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Fool Lwlits wewe dcternined for 38C bipmouth buffalo and 277
sualimoutll buffzlo collected inm 1552 and 19493 froam Lewis and Clark

Lake ond the Missourl River. Young-of-the-year bigmouth buffzlo

¥

c:omachs coutsined 100 perceat zooplankton. BRigmouth buffalo {330 to
530 miliimeters) stowachs coatained 99 percent zooplankton in 1952
and 95 nercent in 19C3. Digestive tracts of young-of-the-year small-
zouth ouffalo coatained I? cercent copepods and one percent sand.
Srallmouth buffzlo (285G to 400 millimeterc) contained about 63 per=
cent zooplenkton, 30 percent phytoplankton and the remainiag five

asercent concisted of caironmomid larvae, plant detritus, and sand.



INTACTUCTION

Moreh Contvatl Rarewwoir Investinations of “hie Durcau of Sport
w
izherios ond Wililife dnitiated o study ia 192 to determine the

food habits of fish im Levis and Clark Lake neax Yaaliton, South

Tchoza.  Food halits of bizmouth buffalo, Ictiobus cyawinellus and

eralluouth buffalo, Ietisbus bubalus are veported in this paper.

Studies concerninz food hatits of bigmouth znd smallmouth buffa-
Lo are Limited. Recent studics ou the feeding of bigmouth buffalo were
csuducted by Moen (1254) in Iowa, Scidmove and Twods (1959) in Minne~

soca, and Johnoon (1983) in Saskatchewan. Fond habits of smallwmouth

o

4
'

3
]

C

3
n
[P}
Qo
(0]
9]
[¢]
L2
e
[ &3
0n
O.I
o

y Forbes and Richardson (1929) 1n Illinois,

Gowonioen (1533) in Louisizna, and Lagler and Rickexr (1943) in Indiana.

DESCRIPTION OF STUDY AREA
The Lewis and Clark Lzke portion of the study area was formed

in 1955 by Gavins Point Dam on the Missouri River (Figure 1). The im

soundment nas 33,000 eurface acres, a length of 37 miles, an average
width of two miles, and approxzimately 100 miles of shoreline. The depth
cf the lalic ranges from two to three feet in the upper end to a maxirum
feet wear the dam. A complete turnover of the 54,000 acre feet
wooascs i the Lalke ocenrn every eight to teon days during tho wmontho

¢I wnovigation. RWa“er levels in the reservoir fluctuate as much as six

foet Suring a normal year. The impoundment is described in detail by

chieics (1957).
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Figure 1. Lewis and Clark Lake and Missouri River study area showing collecting'stat:lons.



Shorelines of the izke vary firom steep cut banks to gentle
ciodes with o narrow flood piain. The Niobrara River centers the lake
necr its upper limits and is the only permanent tributary. A few
intermittent streams form cemsll bays where they enter the lake. Large
conccuirations of flooded trees and scattered small islands are common
in the tpper leke.

Tae Missouri River portion of the study arcea was 41 miles long.
The mauimoen f£low rate of the river is about 25,000 cubic feet per
sccend., Tluctuziions in the rate of flow are caused by changes in
DOLAr requivcmentis at Ft. Randall Dam. The shorelines are similar to

resexrvoir.
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METRODS

Lewis and Ciark Lake and the Missouri River were divided into
nize egcmpiing stations (Figuwc 1). Six of the statioms were in the
wake and three in the river. Ticsh were collected at least once every
theee wveeks from each station by electrofishing, gill netting, seianing,
ond trawiing. Five fish s“omé;hs ﬁére collected at each sampling
crgticn gnd period when available.

Zata velative to the length, weight, sex, and maturity of each
Zigh wzs recorded. Scale samples were removed from ecach fish and a
csiicction nuubeé assigned; Digestive tracts were removed intact by

cutting at the esophagus and anus. The stomachs were then labeled,

wrazped in gauze sheets, secured, and preserved in 10 percent formalin.



in the Lavoratory the anterior portion of the digestive ticact,
from the esophagus to the fivst major curve of the cmall intectine,
was wemoved. This pirocedure wac f£followed for acdult fish only. Hence=-
forth, the Lewm adult denotes fish other than -young-of~the-~year which
are not nccescarily scimeily mature. The validity of using this por=
tion of the tiact was tesced. Ten eatire digestive tracts were sec-
ticr:ied &t various intenvals snd their contents were examined. It was
Zound that a cepresentative samnle of food organisms with the least
amount of cdigestion couid be obtained by using this section.

