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Food- habits and" rates of d-ígestion and- food. consr-roption

were d-etermined- for yellow perch in Viest BIue Lakeu l\{anitoba

d-rrring the spring and. sumrner of L969 and- l-970. Perch were

d.iurnal in both swimoing and" feed-ing activity. ComposÍtion

arrd- amor.mt of food- eaten by perch varied- with time of d.ayu

season and" size of fish. fhe greatest feed.ing activity
generally occurred d.uring mid--morning and. early evening.

AþgpþplqUs sp pupae and- cladocerans tend-ed- to be eaten in

early morning and. Iate evening while benthic organisms arrd-

fishes were eaten throughout the day" Seasonally, major

components of the d"iet of ad-ult perch were amphipod"s and.

inmature aquatic insects in spring and. early sumruer with

fishes and- crayfish pred-ominating in late sufr-mer" For

juvenÍIe perch, cÌad-oceraÍrs qnd a.pphipod-s were eaten in

early and. late suÍr-mer with amphipod.s and" fishes pred-omina-

ting ín mid--su¡¡mer. lVeight of stomach contents i-ncreased-

with fish weight but not in a d-irect proportion. Clad-o-

ceraf,ls d-ecreased- in i-mportance in the d-iet with increasing

fish size whil-e fishes and" crayfish increased". 0f the two

species of anphÍpod"s in vVest Bl-ue Lake, Ga.mmen¿s l-acustris

tend-ed" to be eaten by ad-ul-t perch while ¡Iyalel-la azteca were

eaten by juveníle perch"

The times to 95% d-igestion for amphipod-s, sticklebacks

and crayfish were estimated- to be I0,5 (ff.l - L6.0 C)u 36

(t> C) and- 56 (ZO C) ¡,rs c Taspectively, by ad-ult perch. For
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juvenile perch the times were calculated- to be 32 (ff C),

38 (ZO C) anù 72 (f: C) ftr respectively" Digestion rates

were related- to size and. stru¡.cture of the food. items and_

water temperature"

A method. was d-evised- to estimate average d_aily food.

consr.unption for juvenile perch from knowled-ge of their
diurnal feed"ing patterrrs and gastric d.igestion rates. Es-

tj-mates were 2.7 ¡ 3"5, 3"1 to 3"6% of body weight (wet

weight) for June, JuIy, Augr.r-st a::.d September of 1970 res-
pectively. Changes in these values correspond-ed with the

îtear.: monthly d-egree of stomach ful-ness and wer.e independent

of d-aylength arrd tenperatuz'e" Cornparisorls of cal-culated-

calorific intake to estÍmated- metabol-ic expend.itures veri-
fied. that there was sufficient energy available for growth

and- reprod-uction"

Amphipod.s formed the basic food. item for perch in West

BIue lake" Clad-oceraÍr.s, immature dipterans, crayfish and_

fishes vvere of second-ary importance while insects other

than d-ipterans were of minor importance. Perch were classi-

fied- as both second.ary and- tertiary consumers d-eriving

approximatel-y equal portions of their diet by weigh'b from

benthic and- pelagic organisms (primary consumers) as wel-l

as from fishes (second.ary consumers).
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INTRODUC'I]ON

IVlany stud-ies, frectruently with d"ifferent purposes, have

been caruied- out on the kind-s arrd- amor.l¡rt of food- eaten by

yellow perch" Some d-escribe the food- organÍsms present 1n

stomachs cotlected. at a particul-ar time (NurnberSerr 1930;

Ewers, 1934), but often food- habits rel-ated to size (Al-l-en,

1935), season. (J-,angford" and- IVlartin, 1940) or time of day

(Keast and- Welsno l-968) have been investigated.. Qthers d.es-

cribcu feed.ing rel-ative to food. avail-ability (Keast t 1965)

and- food. sel-ection (Galbraith, L967 ) or interspecific com-

-^r-i r-i n¡ /Tl.'-111 , L954) "}Jç UÁ U¿Vr¡ \v4

'Ihe purpose of the presen-b stud-y i-s to d-escribe and-

quantify the food- and. feed.ing habits of yellow perch in West

Bl_ue Lake, where the ul-tímate research objective is to d.es-

cribe in quantitative terms, errergy exchanges and. pathways

in this aquatic ecosystem' Initial stages of this project

require knowled-ge of plant and- animal- commrrnities within the

system and. their relative importance in the fl-ow of en-ergy

through the various PathwaYs.

In this stud-y, I examined- the food- organisms in the d-iet

of juveni-le and- ad-ul-t perch during the spring and- sunnter of

L969 and- 1970 retative to time of day, season and fish size.

In ad.clition, I stud-ied. gastric d-igestion rates of natural

food- organisms a¡rd. estimated. average d-aily food consurnption.
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Parid.ian Qgel) described- food- conslirnption, d-igestion,

absorption arrd- conversj-on as successÍve steps involved. in

the transformatÍon of food- into animal- tissue. Gerking (L962)

emphasized- the importance of knowl-ed-ge cori.cerning the food-

habits of fishes in d.etermining fish prod-uction and food-

utilization. fn this review, only li terature pertaining to

the und-erlying prlncipJ.es, method-s of stud.y and- factors in-

fl-uencing food. and. feed-ing hablts, food" consumpti-on and-

r.i ^.^^+..i ^- L-. fi chac .)Tõ --esentgd- with ¡efercnec to rrgf]gvvL¿fóÜÈIJf\./TJ UJ fIÐI¿çÐ qJç YTçÐçIIU9U VY¿UTI !ç¿çIçAIUç UV J

perch when possiÌrle " l'irst a brief review of the biology of

yel Iow perch is given.

Ð.i ^"r ^.,..,. ^f +r,"e YelIow PercnJJJ rJ!\J6J vf urr

l'he yellow perch, Perca fluviatilis flavescens (mitctr.iff)

Perci-d-ae, has a terminal mouth, two separate d.orsal fÍns, a

compressed green and. yellow fusiform bod-y with six to eight

d-ark, vertical- bars (trtcptrait and- lindsey¡ 1970). It is

d-istributed- throughout temperate North America where its rafl.ge

extend.s from the fresser S1ave I.rake and. llud"son Bay d-rainages,

east to }iew BrwrswÍck, south to South Carolina and- west to

Kansas. It has al-so been successfully introd-ueed- into many

other areas " fn northern Asia and -bìurope the yellour perch

is cl-assifj-ed. as P" É," fluviatil-is artcl- Ís morphologically

similar to the l\orth lìmerican form. [he yel]ow perch 1s essen-

trally a lake físh, but may also inhal¡it sl-ow moving rivers,
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creeks and- ditches. They are most numeï'olts in open and

mod-erate to highly fertile l-akes"

life i{i_glory - Perch spawn in spring, the exact time

d-epend-ing largely on water temperature" Shoreward_ rnlgration

occurs after ice break-up, u-sually in April or l,{ay, at water

temperatures from 2"2' to 6.8 C (tvir.incy, 1962)" Spavmíng

takes place at tenperatures fron 7 to l-0 C in depths of t
to 3 m on sand, gravel or vegetation where the eggs aTe laid_

in long gelatinous ribbons (llerman et al, f95Ð" lilales

often out ru.¡nber the females on the spav,rrring gror,urds and-

are first to arrive and. tast to leave (¿fm, L954)" On the

average, females deposit 23r000 eggs rr¡ith the m.mber depend_-

ing on size and" condition of the fish (Sheri and- Poi,ver, 1969),

the developrnent time is usually fron B to 10 d"ays but

d.epend.s on water temperature (llerman et al, 1959). The time

between initial sparnming and. hatching v,ras approximately 24

- /- - \ '. - f - ^z^\d-ays (Echo, L954)" lloud.e (1969) has shorun that fry are

pelagic from the time of hatching while i!.laloney and Johnson

(L957) showed- that fry remained j-n the shal-l-ows periodically

before becoming pelagic" In this period-, fry tend- to be

evenl-y distributed throughout the surface }ayers of the lake
- ^ ._ \(Faber, L967)" In mid--sunirner they m.ove to the títtoral

regi-ons and. remain closely associateo with the shore until
lator wpzrs whpn thew inhal^;+ r^^* '-ionS Of a lakerq, uur J =aL Ð vvf,tgr¿ uargJ ¿rurqu¿ u L¿YU!ur a u6

l- a-ô\(fiscnr,leyere LY3ö ) "

l-¡¡r \ r' r j- ^j ^--ì- -r^ /rnr¡\/-l-m \L946), on tlre basis of ivork done by !/alter' (1934)
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and- Roper (fg¡A) Aistinguished- three coexisting forrns of

perch. One frequenting vegetation close to shore and_ feed_ing

on l-ittoral organisns had. a compressed bod"y shape and vrvid
coloration. Ánotir.er, al piscivorou-s form, li-ved- in d-eep water,

was lnore fusiform and had a d-ul-l- coloraiion. 'Xhe third- form"

I iviir¡' nea.r tho qrrrfçtna rn/as alSO d-Ul_l_ in COIOf bUt ate bOth

fish and- pla.nkton. These three forms had. d.iffereni; growth

7qTâA

iliigration - Yellovu perch exhi.bit well marked- seasonal

and- d-aily migrations which rlay vary between lakes or between

locations lvÍthin a lake" During ice-cover perch inhabit

the nid--water regi-onso rnoving slow1y in Ìoosely associated-

schools (Hergenrader and- Hasl-er, f966) " In early spring

there j-s an j-nshore spavrni-ng migration which comespond-s to

an increase of water tenperature and- maturation of the gonad.s

in ad-uJ.'r, perch (ttten, 1935). Soon after sparnming, perch

rñ^rrô 'inf n Äaapg¡ Water Urrtil the fOrmatiOn Of a thermOClineruvvv uvvj

(},{a}oney u 196Ð " Throughout the sulnmer perch tend to remain

;- +r^^ -^-in- above the thermocline wíth a.n a.\rel'p,p'e therrnal-LI1 IJIIti -L ttóJ\JIa AUU V G Ulrg utlU!lllvuII¡tç YY¡ UII aL! ur v çr qõv ul

d.istribution of 2I C (Ferguson, 1958). ¡Iorak and Tanrrer

(lgî+) foi.u"rd. that the ri-epth d-istribution of perch increa"sed.

over the surnmer but was not correl-ated- lvith temperature.

their swirnrning speeC- increases lvith vuater ternperature up to

2A*2, Cu and- then d-ecreases (i{ergenrad-er and.l{asler, t967-a).

they aggregate i-n tighter school-s (ilergenrader and. i{asler,

L967-b) at higher tenperatures.
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Percli md"ertake d-aily migrations which are probably

reJ.ated- to feed.ing 'behaviour (Evermann and. Clark, L92O), but

whether these migrations are a d-irect or indirect response

is not c1ear. Hasler arrd- ilard-ach (L949) observed- that perch

in Lake Niend-ota migrated- inshore and- then parelleJ. to shore

at the six m contour from 40 to 60 rnin before sunset" A

less clear-cut migratj-on v,¡as observed. after su-nrise. i{asler

and. Vill-emonte (1953) noted. that school-s of perch broke up

at sr.rnset and- settled- to the bottom rn¡here they remained"

motíonless. -4,'r srrnrise they rose from the bottom and moved

i-nto d.eeper water. Scott (L955) ¡ras shorn¡n that raigratíon
nq**ô?nq nf nor-nh ,vaã nnmn-l i nq.{:oÄ lrrr tlro -ñrâqônro nf r 'fll-gra-

tory and- non-nigratory yound perch as well a.s old-er ¡1i gra-

tory percho each exhibiting d-ifferences in behaviour. The

diurnal activity of perch is generally bimodal with either

the greatesi activity at sunrise (Sieh and Parsons, 1950)

or sunset (nroiln and ilosen, L957). |iowever, CarJ-and-er a¡rd-

/- ^ , ^ \Cleary (L949) showed perch to be most active in the afternoon

and- early evening" In general, there is a sr.¡nrise peak

in activity vuhich tapers off artd- an abrupt evening pealc.

rloweveru nurnbers caught reflect both activity and- local perch

a'burrd-ance (scott, L955). Spencer (rg¡g), by laboratory

experiments, showed. that perch \¡/ere actíve only d-uring the

day anð. e:Jribit sporad-ic activity" Bard-ach (L955) tras shown

that the d-epth at wrrich th.ey are located" d"uring the day and-

the extent of the raigration both d-epend- on the depth of the
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thermocl-lne. Alabaster and- ttobertson (fg6f ) d"emonstrated-

that a cornbination of d-issolved o)iygen, temperature and-

light influence their dj-urnal- activity" Und.er the iceu perch

r.lnd-ergo d-Íel vertical tnovements with a mj-d.-afternoon peak

in activity (rlergenrad-er and" rlasler, 1966).

!'ood- and- Feed.i-ng rlabits - Pearse ¿urd- Achtengerg (fgeO)

d-escribed. the yel.lovu perch as a versatile feed.er" Feed.ing

usual-ly takes place on or near the botton but has also been

reported. to feed- ín mid"-water (Keast ancl- iiúebb, l-966), and on

occasi on at the surface (Ooots , 1956) " 'vr/ith their sharp o

backv'¡ard-- d.irected- teetn, perch are efficient pred.ators, but

their slend-er öitÌ rakers also enable them to filter smal I

organisms such as zooplan-kton" Turner (t-gzO) d-escribed- yor.rng

perch as general-ized- feed.ers sÍnce they are limited to sruall

food. organisms.

Variations in avail-abfe food organisms in d.ifferent

parts of its range nake compilation of a d-ietary list d.iffi-

cult" Hovuever, certaj-n generalizations may be mad-e" Size

nf norr'h is iz mã'inr factor Ín d-eterminino feedinp'habits inv¿ jJUr v¿r +p

a gi-ven habitat. I'lurnberger (fg¡O) reported that the food- of

perch from L7-50 ruiI was largely zooplankton; while those from

50-100 run fed- on insectsrand- those from l-00-390 rnm fed- on

fish arrd- crayfish" All-en (1935) for.i:rd a grad-u-af transition

in d"iet as perch bec¿une ol-d-er. Perch less than l-65 rnm fed

on zooplankton, those from 115-f90 mm fed. on bottom organ-

isms and. those greater than 165 mm fed. on fish" furner (fgeO)

Tharuatt (l-919) and Antosiak (.-963) rraO. simil-ar results with
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l-ocal variations" Diet of yor.rrig-of-the-yeer perch is pre-
d-ominatety zooplanJrton (Pycha and Silith, L954; I{aloney and

Joirnson, L957)" Greatest variation occurs in adult perch

where the various dominant food. organisms \,vere crayfish
(Eschmeyer, L937; Ì{arlan and. Speaker, 1951) u EntornostTacà

(Pearse and" Achtenburg, 1920), fish (I,Ic0ormack, f970). Canni-

bal-j-sm is also very coilrmon Ín larger fish (Coots, L9j6)"

Allen (1935) forind. that larger fish had- a greater percenrage

af emntr¡ stnrn¿gþ5.

Seasonal changes in f ood- habits of ne roh u/êr^Þ I "rgely
infl-uenced. by changes in food. abr.mdance and_ the regions in-
ha.bited. (Pearse and. Achten'lourg , L92O) " Greatest stomach

volumes were found- in early spring, and smallest 1n winter
(seaburg and- I\{oy].e, L964)" Fisk (1953) reported- insec'bs to be

dorninant in winter and- spri-ng, with fish dominant in summer

and" au-tunrn. In constrast, Mc0ornack (fgZO) found amphipod_s

to be the dominant food- in spri-ng, plan1çton and_ fish in sum-

mer, and plankton in fall-. Feed"ing of pereh in winter is less

d"iversif ieci ancl cairnibalisln increa.ses (Antosia.c , 1963 ) . I\Toff et

and" fiu¡rt (L945) found. that the volume of stonach contents

were small in winter with zooplankton, irnraature insects and"

fish .being the rnajor items in the d-iet. In adCition, the

frequency of empty stomachs was higher in the winter (Al-len,

1935)" Pearse (J-9tB) reported. that perchr were active winter

feed"ersu but feed.ing was suspend-ed- to spariwring"

Keast and- l{etsh. (fg68) showed. that perch had- a dj-urnal

feed.ing pa-ttern vr¡j-ttr tlvo peaks, each coincid-ing rvith ac'civity"
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Stomach weight was greatest during the evening peak and the

same food organisms v'lere íngested. all day" /,east and \trielsh

(fg6g) anC- llluncy (tgeZ) for,ild- that the frequency of ernpty

stomachs was greatest ¿t nrght.

Sexual d-ifferences in feed-ing behaviour between sexes

of mature perch have been observed by lharratt (f959) and

Eschmeyer (fg¡B) ¿ue to d-ifferences in d-istribution caused

h¡r l-amnarqfr.pa rrraforannoq Vlal eS fed" On the bOttOm a,nd"v.J v jy'

females in operl water"

Local variations of substrate and- vegetation may influ-
ence the food- habits of perch. Iurner (l-920) foi.i:rd d.iffer*
ences in stomach contents bebween stations, whereas Ewers
/- ^-. \ ^ ^ / - ^^^\(1934) found- little variation. Pearse and- Achtenburg (1920)

d-escribed- d-ifferences in food" habits related. to dep'ch and

diurnal variations in catches which i-nd-icated- feed.ing in

d-eep v¡ater pri-or to an onshore feeding migration.

l'eed.ing ilabits of Fishes

Feed,ing is a basic fr;-nction of afi. organism since through

ingested. food., energy is provid-ed. to respire, grow and repro-
- /--.- \ ¡d.uce (Nikolsky, 1963)" One studies food. habits of fish species

to r-rnd.erstand- the qualitatíve and quantitative connection

between fish and- their f'ood- organisns. The type of feed-ing

varies among species rnaking generalizations d-ifficult" llor,v-

Õrrâ14 f-i qh ¡¡1yl ¿fenefallV Lre ..-^."*^,l 'ì-+^ lrorhiir^?^rr- d_etfi-úVÞ-L 9 -LIÐ1I Uc.l- Õ-----*--¿ *i órUu}JUq ¿Iluv IIUI UIV\JI\Jtl.tf,9

tophagus and carnivorous feed-ers with each species adapted-

to feed on a partícular food- or a variety of food-s by its
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rûorphology, serlsory organs, buccal cacity and alimentary

cz.naL (Mkolsky, 1963).

Definition of Terms - Á. number. of terms are used" in this
review which need- clarification sÍnce the rneaninss are often

not self-explanatory. Food- habits usu-aIly refer to the food.

eateny ãs estimated. from the relative composition of food-

j-tems in the stoma,ch, vuhile feeding habits refer to the manner

in which food is captured., consumed. and, how food- habits vaTy

rnrifrn naqnon* +^ 'l-'ìnn ^€ Änrr,rJ urur.ú vr- ttad, SeaSOn Of Size and- SpeCieS Of

the consurner. Pred-ation, iir its purest sense, ileans the cap-

ture and conswnption for food" of one animal by another (Salt,
\ ñ11967 ) " The frequency of individ-uals in the diet of a pred-ator

Ís d-etermined. by characteristics of the prey species such as

abwrdance (freo,uency in the environment) , avaiìz"bility (exposed"

or hidd.en d-ue to cover) a¡rd distribution (c1umped" or dispersed).

Also the d-iet riray be influenced- by cnar:acteristics of the pre-

d-ator such as sel-ectivíty where u¡rfÍt, conspÍcuous or' a cer-

tain size of prey is eaten or innate preference where prey

species may be chosen or rejected- d.ue to physica.l or chemical-

characteristics "

Ingestion may be d"efined- as the total uptake by a popu-

lation of heterotrophic or.anisms, lvhile consi-rmption is in*

gestion d-urirrg a specified- time inter'val (Davis and- ivarren,

1968)" The satiatíon arnou:rt is the quantity of food. ingested-

u:rtil- a.n organism car.inot take arryïore (Ishiwata, 1968-a).

The d-aily meal- is '6he amor.rnt of food- consurned- per d"ay while

the d-aily rati on is bhe da.ily mea.l expressed- as a- percentage

of bod-y weight (Rictrer, L946), FinalÌy, d"igestion is referred
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to as the process by which food- is broken d-own into uni-ts which

¡¡rr¡ l.ra ohcnpJra,{ ttnr-nrr-ih the å1¿t Wal_f and- i;he Tr-te Of d.igeStiOn

1s d-efined- as the nimber of Jrours rec¡uired. to pa-ss alt food_

froin the stonach to the íntestine (WinAett, f96B)"

Factors Affectins I'eed-ing - Feed.ing habits vary greatly

among species and- among ind.ivid-uals arrd" popu-lations of the

same s;oecies, but there are factors v'¡hich limit or" infl_uence

feeding. In add-ition to abi;nd-ance, avail-abiIity, distribution,,
l¡ehaviour ancl size of the food. organisms and- size, sex ancl

'Ìrelraviou-r of the consumer, competition from other fish species

and. abiotic cond-itions are irnportant in affec-ûing feeding.

Gerking QgeZ) suggested. that each population has its
own habits whj-ch are related- to food- preference and_ the re-
lative abund-ance of different food- organisms. I{ess and.

