen examined (34.4 centimetres) consistefl en- Cambarus virilis..| 8 595 9.6 L9
tirely of fish—a perch of eight centimetres and the remains of EZZZZ:Z;V fg;::;z; 3?) Sgg 1; .Z )
two fish (probably perch) of five centimetres. ! .. Hesiintir — Corridss — :

These results show that the food of adult bass of (:C_Ofg’i‘i adules 3 8
Bay in 1928 consisted mainly of two kinds of (:rgﬂmsnl;f. Trichoptera—Ilarvae......| 3 14 % 0.4 0.4
crayfish (71.7 per cent.) and fish (27.7 per ccnt‘-)- a,;ed Coleoptera—adults. . ... ... 1 2
seemed to be a more important food item as the h_as:s incre Miscellaneous............ 2
in size. The insect content was practically negligible: T . 3

Lake Nipissing &)
(97 per cer:; Perch Lake
i 0iss A ) 5" 1
l\g;;in -PErch Lake, a small body of water near Lake Nipissing,
0 { thre€ bably typical of hundreds of similar lakes scattered over
+re-Cambrian area of southern Ontario. The shore of this

The stomachs of 109 bass, of which 106
contained food material, were examined from Lake
in 1929. The results (table 4) are similar to those
in the case of bass from Georgian Bay. Crayfish ©
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small lake is similar in character to that of Lake Nipissj
where bass are found, except that it is fringed for the m;ls%
part with overhanging, bushy vegetation. Crayfish oceyp ;
much smaller numbers along the shores of this lake thap alol-]ln
those of Lake Nipissing. On the surface of the lake, Pro.
tected from the wind by the surrounding vegetation ang
neighbouring hills, semi-aquatic insects are found in greater
abundance than on the wind-swept surface of a larger lake,
Specimens of bass were obtained from Perch Lake it
order to compare their food with that of bass in larger bodies
of water. The greater number of the bass examined were
smaller than those from Lake Nipissing and Georgian Bay
all fish caught were taken regardless of size. The stomac
of 179 bass, ranging in length from 8.9 to 37.2 centimet

Per cent.

in cubic

organism | millimetres

per cent.

TESTER: Foop OF SMALL-MOUTHED

volume

volume

3.9

49.7

e

39.2

[ B 4

Bass

5.3

191

0.2

3.9
28.6

1.3
0.2

1.0
18.6

22.6

1.4
8.1

7.1

1.7

0.3

0.5

0.5

3.2
0.1
0.1

0.2

58
426

20

16
276

336

21
121
105

26

47

+oo

containing

10
10

19

18

19
26

12

31

were examined. Of these, 123 (60 per cent.) contained fooc
material.

Table 5 gives a summary of the total food content of
bass stomachs examined in this lake. As might be expecte
crayfish did not form such a large percentage of the food
in the two previous analyses. They formed 39.2 per cent.
the food and occurred in thirty-one per cent. of the stoma
This is in marked contrast to Georgian Bay and Lake Nip-
issing where they formed 71.7 per cent. and 79.0 per ce.l'lt-_ |
the food and occurred in seventy-five per cent. _and -
four per cent. of the stomachs respectively. Again Ca c
propinguus was the most important of the three spe
crayfish. -

yThe yellow perch is found in great abundance ll;r

Lake as its name suggests. It formed seventy-ﬁvle pthe i
of the fish taken in seine hauls along tl}e.shore. odriltem-
stomachs it was the most important individual fo Cpid
addition to perch, a small sucker, Towa dart]ffs;;otal <ol
now(?) occurred in the stomachs, bringing t Lntents
of fish to 49.7 per cent. of the total stomach_%o -
than twice that found for fish in the two other g 3 per

The total insect content amounted tt})]. s'tomach’s“
insects being found in sixty-six per cent. of t C]umeo PR
will be shown later that,in spite of the small vO

-
e

LTI ft ma Bl S T

Amphibia
Pisces

e i ity Sl ity e e U B SN S ol U

Calostomus cOmmerSOnte. . . ... cvvur e e e

Oligocephalus exilis. .. ... ... ... i,
Hyborhynchus notalus? . .. .. ... cooieni i,

Unidentified remains. .. ........ ... i,

Decapoda— Cambarus propinguss. ... ...........cc.....

Crustacea

Cambarus e1rilis? . ... o

Cambarus bartonii. ... .......cvueinen..

Cambarus remains. . . ... ...,

Cladocera—Leptodora kindtis. ... ......................

Hemiptera—Gerridae. . .. .........coiiiiiiiin ...

Insecta

Diptera—Chironomidae—larvae, pupae and adults. .. ...

Coleoptera—terrestrial and aquatic. ...................