The stomachs of adult f£ish were opened with 2 scissors and the
contents flushed into a gridéed petri dish. The stomach contents were
cuamingd with a binocular microscope and all macroorganisms and pieces
of debris were measured, rvecorded, and removed. The remaining portion
of the stomach Gample wes washed into a 25-milliliter graduated cylin-
deor, diluted to 25 miliilditers, corked, and inverted several tires
uncil thoroughly mived. A one milliliterAsample was quickly removed
from thie center of the graduated cylinder with a pipette and transferred
o & Selzwick Rafter counting ce;i The aperature of the pipette used
+Zor trancfcrring @ sample was enlarged to allow ecasy entrance and exit
ol ..lcrooroanieme.  All microorganisiss In the counting cell werce enu-
mzuoted by the survey method as described by the American Public Hezlth

£l 1 as?”(1960).

wower wide-anzic ocular lens and a 10-power objective lens.

The microscope used for counts had a 15=
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£igh were re-

16 milliliters in a graduated

2znd a count of microorganisms

as described for adults.

Shytopianiiton in the stomach samples were identified to genus
vith the nid of tawomomic keys by Polmer (1962), Prescott (1954),
Soich {0833), ond Yawd and vhipple (1945). Keys used to identify
zoosiankton vere those by Needham and Needham (1963), Pennak (1953),
and Vard and Whinnle (13945).

Zach essentinmlly whole organism in the count was recorded.
Pcrie of orgonismes were not recorded excent to note their presence as

-t

waterial. Total organisms in the stomach samples
zz2 determined by multiniying the organisms in the counting cell by
the &liution facter (25 for adults amnd 10 for young-of-the-year).

The average voiuxmes of microorzanisms found in sto
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Average dimensions for 100 wmicroorganisms

Zound by measuring each species with a calibrated ocular micro-

formula used to calculate the
rectangular paral=~

ted volumes of stomach

ion had iaken place closely approximated

The volume of unidentified

niems in each sample wece found

the calculated volume for identified whole organisms
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TOUCT DuLLalo

Lt

nicws found
cuemaeh somples in 1962

in biznouth

and

emall-

and 19063 frora Lewis

and Clari: Lake and Che tidssouwl tiver.
Mnimals
Clocsification Volwme in Clessification Volume in
of ouponicns miitliliters of organisms miliilicers
Diapionus (small) 2 ¥ 1074
39 % 1079 (zedium) 7 10'2
(lacge) 14 X 107

Pucveclons

5

1674

Bl

3 Z 10'2 Copevod eggs 2 x 1076
7% % 1079 Nouplii 43 % 1670
55 x 1¢7¢ .
Insecta
Diptera
Chironormis (1 rm) S5 X 10'9
& ¥ 1672 (2 rm) 16 X 1679
£ ¥ 1672 (3 wm) 9% x 1070
(ewail) 25 %1077 (4 ) 18 X 107
(medium) 58 ¥ 1¢72 (5 tm) .35 X102
{iarge) 85 X 107% (6 mm) 45 X 1072
56 % 1077 (7 om) &3 X 1073
14 % 1674 Probezzia 1 x 1073
55 X 107Y
Enhemeroptera
Cacnis 3 x10°3
73 % 1076
15 ¥ 107> Hemiptera
5% 107% Simara 23 x 1074
Plants
Cinscification Volumne in Classification Volume in
S SETinisny miililiters 0f ocvmanicmg nilliliters
{szronl) 3oL 35l
2 XL 97 X 107V
38 % 1077 9 X 1077
24 X 1079 (sheath) 15 X 1076
13 x 169 Teagilaria 3 x 1078
75 X 1079 ' Gyrosioma 5 x 10°S
38 ¥ 1078 Havicuia 25 x 109
24 ¥ 1079
14 X 1072 Cyznoznhyca
2 x 1677 Oscillatcria(strand) 23 X 1078
a cell unless otherwise stated.