/r ¡,r \Su¡artz (1941) stated. that rrthe kind- and" amor.mt of food. eaten

is a resul-t of interactj-on of the fish, the food. organisrns

and -bhe envirorunent"r' The composítion of food- in the stomachs

of fish is not necessarily ind.icative of the abund_ance of

food- organisms present in the enviroriment. Borutsky (fgAO)

d.istinguished- between the forage ï'esource, I'total- complex

of aniinal and. vegetable organísms and. theÍr d-ecom;oosition

prod-u.ctsril and- tne forage base, "tha.t ;oart of the fora.ge

resource util-ized. by the existont fish population" Îu Prey

species may either be luravailable to the predator d-ue to

cover or be r"ejected- d"ue to characteristÍcs such as spines

or taste" Ivlev (fg0f ) found. d-ifferent fish specles to
¡rpreferrt certain food, species and. sel-ect prey within definite



-1 1*

sj-ze lirnits or tnose vvhich noved- at particu_lar. speed.s. Ál}en
(1941) aistinguished- bet',veen appareni selectíon (a resul_t of
d-ifferent levels of feed.ing activity) and real sel-ection (a

result of active choice by the consumer) " Apparent selection
of food items lvas row d.uring the initial stages of feed_ing

but j-ncreased- when stomachs became ful-l-, Galbraith (L967)

arrd" cooper (lgín) reported- that yelrow perch tend- to select
p-rey within certain limÍts of size"

seasonal variatlons in food eaten are primarily cau_sed

by differences in the cornposition, abund-ance and- availability
of food. orgeLnisrns and- are rnod-j-fied. by the fisheb adaptlon to
abiotic conditions (l\itco1stry, 1963). rn surllrner, the variety
anci quantity of food- items occurrinÈj 1n fish stomachs is
greater than in winter (teast, 1968)" lhe d.aily feed-ing pat-
tern is largely infl-uenced- by light through the orientatÍon
of the preclator to i'us prey ¿und behavíour of the food_ oï.garr-

isms. -l{oar (tg+z) sirowed. that the d"aily feed-íng pattern for
trout (salvel-irius foe!¿qef¿_q) and young salmon (salno salar)
is rnoclified. by light and temperature. I{orthcote et aL

(1964) fou:nd. that ad-ult kokanee, Onc_qqhynchus nerka, ancl ,oea-

mouth chub, fityl-ocheil-us cauqinum, r.ind.erwent diel- vertical
movements in response to light. The movements were probabl¡r

feecling and. protecti-ve in nat-*re. The period-icity and_ nature

of the food- organisms vary with clifferen'c consuiTìer species:

Ê9" ¡ d-iurnal, nocturnar and. continuous feed-ers (I{east and-

- ^ 
Z^ \\rversfi, 196ó),

El-ton (tgZl) stated. that u'aïly one species of animal eats
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food only between certain }imits of size and that size of

food. is one of tne main reasons llnd.erlying the eristence

of food" chains.ou fhe increase of food- size v¡ith an increase

of fish size has been demonstrated in most fish (ttten, L935;

Lind.strom, L95r) Uut is subject to strong variabion. Har.tman

(1958) showecl that, in generaÌ, the size of food- eaten was pro-
¡nrtinnc-l fn the fnOUth SiZe Of the COllSçûrâr Ìrrr* q^mô fOOd_, v4 u uvfuu

items were re j ected- at J.ar"ger sizes because of cltaracteristics
of the prey" Generally, the nu¡nber of food" organi-sms found. in
the stomach decreases as the fish t-rows while the size of in-

d"ivi-dual food- organisms increases (lrlikolsky, 1963)" The rea*

son for this trencl is thaty âs a fj-sh growse úore ind-ividuals

of a particular food- organisrn are requi-red and the energy

expended j-n search and. capture of the food organisrns may be-

come greater i;han the energy content" Consequently, 'r,he fish

has to change to larger food. organisms with higher energy

value per unit and. requiring 1ess energy expenditure per r-init

for capture (lttten, f935). In conjunction, the mouth size

increases proportionately with fish síze to cope wíth larger

food, organisms"

Feed-ing habits are also mod-ified" by the concentration

of the predator and- type of feed-ing" For exampleu plankton

feed-ers feed heavily in aggregations v,¡hile predatory fish

feed more when soliteLry (Iìikolsh,o, 1963)" rlartley (fg+A)

d-ernonstrated. that, vvithin a comrnuníty of fish, there were

various mod.es of feed"ing v¿j-th d.ifferences in pattern. Í{e

reported.r âs d-id- Irtarrn and- Orr (fg6g) and tsall (f9+B), that
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no two species hacl sirnil-ar d.iets but cornpetition C.id_ exist
for certain staple food-s, depend.ing on the'ir relative abun-

d.ance,

I{ethoJs of Study - F'ish lr-ave been collected. for stomach

analysis by a variety of searu such as trap nets, gilJ- nets

and, seines" Also¡ Foisons and. electrical shocking have been

used-" Use of a col-Iecting method- depend-s on the situati_on

and- gear characteristies" After collection, fish are killed
and preserved to prevent d.ecomposition of the stomach con-

/r a 
^ 

¡ ô \ n'tents (8a11 , L94ti)" lhe usual method- of preservation is to

ki}l the fish to prevenl, regu-rgitation (furner , Lg55), and-

slit the bod-y wall to facilitate rapid. penetration of the

nYaâaâYarrqt{r¡o ( - ' -^'! ' r \
- \)*LU\o r orniall-n or lQ"þ eïflyJ- aIC onoJ / .

I\{any nethocls have been used in stomacir content analysis.

The choice of which depends largely on the type of stud.y

r.r-nd-ertaken" Some authors have analysed intestinaf contents

as v¿ell but this review v'¡i-l-l-'be linited. to stomach a:ralysis"

Most stud-ies involve analysis of ind-ivid-ual-s but fish may

be grouped- accord.ing' to location and- size (Borgesonu 1963).

Ihis rnethod", altnough more rapid., gives no ind-ication of

indivi-d.ua1 varia'6iorr" Analysis of ind-ividual- stomachs usually

involves deterrnlning the frequenc¡r of stomachs in which food-

items occur, their average or relative percentage by m.unber,

-/weight anet/or volume, Volumes have eíther been d"etermined-

by voh.une d-isplacement or estimated. by comparison to objects

of known volume (Larimore, f957). \Teights have been measureci

as blotted wet weights, dry weights or d.ried- digestible organic
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rnaterial (tvinaert , 1968 ) "

usually occu'rence, nu-m-bers and weight or vol-.¡:re are

d-etermined- for the food- habits of a particular fish species.

lbe occurrence method- dernonstrates what organisiras aï.e being

fed- upon but 6ives no informatÍon on quantities or numbers

¿uld- d-oes not take into consid"eration the accumulation of food.

items resistant to digestion" Likewise the nuunerical method.

gives no ind.ication of relative bul-k and. does not accoul-b

for food- items which accunnul-ate in the stomach. voh.metric
and. weight stud.ies alone iend- to rnasir the importance of the

small-er food. iterns " Da.ta rnay be rouch d-istorted- by the

occasional occurrence of an exceptionally bulky footL item,

vuhich rnay be digested u.uite slowly (lvinderl, 1968). Tester
(]-gzz) protted- voh¡ne aga.inst fretluency of occurrence and.

obtained. recta.ngles with arbitr"ary ratios. The geometric

mean of tire volu:ne and- nu:lerical inclices or the surn of theír.
logarithios may arso be expressed." A points systern for rank-
in6 iteias Ín the stornach was first proposed- by swynnerton

and- !ïorthington (rg+o) and. later mod-Ífied and recomrnend.ed.

by Hynes (rgro). rn this method- ra¡rk nr-rmbers aï.e assigrred-

to food- organísms in the s'oomach; the nu:lber assi-gned. de-

pend"ing on the sÍze or abi.rrd"ance. Al-1 assigned_ nu¡nbers for
each food- organism are surnmecl and. scaled dcv.vn to percenta.ges,

Disad"vantages to this methocl are that resul-ts are arhj-trary
and- d-ata cannot be used- for cornpa,risons. rn a¡rother rank

method-, Beck (1952) suggested- that a food. ind.ex coutd- be ob-

tained- by rnultiplying the percent freL¿uency of occurrence?
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percent by vol.ume and. the specific gravity of the food_

items.

Often the relative abund-ance of bottom and planktonic

Ct1.'t:2.rti sns i¡ the enVif6fmfen+ Ðrô cqmnl o,l a-l o¡p. v¡-i th stOmaChIY¿ U]! U

^^--1ì .^ - --3It this the flçrree of srrl ecti vi tv ê;rêroi sed hwÐú.ixljr_LIr6. -L J \Jlr_L UrrJ Ò UrrË LrÞÞ* v v

fish can be determined- (Surber, 1930), liess a:rd Swartz

(fg+f ) used. the lrforage rati-o" (ratio of the percentage com-

position of a food. item in the d"iet to the percentage of the

same food" item in the environment). A ratio greater than

i;nity ind.icates selection whj-Ie e ratio less than i.rnity in-
d-icates selection against"

In soroe stud-ies, reconstruc-bion of various food- organ-

isms has been caruied- out in ord-er to d-etermine food val-ues

(Stattrin, L965)" Size or m.irnber of und.igested" food" orgarL*

isms is extrapol-ated. from partially digested. remains" Recon-

struction is usually carried- out on preserved" specimens

whÍch shrj-nk and. lose weight resulting from the effects of
tho n-r,oqar.rrçtr /- nrr\

rr!uuv! .*-Ìorr \varKerc L9o3).

One d-ifficul-ty in interpreting d.ata from stomach

analysis is that the variation in tlie number of food- organ-

isms is ofien greater anong the ind.ivid-ual- fish Ín a sample

than between mean values from different samples. this is

apparently because the nu¡nber of d,ifferent food. organisms

in a single stornach is limited-, resulting in a Poisson d-is-

tribution in which mea,rls and variàylces approach eo,uality"

(Sned-ecor arrd- Cochran, 1968)" ro attain ectruality of
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r/ariances irie,Jur and orr (L969) anarysed. sorr¿are roots of their
basic d-ata (Bartlett, L947)" But, because of internal
variabil-ity, littte inprovement i'ras achieved." Samptes of fish
for stonach analysis are ass-Lrried- to be taken at rand-orn fr.om

a popuration of fish. rn generar, there is great variability
in the relative vol-u-mes of d"ifferent food. iiens eaten when

tne sanple size is smal-l-. The variability decreases with an

increase in sam,ole si ze uritil a certain level is reached-.

tlanson and- Graybi]l (tg>a) used- forinul-ae to d.etermine the

m.rrnber of anirnals necessary in food- ha'oit stu-d_ies.

fn sulúrrary, it can be seen that the food_ and- feed.ing

habits of fÍshes ¿Lre subjecb to strong variation making inter-
pretation and. analysis difficult" coirplete knowledge of the

clualitative and. o,uantitative interrelationships between food

and" consurnind organisrns are therefore necessary before more

sophisticated stud-les of foocl consurnption, digestion, uti-
l-ization and. groi,vth by a. populatj_on of fish can be carried.

out.

^ ^-- ^.,*-^-f i ^- ^f I,nnd hrr Tìi sþv\Jf,rÐtÀu-[J u¿vJr uf r uL/u- uJ J ¿ùr-

By d-efinitj-on consun'rption is the amoirnt cf food. ingested

over a given interval of time, It is the first step involved-

in the transfe:: of food. into fish tì ssue and_ is of utmost

importance in deterrniníng conversion efficiencies as d"escribed.

by Lind-eïratrz Qg+Z) and ilichman (fg¡A).

!æ-!tr.91þ - i\ranf rnethods have been useC, to deterrnine the

These involve either d.irect orfood- consurnption in fishes,
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indÍrect proced-ures und-er raboratory or field- conditions.
Food- cons-.rÍrption is typically neasi-rred" in the l-aborai;ory b¡r

the d.ifference between the amourr'ü of food. presented_ and. the

amount of food- remainirrg at the end- of a given tiine period

(iJatlr.away , L927; Bal.tì_win, Igj6; äunt, f96O) " Ba jkov (19-ì5)

using a d-irect metnod- estirnated the a.rnount of food- consu¡red_

by whÍtefisn (coreionus cl-upeaforrnis), priuiarily a nigh-b

feed.er, by d-ou-blin6 the weight of' stornach contents of fish
caught overnight in gill nets. He al-so proposed_ a formul_er

based- on the assr.unption that if the fish in cluesti_on feed_s

continuously and. all tlie food passes into the intestine duz.ing

24 hou-rs t.he d-aiJ-y consrimption wourd- be a func bion of the

average aurount of food- ¿i¡rd the tine necessa.ry to empty the

stornactr. Tnis metirod reo"uired. e,"nalysis of stomach contents

froru one sa;rrple and the d-ete:nninatíon of d"igestion rate from

ano'uher" tJris rnethod. is not usually employed_ because assump-

tions can selclorn be met" Furthermore, effects of handling

and- of differences Ín the arnount and. kind. of food were not
c onsid-ere d-.

Fortirnatova (fg¡O) d-eveloped. an equation to express

d"aily food- consr.rmption b¡r pred.aceous fish, assr-uning that fÍsh
ingest a l-arge preJr only once a da¡r. From the food- present

and z'econstruction proced"ures it vua,s bel-íer¿ed. possibte to
determine the d.ate it vvas consuned. and- ilai]y ration" Darnell-

and. ltieierotto Qgez) used- the state of d"igestion of a standard

food. itetü as p-n inclex to how long food- iiems Ìrac1 been present

in the stomach" the Ì;otal amoult of foo|.l øatoTt ,lr;v.'in g ?,íly
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one time interval or tnrough the d-ay was foimd- by determi-ning

tne percentase of the sta:rd.ard_ food. iten in eacfi stage of

cligestíon aircl its percen'rage of tÌre totat contents" The per-

centa6e of this food- item in the stornacn for a. particular
period- of tine vvas assr-¡rnecl to be eclual to the toLal- contents

that irad" been pliesent during that peri-od. This method. assulnes

that the cond.itions of the stand-ar:d- food- item ar.e truly re-
presentative of the concl-itÍons of others and the :resu-l-ts of
I abora.tory experiments å,re applicable in the fietd"

Seaburg ancl llioyle (L964) calculated. the daity consurlìp-

tj on of bluegi]l-s, Lepornis ìtracrochiT-us, fronr il:re prod"uct of

tne ålvera6€ stomach voli;:le for the sutlrner', ihe percenta.ge

of food- for.r¡rd- exper.íilental.l¡r d-igested in four hours, and the

nu:nbe:r of sucir lreri ods in a da¡r .

jieast and- vvelsh (1968) C.eterriin=ci- ihe nean ninimum d.aily

ration of yorr.ng perch i;o be two pelr cent of bod.y weigh'c by

ad.rJ.ing together the averâge vuei-ght of stomach contents for
fish caught d-uring peak feed-ing period_s. This method estÍ-
mates a minirm.un value since some food. is dlgested" between

peak feedin6 periods.

ì{amilton (unpu¡.) d-eterr¡rined- the arnowrt of food consu-med-

per day f or ranrtbovrr trout, Salmo Gair.dnerii (,Lichard_son) ,

by rueasu-rin¿ ttre ra-be of flow of a najor food- oz.ganisrn

through the d-igestive tract. 'Ihis \rya.s d_one by first deter-

mining tne ratio of the nu:nber of organisras in the intestine
to that of th.e stornach, thus giving an ind_ication of the

relative rate at v'¿hiclr food- organisms were fragniented- to the
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point that they could- not be counted.. 'Ihe amol¡.nt of food

consu-ned" per d-ay roras tnen ca.lculated- by multipl ying the nutn-

ber' of oróanisms in the stonach by the aborre ratio and the

d-aily replaceuen.ú rate of' tne food orða.rrisms in the guÌ;.

trssu:nptions lvere that fish exhibitecl a diurnal feeding be-

haviour, all- food. organisms coul-d be corxrted. and. id-entified-

and- al} food- iterns pass through the gut at the same rate"

Pinskii Qgel) Aeternined- the amount of food. consumed-

ner ria,v bv þ¡nrrrin,' *ìra rrirfg¡gnce between maxi_mum and_ mini--!1ç r ua.I vJ rl¡¡v Yv r¿aõ u rre

mrim r'la'i I v i nrlicies of fulness and" d-ivid-ii'lp thi s rli fference
'l¡r¡ -|¡o nari n¡l rlrr¡i-¡ " rn,Ìri ah the StOmaCh fU]_neSS d_eCfeaSgd..pJ UIIE },rÈr ¡vu u4r rrrõ Yvr¡¿uat

the daily ration was obtained. by multiplying by 24 and. d.ivi-

d.ing the procluct by 100" This method d-oes not take into

consi(:leration food" ingested- d-uring the d-ecrease of stomach

4..-l-^^^'l; ^at-^,1 ¡lrrn-in,'.'r u!!ruÐÐ v! urf;Cs Leu uul'ail$ ai'L l-nCf ease "

Ind.irect method-s of estimating food consumption are

usuau-y cond.ucted. wnolly or in part ín l-aboratory aqu-aria"

Difficul-tÍes arise in comparing these results to the field.

since the nature of food- is often d-ifferent and. the fishes

are subject to stress and. d.ecreased activity. \llinberg (f956)

and- Ivl-ev (fg6f ) irave proposed sirníl-ar equãtions using

growth, ternperature and- respÍration d"ata, to d.etermine the

d-aiJ-y ratlon- Vúinberg (L956) based his nethod. on the assLirnp-

tion that the energJ content of the food- eo,ual-s -bhe sum of

the energy contents of the materíal- lost in egestion and-

excretion, and- the materia] retained in grorvth (somatal and-

gonad"al) and- the mater.íal- broken d.oum in metabol-ism, lle

assuned. that the physiologica.IJ-y useful- food energy was
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approximatel-y BO/" of the food. and- excretion with 15 and. 3f"

lost in e6estíon end- excretion respectively. lVinber.g (fg¡0)
used- the parabolic rel-ationship between metabolism and bocLy

weight a:rd- corrections for ternperature from the Krogh?s

nonnal- curve (oee and Kro5h, L9L4) to d.etemine resting inera-

bolism and- estimate active metabolism in na,ture. paloheimo

and" Dickie (t905, I)66a, L966b) trave reviewed the methodrs and_

va.l-ues used. by ïvinìrerg (tg>e) and were in general agreement

vvith his findÍnss.

Surber (rg¡l), Pentelovr¡ (rg¡g), Brown (L946) and Johnson

(1966) ¿eterinined. foocl consunption for fish herd- in captivity.
fn each case the anou:rt of food reqi-ii-red. to keep the body

n's"ight constant (maintenance ration) and. the efficíency in
f'ood. ubilization for growth (ratio betuveen food consr.uled- above

the naintenance ratj-os and- the correspond-ing gain in weight)

lTere determined."

ûieine et aI (fg:Z) foi.rna food- consr.mption in fish held_

briefly after capture to be a function of the rate of nitro-
gen J-oss in feces and- through the gi1ls arrd. kidneys. The

nitrogen content of prevÍously consurned- food was ta,ken to be

the sum of the above l-osses"

Gerking GgeZ) usecl a rel-ationship between food- collsuritp-

tion and. growth rates of bluegil.ls in the l_aboratory to
estimate rates of consumption in ihe fíeld- from growth rates

of l'vild- fisil" tie -oased- calcurations on the amor.urt of protein

that woul-d have been ingested by the fish to meet g'rowth

rec:uirenents,
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Kevern (lgeS) used- a rad-ioisotope rnethod to est'imate

the daily consui:rption for yearling carp (Q.Vprinus carpíq)

in the field.. llhe a.noufl'¡, of f37C" that must be ingestecl a.s

'àr\ -i rrtcpra.l naft of the food- itens tO ma'i -ntri n -lho orrttifi-vv ¿[É¿r¿uø¿fr uflu çY

briu.in borl-y burd-en of the carp was calculated_ from measured.

values for bod-y burd"en, biologica,l elimination rates and_

assimilation factors.

Seaburg and- irrloyle (1964), Pandian (fgZO) and lWoore (fg+f )
for.urd. strong day-to-day variations Ín d"aily cons'¿mptj-on

among ind-ivid.uals since hea,vy feed-ing wa,s followed_ by red-uced

feed.ing and. recluired. averaging values for several d.ays"

I-actors Affec'oing Consuml¡tion - There are a ru-ulber of

envi-ronmental variables which influence behaviour ancl meta-

bolic state, .Lrence food- consunption. Among these are tei:rpera-

ture, light ancl d-issolved. oxygen" Also, the species, sexe

síze, and cond-ition of the fish i-nfluence food- consuniption.
'iJr..--+r,.^ø ì - -,ì*rrîo. tho nôncentration a¡rì yr?ôfr nrofor
^F UJ-'liIIef', I-t.l- IIa U UI'e , UiIe L: UJ}U ell UI'ú. trI Ofl dJlu yr vJ ¡.tr- ut c¿ eIlC e

of fish (Wil}er, L929; Kínne, l-960; Iv1ev, t96I) plus the

abundance, specíal d-istribution, availability of food. orga*Tl-

isms (Allee, 1933; Ivlev, l-96I) govern food. consumption"

Patohej-rno and. Díckie (1966a) stated that !îat a lov,¡ leve1

of tetaper'ature and- feed-ing an íncrease of temperatur.e afone

may be erpected- io give rise to a higher rnei;alcolic rate, part

nf i,vhi nh irr¡v h,. êxrlêr:tcd tO f eSUl'b in hí.rher rrol lrnf ar'vr yv*¿vr¡ r*.-.J .J J'eSUr tr If]. fLl_Õ*--* "*-y

activity ord-inaril y resultins in long tei:m higher food-
. / - ^- / \Bald"win (L956) fom.d. thai; tne weekly food- consumptíon

rrntrl¡a

n€

I JÒUbrook trout (Salvel-inus foniinalis) doubled. for eacn 4C
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ulltil 13C bui decrea.sed with further temperature increase "

The food. intake of yearling sockeye salmon (Oncorhynchus

qÊEBg) incre¿¿sed l.¿ith tempera'cure to L5-L7C then decreased

(Brett and rtÍggs, 1970). [iarcus (l-glZ) observed that snall

la.r¡.emolth baSS i{UrO ff6¡lfrnr nr.ìrarrmorl 9111¿1Ì amOfrntS Of

food r¡¡hile larger ind-ividuals cea-sed io feed. below 10 C.

À d.ireci refatj-on v,/as for.urd- between food- consurnption and"

Ðve7"âp.e c]avl (ìr.-.+L -tr^ú +ì,"^ .-..FAAh arrnfi olr T.ann.mi o ôf¡âh:I1ljl5qvv¿uóu uuJlvrlóUf,r JVf, U¿!ü óJgUrr ÐW¿t¿ÐII , !ÇpUtUÆ UJó¿^Lt

/-- \ . - /- ^u -\ /- ^-^\(lìefinesque), by Gross et al \L965) while And"erson (1959)

showed" no such relation for lcluegills. iferrmann et at QgeZ)

for coho salmon, OncorþJ:nchus kisutch, and. Stewart et al
(f967 ) for largernouth bass, shou¿ecl, that food" consrmpti-on de-

creased. with a d.ecrease of d.issolved oxygen.