Hymenoptera—Formicidae. . . .............cooviiaann.

Odonata—Coenagrionidae—adult. .. ..................
Miscellaneous—Trichoptera—larvae;

Orthoptera—Gryllidae. . ... ... ... ... coovviion.,

Ephemerida—nymphs, efc...............

Unidentified remains. .. .. ....covtiirenioeiiinnnns

Miscellaneous Plant material . . .. ... ... ... ... ciiiiiiiii.




Food of 123 young and adult small-mouthed black bass of Perch Lake in 1930 and 1931 arranged in length groups.

TABLE 6.
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ey form an important food item for fish of the smaller
ngth groups. Surface and aerial insects constituted about
ohty per cent. of all the insects eaten. Flying ants (Formi-
ae) were found most frequently and formed 3.2 per cent.
the total food. Water striders (Gerridae), an adult damsel-
(Coenagrionidae), midge adults, and a small number of
strial insects—beetles, crickets, elc.—were other insects
on at the surface. Aquatic insects formed the remaining
aty per cent. of the total insect content. These consisted
dge larvae and pupae, an adult aquatic beetle and beetle
rvae, mayfly nymphs, and caddis larvae.

:- Many tadpoles occur in Perch Lake. These formed 3.9
r cent. of the food of the bass and were found in ten per
at. of the stomachs. Tadpoles were not found in bass

achs from Georgian Bay and Lake Nipissing. The
cky, exposed shores where bass abound are not the usual

bitat of tadpoles.
The large water flea (Leptodora kindtii) formed 1.7 per
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t. of the food of the bass. Cladocera were not found in
stomachs of adult bass of the two larger bodies of water.
" Plant material formed a negligible volume in the
ymachs.

While bass of Perch Lake eat mostly fish and crayfish,
ects and tadpoles also enter into the diet. Although the
ively large insect content may be due to the large num-
r of stomachs of small fish in the analysis compared to the
r bodies of water, the comparison of stomach contents of
um-sized fish from each indicates that the difference is
sed largely by the presence of large numbers of insects in
4 around the small lake.

_ In order to determine any changes in food with increase
length, the bass were divided into length groups increasing
larly by four centimetres. The results are given in detail
ble 6 and a summary of the percentage volume and per-
age frequency of the five principal kinds of food is given
le 7. Figure 3, based on table 7, shows the results
Phically.

._-.-Fish were found in the stomachs of bass in all the length
13—
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¢h in each of the smaller groups was not sufficient to justify
= conclusions.

~ 7 Tadpoles first occurred in ten per cent. of the stomachs
¢ fish of the sixteen to twenty centimetre group with a volume
7.1 per cent. Both the percentage volume and percentage
oquency of occurrence increased in the next two length
oups but tadpoles were not found in the stomachs of larger