deliabilloy of fhe tecunizue was detewrmined by counting 10

stimies from a I5-milliliter gracuated cylinder containing 1060 Sanhnia

of Danhnin calculated from the counts

with the mean at 157. Tue calculated

rug vended fvom 700 to 1175 organisms with the mean at

S2E. Due to the wide ranzes in the numbers of both organisnms, no satis-

factory confidence interval could be established. Since the stomach
1.

czmoios imvolwed in the study were numcrous, proportionate numbers

e the genecral food habits of these

[3]
4]
'»
(&)
21
v
[
o
[aN)
[¥8
(2}
f
rt

Youns=of-the-yoar dizmouth buffalo. Stomach analysis was con-

ducted on 20t fish vanging from 10 to 47 millimeters in length captured
Suring the surmer of 1963. Nireteen fish collections were made in

zhallov bays and terminal ends of intermittent streams in the lake
whare desths were less than three feect. Thése areas were sampled by
Sr2iil wesh seiming (191 fish) end electrofishing (66 fish) which ac-
counted £o* 98 sercent of all fish captured. Two collections'by
trouring were made in five to six feet of water and accounted for only
Zovr figh.

Zooplanliton made up 100 perceat of the stomach volume and oce-
Ccurred in ell samples (Tzble 2). Crustacea accounted for 91 percent of

tiwe stomach voiumes. Copenods - (principally Cvclons, Diaotomus, and

contributed 30 percent to the volume while cladoce.ans




£ younh-of-thc-ycaL bigmouth buffalo taken

Ctomach contents ©
from Lowls and Cloxl: Lale &mmqum,JmJ,am’mW&L
1363==cupreossed as percent volume and percent frequency of
occurrance (mareiitheses).
Fish lengti intervals (millimecers)
Itexm
15-19 20-24 25-29 30-34 35=39 . 40=44 4549
Phytoplanikton T T
' (%) ()
Ciilorophyta T T
) ()
Zoonlankton 100 1460 100 100 100 100 100
(100) (100) (100) (1G0) (100) (100) (100)
Rorifeve 4 9 25 6 13 T
(45) (1) (€3) (99) - (87) (100) (1350) §
Crustacea 54 %€ 91 75 7 87 100 i
(1C0) (100) (73) (40)  (90) (100) (100) i
Cladocera 43 21 1 1 1 10 1 ;‘ﬁ
(63) 6Ly  (27)  (12) (37) (100) (100) Sy
Comenoda 51 73 90 74 923 77 29 a
(68) (75) (65) (35) (90) (100) (100) ¥
Trogmentssy 2 H
(2) i
PR
Insecta T T T T
¢y @ @ @ ¥
Divicre T T T T e
Ly @ & (@) 3
Stczzchs with foad 25 61 52 85 30 % 2
Szosache emviy 1 0 1 0 0 0 0




(represented by Chydorus and Daphnia) accounted for 11 percent.

Cladocera were more important to the smaller £ish (15 to 24 millis

meters) and averaged 32 percent of their stomach volumes. The roti~
fers, Branchionug and Keratells, made up nine percent of the volume in
all stomachs. Johnson (1963) found copepods and cladocerans to be the
mogt important food organisms of young bigmouth buffalo in Pasqua Lake,
Saskatchewan.

Ingsects (Chiromomus larvae) and phytoplankton (Pediastzum)} were
found in trace amounts and contributed littie to the stomach volumes.

Adult bigmouth buffalo. During collection periods in 1962 and
1963, 125 bigmouth buffalo ranging in size from 330 to 530 millimeters
were collected for stomach analysis. Because of poor recruitment, no
bigmouth buffalo from 50 to 330 millimeters were collected. Thirty-two
collections which accounted for 65 percent of the catch were made by
electrofishing along shorelines in less than four feet of water., Six-
teen collections representing 35 percent of the fish captured were made
in water eight to ten feet deep by trawling and gill netting. These
fish were members of the 1955 through 1958 year classes.

and cladocerans

made up 99 perceat of the stomach contents in 1962

and 95 percent in 1963 (Tables 3 and &). Microcrustaceans oceurred in
all stomech samples examined for the two year period. Unidentified
material consisting of fragments of copepods and cladocerans consti«

tuted 42 percent of the stomach volumes. Calculation of the percentage
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Tadbie 3. Stomzen coatents of bigmouth buffalo (339 to 530 millimeters)
tclon fxrom all staticiic on Lewis and Clark Lake and the lMis-
souri River in 1962--expressed as percent volume and percent
fiequency of occurrcnce (parentiicees).