Ä proportionate in food. conswnption wrth i-ncreasing bod.y

size has been reported. for laboratory arid field- situations by

many a.uthors (tlathaway , L927; Lrarcus , L932; Pinskii, 1967 ;

Pand-ian, 1970)" There may¡ hoivever, be a conpensatory effect.

Protein content of the food tend-s to increase with size of

the fÍsh (Seaburg and- l,Ìoyle, L964; Pinskii, L967). Pand"ian

(tglO) found. that females of Limanda fimand-a tend-ed- to con-

sume ûrore than rnales and there vvere no d-ifferences in food"

consurnption when the nutritive values of rations were d,if-

ferent. Swift (L955) dernonstrated. that food- consumption for

Salmo truita varied seasonally, depend"ing upon the cond.itíon

of the fish and. metal-rol-ic state influencecl by thyr'oid. activity.

Consr.rmption of food- varies alnong fish species according
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to thelr feed-ing habits. Moore {fg+f) showed. that yellorv

perch pref er to i ngest a cluota of f ood- at a single feed_íng

perrod. rather than t,¡vo at a ratio of 2"6 to 1" Although

perch accepted- food- more fret¿u-ent1y than once a day, the

total amor.rrt, when averaged. over a week, was not signifi-
cantly different than that cal-cul-ated_ frorn a síngle feed.ing.

The skip jack tlma (Katsuwqnus .pe]-e¡gig), fed- ai; intervals by

IvTagnu-son (fg6g), consurned- more at certain intervals during

the d-ay than at others although feed.ing was continuous,

Feed"ing rate was highest after period.s of starvation, but

response to food- d.ecreasecl as the stomach filted." It in-
creased- again after the stornach began to empty"

A:rd-erson (tgfg) with bluegill and. Brown Og+e) with
brown trout (Salmo trutta) for,ind- red.uced- rates of food- consulnp-

tion d.r-iring the late suruner, fa}l and winter even though the

fish lvere held- at constant temperatures, These workers

su-ggested- that this phenomenon ma;r be hormonally control_l-ed..

Ishiwata (fg6g-a) d.etermi-ned- the satiation amor.¡nt for a

variety of fish speeies, He formd. that this amoi.t-r'rt varied.

wi-th acclimatizationr hu-nger, type of food- and- species of

fish (Ishiwatau 1968-b). The satíation amor.mt increased. pro-

portionately to body weight but the satiation ratio (satia-

ti on amount/body weight) d-ecli-ned- vsith bod-y weight since

smal.J-er fish have proportionately larger stomachs " Ishiwai;a

tL969) also showed. that as the frequency of feed-íng increased-

the d.aily ration íncreased- but a maximum value i¡¡as soon

reached." The satiation" airou:rt was greatesi; with otre feed-ing
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¡ r1 ¡rr end rìon¡g¿gçd- wiih inercasor'l f-ro,njeïìev nf fper'l 'is vØ¿ v reCeÐe(} VV-L t/ll l-.-* vv¡vlv¡¡vd. - --."*ng"

Ät I evels below maximlr¡t r:ation there is some evidence that
feedíng is proportional to availability of the food organi_sms
f ,^. 

^,- 
\ - f -^,-\ ^(tìickerE I94I). fvler¡ lL945J fou¡rd that with increasing

availabílit;r of food"u the d-aily ration approached" a rnarimwn

ration accord.ing to an exponential formul a"

Digestion R.ates in Fi sh

The process of digestion varies among species of fi sh

largely d-epend-ing on the type of food-¡ digestir¡e enzymes

ancl norphology of the a-l-ímentary canal (Barringi;on, J-957).

Generally, food. is ingested- whofe where it is acted- on b¡r

stomach acid-s and- erlzJfmes" l/hen d-igestion is sufficieni or

when nore food is ingested-, food- ís passed- to the intestine.
/- ^/-\ ^Snit 11967 J fou-nd- that gastrie reaction of fish may be evoked

by a tactile siimulus" He shou¡ed- that the composition of

the gastric juice is d-etermined- by the secretory rate which

in ti-i-rn is temperature depend-ent" At j-ncreasi-ng rates of

secretion i;he acid. and. pepsin outputs and" acidity increased

but, the pepsin concentration remained- cons'i;ant"

I',llethod-s - Digestion rate in fishes may be d,etermined_

d-irectly or ind-írectly" Using the d.irect method., fish are

fed- a known ration of food- and. its rate of d.ísap[)eayayLce

from the stomach Ís d,etermìned. (WinO-ett, 1968). Variations

in this method. result from variatÍons in experimental faci-

lities, method-s of feeding and type of analysis" Usually

experiments ave eond.ueted. in a Labotatory over a rànge of
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temperatr.res with either natural- or prepared food_ items.

The resul-t of these experiments ca¿rnot be taken as absol-ute

measures since activity (ry1er, rgTo) and. handl_ins have

some effect on the rate of <Ligestion.

Feed.ing may take pJ-ace by vorimtary consr:mptíonu wÍth
cond.itioned fish (ri-tctretl- and- [úind-e11, 1968) or ind-uced-

by force feed-ing (Hwlt, l-960) using forceps or an injection
d.evice (Dil-l , L969) " Force fed. fish may be ad-versely affec-
ted. or may subsequently regrrgitate food- but no positive
evíd-ence of these linÍtations to the method_ have been pre-
sented- (Hess and Rainwater, f939; Hunt, 1960)" Stomach

contents may be removed at j-ntervals after feed"ing by either
d.issectionu pumping (seaburg, L957 ) or emetics (Jernejcic,
1969). stomach contents may then be measured- either by

blotted- wet weight, dry weight, volume (Hr.urt, r-960) or d.ried.

d-igestible orga:ric matter (Vúind_etl y L966; 1968). Results
may be either compared- to the original food. value and" ex-
pressed. as a percentage br 1n terms of bod-y weight arld. a

d-igestion rate curve plotted-. rn ad.d"ltion, the rate of
d.lgestion may be d-etermined- by d,efining arbitrary stages in
the d-igestlon process (Armstrong and. Blackett , 1969) o"

by noting the progression of ind-icator food. items throush

the gut (VVebster, l-942 ; Darnell- and- Mej_eretto, fg62).
/

IVIolnár and. T"dlg (tgaz-u, Lg6z-b) utitized- radiography

as an ind-irect method- to d-etermine the rate of d.igestion

for pred.atory fishes, rn this method- fish were fed_ an ali-
quot of food- and., by repeated. X-rays, the time taken for
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food- to d-isappear from the stomach may be d.etermined.. rhe

method- d.epend.s on skeletal structures of the food_ organisms

and- requires d.istortion of the swimblad-d.er to d"etermine the

presence of food- in the stomach..

Factors Affecting Digestion Rate - Digestion rates
vary between species of fish (Seaburg and MoyJ_e, 1964; Kaiya,

L969) and between equal sj-zed- individuals of the same species

(ltunt, f960). i{unt (fg6O) and. pand_ian (tgøl ) reported. that
they d.ecreased- with increasj-ng age "

tVjetabolism of fishes (poiicilotnerms) ¡-" regu]ated by

envi-ronmental- tenperatures" Digestion rate i-s d.etermined_ by

enzymatic action, gastric juice secretion and. stomach moti-
lity which are in turn, influenced_ by temperature. Smit

/
(L967), Molnar et al- (tgøl ) and., Brett and_ riiggs (fgZO)

showed- that d.igestion rate increased. with Íncreasing tempera-

tures reaching a maxi-mum rate as the upper rimit of tempera-

ture tolerance was approached.. However, ryler (rgzo) foi;no

yoìmg cod-, Gad-us morhus, to have an opti_mr..m d.igestion rate
at L5 C. Molnár and. Tôig (lgAZ-A) demonstrated- that the

re].ation between d-igestion rate and" temperature for pike

perch, Lucioperca l-ucioperca, was l_inear when plotted_ oll

d"oubl-e logarithmic axis "

Digestion rate al_so d_epend_s on the type, amount and

chemical composition of ind.ivid-ual- food- items as werl- as

tlre species composition of the food.. Wind"ell_ Qgel) found.

bluegiÌ] sunfisir to have approximately similar d-igestion

times for food- organi-sms of d"ifferent chemical- composition;
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consequently a mixed. meal- lrad- a d.igestion rate equal to the

average of ind"ivid.ua] food- j-tems. Nikolsky (1963) a¡rd- Hess

and- Rainwater (1939) reported- that soft bod.ied j-nsects had.

faster rates than hard. bod-ied. ones. In hard. bod.led- forms,
e.scelerites remaj-ned- in the stomach longer and were eventually

aid"ed- in passage through the stomach by continuous feed"ing.

Hunt (f900) and. Tyler (fgZO) showed- that the rate of passage

into the i-ntestine increased. with meal size, although Dawes

(fg:f) and Barrington (1957 ) founa thato ind-ivid-ua11y, smaller

food- organisms were digested- quícker than larger items.

Further, Dil-l- (1970) showed" that as the number of sockeye

salmon fry, Oncorhynchus nerka,fed- to the whitefish, Prosopium

wílliamsoni,was increased-, the time to complete d-igestíon

also increased.. Protein is d.igested. at a faster rate than

fat (lvinaett et al, 1969)" Final1y, Dawes (1931) reported.

that the vate of passage of food- through the stomach is

rel-ated- to the amoun.t of food- recently consr.¡.med. (ie" partly

d-igested- organisms pass into the intestine when the stomach

becomes fuff)" However, bJ-ueg1l1s, when fed to capacity

rejected" ad.d.itional food. arrd. d.id. not resume feed-ing until

some food- had. passed. into the intestlne (Wind-el1, 1967)"

\{ind.ell et al. (f969) proposed. three stages in d-igestion;

1) a lag phase where initial- breakdoi¡a':- of the food- orgafi.-

ism(s) occurs; 2) a surge of gastric activity where the bul-k

of the food- is removed- from the stomach; l) a period- when

gastric activity and- stomach motility is not efficient in

removing the remaining food.. Ä d.irect semilogarthmic rela-
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tionship between stomach fulness and time was d.emonstrated

by Tyler (19701. tie proposed. that this relationship could-

hp e xnl¡inefl Ïrrr l-tra orr¡f--na Afea tr VOIU¡ne Of the fOOd_ and-vv u4j¡,+Ø¿rr9s uÀrv u4! J sv r

tirat d-igestion rate was mainly d.epend-ent on the quantity of

food- present in the stomach" Exception to these curvilj-near

relationships occur and- the resulting d.ata often approach

straight lj-nes (winaett, L966; Kitchell and- Vfindel-l-, 1968).
/- ^--\ -Pand.ian 1L967 J fowrd- that, after an initial lag, the per-

ceri.tage of food- d-igested- by Megal-ops cyprinoides and.

Ophioçephalus striatus vari-ed- d-irectly with time" Magnuson

l- ^-^ \ -(1969) used. polynomj-aL regressÍon to accor.¡nt for a slight
curvil-inear f eature,
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T,IATERIAIS A}TD ]\IETHODS

Ðescription of the Ârea

West Bl-ue lake (¡'lS" 1 ) i-s a ç'channel lake", located- in
the Duck Mou¡rtaÍn Provincial- Park, in lvestern Manito'oa (lat.

5Oo 3f'; long, lOOo 55,) (geff and Wardn l]TL). It has three

d.istlnct basi-ns which have a total surface area of 160 ha

and a vol-ume of approximately 92 r 106 n3. I/lean and maximum

d-epths are fJ..3 and. 3lm respectively. The l-ake is essential-ly

a closed- system wj-th steep sid-es and" limited. littoral regions.

It is a d-ímictic lake (Hutctrinson, L957), with ice cover

from November to l\[ay" The average day length varies from 7

to B hours in winter and- 1þ to 16 hours in the summer (¡'ig" 2-A).

Between 1,969-L97O sr.rrface temperatures varied. from 0 C to

L9-2O C whlte the average temperatures (upper 20m) varied frcxn

3 C to 1l--13 C respectivel-y (¡'iS" 2-B), The lake stratifies

thermall-y d.uring surnmer (¡'ig" 3 ) , often causing severe oxygen

d.epletion below ZOw"

There are a variety of organisms in West Blue lake.

Zoopl.artkton consists of Rotifera (Keratel-l-a cochlearisu K.

quad-rata, þI:!¡¡þ l-ongiseta and- Aspl-anclura sp. ) " Copepod.a

(liaptomus siciloid-es and. Cyel-gpq þizue!¿4ell¿s ), Clad-ocera

(pred-ominately lephnia pulerx; rarely Bosmj-na sÞ. ¡ Episehera

l-acustris and Megellp-s ed.ax) and qþeq!-g-r"t¿-Þ- sp. (nietteu unpu-b" )"

Benthos is primarily composed- of Amphipod.a (Gammarus lacustriq

l-acustrj-s a.nd HyelgLle azteca) u Decapod-a, Qrgpnectes yi,Ei-li-Q.r



Fig' I Bathymetrlc map of fr¡est B]-ue r,ake showi_ng

sampling locations"
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FiE" J Vertical temperature profiles for \/est Bl-ue

Lake during L969 and. l-970"
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lliolfrr-sce and- iinrnature aquatic insects which are too ru-;:nerous

to mentÍon here" Walleye, Þ_E_izosted-iq4 vitreum vitreum, yellow

percn, Perc_e fl-uviatilis flavescens, northern pike, Es;pë luqluq
and. stíckl-eback, Cul-aea inconsta::-s, are the end.emÍc fish species.

Principle hyd.rophytes are Chara spu Ranwrcul-us cryc.]4êllåq¡

Potamogeto4 pectinatus and Potamogç.iqn richard.soni.

Sampling

Dates, l-ocations and- gear used- in sampling yellow perch

in West tsIue Lake d-i-.rring the ice free period-s of 1969 and l-970

are srrown- in'Iable 1" 'Ihe food- habj-ts of large perch (ad.ults)

arrd- small- perch (juveniles) were stud.ied- in L969 and. l-970 res-
pectively. For the most part, sa"mpling was cond-ucted- monthly

at previously sel-ected- l-ocations (tr.ig" f ) which were assumed-

to be feed-ing areas because of the local-ized. concentration of

perch" Although sample l-ocations were chosen for similarities

in d-epth, aquatic vegetation and- substrate, alternate locations

were utilized" if insufficient perch were caught or ad-verse

climati-c conditj-ons prevailed.. GÍl-l nets, used. in the col-l-ec-

tion of fish, were set at right angles to shore. fhis pro-

ced-ure was chosen since llasler and- Bard-ach (tg+g) reported

that perch und-ergo onshore movements and. feed- while moving

parallel to shore" Perch were not observed. to regurgitate

when they became entangled- in gill nets"

^^"'. -+';:ns underlying the method-s employed. in this stud-yfr.ÞÞL¿IJ,P UJ-IJIJ-È t,l-ll.LrÇl rJ lJró urrç uE urrvuÈ

aTe that perch were col-l-ected. at rand.onr, ttrat food- in their

stornachs was representative of the populatior¡ and. that regur-

gitation was not appreci-abl-e.



'Iable 1" Dates, Iocations, substrates, d.epth and"
in Vfest ]31-ue laire d.uring L969 and 1970.
measure ; N = nyfon; 1\l = monofilieriLrent " )

Da-ba

Jrrne B-9, l-9631
Jr.rrre 22 o L969'

July 23-24, l9691

August 24-25, L96g1

June 23-24, L97A1

July 2L-22, L9701

July 22, L97O

July 22, f970 1August 24-26, L97O'

September 14-A6, L97Q1

Septeuber l-6, L97O

location Substrate

4
3

gear used- in
(C.tq. = gill

I\tud-
Chara bed-s

Chara beds

Chara bed"s

1'Dates of d"iurnal- nettings.

Depth
(*)

Potamogeton

sarnpli-ng yellov'r perch
net; S"M. = stretched.

Iliud. & Chara
na^a

Rani.rlculus &
Þntqmnoatnn¿ v v\,rsvAv vv¿¡

Ranwrculus &

/* I"ì ì^

4
I

T-rIrì o

G,N" (r{) 30" 48
G.N. (N) 30"48
G"N" (Û,) 15.24
G.N, (N) 30.48
G.N" (N) 30" 48
c.N" (Ni) L5"24
G"N, (N) 30.48
G.r{" (N) 30" 48
G.N. (14) Lr"24
A 1_r /rn\ a -G"N, (lvli Lr.24
^ nì /r,, \ ì -G"1\" (lviJ Lr.24
d nr /r;¡\ a -G..r\. (r\r) r5 " 24

/n,¡ \G.N" (lviJ L5"24
G"N. (iU) 15.24
G.N" (ûi) Lj"24
G.N" (M) L])"24
G.N" (N1) L>.24
G.N. (ir) L5,24
G"N. (r,{r) 15.24
G,N. (I\,t) Ij " 24

-l l^I--LW

2-10
-l tr\I-I\J

IQI .4f I

a-

'ro
.L-U
aa)
-L-o

ìa)r-o

t_-B

Chara bed-s
Ffficulus &

-i-

f oIariloSeIql
Chara &,

Leneth.
tmi

PotamoEeton
Ranurrcufus &

-

voïaûrog9Ï.

38.r
38.1
38. 1
50"8
50. B
JÕ. I
38.1
50" B

19. I
25"4
lo'l
25.4
lo I
19.1
f 9.r
19"r
25.4
to I
25"4
to l

!(,
e

I
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Durin6 L969 and- 1970 water temperatures and. photoperiod

data v{ere col-lected. by persoru'Lel at the v'ùest B}ue Lake fiel-d

station. lVater ternperatures were measured- at regrrlar ini;er-
vals throughout the seasons by a bati;ery operated (,qRA texas)

hyd.rographic thermometer (mod.el number FT 3 ITIARINE), Both

seasonal changes of water temperature a:rd. verti-cal profiles

were d.etennined. The average weekly day lengths were d.eter-

rnined" frorn the record-ing prod-uced by a Belfort¡s pyrohelio-

meter (mod.el number 5-3850) by using critical values of fif-
teen minutes after slrrrise arrd- before sunset.

For" each d.ÍurnaÌ netting experirnent gi}} nets were set

at a }oca'r,ion before sunrise" and- fish were removed- a¡rd

cou¡rted- at tvuo hour intervals, lurtif perch were no longer

caught. f f insufficlent nurnbers of perch were caught d-ur:

ing one day of netting, ad.diiional samples of ,oerch were col*

lected" on subsequent d-ays" If many perch were caught d-uring a

time interval- only a fract:-on was used. for stomach analysis

but the total catch was record"ed., lwo hour intervals were

sufficieni, sínce few perch were caught d.uring some inter-

vals and" d.igestion of food- organisms during tliis period-

woulrl" not be great" Perch, removed- froin the net for stomach

content analysis, vvere weighed" to the nearest 0.1g using

a top load.ing balance for smal-I fish anù a rough bal-ance for'

1a.rr,er fi sh - after bein¿¡ ll-r ^++^'r 'r'r' '¡otal and fork len-IUIóçI Arùlt g aL vvL vvrÀ¿õ vf,U U UEU UI J ê !

^+L^ +^ +r^^ -ea"rest mrn bel_ovu were CieterminerJ r;sing a. fishó UlfÐ U\J Ull.|J fIUO-! ltÐ U lilrl UEJVYY Yvç¿ E uç uçrllr!¿tuu 4Ulrrõ q

neasuring board-" Sex was d.etermíned. and-
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scal-es were removed." ,4.1-l d.at¿Lvvere record-ed- on scal-e envelones.

Ihe entrail-s of larger perch were removed. by d.issection, and_

preserved. in 5/" of QO/" formah-n whil-e smal-l fish were preserved

whol-e after being kil-J-ed arrd- their abd.omens slit open"

Âr¡e'l r¡q'i q

Subsequent food- analysis, carried- out on ind.ividual-

stomachs, consisted. of d.etermining the number and. weight of the

various food. orgarrísms present as wel-l as arbitTary stages of

d.i-gestion. Organisms were id.entÍfied- accord-1ng to ord.er, class,

family or genr.rse d-epend.in6 upon the food. organisrrrer.rsillg keys
- / - ^ - - \ . / \ --in Pennak (1953j and. Usr-nger (1963J" Nurnbers of smal-l par-

tially d.igested- food- items were d-etermined- by counting head

capsules (liptera pupae) or eyes (nraptripod-a and. Clad-ocera).

Weights were measured- as bl-otted- d.ry weight to the nearest mg

on a single beam bal-ance" Perch were grouped. accord.ing to

tj-me of d-ay and- netting equipment so that d-iurnal and- temporal

changes in food- habits could- l¡e d-etermined-" Ad-d-itional group-

ings of juvenile perch were mad-e to facj-l-itate comparisons

between l-ocations and- d-epths for the sarrre d.ate and- between

years" Stouach analysis caruied- out on these groups entall-ed-

calculating the percentage frequency of occlrrrence e mmbers

and- weight of the various food- items plus the percentage of

empty stomachs, In ad.d"ition, quantitative comparisons within

and. among netting experiments were carried- out" This \,ras

accomplished. by d-etermining tire mean quotlents of total stom-

ach weight d.ivid.ed by físh weight (Inaex of stomach fulness)
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for each two hour tÍme interval and. the totat sample includ-ing

empty stomachs"

Chi-square analyses were carried_ out on the number of
stomachrs containing a particular food. item compared to the

total- mrmber of fish with stomach contentse among arrd- between

successive sanpling d.ates, to d.etect temporal d_ifferences in
the food. organisms eaten" Simil-ar atralyses were performed

between locations and- d-epths" Grouping of food- organisms was

frequently necessary to increase the sa,mple size" Chi-square

was also used. to test for significant d-ifferensgs þsf,rnroovr qrmyì-

l-ing dates for the number of empty stomachs.

The correl-ations of both the mean indices of fulness a-nd,

percentage empty stomachs with water temperature and. average

d-aylength were calculated- by Pearsonus correlation anal_ysis

(Pearson and- I.,ee, f903) for eacLt series of d-iurnal nettings.