groups. It may be seen that the percentage volume
first large. As the bass increased in size, the fish ¢ € was a¢
_ﬁrst decreased in percentage volume and then in:‘rea?ntent as
in the largest length groups. In contrast to this th::Ed i
content wasat first small, then increased in percenyta w-oC[:aYHSh
to its maximum (72.4 per cent.) when the fish Ccfrit-a\'omme
smallest (5.9 per cent). In the larger groups crayfisl Lfnt i/
a §Inaller percentage volume again. There are tw e & i
ations for this relationship. Fish and crayfish a 0 *Xplans fish. It was me{moned above that tadpoles arc probably
largest and most important organisms utilized b(, rli« the T included in e diet b.ecause they occur in abundance in the
léfl‘ge.r sizes as food. If the fish eat these two 03 fuc;?s o all Qe Their absence In the food .Of large bass might be due
discriminately, the reciprocal relation is the naturff olstrr'ls . e ierence pEELb Rl e R
In any group the greater the percentage volume of ﬁsl"Lllt(]dom?- L i
eaten, the smaller will be the percentage volume of cr: l‘at 3 } QR etk Gve Jongth GROMER TAOEH SOk P
If this be true, then the more or less gradual dcéréa»‘crc}y ﬁ?’h' larger percentage of the stomachs than any other group of
cantent and itk il tonteRt i e smallebe in fish o ganisms and thus must be considered an important food
and the subsequent increase of fish and decrease ofr grouﬁps. g fo.rmed & wolarb of (gL e =
content of the larger groups is purely a chance rcl’u—'ioﬁrzyds'h 0 sixteen centimetre group 'and gradually became less im-
not significant. If this be so, the examination Lof a ln d it s the fish increased in size. They did not occur in
number of stomachs would disprove the relation as fara;rg?::- R b locger than G T e et
consermert Fhe rrlialEhaies it ieasing lerth S 1 B _Per-ch Lake, a small, warm body of water, was found to
Oty thie thar Nkl te shatge s significant it .ma 3 o€ rich in zooplankton. Leptodora kindtii, the largest of the
ca_used by a combination of all or part of the followin fact{)r:;' e QS 200 per cent, of £18 B I
(1) the ability of growing bass to take food of increaiin size: allest length e 'bUt gl Lt e
25 the delitive almndthice of avalsble food orgaciex S QIR e increased in size. ¢ was not found 1 stomacte
suitable size as the bass increases in length; and (3) a differ- QI iier than twenty-four centimetres SR
ence in habitat of small, medium, andblarée-sized bass. In oned above that Cladocera were not fipaned In. the stomachs
conm_-?ction with the last, small bass feed along the shore wheré 3 - of Georgian Bay and Lake Nipissing. More-
crayfish are numerous while large bass prefer deeper water. e frey oL ok fOl.md in stomachs of fry greater than five
This might explain the larger percentage of fish and corres i tlme'tres in length in the latter body of water.
pondingly smaller percentage of crayfish in the food of 1arger ; _Relghard (1915) reports the presence of Lepfodora in e
.baS,S- _It is possible that this part of the relationship, at least, i ach O.f a bass from Douglas Lake, Michigan.
& signiieant, ‘Tha sith& tendlency was notiesd i the food @ In brief, bass of Perch Lake eat a greater percentage of
s forha o St B laoe F sratie: E ar_xd a smaller percentage of crayfish than the bass of
In order to test the crayfish-fish relationship further,the ":.'".'. ol femd Lake Nipissing, but these items are again
existing length groups were subdivided into smaller groups: the two most important food organisms found in the stom-
each of which increased by two centimetres. The relation= Small and large bass ate a larger percentage of fish
ship observed above was no longer evident. The number © Nan crayfish, while medium-sized bass ate a larger percentage
I crayfish than fish. Surface and aerial insects and Clad-
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ocera are important food items of smaller bass

eaten by large fish. Tadpoles enter into the die
medlu.m size. On the whole, the diet of the -ha
Lake is more varied than that of bass in the
water owing to the abundance of insects and t}
two additional food organisms in large quantities

8s of

Other Waters

In an analysis of the stomach contents of ejgh
from twenty-four to thirty-three centimetres in :
in 1930 from Phantom Lake, near Lake Nipis
formed 71.7 per cent., fish 4.0 per cent., insects 2
and plant material 1.7 per cent. of the foorl.h
were mostly flying ants (Formicidae). :

In 1930 the insect content of the bass stomachs from
In the few stom-

Perch Lake was also higher than in 1931,
achs examined, the fish content is relatively small.

Six black bass, 9.9 to 13.4 centimetres in length, from the

Oxtongue River in the Muskoka district were examined.

T'he food consisted of twenty per cent. fish and eighty per

cent. insects. The insects were mostly caddis and midge
fzdults. Of two stomachs of small bass from the Grand River
in soqthern Ontario, one was void of contents and the other
contained three mayfly nymphs of the genus FEcdyonurus.
The'large percentage of insects in the stomachs of the few
specimens of bass taken in rivers is noticeable.

Foop or Fisa CoMMoNLY AssoCIATED wiITH SMALL-MOUTHED
Brack Bass

Rock bass (Ambloplites rupestris)—In Georgian Bay
rock bass are very numerous and enter into competition Wit
the black bass for spawning areas. The food of forty ro€
bass, ten to seventeen centimetres in length, consisted of 28
per cent. fish, 60.4 per cent. crayfish, 10.2 per cent. Ensec.ts'
and 0.9 per cent. plant material. In comparing this witl
table 3, it may be seen that rock bass eat the same kinds ©
food as small-mouthed black bass.

bllt are not
t of bagg of
lar }?&rch

ger hOdIBS of
e presence of

teen basg,
length, taken
SINg, crayfish
2.6 per cent.,
The insects
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In Lake Nipissing rock bass are much less abundant than
‘in Georgian Bay. An examination of the stomachs of twelve
fish, thirteen to nineteen centimetres in length, showed them
to have eaten 19.1 per cent. fish, 64.6 per cent. crayfish, 16.1
r cent. insects, and 0.2 per cent. plant material.

_ In both bodies of water, Perca flavescens and Cambarus
propinguis were the two most important individual food
organisms of the rock bass. Fish and crayfish, the food of
adult black bass, together formed about eighty-five per cent,
of the food of the rock bass.

Yellow pickerel (Stizostedion vitreum):—Pickerel were
jery scarce in the regions in which bass were studied in
‘Georgian Bay.