Date
Item
June July August September October
Phytrozlankiton o ™ 4
' (10) (100)
Calorophyta T T
, (10) ' (100)
Chrysophyta : 4
(100)
Zooplankton 109 100 100 100 95
(300) (100) (100) (100) (100)
Rotifera T
(10)
Crusiacesa 100 100 100 100 96
(1060) (100) (100) (100 (100)
Cizdocerz 10 3 7 4
(60) - (56) (30) (58)
Copepoda 13 38 37 . o8 86
(50) (56) (55) (100) (100)
Pragmentsww 77 59 56 8
(90) (78) (65) (33)
incecta%nv T
(10)
Sand T T
(5) (5)
Srennichis with food 10 18 20 12 1
Vi eniply 1 1 2 0 0
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aolc &L 2eamoch conieats of bigmouth buffalo (330 to 530 millimeters)
toien Zrom &li stations on Lewis and Clack Lake and the ifis-
souri Rivoer in 1983--eupreesed as percent volume and percent

occurrence (parentheses).
Date
Iten
Moy June July August Septerher
Puytoplaakton 4
(25)
Chloropayta 4
(25)
Zoonlanlkton 100 100 89 100 80
’ (100) (100) (100) (100) (1060) .
Rotifera 2 T* T T 5
17) (10) (5) (50) 3
Czustacea 93 100 99 100 80 .
(1Co (i00) (100) {100) (100) :
Cladccera 14 49 1 L 2
(75) (85) (29) (100)
Copepoda 72 19 T 96 6
(32) (95) (19 (100) (50)
Fragments™¥ 12 32 98 74 o
(33 (85) (95) (50) . %
Sand T T 1 16 i
(8) 5) (5) 25)
Stonachs with food 12 20 21 2 4 e
Storachs empty 1 0 0 0 0 »

ce amounis less than one percent.
<= Pragments of Crustacea.
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za aad cozapods fuom obsorved fragments digested materizal -

wes Impogsibie. A ratio of one cladoceran to four copepods based on
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ounted was established. On this basis, digested

- Crustecea ic assumed to be 20 percent cladocerans and 80 percent cope=

a1 £

sconzchs and found that they were feeding principally on small cruste

]

ans {Entomostraca).

Shirounomus larvae were found in five stomach samples examined
cx:d zccounted for only a trace of the volume. DMoen (1954) states ine
coct lazvee (most commonly Tendinedidae) were taken frequently but
uD more than ome perceat of the total food volume in any
cse stomach. Studies on bigmouth buffalo in Clear Lake, Minnesota by
idmore zné Woods (1959) revealed only trace amounts’of insects taken

ia 1955 and 10 pearcent of the volume in 10 fish captured in 1957.

cxception of one stomach whlch contained four percent it was present
ir. trace amounts. DMoen (1554) states plant material seldom contributed
=more ¢han 10 percent of the volume of food organisms. Plant material,
Lctnly diatons, wag neslizible in the Intestines of bigmouth buffalo
ctudicd by Joumson (19G3). Plankton algae in trace amounts was noted
ty Scidmore and Voods (1959).

The grouning of £ish according to size, collection method, and

collection station reveaied no chenge in the feeding habits.
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e fechoeyooT el trouih Dufisto.  In 1962 and 1963, six

e v ——— —

conllmoueh buffato fvom S5 Lo G4 wmillimeters in length were cantured.

o - x % e gd ce 2

K e - ] R T e R ).
ColCuoLs onG CLOGOTTIOE i ud 9

9 perceat of the stomach contents

while soud consiiltuted thie remcinder. According to Forbes (1838),

Puriez oug Aichavdson (L520) ond CGowanioch (:i933) the food of young

- . ~. A . ~
RN Y e Ry -z
ROt Rt Lou..a.;.‘-o COCLOCE 0Ox

80 percent algae and duckweed. The
Soliani Zo0d as seporiea by these cuthors includes protozoa, wotifers,