F.esults of Bartl-ett's test (Sned-ecor and Cochran, 1968)

ind-icated. that the within sample variances of the d-j-urnal net-
ting erperiments were not hómogeneous (p < O"Ol) and" hence com-

parisons using the d-egree of stomach fulness were not valid_

using parametríc statistÍcal proced.ures" However, back trans-
formed. mearis and. 957à confid-ence limits, includ-i-ng arrd excl-ud-

ing empty stomachs for each two hour period- and- the total sam-

Fle, were d-etenni-ned. from the square root transfor.rnation re-
commend.ed by Ilartlett (L947)" Differences j-n the ind-ices of

fulness withi-n and. among sample d.ates were tested. by the Krus-

kal-I-Vfal-l-is rarrk sum test and. between d.ates by the Vfi]-coxon

rarrk sum d.escribed- by Siàgel (ry=A). Friedman's test (¡'r¡-edman,

l-937) vras used. to determlne whether the d.aiJ-y changes 1n catch
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Tate vari-ed over the season for adult and. juvenile perch,

Perch were also grouped. accord.ing to fork length for each

sample d-ate to reveal- differences in feed-ing habÍts wi-th size.

Arral-yses of these data consisted- of d-etermining the percentage

occuruence and- weight of rnajor food- items" Further analysJ-s

of feed-ing with size was perforrned- on perch caught both tn 1969

and. l-970 grouped- into two centimeter intervals. For each

length interval the mean stomach content weight vvas d-etermined-"

The natural logarithm of stomach content weight was related.

to the natural- logarithn of perch Ìength by the least squares

method- of linear regression (Sned-ecor and Cochran, f96B)"

fhe slope was tested- by a t-test (Snedecor and- Cochran, f96B)

agai-nst an id-eal- equilibrium constant of 3.0 to d.etermine if

stomach content weight i-ncreased- in direct proportion to fish

weight" Perch i-n lÏest Bl-ue Lake were fowrd to obey the cube

l-aw since the exponent in the equatJ-on W = aL,fl, was 3"081.

GastrÍc Digestion Rates

Four experiments were cond-ucted. on ad-ult perch and- three

on juvenj-le perch to d.etermine d.igestion rates of natural- food"

organisms" Experimental variabl-es are summarized- in Table 2.

The nethod- used- for ad.ul-t perch was the ruDirect Ílstimation

Method-r" (Wind.ett, 1968) where d.epletj-on of the weight of

stomach contents is equated. to that of digestion. Perch were

col-lected. using 48"1 a¡rd. 50.B rnm (stretched- measure) nylon

gilJ- nets, the f ins clipped" for id.entification and" the fish
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Ðates, size of fish, food. and. temperatures for
d-igestion rate experiments cond-ucted- on irrrroi¡i'l o

and- ad-ul-t yellov,r perch.

Food-
. Allouot (/o

n^r ^ l\o. of Ðt-ze rtange 
^+' 

'Þ^Ä_,'uaïe Perc t"r (*r) ,iårïïiu
Tl rrn orJ iJv

Iem'oera*
tur-e (c )

T..- ^UWfU
l oÁo

d u-LJ
r oÁo

June l-0
tgI0
Jr¡re 77
Lg70

July 12
LgI0

July 69
Lg70

Se;ot. ff 5
r970

Amphipod-s
(Gammarus

l-l ñ-ll trLLo ¿/ LJê./20 L7B*22O o "52

L55-2L6 o"45

Hyal-el-1a aztecaW

( Çlr]-ae_a. inc onstans )

4mphipod.s
(Ganmarus lacustlis;
I{yal-ell-a azteca.)

Stickl-eback

I qnrrq*ni q.
lwv 4U UJ +! ,

tq

ì ô^| ('ì- I ô,/
-J/

5ì-llq

r_51-203

67-rr7

66-110

L" 2T

r" oy

L.7 4

2" 24

\vlrl-J-rs /

16.0

1Ã a)

'1 tr 
^

20"0

20"Q

I3.0

f'!rqrrfi clnY* *.)
( 0rcg4ecte s

1, See o,ualitatlve afi.al-ysis for 1970 in Fig. l-2"
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kreld in a covered. 560 l- fibergiass hold-ing bank supplied with
continuousry flowing water at habÍtat temperatl¿res. After a

72 hr starvatÍon Sleriod- to cl-ear the g1Àts perch were force

fed. an alictruot of live f ood organisms of lcrown number and- weight.

The method. of feed-Íng varied. depend_ing upon 'che food. items.

,araphipod-s were injected- d,irectly into the stomach by an injec*
tion force feed-er, d-escribed. by Dill (f969)" Crayfish and_

stickl-ebacks were j-nserted- into the esophagr.rs using forceFs¡

after which the perch vori.uitarily swal-lowed- the meaf" rndivi-
d.ual fish were observed- for approximately five mÍnutes, to

insure that regurgitation d-id. not occuru then reintrod_uced.

into the 560 I tank. At intervals over the experimental

period" fish were removed-u the stornach contents dissected- outu

blotted- d-ry and- weighed to the nearest mg. In add.itÍon the

state of d.iges'cion vras record-ed". Fina1ly, the weight of food-

remaining in the stomach was subtracted. from the initial
weight and. expressed. as a percentage of the initial- weight.

This percentage was used. to indicate the d-egree of d.igestion

and. from graphs drawn by inspections the number of hours

required. for a 50 and 95 percent d-igestion was estimated-"

The method. ernployed. for juveni-le perch invol-ved. obtaining

a large sample of fish using 19"1 and 25.4 rwn (stretched-

measuï'e) Sj-Il nets. Fish were then placed in aerated, 27"4 I
aqu.aría w'hich were suspend.ed. in a covered. 560 I hol-ding tank

supplied- with continuously flowing water at habitai ternpera-

tures. Sub-samples (l-fO fish) were taken at the beginning

and, at interval-s over the experimental, period-. The initial-
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saJìtple lvas arlalysed- for ti:e perceniage occu-ï"rence, numbers

and" weisht of f ocd. or'8anisiits presentrvuhíle r.esults frorn sub-

sequent salnples vyere expressed as ind_'ices of fulness" The

TÌ1ean ind-ices of fulness inclucling fish with empty stomachs

were plotted- against time" Differences between the slopes

of the relationships between the natural logarithms of the

ind-ices of ful-ness and. time were tested by the analysis of

covariance (Robson and- Ätkínson, f96O). The exponential equa-

tj-on d-escribed ]¡y Tyler (fgZO) was used to d-etermine the in-
stantaneous coeffi-cients of d-epletion and. the times to l0 and_

95rþ dtgestion" The i'Tnd-ex of stomach ful_nessru was used_ in-
stead- of the actual stomach content weight Ín al-l cal-culations.

Daily Food- Consumption

The average amoi;nt of food- consumed. per clay, on a wet

lvelght basis, by juvenile perch was estimated. from knowled.ge

of their d-iurnal changes in the d.egree of stomach ful-ness and,

their respectlve gastri-c d.igestion rates, Consrmption was

first cal-culated. for each two hour ínterval and. then surnmed-

over alJ- time interval-s to obtai-n d-aily consumption. The equa-

tion d-eveloped- for this rnethod. is as follows:

.fi
^S-VL

:a
-L=-L

[(Ai + (bi * bi_1))- At_r] x too

(1

Ã

^
¡!i 4

-L-l

'lp̂4
L

t_- |

= daify consr.mption ("1" of bod"y weight)

: ind.ex of fulness at end of the ith interval-

= ind.ex of fulness at start of the ith irrt" r:ral

= first d_erivative of b using A,

= first derivative of b using A, 
-.,

where a
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n = Tr-uruber of in-i;ervals

whenr L(Ai + (¡i * bi_1 )) - I'i_1 ] i= a negatíve quantiiy

the interval consumptíon j-s taken to be 0.

Ihe amorrnt of food. preseni in the stomach at the end- of
Dn -ir*orr¡ql 14. ) Was cOnsid.erecl tO be the srm Of the amor,l-nt\- 

,

consumed rJ-uring the interval (0i ), the amorrnt present from the

previous ínterval (¿., . ) and- an imaginary amor.int which was' l_- I '

d-igested" d.uring the interval (bi + br_1). The average amormt

of foocL d-igested- d-uring the two il.our tine interval was esti-

rnated- as tire srxn of tne first d"erivatÍves of b for A, and.

Á¡__t, Interval consrmption tryas then calculated- by ad-d.ing the

amoun-b present at the end. of tÍIe intervaf (An ) to the a¡nount

/¡ür-gesrecr \oi o bi-1) a:rd. subtracting the "toJ:r* from the nre-

vious interval (Ai_i)" After sr..l-nlni-ng the interva] consump-

tion values the d-aÍ}y consumptj-on and. multiplying by I00

d.aily consr-lnption is expressed" as a percentage of body weight.

Finally, estímates of the d"aiJ-y consumption of ind-ivid.ual

f ood- items were d.eterrnined- by multiplying their percentage,

by iveight in the diet by the total- food- consr.rmption"

lhe estir:rate of average d-aily food. consumption for August

was cal-culated- using the gastric d-igestion rate d-ata for JuIy

since perch d-iffered- little in their food- habits and vvater

temperatures vúere similar both months. Several- assumptions

vrere mad.eeupon whích val-id.ity of this method. :rests. Tirese

O,Lç6

1) Tnat perch exhíbit a d.iurnal feed-ing pattern and- d.o

not feed. at night.
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2) -lth.at percÌr feed. on or near. areas clesignated_ as

+]^ ^ ^ 
ì - ,.rEULr-rrr6 6',*'è arrd do not d-iffer" greatly in their food- liabíts

j-n other regions of tne lake "

3) that perch consume an average qu_antity during the

d.ay and- that this cluantity of food- carr be estinated by collect-
ínE fish at intervals over the feed.ing period..

4) lhat the results of d.ígesti-on rate experiments are

appl-j-cabl e und.er actual fiel-d- cond.itions.

5) Ihat arr average ra.te of d_igestion can be d.etermined_

f or all f ood. organisms,

ni:"ily consumption was no'c estimated- for ad-u-It pereh si-nce, due

*n nÀ^1ì-l i çri +ies in their feed-ing Ìrabits and_ fail_ure to meetuv }/ev4r¿Q¿ r v.

the l-ast three àssunptions they clid- not lend- themselves to

å.nv exj stin.- freld" metnod- of estirnation.

To d.etermine if tne results from the cal_culations of
ç\rãT')Lã rlE¡-ilrr COnSUrnptiOn fOr jUVenile perCh were SUffiCient
-Ê^F ,,rn,n,*h /oomatal_ a¡d. gonad_af) the equati_on, G = FR_TI VJ IäÀ V VY u¡r

(vlintrerg , L956) , was used- where c

G = energy of vrreight i-ncrease (ca1 /aur)
p = correctíon for i-ncomplete util-ization of ration
ft = ener8y of ration (cal/ð,ay)

T - eners$ of rnetabol-ism (caL/aa¿r)

Tho onêr.ev content of the raiion (X) was d-etermj-ned- by sr-r-mrningv¡¡v ¿ ¡f.,

the rel-ative energy contributi-ons of the var.ious food- items

present in tllre d.iet" Cal-Íforic values of food- items in West

Blue Lake were obtained. froil IT. Il, Snov¡ and- J. R. l'{, Kelso

(pers" colrun, ). fne correetion for incomplete utitizatíon af
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the ration (p) was taken to be 0.Bo which is that su"ggested

by V{inberg (1956). The energy of metabol-ism (f ) was d.eter-

mined- from the paraboli,c rel-ationship between metabolism and

irveight 
u

{
Q = æ!Y-, wereg

e = rate of oxygerl consr.unption (ml Orfttour)

cr = leve1 of metabolism (mf Or/e/nour)

Vf = weight of the fish (e)

I = a constant (pr.re m.rmber)

the rate of oxygen consr..rmptíon (q) was d-etemrined. for the

average fish weight (vu) from each d-iurnal netting experiment

using the level- of metabol-ism ( æ ) equal to 0.3 a value for

freshvuater fish and- 0.l8lu for.u:.d. for yearling perch both given

lry lTinberg (ryf1) at 20 Co The two values of were corrected-

to both surface and. average water temperature by Kroghr s nor-

mal- curve (pg" and- Krogh, 1914) by conversi-on factors given

by Vúínberg (it956) yield-ing four separate measures of Q for each

netting experiment" The resting metabolism (Q) was then mul-

tiplied- by 2"0 to estimate metabol-isrn in nature (\nlinberg, L956).

Finally to obtain T the d-aily oxygen consumpti-on (A) was mul-

tiplied. by 4"89 (Brod-y, 1945) to obtain the total energy of

metabol-ism in ealories per d-aY.
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The order of presentation of the results obtained- froi-n

this stud¡r is food- habitsu r=ates of gastric d_igestionu and

estimates of average d-aily food- eonsr.unption" Und.er these sec-

tions the food. habits of ad.ult and. juvenile perch are given

separately since they r¡rere obtained- in d.ifferent years, Food-

habits \ryere analysed. with respect to time of d_ay, season and_

size of fish and- are shown in that ord_er" Rates of gasiric
digestion are presented- before estimates of d-aily food. consump-

tion since they were used in d-eter"mini-ng the lati;er. First
resul-ts pertaÍning to daily and seasonal catch rates are given.

Daily and. Seasonal- Catch R.ates

Perch were foi.md. to be active only d-uring the d"ay with

d.aily variation in the catch rate occurring among nettings
(pig. 4) " In subsequent presentation of results and d-iscussion

d-aily changes of activity and feed-ing will be referred- to as

d,iurnal-. fn generalu catch rates were somewhat bimod-al- with

the greatest catch per unit effort in the evening. The hypo-

thesis that catch rate did not d-iffer significantly among net-
ting experiments for both ad,u1t and- juvenile perch was accepted.

when tested- by FrÍedmarrçs test , (l 2 = L.737e B"Ol5; F < O.05)

The activíty of perch increased after sr.irrrise when wal leye

ceased 'oo be caught in the nets but were not caught after d.usk

when lvall-eye moved- ínto the feed-ing gror.rnds. No perch were



tr'ig" 4 Diurnal charrges in capture rate for yeJ-low

perch d-uring L969 and 1970"
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car.rgh-i; after nightfall althou-git extensive efforts were nad-e

vrith gill nets set at various locations and. d-epths at nighi

to catch tnem. Perch were observed to remain motionless

on the l¡ottom or among submergent vegetatíon when efforts were

mad.e to }ocate them in shallow water at nighi; with a flash-

li¿ht. tsased- on gilJ- net catches, perch tend-ed- to inhabit

d.eeper vùater in tne nrorni-ng and snallower water in the evening.

!-urtner, srnalÌ perch terid.ed- to inhabit shallower water than

IArger percn.

Differences in catches over the season at the same location

ind-ica-i;ed- tÌtat the relative abund.ance Ín areas varied. Á.d.d.i-

tional evid.ence f'or ciranging area abr-urd-arrce was that strea'rner

tags placed. on perch by Vr/est Bl-ue l-.,ake persorurel in previou-s

years were recovered. in d.ifferent basins. Differences in the

si ze compositíon of perch schools in the littoral regions over

the season were observed." School-s composed. of perch of al-I

sizes were noted- in spring arrd early sumrner while by late sulnmer

school-s were largely composed- of small sized. ind-ivid.uals"

Diurnal Feed.rng ¡Iabíts

Diurnal changes of stomach content weight expressed per

unit of bod.y weight (stomacir fulness) for juvenile perch caught

d-uring L97O are show'n in Fig" þ" VarÍation in both the içÍnd-s

of food- Ítems and- of stomaclr ful-ness over the d-ay were found-

to occ-rlr among nlonths rnaking separate treatment of the results

necessary" In Ju¡.e, stomach fulness was greatest Ín th.e morn-

ing from o83o to 1430 hrs, tapering off toi¡¡ard"s evening.



Fig. 5 Dlurnal- changes of the ind-ex of stomach

fulness for juvenile perch caught d-uring

I97O " Vertical bars ind.icate the r=ãrtge "

Numbers in parentheses are percentages of

ernpty storaachs. norizontaJ- Iines below

iime a,xes ind"icate time period.s in ciual i-
tative comparisons,
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Fig. 6 Pcreentapc ôecur1'ence of maior food items
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changes 1n the d.egree of stomach ful-ness for July showed- a

bimod-al pattern vi¡ith a broad. peak at 0B3o to 12lo hrs and_ arr

abrupt"but higher- peak at l-830 hrs. rn contrast stomach ful_-

ness was the greatest at 1830 ¿urd. the morning val_ues were

substantially l-ower than those for June and" JuIy. In September

a bimod-al- pattern for stomach fulness was asain evid-ent wÍth
peaks occurring at l-430 and- 2030 hrs 

"

rn June cl-adocera^ns, amphipod.s arrd- immature dj_ptera were

fou:rd- in tne stomachs of perch throughout the day and- showed.

little fluctuation i-n weight (¡is. 6-A). other insects and_

fish were present in relatlvely few perch stomachs d_uring the

d.ay and- d"id- not constitute a major portion of the diet" The

percentage of perch with empty stomachs was low d.uring the

morning a:rd- early evening"

amphipod.s vvere for.u:.d. in the najority of perch stomachs

d-uring the July nettÍng (¡ie" 6-B). occurrence of Í{yalel-la

in the d-iet remained. constant over the d-ay but increased. in
percent by weight. Gammarus occurred- in fewer stomachs in
the evenÍng a¡.d- d-ecreased- i-n percent by weight. rmmature dip-
tera were found. only in the morning and_ evening period_s.

other insects, crayfish and- fish were present in a minority
of perch stomachs lvith smal-l- perch comprising the greatest

buri< of the d-iet in the morning, fhe percentage of perch

with empty stomachs was nigh in the morning, low during mid"-

d.ayu when alJ- perch stomachscontained foodubut increased_

to,;vard-s evening.

In August, (¡'iS" 6-C), amphipod"s were found. j-n most
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stomachs d-uring both period-s. 'rhe percentage of perch feed_ing

on insects vvas 6reater in the rnorning" crayfish formed_ 39"/"

by weight of tne d-iet in the morning anù 6þ in the evening

whil-e fÍsh formed- 626þ by weight of the food_ in the evening and.

d.id- not occl¿r in the stornach d-uring the mortring peri-od " [he
percentage of perch with empty stomachs was generally the

recÍprical of the d_egree of stomach fulness.
cfad-ocerans formed. the basic food. items present in perch

stomachs d-uring both period-s for september and. constituted.

the greatest bul-k of the d-iet (¡'ie" 6-D), amphipod_s occurred

more frequently as food. items in the rnorning when they com-

prised" a significa:rt porti-on of the d.iet. rnsects, crayfish
and. fish were found- infrequently in stomachs d-uring both periods

and- d"id. not make up an appreciabÌe segment of the d_iet. fhe

percentage of perch with empty stomach contents d.ecreased" to
nid--d-ay when all- stomachs contained- food- then increased- in the

evening"

To d.etermine if peak peri-od-s of stomach ful-ness were

actually peak feed.ing perì-od.s, the average m.¡mbers of food_

items present i-n perch stomachs d.uring each time interval of
the d-iurnal nettings vvere d_etermined. (¡,i.g" 7) " Only food.

orgeinisms which were eaten Ín sufficient numbers to facil-itate
comparisons were used- a:rd gave a better ind-ication of the

time of feed-ing activity than larger food items which yvere

d-igested. slovuly and eaten ínfrec¿uently. rn Ji.rne the average

number of cl-ad-ocerans per stomach (pig" T-A) was greatest at

the start of the morning peak of stomach fulness (¡,iS, 5-A)



fig.7 Diurnal- changes of the

sma]-l food. items found"

sf oinacÍl-s.

average numbers of
-i v.r -irrrrorri I o ne11Ch¿¡¡ cl Tv u¿rr¿v
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and rose again in the evenÍng" ilhe average number of amphi-

pod-s increased. to 1230 hrs in JuÌy (¡'ig" 7-B) correspond_ing

to the end of the morning peak of stomach fulness (¡'ig. 5-B).
Amphipod.s rose again at rB30 hrs comesponding to the evening

peak of stomach ful-ness. rn x.ugust the average m.urber of
amphipod-s per stomach (¡'ig " 7-c) increased- i-n rel-ation to
stomach fulness (¡'ig. 5-C) " Finally the average ni.mber of
cl-ad-ocerans per stomach in september showed. peaks at l_430 and.