In Lake Nipissing they are very abundant and their
-elationship to the black bass is similar to that of the rock
bass of Georgian Bay. The food of sixteen specimens thirty-
four to forty centimetres in length, consisted of 48.3 per cent.
fish, mostly perch, 22.9 per cent. crayfish, and 28.1 per cent.
sects. [ish and crayfish together formed 71.2 per cent. of
their food.

- Common pike (Esox lucius) —In both Georgian Bay and
Lake Nipissing pike are taken in the same waters as black
ass. In Georgian Bay eleven pike, thirty to sixty-four centi-
‘metres in length, had eaten 53.8 per cent. fish and 46.2 per
cent. crayfish, while in Lake Nipissing ten pike, thirty-five
o fifty-eight centimetres long, had eaten 36.3 per cent. fish
and 59.4 per cent. crayfish. In the first case fish and cray-

ent. of the food of pike.

Long-nosed gar pike (Lepisosteus osseus) —In Georgian
Bay the gar pike is fairly abundant. The food of seventeen
Specimens, fifty-three to eighty-one centimetres long, con-
Sisted of 100 per cent. fish, mostly perch and minnows. The
gar pike is seldom taken in Lake Nipissing.

: These four species were the most important fish com-
Monly associated with the bass in the two large bodies of
Water.

In Perch Lake, none of the fish listed above occur.
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smilar to that of adult bass. In Lake Nipissing the insect
ontent continues to decrease until it is a negligible item in
‘he food of large fish.

~ In large bodies of water like Georgian Bay and Lake
Nipissing the food of adult bass consists of about seventy-five
v cent. crayfish, chiefly Cambarus propinquus, and about
nty-five per cent. fish, mostly Perca flavescens with a
ligible percentage of insects. Large adult bass tend to
.at a larger percentage of fish than small adult bass.

- In a small body of water like Perch Lake, fish and cray-
oh are still the most important food organisms, but insects
e found in a large percentage of the stomachs of smaller
s and form an important food item. A large percentage
f the insects eaten are surface or aerial insects.

Other organisms that are present in abundance in a
mall lake may be incorporated into the diet. A large per-
ntage of Cladocera was found in the stomachs of smaller
ass of Perch Lake. They decreased in importance as the
sh grew larger. Tadpoles formed an increasing percentage
f the food of medium-sized bass but were not taken by the
w specimens of large fish examined.

In Perch Lake small and large bass ate a large percentage
f fish and a small percentage of crayfish while medium-sized
ass ate a large percentage of crayfish and a small percentage
fish. This relationship may or may not be significant.

_ The specimens of bass examined from two Ontario rivers
dicate that fish in this habitat probably eat a large per-
ntage of insccts.

: Competition for fish and crayfish, the chief food of the
4ss, might occur between the black bass and several species
" Predaceous fish commonly associated with it. In all cases
€ competition does not appear to be seriously detrimental
o the bass as the present food supply seems adequate to
{Pport all species.

Suckers, sunfish, perch, and large-mouthed black bass
taken in the same gill nets as small-mouthed black bass e
lake. The food of the large-mouthed black bass cdnsiqén the
fish and crayfish and a relatively large percentage (;fEd 3
poles and insects. The food of the other three s;ccies -
mostly insects and bottom organisms, although crayfish .
eaten by perch. - e
_ The question of food competition does not seem a vit
issue 1 any of the waters studied. At present in Perch Laltkal
and in the two larger bodies of water, the vellow perch, o -
of the most important food items of the bass and it:s as’soélie
ates, 1s present in great abundance. It is possible tha;
selective fishing of large bass in Perch Lake has resulted in
the presence of a relatively large number of small bass com-
pared to the other bodies of water. If the natural balance
were restored, an increased number of large bass feeding on
perch would probably reduce the numbers of this food organ-
ism in the lake.

An average of two crayfish counts on rocky, protected
shores of Lake Nipissing showed that there were about six
crayfish per square metre present, from which it may be con-
cluded that crayfish are fairly abundant along the shores of
this lake where bass abound.

SUMMARY

The small-mouthed black bass of Ontario eat similar
food to the bass which have been investigated in other regions-

Food taken by small-mouthed black bass fry and adults
is conditioned by the size of the food organism in relation t@
the size of the bass and by the relative abundance of food
organisms of suitable size in a particular habitat. y

Accordingly, the food taken by bass fry undergoes df’—‘ﬁn_f'
ite changes as the {ry increase in size. Copepoda, Cladocel'an_
and small chironomid larvae and pupae are r{:placed by
larger insects. Fish entering into the diet gradually "epla‘i;z
insects. Finally, when the fry are about five centimetres S8
length, the food consists of fish, crayfish, and insects an
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