Irzzel ognc ond lsrvae.

cmouth Duffale. In 1962 and 1933, 271 £ish from 250
o LGC millimeters in lenzth wore captured. No smallmouth buffalo in
coc G to 250 miilipeter size range were collected. Thirty-nine col-

Laetlong, made by clectvoifishing, accounted for 70 percent of the

sowred in 35 individusl collections. Smallmouth buffalo were col-
Teoted in the same aveas gad water depths as bigmouth buffalo. Pish
c¢ozeured in 1202 represented the 1956 through 1958 year classes. Pri-

auny wear classes for 19063 fish sanmpled were the 1957 through 1960

Zooplenliton was found in 780 percent of the stomsach samples and

or S1 nercent of the total voiume (Tables 5 and 6). Cope-

oo {Zrelons, Dinntomus, Bucyclons) contributed 74 percent to the

o zgl voiere of zooslanikiers while cladocerans ocsmina, Chvdorus, Dznh-

cituted the remaining 26 percent. TForbes (1888) states that

cminzl motter tshkea by osmallwouth buffalo is composed principally of

l,.,
v U

>
(S

SOUTH DAKOTA STATE UNIVERSITY LIBRARY




14

Table 5. Stomach contents of smallwmouth buffalo (230 to 400 milli-
metexs) taken from all stations on Lewis and Clark Lake and
the Missouri River in 1962«=expressed as percent volume and
percent occurrence (parentheses).

Date
Item s diasmemin saa
June July August September Octobar
Phytoplankton ™ 6 18 22 17
, (38 (53) (28) (40) (34)
Chlorophyta T 4 10 18 3
(38) (22) (21) (40) (34)
Chrysophyta 2 8 4 14
(19) (24) (40) {25)
Zooplankton 71 3g 33 20 27
(88) (72) (92) (52) (75)
Rotifera T T 2 T T
(13) {17) (23) (12) (9)
Crustacea 71 30 31 20 26
(88) (72) (9%) (44) (69)
Cladocera 28 13 4 2 5
(63) (53) (46) (44) (44)
Copepoda 43 17 27 18 21
(88) (69) (88) (40) (56)
Hydracarina T T 1
(8) (4) (6)
Insecta : T 3 i T T
(25) (67) (47) (20) (34)
Diptera T 3 1 T T
(13) (67) (39) (20) (28)
Other T T T T T
(13) (6) (8) (4) (6)
Digestedi¥ 29 58 46 56 56
(63) (83) (60) (84) (69)
Debrig#dk 2 1 T T
(31) (29 {24 (16}
Sand T 1 1 T
(23) (50) (68) (50)
Stomachs with food 8 36 72 25 32
Stomachs empty 5 6 3 2 Y

* Trace amounts less than one percent.
#% Unidentified digested material and mucous.
*%% WYoody and herbaceous plant fragments.
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“e5la G.  Ctcmach coatents of smallmouth buffalo (250 to 400 milli-
rotewe) taken from all stations on Lewis and Clavk Lale and
cae Missouri River im 19C3-=cnpressed as percent volume and
percent occurreace (parentheses).

Déte
Iten
April Moy Junc
Piytopianktoa 5 25 5
(25) (38) (46)
Cnlorophyta 9 1 4
(25) (32) (27)
Chrysophiyta 24 1
(30) (34)
Zoospiankton 16 19 37
(1090) (68) (85)
Rotifera T* T
(3) (24)
Crustzcea 16 .19 37
(100) (68) (83)
Cladocera 7 7
(43) (56)
Copepoda 16 12 30
(100) (65) (83)
Incszcta 2 2 11
(75) (49) (35)
Tintera 27 2
(50) (43) (83)
Cther T T 1
(25) (%) (10)
Sigecteds 43 51 40
(75) (8l) (73)
Tehrigwnd 1 2
(11) (27)
Sand 5 2 5
(5¢) (38) (66)
Stomcens with food 4 37 41
Stonachs emnty 0 0 0

t Trace amounts less thanm one percent.
=0 Unidontified digested materiel and mucous.
'cody and herbaccous plant fragments.