2030 hrs (¡'ie" ?-D) which occurred. at the same time of peak

stornach fulness (¡'le" 5-D) "

For ad-ul-t perch col-lected_ d_uring L969, each netting
could- be d-ivided. into three period-s based- on the d_egree of
stomach fulness (¡'ig, B). These were: l) a morning period_

when stomach contentsvr¡ere maximal; 2) an afternoon period- when

stomach contents were l-ow and- 3) a¡r evening period- when ston-

ach furness increased- again but not to the morning level. [he

percentage of perch with ernpty stomachs was lowest in the morn-

ing and- evening period.s" Peak period-s of stomach fulness may

not be interpreted" as peak feed.ing period"s without lnformatj-on

concerning the sample size and. d.igested_ state of the food or-
ganisms" rn many cases peak period-s of stomach ful-ness may be

explained by ind.ivid.ual fish which recently conswned- large

food- organisms or by the presence of partialJ-y digested food_

items which were eaten the previous day.

l'rom the first d.iurnal netting experiment (¿rrne B-9)

arnphípod-s and- irunature d.iptera were present in perch stomachs

througir.out the day (l'ie, 9-,{). The percentage by weight of



Fis" B Diurnal changes of the ind-ex of stomach

ful-ness for ad.ult perch caught d_uri-ng 1969"

Vertical bars indicate the range" ltlumbers

i n n;"r.orrthêqêq Ð-yi.) nêyinê-ntzoø q n{" amn-l-rru *rv lvrvvfruuõvu vr E¡UPUJ

stomachs . úerrr,ontal l-ines below time axes

ind.icate the peri-od.s used- in qualitati-ve

comparisons,
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Fig" 9 Percentage occurrence of najor food- items in
ad-ult perch stomachs for various tirne per"iocls

within the 1969 d.ír¿rnal- netting e:.perj_ments. (See Fig. 6)

N'umbers above rectangles ind.lcate the percen-

tage by weignt.
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amphipod-s renaÍned- rel-atively constant wnile that of d_iptera

d.ecreased-" Otiter Ínsects and- crayfish r,ïere incid-enial as food-

iiems artd- d-id not constitute a significant fraction of the d-iet

by weight. 'Ihe siate of digesiion of food" organisms ín tire

morning suggested. that they were recently consumed whil_e most

of those present in the evening were in an advanced- state of
d"ige stion"

1y¡ late Juire (¡'ig" 9-B) cladocerans, amphipods and. imma-

ture d.iptera vrere fou¡rd- in the majority of perch stomachs

tnroughouf the day. Ihe occurrence of cl-adocerans, expressed_

as a percenta¿e, increased ove:: the d-ay but only constituted_

à signifícaint portion of the d-iet by vueight in tne afternoon"

Ðipterans decreased. in rel-ative weight (66 to Ll") throughout

tho d:t¡ =nd ¡rnnh-i -nnr1 q fnrrnod tho ,o'-r,a¡l:oq* nor,nonf l-l¡¡ r¡¡ai c'l¡l- n€urrç uøJ (4¡s qIrÀy¡rrìrvsr !v!ruvv- u¡rç 6!çøuEÈu }/Erug]ru 9J vvtr;¿óJru v_L

the d-iet in the afternoon. Other inseets, fish and- crayfish
were incid"ental as food- j-tems and. occurred- largely in the

morning and- evening. The morning peak of stomach ful-ness (FiS"

B-B) may be exaggerated- by the stomach contents of one large

per"ch which had. recently consumed a large mrrnber of Chaoborus

pupae while the eveni-ng peak caused- by food- items whÍch had-

hoon ronont-l ir i ¡,,4e*aÄu\t(trr r suçrr u¿J rfrÉúÐ urtuc

In July (pi-" 9-C) a.rnpnipod-s v\iere most frec¿uent but vvere

only present in the mornin5 and- evening. Crayfish and- físh were

second-ary in occurence, and- v,¡ere present in stomachs through-

out tne day. Insects and- snaÍls were fou¡.d- infrequently in
narnh cl-nmaaÌrq orrer the flzv With Watef-bgatmen aS the mOSt}JUr vrr

frequently occlr-rring insect" lhe rnorning peak of stomach ful-
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ness (Fig. B*c) was caused- by a small- number of perch v¡hich

had recently consumed- fish in their stomachs" The eveni_ng

peak rnay be exaggerated- by the presence of crayfish., cons-u_med.

d.uring the prevíous day, i_n several perch stomachs.

Amphipod.s were consumed_ by the greatest percentage of
rrav.nh Àrrrin- the .Augu-st netting (Fig, 9-D) but their presences@Á r¡ró urrç ¡!e-õu-u u r.tç u u¿¿¡õ \ ¿. ¿6 o 7-

in the d.iet was largely restricted. to the morning anri- a.fternoon

perj-od.s" Fishu present in perch stomachs throughout the dayu

decreased. in weight relative to other food items from 41 to
L6%. Crayfish v{ere foi;.nd. in perch stomachs Ín the morning and

evening when 'chey respectj-vely eonstituted 45 and 77/" of the diet
bJ' weight. Insects were present in the ::rajority of the stom-

achs ín the afternoon when Odonata pred-ominated-" Gl-ad-ocerai.Ls

were only eaten in the evening. The morning period. of stom*

ach fulness (¡'¡-g. B-l) may be explained by the presence of
crayfish and- fish which were consumed. d.uring the previous day"

Conversely, the state of d.lgestion of food_ items forming the

evening peak suggested- that they had- been recently consumed.

Diurnal changes in the average m.¡mber of srnal-l- food- items

present in ad-ult perch stomachs are shovrrn for each netting
experiment in Fig. 10" For June B-9 the average numJrer of

irunature d-ipterans reached. a maxirnum at l-230 hrs, correspond_-

1ng to the morning peak of stomach ful-ness (¡'ig. B-Á)u then

d.eereased-. Amphipods showed- one peak in rrumbers at 1430 hrs

and- a seconcl peak 2030 hrs which coincided- with the eveni_ng

peak of stomach ful-ness. For Jule 22 the average nu_mbers of
both cladocerans and- immature dipterans were greatest d-uring



Fig. 10 Diurnal cha*:ges of the average nl,rmber of

srnal-l fOOd" items fOu-nd. in ad_ul-t nav-r,ln crtnmenþg

d-urins L969,
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tite morning anel evening peaks of stomach fulness (¡'is. B-B).

A second- peak in cladocerans lvas evid.ent at 1630 hrs but

nurnbers level-ed- off during the peak period_ of stonach furness
(t13o-2230 hrs). Tne average mmber of amphipods per stomach

was gr"eatest after the morning peaks of stomach fulness in both

July and Augrrst (¡'ig. B-c and. D). rn July, amphipocls increased-

in numbers coinciding with the evening peak of stomach fulness
/-,,. ^ '- \
| ì'a8,. Õ-iJ J .

vVith the exception of the d-iurnal experi-ment on juvenile
perch col-l-ected in August r97o, the d-aily changes of stomach

fulness showed, a bimod-a] pattern. Resul-ts of the Kruskal_-

vfallís rank surn test ¡rnong the two hour ti_me interval_s from the

d"iurr.al nettin6 experi-ments were not significant for ad.ult
.;/ DpercJl collected 1n early June and_ /rugust L969 Ç('= j,366,

7.2I9; P ) 0.05) whereas al-l other compari-sons were significant.
Îhis sug6ests titat the observed- d-iurnal changes in stomach ful-
ness for juvenile perch coll-ected- during L97o were a result of
actual d.ifferences in the degree of stomach futness white those

for ad.ult perch could- be d.ue to chance,

Observed. changes in the d-egree of stomach fulness over the

day d-íd- not coruespond" to either the timing of srrnrise or sun*
j;''l:

set ætócatch rates of ad.ult and. juvenile perch.

tr'ood- items vvere foi.u:.d. in various stages of d_igestion

throughout the day but vvere identifiabl-e arrd. could- be cor.inted-.

It was noted- that ind.ivid-ual- fÍsh fed_ on particular organisms

with va,riatj-on j-n the d"iet largely occurz.ing among groups of

perch" If Large foocl ltems were consu:ne.l /nrqrrric)¡ fish,
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d.ragonfly nymphs) tfrey d.id not eat other food items rrnless

the initial food. was in an ad-vanced- state of d-igestion"

Slmil-arl-y clad-oceransu amphipod-s and- i-mmature aquatic insects

tend.ed. to comprise the d.iet of ind.ivid.ual- perch" Other food.

organisms occurred- infrequently in stomachs, either comprising

the stomach contents or à small fraction of the total d"iet.

[emporal Feed.ing Habits

Seasonal changes occumed- in mean stomach content weight

per juvenile perch weight and. in the frequency of occurrence

of pereh with stomach eontents, (pig. 11)" Stomach ful-ness

increased" from Ji.rne to Ju1y, d.ecreased" in August and then ín-

creased. in September when the mean value was the highest" The

hypothesis that there was not a significant difference ¡.morg

sampling d-ates for d-egree of stomach ful-ness was rejected."

The chi-square val-ue obtained- usj-ng the Kruskall-Wall-is rank

sum test was 23"9f3 (P( 0"05)" Resul-ts of the Wilcoxon rank

sum test showed- significant d-ifferences (p < O.O5 to occur only

betweer,r August and- each of June r July and September plus bet-

rveen September and July where the iuZlu val-wes were 2"r9øe 2"LO5s

3"745 and- 3 "599 respectively" The percentage of juvenile

perch with empty stomachs increased from Jqne to August then

d.ecreased- in September. Chi-square vafues for the ru¡mber of

empty stomachs were found. to be statistically significant bet-

ïi/een August and- both of Jr.i:re and. September. plus between July

and- Septur"Au"Qf, = 1O.OO4' 6"Lt7s 7"452; P10'05)'



Tli .. -l'l
r¿óo 4¿ So¡sonel oh¡nccs ôf rneån stomach content

,,,^.i..r.+ ^^- ,"-i + .a; ^r^ ,",^; -.ì^+ €^r j".--^--.i 1^VVe-LölI U IJel' I,{.II-L U I IÞfI vvu-LålI tJ J Ul' J UrV gll-L-LU

perch d.urins L970" Percentage of eapty

stomachs in parentheses. Vertícal bars in-

d-icate the range; paralleJ- bars indicate

confidenæ intervals (P = 0"95 )"
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percn varied- seasonal-l-y (¡'is" f Z). For instance, cladocerans

were eaten by the tnajori-ty of perch in June and- Se.otember when

they constii;uted- J2 and- 69'1" by weight of the d-iet but were

absent in July arrd- August. anphipod-su howevere were taken as

food items in June, but also in July and- Lugust when they con-

stituted- a 69 and- 3O't" øy wei6ht of the food. iterns eaten" In-
sects were eaten by perch ttrroughout the season but were only

of relative importance by buJ-k in Jnne when perch fed- heavily

on j-mrna.ture d-iptera. Perch consrxned. fish throughout the seasoT]

but wnil-e tney occurred" infrequently in the stomachs u the con-

tributions in terrns of weight was significarrt rn July a"nd,

August (:g and. 60% of the total weight of stomach contents
l\respectively). Crayfisrr were taken infrequently as food- items

cluring the season and. were of relatively mínor importa-iece to

the d-iet,

Results of chi-square tests anLong and between successive

months for the occurrence of food. ite¡rs in juvenile perch

stomachs are presented- ín Jable 3. the hypothesis that there

were no si6nificant d.ifferences among rronths was rejected. for
al-l food- organisms (p < 0.05)" H,owever, both significant and.

non-signifícant results vvere obtained- l¡etween successlve months.

For exam;ll.e, the occurrence of amphipod.s in juvenile perch

stomachs was statistÍcally d.ifferent for comparisons between

Jrrrre and. July and- between August and- September q 3 = 8.638

and- l-8,050; P ( 0"05) while irot d-ífferent for the comparíson
.r^^-+-,",^^- T.,r -. , t\l 2 

- ^ ôe,1. rj \ ^ ¡- \PeTween durJ aILd" August tr( 
" 

= U.ZöU; y ì U'UÞ/. Ille occur-

rence of fish ì-n perch stomacns was significant only betu¡een



I'ig"12 Seasonal chtinges of the percentage occuruence

^€ ¡r'.inr fnnÄ i-l-amc in ìrrrra¡j-l p nefffh stOm-v¿ 4cdvr rvvu !uvruu d4vg¿¿rr-u yu!vJr uu

¿ehs ,lilf ii,l .., I Ozn l\r'"'- l^^-- qhnrra ¡an'l-o-n r']gg_llwo Ltr,/_rlllJËr-Þ o"Uvv u _Lt,UUdJTõ

ind-ícate tire percentaåe by weight.



P
E

R
C

E
N

T
 F

R
E

O
U

E
T

{C
Y

lu
ôo

oo
Õ

L c z m

oF
 o

cc
uR

R
E

itc
E

o o

o m T { m 3 tD m Ð

ti {:
1

eÂ
)

ii



'Iable 3,

. -64-

-desul-ts of chi-square analysis desÍgned. to test
for si6nifi-cant d-ifferences among and- between
months :flor the occurrence of rnajor food. organisms
ín juve_iLile .yellorv percn stomachs , L970. Among
montnsff I (p = 0.05; 3 df) 

= 
7.Bl- and- between

inonthsX t (p = 0"95; +f = I) = 3.84. .(.rlure (r);JuIy (rr)Y ausust (fff ); Septernber (rv).

Food orsanisi n= T 
rolnffi:"'

c¡,/
Å

2* betvveen months

r-rI II-III III-IV

/r'mnl¡i nnAq.ruuìrrtr}J v uu

Gammarus

ilyalella

Clad-ocera

llr.¡rrfi sh

Fish

Sticklebacks

Perch

Insects

Diptera

l ? 
^'7tr.xJJ è ./ T /

IL.7 67x

46 "727x

LO4 " 463x

7 "B:.4x

B " 264x

L7 "L64x
-ì Â ))qxLe o /L/

16. Z5ON

22 "L94x

B " 633N

4 " 326N

L6 " 3z9x

50. B39x

0.286

0" 320
-r Rrl

1. 00r

4 " 567x

fl-. gBON

0. 280

0"817

0.250

N"C.

I - l5¿

o "026

11 - 22LN

6 "tz3N

o. 413

0. 344

18. o5ox

2. gr_B

fB'906*

41. eoox

f, 350

5 " 6tox

3.692

0.015

0"406

o. 639

Ni alJ'IoVâ

*=

c ornpari s on 
"

0"05

ItIo

P(
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August and. September q 3 = 5"61-0; P( O"05) whil-e significant

d-ifferences for insects lvas found- to occur only between June

- ,\/2 ^ô^ -/ ^ ^-\and. July lr{"; = l-l-"9öO; P( 0.05). Despite the significant chi-

squ-are value f or comparisons among months, the values between

successive months n/ere not significantly d-ífferent.

Seasonal changes in mean stomach content weight per irnit

ad"ult perch weight and- in the frec¿uency of occurrence of perch

with stomach eontents occurred. (¡'ig. 13)" The d.egree of stom-

ach ful-ness d-ecreased d.uring June, increased- again in July 'but

d-ecreased. in August. The hypo'chesis that there was not a sig-

niflcant d.ifference among sampling d-ates for the d-egree of stom-

ach fulness was rejected.. The chl-square val-ue obtained. from

the l{ruskal-V{al-l-is rank si.¡m test was L9"273 (p< O"05). Based-

on results using the lVil-coxon rank slim test the hypothesis

that there was no significant d.ifferences among sampling period.s

for the d.egree of stomach ful-ness was rejected. for comparisons

between June B-9 and- both of June 22 anù August plus between

Jirne 22 and July (respectively Z = 2.09I, 2.467, 4"429; P(0"05I'

The percentage of perch with empty stomachs d.ecreased. from

June to August. Chi-square, used- to test the hypothesis that

there were no significant differences between monthsu were sig-

nificant for comparisons between August and" both of June B-g

'q/ 2 - ^/aand- June 22 (Å; = 6.061-u 3.948; P 10"05).

There xvere seasonal changes in the occurrence and weíght

of major food- organi-sms in adult perch stomachs occumed- (FfS"

l-4) . For instance, clad.ocerans were eaten by ad.ult perch only

in l-ate Jr.rne and- Augustu and. constituted. only 6 and.Z/"respectively



Fig" 13 Soaqnnq-ì ^hÐh Lêq nf nroqrn otOmaCh COntent Vrrei ¡"htvfr(.u¿õvu v¿ ueu4r Ðuvr[cluI¿ uutruEI.LU vrurõJru

per Lulit fish weight for ad-ult perch during

!969" ri{umbers in parentheses are percentages

of empty stomachs. Vertical- bars índicate

the range; paralJ-el bars indicate confid.ence
- /- ^ ^- \l-ntervals ff = U,92).
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tr'ig" L4 Seasona,l changes in tire percentage occurreri.ce

nf r,rqinr. f'nnrl items in ¿.d"Ult nerch stonra.Chse -yvr v¿r

d-uring L969. I'[r,unbers above recterrgles are

percentages by weight.
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of the d.iet by weight. rnsects were eonsr¡ned. by most perch

in June when immature d-ip'uerans comprised 52% af t]ne d_iet by

vueight, but v{ere of d-ecreased importance in July and August,

amphipods were taken as food. by most ad-ult perch over the

season, but onì-y constituted. an i-mpor.tant food ite¡n in early
Jwre when they mad.e up 7L/. by weight of the d-iet. The con-

sr.mption of fish and. crayfish by ad.urt perch increased_ over

the surnrtrer. The percentage by weight in the d-iet reached_ 49

and, B4/" respectively for fish in July and- crayfish in Äugust"

Results of ehi-square testse among and- between successive

months, for the occurrence of food- items in ad_ult perch stom-

achs are shown in Tabl-e 4" The hypothesis that there were no

significant d-ifferenees among months was rejeeted. foz= al-l food

organisms except Ga.nmarus where P < 0.05. Howeveru both sig-
nlflcant and- non-significant resul-ts were found. to occur bet-
ween successive months" For exampfe, the occr-Lrrence of amphi-

pod-s in perch stomachs was only significantly d-ifferent between

Jr.ine B-9 and. Ju:re 22 ff| = 11 "235; P ( 0.05)" The occurrence

of d.ipterans, flsh and- crayfish in ad-ul-t perch stomachs was

only slgnificantly d-ifferent between Ju{re 22 and July q 3 =

7.093u 9,564u 5"l-9I; P (0.05). Despite the significant result
obtained- from comparisons among months for other insects no

signifieant d.ifferences were observed. to occLLr between success-

Íve months"

For both ad_ul-t and. juvenile perch the range of stomach

content weight to fish weight ratio was much greater than the

O "9, confi-d.ence l-imits.



'Iabl-e 4" -C.esults of chi-sc¿uare a.nalysis d"esigned" to test for
signíficant d.ifferences aÍrong and- between su-ccessive
months for the occur"rence of ma.jor food organísms in
a{u}t yellow perch. stornachs, L969. Among rnonths,,

X' (P = 0.05; 3 dfj = 7.Bl- and_ between rnonths Z :(p = 0.05¡ r df) = l.B+. (June B-9 (r); Ju¡.e zz'(tt);
July (IIII; Äugust (I'f J.

1ì'ood- Organisrns
f fr betvreen months

T 2 
,7^o',srnonïrrs I-I] II-III III-IV

Änpiripod-s

Gamrnarus

Jrrql al'l .q-Æ.
C].ad.ocera

flrqr¡f i c lnvL qJ

I'ish

Stickl-eba,ck

Perch

Insects
lìr hf âFDs¿P uer q

L4'7zgo

1 - 6A_7

68 " B46x

28 " 4\gx

LO " 229

?L^A.11x

1.7 " l-40x

B. 3tPN

r0. 550x

19. 900*

11.235x-

4f. 38ox

B " o54N

o.482

0"592

o.592

N. C.

r.227

1"0r1

0"103

0.o75

L4 "707x
Ã lol ,(
J ø -qJ!

o tr.ÂAx
JO JVA

5. z3¡N

4 " 000x

r.432

7.093x

0.004

Ã nntrl(

2. OL7

o "r25
v"¿oY

0. 300

0"0u
o"472

0.0002

c ornparison

o. 05

No

P<
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ïhe variation may be attributed to different
levels of daily feeding aci;ivity a.nd d.iversÍty of the food-

i tems eaten. ltre nean values of stomach furness niav be con-

sid.ered. as und-erestimates of actu-a1 val-ues since a:r i.rrcertain
fracti-on of percn may nave been colrected prior to feed.ing and

after feed-ing with partÍally d-igested_ food" remains in their
stomachs" As previousry mentioned food_ items were found in
adult perch stomachs whi-ch¡ âs judged. by their state of diges-
tion, were consumed- prior to the netting experiment. Ïhe per-
centage lry weight consumed. d-uring d-ays prior to sampling in-
creased from early Jr¡ne when al-l- food- items were eaten d.uring

the sarnpling d-ate to August w]:ren JZdþ of the d_iet (crayfish and

fish) v/ere eaten on d-ays previous (tarte il" rn contrast, it

Si.r.mmary of average stomach content weight per fish
,,.,^i^t"+ -F-^- ì(.
ïy*6.'u rauru.-)69 d-ir¿fnal 11gtf-incc fnr" I \-
¿) perch wrth stomacn cont"åtåiT=¡j"íå""i'-i+i F:äi"t
consumed- d"uring the netti-ng period; and_ 4) perch with
food. consr¡ned prior to the netting period..

rìc4_^ ilo. of fa Enpty
)JCLUY -Perch Stonacns

þ of stom.
wt. from
previous
d-ays 1234

June
B-9

Jr-me 22

July
r..-..^]-¡-uér¿s u

22"6

ôQ n.Qø I

?o /l

L7 ^1

0.0

^tr

24. 4

3f.6

4O o"00542 0"00700 0.00700 0.0

0.00348 0.00493 0" 00490 0.00003

0.00536 0.00885 0.00673 o.0o2r2

0"00360 0"00681 0.00466 0"oo2r2

B7

-/1

5l
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Tvas observed- that food. items in juvenile perch stomachs were 
e

for the most part, those whÍch were eaten d_uring the day of
sampling. rn Julyu the digested- remains of one crayfish and_

in August the partially d.igested- remains of one perch were

foirnd". The weight of these food organisms constituted. l-ess

than one per cent of the total-"

Resul-ts of simple eorrel-ati-on analysi-s showed" that
changes in the percentage of ad-u1t perch with empty stomach

over the season was significantry correlated. with both water

temperature and- average daylength (respectively r" = O" 9824,

0.9871-; P < 0"05) whil-e stomach ful-ness showed- no correlation
with either temperature or average d-aylength" Although not

significant 1f ) O.O5) seasonal changes of the perrentage of
juvenile perch with empty stomachs were d.lrectly rel-ated. to

water temperature and average d-aylength while the change in
stomach fulness was inversel-y related.

Comparlsons of Perch Food- I{abits Between Years, Locations and.

Depths

Similarities and- differences in juvenÍIe perch d_iet were

forrnd. 1n both l-969 and" 1970 (Fig. 12 anù 15-A) but because

samples were small in l-969 only the major components can be

eompared", fn pereh caught during June u clad-ocerans and. irruna-

ture d.ipterans were eaten in simil-ar proportions while anphi-

pod.s were absent from the 1969 sample " IViost perch caught in
early July u J-969 had- eaten immature d.ipterans and- to a lesser

extent cl-ad-ocerans while most perch from l-ate July l-970 had"

eaten anphipod.s and- no stomachs contained" cl-ad.ocerans" The



Fig. L5 Percentage occuruence of major food, items in
juvenile perch stomachs d.uring 1969 (¡) " Com-

parisons of food- hablts between locations (B and.