-'-\-X.
Wevav
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datonostucta, RPlanaria and Polyzoa. Gowenloch (1933) im his
repoue on Louiciana fishes states that food of the swmalluwouth buffalo

conzists of molluscs, insecis, and freshwater crustaceans ia about

The 19062 stomachs siowed a general increase in tne percent vol-
tmz of phytonlankton duriang the summer months (Table 5). Phytoplankton
conctituted 13 perceat of the total stomach volume in both years.

Ciiorophyta {Cladophora, tlouseotia, Oedosonivm, Ulothrix) accounted

for &3 percent of the phytoplankton in all stonuchg. The Chrysophyta

(Cxlellic, Ireoilavia, Cvrosigma, Wavicula) made up 52 percent of the

total phyionlankton. The vegetable. food of smallrmouth buffalo exam

ined by Torbes and Richardson (1920) consisted largely of duckweeds

g and Lemna) and the remainder was made up of algaec and larger

ncects (primzarily Chironomus) constituted trace amounts of the
storzch volumee during June, September, and October of 1962. The months

ol July and August showed a Sll”ht increase to one and three percent of

a

he velume respectively. 1Ia the 1963 samples, chironomid larvae made
s 27 percent of the volume in April, two percent in May, and 10 per=
coal Lu June.  Laseccte accounted for larger percentafes of volume in
chie enviier 1963 camnling veriod. Lagler and Ricker (1943) in etudices
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Toote Pond, Indiana found that the stomach contents of smalleouth

bufizlo were entlvely f£filled with chironomid pupae.
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fiovnzcn onalysee Iwom both ycars revealed debrie (herbaceous
siant desvituz ané framments of woody raterial) in 33 percent of the
~d in 54 percent. This materlal represented volumes
nwercent of the stomach contents.

Lnglycis of srallmouth buflialo stomach samples was difficult
Juo o tiwe large awounts of digested material encountered. Stomachs
£ron 1952 and 1963 contzined 49 andrés percent digested material re-
gpoctiveliy.

WO change in the comstituents of stomach samples was noted
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arnling methods.

SUMIARY AWD CONCLUSIONS

Tood habits of bigmouth and smellmouth buffalo in Lewis and
Clavic Lake and the Missouri River in 1962 and 1963 are described from
che anclysis of (63 stomach samples.

.. The method of subsampling used, counting the microorzaniswms
It = miliiliter sample and multinlying by & dilution factor, did not
arove to bDe satisfactory. Ko confidence limits were established due
£0 the samplipg error.

2. Young-of-the-year bigmouth buffalo food habits were deter-
Lined drom 201 fich collected by small mesh seining electrofishinﬂ,
av<l tvawling. Zooplanktom made up 1CO percent of the storach volumes
cZ waich crustacea constituted 91 percent and rotifers the remainder.

Cosesuis made vp 30 percent of the stomach volumes and were the most

lumgporiant group of organisms in the diet.
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3. Adult bismouth Luffalo (125 stomach sampies) were collected ;

by electrofishing, trawling, and gill netting. Copepods and cladocarans

vere the srimary food organisme taken by the fish and comprised 99 pd

nercent of the volume in 1962 and 95 percent in 1963. The pattern
¢ feodinz excernsively on crustacea is apparently established in the o o

sost-iarval fishes and continucs through adulthcod. The findings of

Yooes (1%39). The contents of stomachs examined indicate that these

fish crec not an extensive bottom forager in this ccosystem but gener=-

1y fced in = niche removed from the bottom.

i

4. Young-of-the-year smallmouth buffalo were not abundant duxz=

ing the poriods of collection and only six fish were captured. The

arzlysis of their digestive tracts revealed 99 percent copepods and i@

[

5. Adult smallrmouth buffalo were easily captured by all col-

igcting methods. The aghalysis of 271 stomach samples indicates that i

SIRAmeL L

zconlankton contribute about 65 percent to the total food volume.

Zhyioplanition make up about 30 percent of the stomach volume. The re-

raining five percent is composed of equal amounts of chironomid larvge,
slani detritus and sand. These figures are based on identified organ-
igms awd do not ;ake into account unidentified digested material or
wossible diffcrences in digestion rate. Computation of exact amounts
for total stomach volumes was impossible because of the large amounts

digested material.
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