C) and- d.epths (l) for juvenile perch d.uring Lg|O"

Nr.¡¡rbers above rectangles are percentages by

weight "
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proportioris of perch feed-ing on arnphipod_sp irnmature insects

anù cruyfish were sirníl*ar in both years for earry August

1969, and" nicl-august r97o. Food- items eaten by perch in l_ate

Äugust L969, vvere simil-ar to those of perch fr.om early Septelrber

L97o, when perch consr¡ned. cl-adocerans, amphipod-s and_ immature

d-ipterans but tite rel_ative percentages differed."

rn July 1970, the proportion of juvenile perch feed-ing

on tlya]-ellau Ga¡marus_ a¡rd irunature d"ipterans in Basin rfr,
where the dorninant vegetation was Fotamogeton and Ranr-inculus,

and Basin I, (¡'ig. 1), where the dominant vegetation \Àras Qhgr_?u

were símilar (¡'ig. 15-ts)" Differences vfere onry evident for
the food. items eaten 'by reratively few perch such as crayfish
ancl fisn" rn septenrber, the proportion of perch feed.ing on

cla.d.ocerans, anphipod-s and, immature d-ipterans were similar in
tsasin If and- IfI where the d.ominant vegetation j-n both l-ocations

was chara and- Potamogeton (¡-le. 15-c)" Results of chi-square
analysis d"esigned to test the hypothesis that there wer:e no

d-ifferences in the occlrrrence of food items in perch stomachs

between l-ocations v¡ere not significant (p> 0.05). ,IhÍs suggests

that the minor d-ifferences in the proportion of perch feeding

on varíous food. items couLd" be explained by chance and_ not

realized- as actual- d_ifferences between l_ocations.

'Iwo comparisons betv,¡een areas for ad"ult perch food habits
were carried- out during 1969 but anarysis vuas done on pooled

sarnples rather tha:r individ"ual- fish. For this reason only

comparisons of the ind.ivid-ual f ood" íterns can be mad-e, In Jule

the pereentage contribution to the d_iet of 15 perch sampled"
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in BasÍn r for aniphipod-s, crayfish, d-ipterans, other insects

and- fish were l8o 23, 9u L4 arrd JLþ respectívely. 'Ihese

resul-ts compare favourably with those collected- in at the same

time in Basin II for the d.iurnal netting experiment (pie. 14).

l1owever., clad-ocerarrs were absent frorn the Basin r sample" fn
/,....'^-{- +l^^rar¿óL¿Þu uuu ¡rulCentage contrj-butiOn tO the diet Of t7 perch

col-lected in lSasin fII for clad.oceran"s, amphi_pod.s, crayfishu

insects and- fish vr¡as l-, 43, I4a l0 and 2)þ respectively, This

again d.oes not d.iffer greatly from the results at the same time

for the d.iurnal netting experirnent (¡'ig. 16). Any apparent

d-ifferences coul-d. be explainecl by the snaller sample sizes

where variation nay be expected. to l¡e great. Of interest here

is,that the major components of the d_iet v\iere represented. in
both samples and, in approximately the salne proportions"

the results of stomach analysis carried out on juvenile

perch, 1970, caught at d-ifferent d.epths are shown in Fig. f5-D.

Perch caught between 0 and. 5m fed. mainly on rlyalella and to

a l-esser extent on Gammarus and. sticklebacks" In contrast,
perch caught betvueen 5 and. 10m fed- largely on Gammarus and_ to

a Lesser extent on u.yaleI1a and lmma.ture d_ipterans. Ðespite

these observed- d-ifferences the resul-t of chi-square tests

failed- to reject the hypothesÍs that there were no differences
j-n trre food- iterns eaten at d-iff'erent d.epths (p > 0.05)" This

suggests that tire observed- d"ifferences may be explaíned by

cLs,ance l¡ut the small sampl-e sizes xnay rend"er the test insen-

sitive,
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1ì.el-ationship l3etr¡¡een I'eed-ing and_ Size

stomach content weignt increased. per i.init increase of

fish length to the power of 2.366" llhe result of a t-test,
used" to determine if the observed. increase vvas in d"irect'oro-
portion to fish weight by comparÍng the cal-cul-ated exponent

to an j"d-ea1 exponent of J.0, was significant (t = Z"QIBç

P< 0.01; l3d.f ), This irnplies that stomach content weig'ht

increases with fish lenstn and. hence fish weight but not in
Ä'i ran* nrnnnption to the latter. fn other words - I nr.ar ri ohvr¿vv u¿v¡r uv ufrv !øvvv¿ s +II vuJ¿ur vvv¿uËt !ørÈ!E,l_ l__LÐlI

on the average i1ave proportionately less in their stomachs

than srnaller perch. For exampleu from the equation in Fig" 16

a perch 70 nm in length (+.r *¡ would. hrave an average stomach

content vueight of 0.Or25 (gfla C.I. t 0"0442) and the ratio
of stomach content v'reight to fish weight of 0.0128, In con-

trast a perch l-90 nm in length (g0.0 g) woul-d. ha.ve an average

stomach content weigÌtt of O,5IO g (gn"t" C.I. + O" O44g) and a

ratio of 0"0056" Further, these ratíos correspond. wel_l to

the d-egree of stornactr ful-ness in Fig. ! and l-l- respectivery for
juvenile and. ad-ul-t perch,

Since the kind-s of food. organisms consumed by perch varied-

arnong months and. possibly between years E àf analysis of the

food- habits with respect to fish size was done for each netting
experiment. The percentage occurrence and r,'rei-ght of major

food- items eaten by juveni-Ìe perch d-uring I97O, grouped. into
one cm lengtit intervals for those Ín which sufficient numbers

of perch were sampled., are shou¡n in Fig" 17,



FrS" 16 Rol ¡ti nnshi n between stOnach content v¡eipht ancl

fork lengtir for all- perch with stomach contents

collecied_ d_u_rln'¿ L969 and l_970
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rIÈ<'ô Ll Changes in

food- items

d-uring L97O

bers above

weight,

the percentage occurrence of major

with size of juvenile perch col-lected_

d.Íurnal- netting erperiments" Num-

rpoinrr.ol e s 'i nd'i e¡iê nêr.r'antar'cq l¡r¡yuf vvrr uurõ\d uJ
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clad-ocerarls lvere consumed. by proportionately more perch

in Ìength groups up to 99 rrun th¿"n by larger. fish in the Ji-.ure

sample (¡'lg" 17*A). 'rhey decl-ined both in freorue.ncy of occur*

rence and- in relative bul-k of the d"iet for larger perch. rhe

two species of arnphípod-s were corrsi-lned. by perch over the entir"e

size range exanined-. i{yarel}a vvere eaten ]ry perch l-ess than

90 rr.:.rL long while Ga¡unarus lvere eaten more frertruentl_y than

Fyal-elta by percn 8reater than 99 nlrn in length and comprised_

the greatest bulk of t¡re d-iet of perch ronger than l-09 mm in
length" rrunature aquatic lnsects were eaten by all sizes of
percn vvith no general trend-s evj-d-ent, perch were eaten rela-
tirrely infrecluently by perch of all- sizes but constituted
the bulk of the diet for perch from 100-l-09 mm in Ìength, The

percentages of perch with empty stomachs remained. relatively
constant over al-l- length i-ntervals.

of the two species of ainphipod-s consumed by perch d.ur:ing

tne July nettins, Gammarus were eaten by proportionately rnore

and- H,yal.gl-þ by fewer percfr as Ìength increased (pig" lT-B).
rheir respective contrilcutions to the total weight of the

stomach content cherrged accord.ingly. tr'ish and immatr.r_re aq:ua-

tie insects were eaten by perch over the entire length rarÌge

exannÍned- i'r¡ittr no d-efínite trend-s evident. tr'urther, no appa-

rent d.ifferences were observed- in the percentages of perch

in the various length intervals having empty stoma.chs,

During tne Au3ust nettins period. (filg. tT-C), anrphipod_s

were fouvrd. to decrease in their rel-ative occurrence with in-
creasing length of pe:'ch while their contributlon to the bulk



-79*

of the cliet remainerl r.elatively constant. I¡ish were earen

by proportiona-Lely ilore perch as lengtir increased. lcut their
percentage by weight d.ecreased-" Cr'ayfish and. im-mature au,uatic

insects occurr.ed. infrecluently and- d-id" not show a.ny rength

related" trends. The percentage of perch with empty stomachs

remained. relatively constant over the lengths examined "

Cl-ad"ocera,ns v\rere consumed in the September sample (¡'ig.
17-ÐJ by rnost perch in each length group and" constituted. the

greatest bul-k of' the d.iet, ìrut their contri-butj-on d.ecreased-

in percn greater than 99 m:n long. Immature aquatic ínsects,

fish arnd. a:npnipod.s were eaten by perch l-ess than l-00 inn. cray-
fish were consumed- by perch longer than 90 um and. constituted_
-Lhe bu].k of the diet Ín perch 109 lnm and more in length. Among

perclr less than B0 ¡nro lon6 2j" of the stomachs \iïere ernpty while

in perch l-onger than 89 mLn 42þ of tbe stomachs yúere empry.

The percentage occurrence and- weight of major food- items

eaten by ad-ult perch duri-ng 1969, grouped_ into two cm length

intervals for those in which sufficient m¡lbers of perch were

sampled are shown in !'ig. l-8" I\o apparent díf'ferences vvere

found in tne occurrence a-nd- v'reigirt of food- i_tems eaten on

Ju:re B-9 by perch between the tvyo length intervals analysed

(¡'lg. IB*ft) " -the percentage of perch with ernpty stomachs

was 9 for' perch from I60-U9 rnm and_ 33 for perch from tBB-

199 tnm.

In tne June catch aniphÍpod-s and- clad-ocerans v.'lere eaten

by proportíonately fevuer' perctl- as their length increa.sed_

{¡'ig, 1B--B), rly.al-el-la vrere only eaten by perch belovy L59 'nrn



Fig. IB Charrges in the percentaSe occurrence of major'

food. items with size of ad.ult perch coÌlected,

d-uring L969 d-rurna"l netting experiments. Num-

bers above rectairgle ind-icate the percentages
'l^-- '"'^; .,.1^ +uJ Yvu¿órr u.



N
¡d

'o
õ'

Ù
+

o'
oõ

oo
oo

oo
oo

oo

il ili
: Ë il

P
E

R
C

E
IIT

 F
R

E
O

U
E

N
C

Y
 O

F
 O

C
C

U
R

R
E

N
C

E

I 
t 

I8
8

c. c -
Þ

m o I to

33
8B

E

+ o I (t (o

1| o *E r-
I

m
\¡

ã(
o

{ ¡ 3õ 3o
õ (o N o o I



-81 -

while cl-adocerans were only eaten by perch below L79 ru¡..

Jncreasrng proportions of i¡nrnature d-ipterans, dragonfly nymphs

¿'ind- fish ì/vere eaten as perch length increased." Diptera-ns in-
creased- in relative weight in the d-iet witn increasing perch

size and corriprised the rnajor portion of tne d_iet in f-i sh oveï,

f99 mrn in length. rn contrast, d-ragonfly nymphs conprised. the

bulk of the diet for perch from 140 and f59 mm in length. lhe
percentage of percli with empty stomachs renained_ relatively
constant arnong length interval_s.

rn JUJ-y, Gar¡rmgqr-r.Ê were consumecl ì:y approximately equar

percentages of perch of arl lengths but on]-y constituted_ an

irriportant part of the d-ie-b of perch greater tha.n l!! min in
length (¡,ie, 1B-0)" ¡Iyafel-la were only eaten by perch }ess

than L79 rrnn in lengtti. rmrnature aquatic insects were ea-Eeïr.

by perch over the entire rante of lengtrr-s investigated. and,

with the exception of d-ragonfly nymphs in perch fron l4o to
L59 rnn lon¿;, d-id" not constitute an irnportant portion of the

d-iet by v'reight, Fish vvere consumed" by proportionately more

perch from 140 to l-59 mrn long and. comprised the greatest bulk
of the d.iet in fish fro¡r l-40 to l79 mm in length" crayfish
v'iere taken as foocl by a J-arger percentage of perch over 1?9 mm

lons. rn these larger percÌr they constituted" the rargest
contribution to the d"iet by weight. The percentage of perch

with enpty stomactrs v\ras greatest in fish over ]99 mm in tength"

clad-ocerans constituted. a minor portion of the clÍet by

weight (¡'ig. ]B-il) and- were only eaten by perch ress than l_Bo nm

in length" arrrphipods vvere eaten by pro"oortionately fewer perch
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as length i-ncreased- and were not present in the stornachs of
perch greater tlian 179 rua long" fnunature aquatic insects
occurred- infrec,uently in perch stolnachs over the size ran¡ie
i -r,^^+; -,+^-1ur.veburð¿1ueu- â¿,ld. only dragonfly nyniphs comprised. an irpo"i*t
portj-on of tne d.iet of perch longer than r99 mm" Fish were

taken as food. by perch in all- lengtli intervals and comprised_

the greatest bulk of the d-íet by welght for" perch r.anging in
length frorn 140 to r59 nn" crayfisn were consuiaed_ by grear.ter

rrr.¡¡nJrers of perch and. comprised- the greatest proportion of the

diet by weight for perch J-onger than 160 mm. lhe percentage

of percir with empty stomaclr d-ecreased- with increasing length.

Gastric DÍgestion rì.ates

curves ind.icating rates of gastric d-igestion in adurt

perch were fitted- by eye to the d.ata fron two experiments

using amphipod"s as food, and from single experiments using

stickl-ebacks and. crayfish as food- (l'ig. 19). variation among

ind-ivÍd-ual perch was great" rhis is especially evid.ent in
the results of trre experitnents using arnphipods as food- r¡rhere

the varíatj-on increased- with time" A single curve vvas fitted_

to the d-ata from the arnphipod.s experiments because values

obtaj.necl from the tvuo experirnents were simÍlar. The d"egree of

digestion increased- as an apparent ].inear fi.¡nction rvith in-
creasing tine of resid.ence in the stomach. Digesiion of the

softer ventral parts coûrmenced almos'c imrnediately. After four
houz's, d-igestion of these ventral parts was extensive, r¡¡ith

loss of exoskel-eton plates and. appendages but the animals



Fig. 19 rtì.,ôGTl 
^hvL1c:ve

c ond-uct e d.

1970.

rate curves from experiments

on ad-ult perch d.uring L969 and.
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retained their general bod.y for.m" After sever.l hours bod.ies

ïr,eï-'e fragrnented. but stil-l- recogni za.bLe. After nine hour"s the

stomach contents vvere composed- of a rnulch of exoskeleton and.

fluid " Passage ínto the intestine coiltmenced. between three
and. five hours after ingestion" Àt first, urhole individuats
vvere passed. into the intestine but, J"uring later stages of
gastrÍc d-igestion fragments v'/ere passed. into the intesti.ne,
Avera.ge time to 50 and- jJ/o d:-gestion were estlmated, to l:e 5.j
and- l-0" 5 hrs respectively.

!Ir-e percentage d,igestion of sticklebacks tended, to in-
crease in a curvili-near manner vr¡ith time after an eight hour

lag d-elay period- (¡'ig. 19)" After eight Ìrours, skins \ryere

partialÌy removed and ínternal organs exposed," After 1þ hrs
the skin had- d-rsappeared- the head and muscul_ature of stickle-
backs were considera.bly d-igested" Passage into the intestine
vuas noted after 19 hrs. After 28 hrs the fl-esh was separated-

from the backbon.e a"nd the state of d"igestion was ad_vanced.

After 38 hrs a mul-ch of skeletal structures and. fl-uid remained,

Average tines to 50 and. )J/o d:-gestion were estimated- to be

20"5 and. 36.0 hrs respectively"

sirnilarly, tne percentage digestion of crayfish with time

tend-ed. to be l-inear after a l.ag phase (¡,1e. 19)" Ihe lag
phase v\ias more pronounced" than for sticklebacks but the period_

of rapid- d-igestion was paraller" of the twelve ad.ult perch

fed. crayfish, four re¿urgitated.; theref oree d-ata from these
r , ,il ¡..L

fish r¡rere d-isregarded-" RegurgiÞtion apparently occurred. at

various tlmes since partì-al-ly d-igestecl remains were forrnd. in
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two cases. After six hrs d-igestion \¡/as sright. Only appen-

d"ages and anteffia,e were rost, ,^'fter L6 hrs the exoskel_eton

v\¡as soft ¿urd- the abdonen partly d"igested " Furthe:r softening
and- digestíon of the ventral su-rface was evid-ent after l2 hrs.
i-fter {Q ]nrs the bod-y of the crayfish was fragmented and_

digestion of all- parts was extensive. pa.ssage ínto the intes-
i;ine was noted- at this time" tr'urther fragmentation and- cliges-

tion was observed- after 55 hrs with passage of appendages into
the iritestine, After 64 ]nrs the stomach contents constituted
a mul-ch of exoskeleton and fl-uid. with the presence of a large
portion of a. crayfisir abdomen in the perctr lntestine. Approxi-

mate times to 50 anù )Jl" d-igestion were estimated. to l¡e 36"0

and" 56.0 hrs respectively.

stornach content d-epretion cl-rrves, fitted. by exe¡ for juve-

nil-e perch (Fig " 20) inaicated. that the relationship between

stomach content weight per unit fish weight with tirne was cur-
vilinear in all- three experiments. variation was initially
gr"eat since perch utilized- in these experiments had_ various

amor-rrts of food in thei-r stomachs as a result of differenr
levels of feed-ing activity pri-or to capture and. different food.

items. rhis variation, however, d-ecreased. with time and became

ver.y srnall as perch stourachs became empty. Äftei: clata were

converted- to natural logarithms it ¡¿vas for.ued- that nea,r the end.

an experiment points d-eviated. from a straight l_ine as the

mxnber of enpty stoinacis increased. 'Ihese d-ata rr¿ere not incl_ud_ed

in analyses" fnstantaneoÌ.r.s rates of d_epletion were -0"L+z
(: 0.010), -0.L22 (t 0"0f5) and. -0.064 (t O.006) respectjvely



Fie. 2Q Di.est'ì on rzte CUfVeS

corrd-ucted on juveni-1e

from axnori rna4f,g

'narâr.h Ärrri-nr, -l 07Ô.Ye¿ v¡i u4r rr¡ó LJ I v â



t--
E
rJ)

E
È
I

Ê.

tz
f
E,
lll
o-
Þx
r0
UJ

>
F
z.
lr¡t-zo()
-r
(J

ã
ot-
U'

o.o25

o.o20

o.ot5

o.olo

o.o05

o.o?o

o.ot5

o.oto

o.oo5

o.o25

o.o20

o.ot5

o.oto

o.o05

-86-

f5 2Q 25

HOURS AFTER CAPTURE

JU NË t5c

I
lrl

i\Tf In w = o.o 23 - o.t42 T

I lirI \rTr-ij{f,
{'j-l*,-____l_r

JULY 20c

TTl:l¿ 1-l-
ln W= O.Ol5-O.t22T

T
I
rl fl"i I___T

\I
SEPTEMBER 13 C

c

1\
\T1l\l¿,quîii,_î..,

f.i\T TI l\i__r i\çl-.:1--:
to 30 35



*87:

frorn the three experititents, Calcul-ated. tímes to 50 and, 957"

digesbion, for a constant intercept were folmd- to lce 5 and 32

hrs fo:: the Jr¿ne experinent u 6 a:rd- 38 hrs for the July experi*

nreni a/rd- lI and" 72 hrs respectively for the Septenber experi-

ment 
"

'Ihe resul--bs of an analysis of covariance, d.esigned- to
+^^+ +r^^ l"rr'.nf,þgsis that there lvere no sipnifjcant clifferencestr(,ÐlJ UIfÜ lrJ}JVUItçÈ¿Ð ulløv u¿ruru Ívç¿g ¿¡v P¿õrrJr¿u(Æ¡u s¿a

in slopes betvueen experilaental lines ind"icated that no signi-

ficant d.ifferences existed" between the sl-opes of the June and-

July experiinents (t" = 2"149; P ) 0.05) lut the slope calcul-atetl

frorn the September' experintental clata vra.s significantly d-iffer-

ent fr"orn both,Lrre and- JuIy (respecti.vely: F = 148.240, f9.320;

P ( 0"05)" Soth the temperatures and, components of the d-iei

d-iffered- in each experiment and. riay ìre considered major factors

governing the d-igestion rate in each experiment. In the Jr.r-ne

experiment, cond-ucted. at 150, clatlocerans cornprised. 32"/",

anphipod-s 34þ, insects L"lta anù f:-sTt LZ/o of the total- stomach

content weíght" lrnphipods com.orised. 69/", fish 2i/' and" cray-

fish 77" by weight in the July experiment cond.ucted- at (f¡ C),

clad.ocerans constitutecl 6916, arnphipods L27;, crayfÍsh Lll" a,nð,

fish 11, of the total d"iet by weight, Fish size d,id" not va,ry

greai;ly between experiments and. is probably not a ma.jor factor

mod-ifying d-i6estion rate in these experimen-bs.

DaíIy Food- Consumption

Calculated- values of avel:age d.aily food- consurnptíon of

þoth the ind-ivid.ual food" species arrd- the total- of all species
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l-rrr irrrrani I o -e1"gh a1.e ShOUin in Tablev\

intake of each comþonent of the d-iet

lab]-e 6"

Sínce the d-aily

d-etennined from theír

6,

dstÍmated- average daily consurnption by juvenile
perch for both ind-ivid-ual and- total food. organisms
expressed" in units of wet weíght per i.rlit of fish
weight.

Áveraõe daily consumption

1'ood. Organisms Jurre u r¿-LJ ^-- ^---!f!L¿Ër.,r_Ð r, Sanl: om-ho-n

Clad.ocera
Gannmarus
æffi
fr*¡-.f -i ¡ hvLaJ-LJÐrr
Diptera
Other fnsects
Perch
Sticklebacks

O. OOBBB
o " 00662
0.00304

0. 00304
o.00282
0.00071
0. 00209

0 " 00796
0. 01599
0 " 00020
0 " 00006
0 " 000u
0.01040

0" 00261
0" 00643
o " oo224
0 " 00006
0 " 00089
0 " 00923
0" 00933

o"o274I
0" 00304
0. 00r-33
0 " 00387
0. 00010

0 " 00046

o "027 43 0 " 3478 0.03079 0.03621

Total- l, of bod-y
weight 2"74 3. 48 3. 0B 3"62

rel-atj-ve percentage by weight in the d-iet, food. ítems with a

slow rate of d-igestion vliere overestimated. whíIe those with a

fast rate of d-igestion were rrnderestimated-. flowever, the

relatíve d.j-fferences are evid.ent. In June, the average daily

consr.unpiion was 2"741b of bod-y weight per d-ay with clad-ocerans

arid, amphipod-s comprising the bul-k of the food. intake. Val-ues

lvere 3.48 and. 3"OBþ per d-ay for July and Augr.r.st when fish

and. anphipod-s comprised. the greatest bulk cf the d-iet, In

September, when the d-iet was largely ssml'rosed. of cl-ad-ocerans,
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the averaðe daily consr.rmption was 3"62% of body weight per

day.

comparisons between cal-orific intake per. d_ay calculated
from the cal-orific ec¿ulvalents of the various food, 'items a:rd-

possibre level-s of metabolic expencliture (cal/ð_ay) are shornm

in Table 7" These resul-ts suggest that the d-airy metaboric

Tabl-e 7 " Comparisons of calculated. cal_orifi c intake to
possible l-evels of metabolic expend_iture forjuvenile perch.

Lionth
Iitean
I'i sir

!¿t " (s)

DaÍty Daily
fntake Intake(e) (car"/duy)

irletabolic Expen-
. d-iture ^r (cal "/aa:r)¿Tomn

É=0.30 6=0.IBI

June

T,. I -,u urJ

^",,,."^+J!L¿È;L¿Ð L,

q^^+^-1l^-UE}J UçrlrvÇr

0. r5j6

0.2352

o"z74o

o. 1847

L40 "7

181"7

234.7

165.r

Ã r-l

Ão

Ât

u"0
8.7

2t_"1
11.0
18. 2
II" 2
13.0
o6

tlì l
^l

27L.2
I2T"2
268"5
r72"0
l-34 " 0

94. 2

l-21 "6
I Ol l

qr'\ a
1."\)

203"8
IOI. 2

'7/t )rIOJ

l_.

2,

The upper figure for each d_ate represents surface
temperature whereas the lower is the mea,n 0 ZO m
teinperature.

Val-ues vvere obtained- using two values of ú 
"

^vhôhÄ'i l.rrra 'VhiCh WaS aSSUmed tO be tr^¡ieethe resti np mer---hnr..i --,.vÂ]L vr¿s¿ uÉr v t vYrt¿vr¿ YYuu øuu@eu uv ¡€ Ulr¿v-E U¡lu r UU U¿¿¡ó tUÇ Ud,UU_L_LÞILI"

rr¡>q t;r.o>t.o-n +han tife CalOfífiC intake fOr srrrfano tom-vvsu ór uøuu¿ utLd'rL tJrrc L:arur-Jl-ru l-rJ.ualfe JO* "*,,.pefaïuf eS

but less for the average i,vater ternperature using \{inberg,s

(L9r6) ideal level of metabol-Ísm ( c = O.3O rc1 Or/S/nr) tor
Jlure, July and- Au6ust " The calorific intake apnroximatect
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meiabolic expend.iture for June, July and. Au-gust using surface

temperatu-res a:rd \üinberg¡s (tg>ø) tevel of metabolism for
yellov,r perch ( e = O.l-Bl inl- Or/{nr). dowever, in Septen'oer

the calorific intake was greater than metabofic expend-iture

in aII cases" In al-I comparisons using both l-evel s of rneta--

bolism and. average water temperature the calorific intake per

day vuas greater tha¡r the rnetabol-ic expend.j-ture using the

average vsater temperature.
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DfSCUSS]ON

SamPl ing Pro¡lems

llany assrunptj-ons concerning sampling could" not be met

in this stud-y because perch were not randornly dÍstributed.
Furthermore, distribution was varÍable accord.ing to season

and" fish size. choice of sampling locations, although ini*
tially selected- for sirnilarities in d-epth and aquatic vege-

tation, d-epend.ed- largely on the l_ocal_ abrurdance of perch.

,4. bias for perch feed-ing in the areas sampled. rnay have occurued

but canrrot be consid-ered. great si-nce comparisons between

areas (Fig. 15-B and. c) sþrowed- minor differences arnonð- aï'eas

in the major food. items eaten" The rel-atively low m¡nbers

of perch caugkrt in d-eep water and the steep-sicled nature

of most of the basins (p:.e" f) suggests that feed_ing by the

population vras neglígÍrole outsid-e the sarnpling areas. ft
is conceivable, however, that abund-ance, avail_ability and

diversity of forage species varied_ among regións of lvest

Blue lake d-epend-ing Lr.pon d-Ífferences in depthu suìrstrate and

vegetation" Differences in food- habits vuith respect to
d.epth (¡'iS" 15-D) 

^u,y 
not be consi-¡Lered. as a sou-ï"ce of error

for seasonal- comparisons since at alJ. ti¡aes nets covered. a

wid,e range in d.epth. Day to d-ay variations in the kind_s

and amouyrts of food- eaten by perch were not great. [his v¡as

evid-ent from samples caught in successive d.ays at the same

locati-on. Both the average d.egree of stomach ful_ness and.
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the kinds of food. items eaten compared. favourably. The

use of gilÌ nets, in this stud_y, resulted. in perch being

selected- by size d-epending on the mesh size used-. since

food- eaten by perch vvere found. to vary with respect to fish
size, the food- consurned- of perch collected by a particular
mesh size can only be regard-ed- as representative of that
segment of the population sarnpred-. Also capture rates d
perch by gill nets d.epend-ed- on activity of individual fish
and. their l-ocal- abrrnd-ance, plus presence of other fish
species" rn ad-d-ition, the avoid"ance of gill nets d.irri_ng

the d-ay was probably great since nets were rea.ditw r¡isibl_e

in sirall-ow water.

Despite limitati-ons imposed- on this study by problems

in sampling, the method-s employed- were those best suited- to
the l-ake and- the basic problems of this stud-y. Al-so these

d.ifficul-ties are inherent in most stud_ies of this nature but

tend- to be j-gnored or consid-ered. d minor i-mportance. (Keast

and- Vfelsh, 1968; Il[cCormack, 1970).

Diurnal- Feed-ing Habits

From results of d-iurnal netting experiments it was not

evi-d-ent that perch fed. at night. Examination of stomachs

in the early morning revealed. that the percentage of perch

with empty stomachs was generally high. Those with food_

generalry contained. iterns either consr.¡med. in the nrevious

day or that were just recently consumed..

Changes in both the quality and" quantity of food_ items
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êâiêl,t hr¡ r¡ol I nv,i nor-nh r¡.ror.'r¡ fnrr-nÄ tn rrñÉrçouer¿ wJ J ur¿vvv rJU!u* yÍu!ç ¿vøru rJ(J vcr_L'y over the d_ay. For

-[vvo reasons t ßo atteürpt v,/as iÌiad.e to test for d_ifferences in
the kind-s of f ood i teins preseni in the stor.rrachs of nerch

from the various tiine pei:íod-s u¡ithin cliu_rnal nettings. First,
food- iteuis which were only consrxned_ during one time period.

lvere still- present in the stomachs in successive ¡eriods.
Soanrrr'1 ,-lqr¡qnn qnÄ flrq¡r-hi'l- /-^-r\***.) _r*1 (t956J showed_ that as sarnple size

in.creases, cliver'sr'cy of food- i terns consu_¡red- increases. Thus,

the variability of the resul-ts increases with sarnnle size

wrtil this variability stabilizes at an ad.equate sampl-e size.
since sar,rple sizes \,vere largely l-imited by actir¡rty or abr.m-

d-ance of perch over the day, l-imitations may be imposed_ on

interpretation of the d-ata" Inad.eo,uate sampte sizes may

obscure dlfferences which might occl.lr between successive

samples or may lead to lvrong conclusions. rn this stud-y af,,r.

atteLnpt to increase sampre size vuas made by grouping fish
vr¡ithin tne o.iurnal- netting experíments" Despíte l_imitations
the resul-ts of juvenile perch d.iurnal netting experiments

may be accepted- as representative of feed-ing in nature since

sample sizes were grad_ually large and variations in d-iet

was small-" ifowever, with ad-ult perch results shoulcl be treated.

witir susp-i sisn since tire d-iet was va'iab1e (Uotn in size and-

species corriposition" some food iterns were eaten previous

to the nettrng period" a,ncl the sample si zes were general.ly

smal-Ier than those for juvenÍle perch.

It became ap;oarent that food. items j-n some months tended

to be eaten by perch at certain tj_mes of the da;r y,r¡11e otlters
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occurred- in perch stomachs throughout the day. Al_sou from

examinatj-on of 'uhe stages of d"igestion ít was posslble to

d.etermine if ítems v¿ere recently digested- or. not. [wo corl-

tributing factors to changes of food. items eaten by perch

over the ùay are d-iurnal d"ifferences in the d.istrÍbution
of perch and- changes in the availabitity of their food. or-
ganisrns. Schools of perch in lake lYiend.ota have been observed

to rrnd.ergo pronormced" onshore movernents during the summer

months at well-d-efined- feed.ing areas before sr.m.set and. to a

l-esser extent after sunrise (i{asl-er and. Bardach, l-g49)"

Hasler and- Vil-J-emonte (1953) showed that school-s of perch

broke up at sr.¡rrset and- settl-ed. to the bottom whe:.e they re-
maíned. motionl-ess. At sunrj-se perch rose from the bottom

and moved- out into d"eeper water. In thÍs studyu although

there lvas evid.ence for d.iurnal. migrati-on and. noctu.rnal in-
activity (¡'iS. +) the timing and- nature of perch movements

could" not lce detennined." Assi.uning that this migration

takes place in West Bl-ue lake food. items present in perch

stomachs at various times of the d-ay may reflect regions in-
habited- by perch prior to capture. For simplicity food_ items

eaten by perch were placed. into two categories. One category

includ-ed- clad.ocerans and" Chaoborqq sp. which may lre assumed.

to be eaten in open water, and- another ÍncluC.ecl benthic

insects, amphipods, crayfish and fish which may be assumed

to be eaten in l-ittoral- regions. lhese categories are ar-
bitrary and- are subject to d.ifferences in food. habits over

the season. V{hen one or the other of these categories



pred.ominated. in the d.iet, tittle ctrange in f ood_ habits over

the d-ay was observed- but vuhen a mixture of the two occurred_

a cnarlóe lvas evid.ent" rn ttre first category, when chaoborus

sp. occurred- in tne d.iet (tr'i-" g-A and- B) trrey were fowrd.

most frequently a^nd. in a freshly ingested cond_ition in the

morning when they constituted- a large percentage of the d_iet

by vreight. leraguchi and_ Northcote (1966) have sho¡¡ne that
chaoborus sp. larvae und-ergo d-iel verticar rnigrations being

nearer tlte surface at night, laRow (rg0g) forrnd. that pupae

of this genus emerBe at night. vúhen cfadoceraÍrs occurred_

in fho Äìo* trrr ur.,-c L^'-LU u rFig. 7-A and- D) ttrey were onty eaten in the
mnr lri nr =r¡d ê\¡êrìi n - 'hrr+ +huv¿rr¿¿ró .^ru uVd-rrJ-rr6 uuu rn-e d-uration over which they were

eaten extend.ed- further into the morning and. commenced earlier
in the evening" Bell- and v[ard (l-gll.) demonstrated that D.

'0u1ex, in vvest Bl-ue lake, r.md.ergo a typical d_iel verticat
mi-gration being nearer the surface at night. 'rhereforeu the
''raq{-ar ^^^ìì?reflce of food- ítems in the first cate¡rorórvØvvr vvv..Æ!çrrus vf -L\./\JLl IUglLlÞ J-II trfte __c¡_-V aR

the diet is presr.mabJ-y a resul-t of interactj_ons of pred_ator

aÏ}d" prey at certaj-n times of the d-ay when their d"lstributions
overl-ap "

amphipod-s will be d-iscussed- as representati_ves of the

second- ca.tegory since previous work has been d_one on them

in v'/est tslue L,ake. Briefly, arnphipod-s were present in perch

stomachs throughout the d-ay with larger nwnbers occuming

in the morning and. evening period.s. Biette (unpub" ) found_

i{, azt'eca and- G. lacustris to be most m.merous in the sharlow

regions of the l-ake where rooted. aquatic vegetation existed_.
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lileitrrer specÍes was forrnd- in great abund-ance below 4 m

and d-id" not sh.ow d-iel- variations in aburid_aff.ce and_ d-istri-
bution" lioweveru from personal observations and- the results

/¡ ^-^ \ ,of lvirz:.d-re lI959J suggest that a diel_ variation of abu_nd_ance

and- d.istribution may occur but this may be a seasonal- event"

Benthic aquatic insects, crayfish and_ fish were eaten by

few perch arrd- the stages of d-igestíon were too varíabl_e to
ascertain the time of feed.ing on them but it may be safely
assumed- that they were eaten on or near the littoral regions
/ - - ^/- \(EgsJ-eton, L952; tsuschemi, 196f).

Diurnal changes in the d-egree of stomach fulness were

generally bir,rod.al- with peaks occurring in the morning ernd-

evening" Peaks of stomach fulness for adul_t perch caught

d-uri-ng the suñmLer of 1969 (Fig" B) may not necessarily in-
d.icate tlme of feed-ing since they were often caused. by large

food. items, and- as judged by their state of digestj_on, were

consumed. at some tÍme prior to the netting experiment, Also,

the results of the l(luskal--vVal-l-is rar:k si.rm test d_id. not show

significant d.ifferences amorrg time period_s for these netti_ng

experiments. However, with ad-ult perch caught d.uring the

spring of 1969 (¡'ig" B-A) and- juvenil-e perch caught d-uring

I97O (¡'lg. ¡) peak period-s of stomach fulness may be re-
gard.ed- as period.s of increased- feed.ing activity. Evid_ence

supporting tnis hypothesis lvas the high d_egree of variation
in the amount of food- present in the stomach prior and

during these peri-od.s, the freshly ingested- cond_ition of the

food- ítems, and the J-ow percentage of empty stomachs, Fur-
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ther d-iurnal- changes in average nurnber of small food items

in perch stomach coruespond-ed- well_ with peak period_s of

stomach fulness (¡'lS. 7 and Ì0) " the wrimod_al chtaracter

of the feed.ing pattern for juvenile perch caught d.uring

August (¡'ig. 5-C) oiffers greatly from the other. patterns,

Sampl-ing error rnay be the cause of this but since perch

were col-l-ected- over a three d-ay period" other factors may

be the cause" It is conceivable that a d_ifference in avail_-

abih-ty and. dÍstri-butj-on of food_ items may have caused- a

large portion of feed-1ng to occur in the evening when food"

may be more easily captured.. In contrast, feed"ing may

have been continuous over the d_ay reaching a maximum in the

evening. IinLing of the peak period"s of stomach ful_ness was

varíabl-e for juvenile perc.n and- coul-d. not be attributed. to
d-lfferences in sunrise a¿rd- sr.¡nset over the season and. d-id.

not correspond. to peak catch rates of perch" It i-s probable

that with i-ncreasing or d.ecreasing light intensity food_

items became more availabl-e as they follow arr optimr.rm J_ight

intensity and. at l-ower light intensiti_es may be more vul_ner-

abl-e to pred-ation. It is probable that light intensity is
the prime factor triggering feed-ing but the general lack of

agreement of feed.ing activity with the timing of swr.rj_se and_

swrset sugges'cs that other mechanisms may be involvecl" Ex-

planations for these d-Ífferences are probably associated_

with the behaviour and- d-istribution of the food" items eaten

d-uring each netting experiment and- the depth from which

perch migrate to reach the feed-ing ground"s. Bard.ach (L955)
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recognized- a d.iurnal- rnigration for perch and- showed_ that
the magnitud.e of nigration depend-ed. upon d.epth of thermo-

cl-ine,

'rhe resul-ts of this study are in general agreement with
the littre evid.ence in the literature pertaining to diurnal_

food- habits of yellow perch" Iiasler and. Bard.ach (fg+g)

showed- that perch fed" whil-e moving paral-le] to shore and

that Daphnia sp were eaten in the greatest quantities before

surrset. Scott (L955) reported- that perch (f:¡ mm), white

f eed.ing on cl-ad-ocerans u had. two peaks of stomach vol_r.me with
the greatest occuruing in the evening. Keast arrd- i¡velsh

(1968) ¿escribed perch (90-f3O mm) to have two peaks of
stomach fulness with the highest peak in the evening. Un-

like the resul-ts mentioned. here u they f ound, the species

composition of the d-iet to be similar in both period.s"

'Iemporal Feed-ing llabits

changes in the diet composition of ad.ult arrd juvenire

perch over the sampring period.s were great as d_emonstrated_

by the significant results from chi-square anaryses (tante

3 and 4). The large proportion of aluatic insects taken by

perch in the spring (¡'ig" 12 and. J_{) was primarily the

resul-t of emerging chaoborus sp"pupae whlch were virtually
absent from the d.iet in late sunirfl.er. Eggleton (Wnz) showed-

that aquatic insect emergences usual-ly take place in the

spring causing temporary fluctuations in d.iversi-by of avail-
able food" resources" the ¿eneral d.ecrease of other aquatic
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insects in the d"iet over the season may have been å. result
of a clecrease in their availability or abr.rndance. Ball_ and_

fia¡me (tgnz), Gerking (wez) and. And-erson and- rÍooper (rgro)
have show:r that the nmbers and voh.¡me of benthíc i_nsects

is l-owest during ¡nid-srm¡rer'. Emergences, natural_ mortalityu
fish predation and. the fact that the biomass was largely
composed. of immature instars were shor¡m to be causal factors.

seasonal- changes i-n the proportion of perch feed.ing on

aruphipod-s and their rel-ative importance by weight may be

explained by changes in the abu.nd"ance a¡rd. size structure
of amphipod-s, their ava.il-ability a"nd alternate food- sources.
Þ-.i ^++^ /..-*.,1^ \ ;---^^+;..,...r--!+E u uç ¡ uryuu. ,¡l r-nves-Elga-üed. seasonal d-if f erences in aburr-

dance arid- size structure of li" azteca a¡.d- G. lacustri_s in
vi¡est Blue L,ake. He found. that abu-nd.ance of both species

vuas greatest d.uring Jrrne and- July when immature individual_s

compo'sed. the greatest percentage of the population. The

nu:lber of amphipod.s decreasec over the surrürer and_ winter.
rrì'trra¡r fnrmaÄ +he basic food. item for ad-u]t norr'h th*nrrolrnrr*vaurv !vvu r uçru JUI aLLLÀ-L U !t7J- L;l.L tJiIJ- Ut¿ËIIUL¿U

the sampling peri-od. of L969. H. azteca comprised. the bul-k

of the d-iet in the sprÍng (¡'iC. 14-t and_ B) which may be

à Tesult of their greater abund-ance in shall-ow reeions

d-uring spawning activities and their increased_ availability
d-ue to the absence of protective vegetatj-on. Despite the

fact that amphipods were eaten by the majority of ad.ult

perch over the summer the smal-l-er ind.ivid-ual size of amnhi-

pod-s a¡rd- the presence of rarger food- items may have caused_

the percentage by weight of amphipod-s to d-eclÍne. rrmphipod_s
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were onrJ'ca-[ren by the majority of juvenire perc]r in July
a:r.d Augr-r-st of 1970 (tr'Íg" L2*B anC. C)" lhe nossible in-
creasec| avail-abÍIity a"rid. abu.:r"rd-ance of alter"nate food sources

such as cnaoþqrus sp pupae and. crad-ocerans rnay have cause,l_

pre,J-ation on ainpnipod.s d-urlng June and. Septeraber to be l_ow

(tsig" I2*A and B). In contrast, d_ecreased- abu_rrdance of
ampnipod.s in septenber may have caused perch to turn to an

alternaie food- source.

ïhe abserrce of cl_ad_ocerans from the d"iet in certai_n

¡uonths of both ad-ul-t and- juvenile perch is of inierest to
this stud.y, seasonal- changes in the abund-ance of cladocer-
a.ns in !'lest ljÌue L,ake have been d.etermined for )-969 and 1970.

In L969 clad.oceratls, co]J-ected. by a 16 l- Van Doren bottle,
occurued. in the 6r'eatest nwnbers in Jr¿re and. JuIy. In L970,

data witích vrere supplenrented- by vertical- net haul-s showec.

clad-ocerans to occur in greatest numbers in late spring and_

septeirrber' rt \,va.s first thought that increase.r- abund.ance

of clad-ocerans during d.ifferent times of the season may

explain tne resul-ts. IhÍs seems to be the case for their
oceurrence in the d-iet for adul-t perch in earJ-y srrmmer and.

for juvenile perch in June and. Septeuiber. Howeveru the

occuryence of cl-ad-ocerãri.s in the d"iet of adul-t perch d.uring

lrugu-st, vvilen tneir abwrd.ance was relatively low may be

explained only Ì:y tnese percn fora6ing in d.eeper water"

;trrotner explanation rnay be tnat perch ar.e cornpletely iso-
l-ated- from cl-ad-ocerans d-urin6 certain noûths by d-iffer-

ences in vertícal- d-istrÍbution.
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fncreased- predation on fish and- crayfish d"uring suÍrltrer

by both ad-ult and_ juvenile perch rnay indícate scarcity
and/or l-ack of availability in their basic food- items" Both

stickl-ebacks and crayfish vvere abund-ant throughout the samp-

ling period.s; therefore the increased- predation of them can-

not be explained. on the basis of increased_ mmbers. It is
probable that they serve as al-ternate foods taken in only

when the basic f ood-s of perch reacn low levels.
Another factor which rnay cause a shift in diet over

the season is the d-iversity of the rooted aquatic vegetation.

Lu:rd-becn (tgzl) d.emonstrated that the abund.ance and- d.iver-

sity of benthic arririals r¿vas dreatest in regions of aquatic

vegetation. fhe seasonal succession of this aquatic vege-

tation neLy cause certaj-n food items to become unavailable

to perch by affording cover.

Ihe significant correlation between the percentages

of empty stomachs and- water temperature was not solely
caused. by increased- d-igestion rate at higher temperatures

in turn causing a high frequency of perch with empty stom-

achs in the catch. rwo othêr factors influencing this trend.

were the abund-ance and- kind-s of forage animals. lïith a

d-ecreased. abundance of food, which may have occurred- in late
sulluter, percn may have required- more ti¡oe to search for
food-. Also, the shift in the d.iet to larger food items
I çi o¡ çnr1 nrsrrf i cÌ. \ 'i ¡ -l ol-a Sllmmê1. rn¡r¡ hAVe fe nlii ro6 qìOfe\r¿urr e¿¿u ¿pr¡./ u(Mv! r4uJ rrøv ç r Equ¿I üu Ì.

time for search and- capture than with smaller food. items"

'Ihe increase in frequency of empty stomachs with water
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teruperature rûa.r¡ then be thought to be a furrction of in*
creased- dÍgestiorr rate, food abundance and- food. size. Ltc0or*

nack (1970) noted a large proportion of perch in ;VÍnd.ermere

to trave enrpty stomachs in August" Stle did_ not atteropt to

explain tne resul-ts bu-t suggested that blue-green algae may

act to suppress feedíng. 'Ihis lnay nave been the case in
fVest Bl-ue Lake but it is doubtful since percn rnay forage in
d-eeper water to avoid- toxic metabolites.

Changes in stomach content weight per gram of fish
rvei rht f or a.drrl t rrrd irrrrorri I e nar-roh drr-r-'i r¡c' th a qqmn'l ivf e¿órr u r v! uút¿-! U dütl.Lt J L¿V UJ..LIrE ygl_ \.II LIL,(l- I*-Ò -*...f,-*n8

periods were not 6reat arld. significa.nt differences were

probably caused" by enpb;i s-Lc¡i¿,lctis" The tack of corr.elation

of stomacir fulness r,víth day lengtn and_ r¡'¿ater tempera-

ture sugðests that tnese variables clo not influence the sea-

sonal changes in average stonach fulness. Ðifferences lcet-

ween months rneLy be a resul-t of feed_inå activity or abun-

d-ance and- kinds of the food- iterns. Ihe result in }-is" 11

suëðested. tha.t feed.ing activity was high in early June after
spawning and. in September when development of gonads in
sexually nature fish was evid.ent. Decreased. food abundance

-o¡¡ lra -Flro nâuse of low val-ues for ad-uft and iuvenil e nornhus./ vs¿4vu ¡vr øuuru (4lU J4vU¿r¿¿ç IJE_LUII

in August. lespite differerlces in the percentage of perch

vyitn empty storiacns arrtl ctlan6es in their d_iet ciuring the

sarnpling period-s, lnearr storrracn fulness remained z.etatively

constant. Jrpparenbly, the population maintains a r.elatívely
constant level of stomach fulness and_ the 'or"esence of a

large percentage of perch with enipty stomachs is opposed.
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by percn feed.irig on large food ítems" Other stud-ies also

have s1Lown tnat perch cn-rin5e their food- Lrabits during the

year and" that the changes are a fwrction of the d.ifferences

in d.istribution, abi;nd"ance and. d-iversity of the forage

c-naa-i oc t/Þoo-gg and- Á.ChtenbUrg, I92Q; l;lOff e'U and ¡fi.lrrt u 1945;uyvv¿vu

l\ial-oney and Johnson, L957 and lvic0ormack, 1970).

bì^^ri.^ ,",.;+L^ si_ze of PercirJ U('\.rrrró vY¿ uar

Changes in size of food- organisms arrd- compositi-on of

the d-iet witn increasinå saze of yellow perch have been re-
-nn¡*aÄ /'r!.,--.^9¡ger¡ ]930; Allen, 1935; Tharratt, l_959 andyvr uuu \¿r4!¿ru

Antosiak, 1963), rhe prirne factor governing the size of food.

j-terns consr¡ned" is rnoutli size" Ilor a given size of perch

trouth lane limits the maxj-rnum size of the food- items whichö*.È'"

may be eaten, l\notÌt-er factor d.etermining the rel-ation bet-

vyeen fish size and- food- size is energeti-cs. The amou.nt of
fnn,r rô^,,"i roÀ hi¡ ¡ fi sh i nCfeaSeS With S'ì ze ^ thprefore an¿ vvu ! v\44¿! vu

increased- number of food. tmits vvil-l be needed if food- size

is constant" Consec¿uently growth wil-l- be limited. by the

problem of obtaining sufficient m.¡.mbers of the food- item.

If this is to be avoided, trre fish mu"st take larger food"

i.¡nits ej-tner by consr.lrning larger sizes of a single species

nr trv t:, lci n¡, othcr l arr'er f OOclS.vr w.)

Iliy results are in general agreement with those of pre-

vious investigators; however, there were instances where no

apparent differences or even reversals of the trend- were

evid-ent. 0ther factors, besides those of mou.i;h sLze and"



4r\^

energetics, rnust act to modify the rel-ation between fish

size and. the cornposition of the d-iet. tr'irst, if over a

l-irnited- size raJlge of percn, tite forage species were a}l of

ed"ible size and available in sufficient numbers so that all

sizes of percn were able to feed. to capacíty no d-iffer-

ences in tne díet with respect to fÍsh size woul-d. be evi-

dent" Second", since J-arser perch tend.ed" to inhabit d.eeper

water than smal-Ier percir d.ifferences in the availabl-e foocl

supply may result in d-ifferences in feed.ing among sizes

of perch. If sinall food- items are abundant in d-eeper water

("g. Chaoborus sp) pred"ation on them by larger perch ntay

catlse a reversal of the trend"" Further, sínce perch fornt

schools composed. of multi-sized. ind-ivid.ual-s and- smaller perch

often outnumber larger perch, they must be in continual in-

traspecific competition for food,. Large perch rnay feed on

larger food organisms as a d,irect result of their larger

rnouth sj-ze or may be forced- to consulne larger food- items

because srnal-l- perch have cropped- off the srnall-er sizes. In

both cases the net result is to red"uce intraspecific com-

petition for food.

'Ihe decrease of clad.ocerans with increasing fish size,

wiren present i-n tire d"íet (¡'ig" lJ-A and- C), in both occur-

rence and. bulk may be a function of energetics but the mere

increase of mouth size resul-tj-nð in alternate food- sources

to become available tray explain the shift in diet" Furthert

gitl rakers may becoroe less efficient in straining out zoop-

lar1kton as perch increase 1n size (GalbraÍtn, 1967) " The
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size of in,livid-ual food i-tems Ín relation to fish size is
irel-íeved- to be of corrsiderable importance in d.etermining

its occuryence and contribution to the bulk of the ilie¡.
ryhen amphipocls pred-ortina"ted- in the d.iet the small_er species

Ì1. azteca decreased- in occur'rence i,vith increasing si ze of
perc.tr while the l-aråer species G. lacustris increased (¡'ig.

L7 and. 18) . Al-so, lroth occurrence and. individual size of
fish a.nd cra.vfisfr tend-ed- to incfease lvíth q'i zo nf no-r.çþ ¿nfl

ìn I rr,.ôr nârrìh rruê'r'â r.a<nnrlgiþfg fOf tne gfeateSt bUlk Of

the cliet, vúít¡. the exception of dragonfly nyrnphs which

yrlere mostly eaten by larger perch (¡'iu. 18) other ao.uatic

insects tend-ed-'uo be eaten by all sj-zes of perch sampled.

Stomach content vueight lvas fourrd- to increase with fish
size but not in d-irect proportion to that of weight (¡'ig. 18)

Ihis sug6ests that as fish grow they are capable of consu¡n-

íng less in proportion to their rireight. Ihis comparison is
-nased. on the assumption that tne avera.ge content weight is
a constant fraction of the amount consr.imed.. Ihis depends

largely upon the digestion rate for perch of d-ifferent sizes

berng constant. r{owever, as shou¡rr by the d-igestion rate

experirnents (¡'ig. 19), sy¿yf:-sh and- sticklebacks had com-

paratively sl-ovv r¿'tes of d-isestion tnarr arophipods. Since

these lar¿e food- itenrs occurred- more frequently in stomachs

of larger percn tne avera6e r¿'te of d-i6estion may be serious-

ly recluced." Also, lftrit (f960) ar.a Pand.ian (tglO )sìrowed- that

old-er fisn have sl-ower" rates of dígestion than younger fish"
'Ihe effect of botir of these facts ind-icate that consu*mption
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of food- by old-er perch ruay be red"uced further than the

rol =,ti nnsh-i n betv¡een StOrnaCÌl cOntent We j e'ht anrJ fì sh wei phtJ V¿s U ørtu

indicated-. The lack of d.irect proportionality in tne above

relatÍonshi;o has been expJ-arned by a d.ecrease in stomach

cap:icity rel-¿'tive to wei¿ht witn increasing fish size by

Isniwata (rg6A-c).

fhe rel-ationship between stomach content weight and"

fish size presented- h-ere may be bj-¿'sed- by two factors. First,

mean val-ues of stornaclr content weight for any size range of

fish rnay be an r.urd-erestimate of an actual value since stom-

achs vulrj-ch vrere utilized- may not be completely full- or con-

tained. partially d"isested rei¿ains. rlowever, the slope of the

-..,pt'e.ssi orr li ne ina.v not t¡e seri or:sl v affected- if wrderesti-ru6luuu¿v¡¡ vÉurJ urr

mates were constapt over the size ranges investigated. Second-,

as stolnach capacíty increased, tfre rante of tlie weíght of

the stomacir contents increased. (¡ig" 16). This may have

caused" the average stomach content weight to be proportion-

:¿tpl n I ower for I ?,.r-pê-y' nercll"uevL.t

The significance of the relatÍonship between stomach

content vreight a¿rd. fisit size is that as fish grow they con-

sume l-ess, either as a result of a decrease in d.igestion rate

or relative stomach capacity. 'Ihis may loe one of the maj-n

calrses of the observed" d.ecrease in growth rate in ol-der u Iar-
^.^ F-i ^h ..'r^'i ^h is observed. ìn rrlz?'ìv- strlrìi gg" \¡'úith furtherÊ3Ël- l_ -!Ð1r VYra¿VIl rÈ VUÈUr V sU frr luqrrJ ú UUUJ

information concerrrin6 d-iEestion rates of various food- items

by perch of d-ifferent sizes and- at various temperatures the

above relationship may be used- as a basj-s in d"etermining
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consu-rnpiion rates for tne popula,tion.

-C.ates of Gastric J)igestion

Adu-rt percii d.i6estion r¿tes for amphipod-s, sticklebacks
an¡l ny.srr.lri eh Wefe d_etefmined" at habitat tomner:trrroqú¿r-L¿ Lir-d.J-LrÐIr VVeI'e Ll_ç Uef illl{Ie(Ì AU -fl¿l,tjl- Ui',tJ appfo-

ximating those occurrÍnð at the season when these animals

predoninated in the d-iet (l'ig. 19). Differences in d-iges-

tion rates nay be explained. largely on the basis of size of

food- items, theÍr relative surface area and. their anatomy.

, m-nl¡-inn¡lc. in,ô?e nasseri into ihe intesiine vyhole and their

rel-atively 1ar6e surface area permitted" r.apid digestj_on.

Sticklebacks and. crayfísn recluired. extensive breakdovrrn be-

fore passage into the intestine tooi< place. Crayfish requi-
red more tinre to d-isest tnan stickl-e.backs becau-se of thei-r

chitinizerl exoskel-eton" This onl-y affected- the i-nitia] rag

phase, after lvhíclr the rates of passaåe Ínto the intestine
for crayfislr and. sticklebacks vvere simil-ar" Regurgítation

of crayfisn may h.ave been the result of stress from hand--

1in6 or force feeding. However, the occurrence of pa.rtial

remains of crayfÍsh in perctÌ stomachs and i-ntestines caught

j-n the l-ake suggests tnat th-is may occur naturally, which

complicates interpretation of their importarrce as a food.

source " Despite the teilperature d-ifference in the two am-

phipod" experitLrents there v{as ri.o apparent d-ifference beiween

the rates of d-igestion. this may have been a, Tesult of

variations in d.igestion rate amorrg indir¡iduals but a more

feasible explanation was that the d-igestibílity of ind.ivi-

d.uals d-iffered. -þetween the two experiments, Amphipods, used
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in the first experiment nay have been senescent since they
rir^F^ nvn'Ìr¡h-l tt ulnqt-qyl1"t^inôf¿c¡ I Ri ottâ ìtnnvJUr ç Irr- u l;crurJ u¡,erv¡rvr ! --.ì,tib. ,) . '-ìllriS may hAVe

resulted in a relatively rapid d.igesiion rate rJ-espite their
larger size. In the second. experiment the arnphipods were

smal-l- but intact" 'Ihis difference in concLition nay Ìrave

accourrted- for the similar d"igestion rates"

As vuith the a,1u1t perch dÍgestion rate experimentse

those for juveni-le perch were also cond-ucted- at habitat temp-

eratures (¡'iS, 20), 'Ihe stomacþr contents of perch col-Iected-

for the experiments were assr.¡med" to be representativ'e of the

food- habits of the population segment sampled". Further the

d-igestion rate curve was assuled to give an average rate for
all food- items" Ä11- three experiments showed an exponential

d.ecrease with time as d,escribed by 'Iy1er (fgZO) suggesting

that the rate of d-igestion at eL gj-ven teroperature and- with

simj-l-ar food- was d-epend.ent on the initial weight of the ston-

ach contents, fn theory such a relatlonship ind.icates that

stomachs wil-I never be completely empty" Fiowever, the effects

of gastríc juices and- stomach motility is efficient in empty-

ing the stomach, Differences in the rate of d.igesti-on bet-

vveen these experirnents may be explained. .by the effects of tem-

perature and. the qual-ity of food-" the similar results of ex-

periments in Jrxre and- July, despite a 5 C d,ifference in temper-

=trrro--m*r¡ lro e¡rnla.iired bv the shif,'t in dìet from nrpdomin-

ately clad.ocerans and- arnphipod-s in June to amphipods and. fish

1n July. the combination of amphipods and. fish in July may have

acted. to lovver the rate of d.igestion and thus cau-se results of the
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two experiments to be sj-milar" lower habitat ternperatures

ì ¡ cìa-nl-ornlra- iS belieVed_ tO be tne feASOn for si pni fi earrf I r¡¿f¿ vvy v¿rv !9suvtr ¿vr u!õ¿¿rJ¿v?¿ru¿J

l-ower rates of d.i6estion than both Ju-ne and July even though

composition of cliet was similar to Ju-ne.

Difficul-ties arise in relating the results of both juve-

nile and. ad-ul-t experiments to perch digestíon rates in na-

ture because of variabl-e results and. the effect of experi-

mental cond.itions" Ine consid-erable variation occurring

among individ-uals may frave been caused- by d-ifferent l.evels

of metabol-ic activity and- errors inherent in d.etermining

bl-otted- d-ry weishts of the food"" Because of this variation
ancl the smal-l- nurnbers of perch involved the estÍmated- iimes

to 50 arid. 95 percer:.t d-igestion for adult perch were not pre-

cise, lhey are useful, nowever, in cornparisons betv,¡een

experiments vuhere d.ef inite differences were evident. In
axnpr-i ments pnrÄrrn*aÄ ^h j.lve¡iI e ncreh ind_iVid_UaL Vaf1-atiOnE^jr9Jr¡¿lvrrvu vv¿ruuv uvu d4Yv¡¿¿ru }/urvrl

was again great but may be attributed- here to variation in
a"mourrt of food- ingested. prior to captr.re" Results of these

experi-ments gj-ve better estimates of the tj-rne to 50 anù 95

percent digestion since sample size was larger and- variation

among individuals was red-uced by d.etermining mean values.

Furtner d-ifficulties i-n relating the results of perch diges-

tion rate experiments to those in nature are the effeci; of

hand.ling stress, force feed-ing, and- confinement, plus d-e-

creased- activity resulting from confinement. Al-1 these fac-

tors affect metabolic rate and hence d.igestion rate, Daily

and. seasonal d-ifferences in kind.s of food- eaten, habitat
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temperatures and- activity further complicate the problem.

There is tittle inforrnation in the l_iterature con-

cerning the rates of gastric digestion for yel1ow perch.

Pearse and Achtenburg (r9zo) determined. d-igestíon rate as

time from ingestion to d-efecatíon, hence the resul-ts may not

be comparable to those in the present stud_y. However, they

found this rate of digestion to increase with temperature

and. d.ecrease for larger fj-sh. The rate also varied_ with
+ì^^ +-,-^ ^f fuaru uJ!\, ur- rood.. Mol-nar and- Tolg (ryel ) showed. that .bhe

d-igestion rate for European Jreflcw perch, with fish as food,

increased. lvith temperature from approxímately l_10 hrs at

5 Cu to 50 hrs at f5 C and- to 25 hrs at 25 C, [he time of

36 hrs d.etermined for sticklebacks from Fig" 19 is l-ower

tha¡r the above val-ues at 15 C" ¡Iolvever, d.ifferences in
experimental method-s and. cond-itions plus d-ifferences in
fish and food. size make comþarisons d-ifficul-t.

My estimates of d.igestíon rates were d.etermined as an

intermed-iate step toward.s attempting to estimate daily food

consrxnptj-on. Tne significance of these experiments v¿j_Il

become apparent subsequently, but the results of these few

experiments ind.icate the need- for future stud-ies comparing

the d,igestion and growth rates for fish whj-ch change their
d-iet with season arrd- mouth size 

"

Rates of Food- Consurnotion

From knolvled-ge of the dÍurnal feed-ing pattern (¡'ig. l)
and- gastric d.ígestion rates (¡ig" 20) for jurrenì-le perch



,la4
I I t-

estimates of their d-aily consi.rmption rates were d.etermined-"

Ihe val id.ity of the method" d-epended- on several assumptions

¡nd nossi-[rle inherent errors. 'Ihe assr.l¡tnt'ion tha.t nerch}/v

fed" only d.uring the day and exhibi.ted a d-iurnal- feeding

pattern was met, Consequently stomach content d.ata for

fish captured d.urÍng d.iurnal- nettings and, d-ata from the

digestion ra"te experiments were assumed to permit estimates

of the average quantity of food- present in stomachs for the

segment of the population sampled. It was noted- that vari-
ation associated" vr¡j-th these mean val-ues was great and-rfrom

the resul-ts of Bartlettls testsrwas not homogeneous d-uring

the day" tiowever, thi-s varj-ation was probably associatecl,

within d-ay changes in feed-ing activity and not a resul-t of

sarnpling errors. 1.rr average value for a sufficiently large

sa.mple of fish was assu¡ned" since some perch rnay feed- to

excess d-urÍng a d,ay while others may not feed- at all-, Day

to d-ay variations in the d.aily rneal are great and- are d.epen-

d-ent largely upon feed-i-ng d-uring the previ-ous d.ays feed-ing
t---(Iloore, L94L; kagnuson, 1969 and- Pand.ian, 1970). In these

studies, d.ata for ind-ivid-ual- fish were averaged" for weekly

i-ntervals to obtain d.aily mea¡ls. Ihis procedure i-s similar

to mine except that I assi-rmed the behaviour of groups of

fish was similar to ind.ivid,ual- fish during severa.l- d-ays.

The resul-ts of juvenile perch d.igestion ra,te experiments may

be asswned. to be valid- estimates of rates in natureu but

effects of stress and- d-ecreased. activity may act to lower

-t-h a -.,+^ +1^ììS ffnd_efeStimatì np -hhe flai I v annqrrm-n-{-'i nn TheUJ-f (: LO.VÇ, Ulr4È 4tuvt çp u¿Iuq vr¡!ó ullç vaLLJ VvIIÈru1! UJvIIê
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assumption that the d-igesiÍon rate curve was an estímate

of the average ra'Le of d-igestion for al-I food_ items vi/as pro*

bably valid. since stornach contents of perch used_ in these

experiments contained- al-l food- items present Ín the d"iet at

fhe time of the netting experiment. since food- j-tems in ston-
achs of perch contained food items in varíous stages of d.iges-

tion the average anount d-igested- per tvuo hour interval_ may be

an underestimate of the actual amount; from the d-ígestíon

rate experiments, onl-y digested- material- was present in stom-

achs" fhis 'bias inay not be great but coul-d- affect estimates

at lovr¡ l-evels of stomach fulness. Al-so c à!\ underesti-mate may

also have occurred. with the amount d-igested., and hence the

arnor.int consumed, when perch feed- to excess, forcing partially

d-igested. fooù into the intestine" Further, íf average stom-

ach ful-ness was not accurately d-eterrnined- for a given inter-
val, the amount d-igested- woul-d. al-so be incorrect" By succes-

sive und-er-and- over-estimates throughout the day the net

effect may cancel out error inherent in d-etermining the d"egree

of stomach fulness. Changes in composition of d.iet over the

d.ay was not sufficiently great to cau.se serious errors ín

d-etermining d-aily food. consunption"

Despite the above l-imitations, the nethod- for cal-ou-

lating average d.aily consumption provid-ed" reasonable esti-

mates based- on cornparisons of cal-orific intake io estimated-

levels of a d-aily metal¡ol-ic expend-iture (talte 7). fhese

estimates are only rough approxímai;ions for obvious reasoTts

but can be 'used to ind-icate rvhether my estimates of d-aily
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consrmptions were reasonable. l'he levels of metabolisrn

are subject to variations with respect to environmental

varÍables p-ìus swiinnting and- feed-ing activity, social fací*
li'uation, sex and state of matu-rity, parasitisra a.nd_ man¡r

other factors (p"y, 1957). i¡/ohlschlag (l-g>l) nas noted

that body wei.ght and- temperature accor.rrted. for most of the

variabil-ity in oxygen consuiLrption rates for fish and_ ib
shoul-d. be noted that these var.iabl_es were used_ in d_eter-

mining rnetabolic expend"itures" using surface temperatures

to estimate metabohsm the metabolic expend.itures were

greater than calorific i-ntake for. Jme ¡ July and_ August

(taute 7)" rhis probably caused a. serious oveï.estinate and,

c-i nnô nôts^ ^ ira r¡ lrp f nrlnd at a Va.f-i etv Of rì¡nths ho.i nc" I -i mi -v yv! vv r v\A¡q v sr ¿ç vJ vf uÇIJ utrÐ L/u_!_l-tg)

ted. ín their vertical- distribution by the d_epth of the
/-.. \ -thermocl-ine (l3ard.ach, L955 J and- average rvater temperature

may be more a.ppropriate" Iìesults of these calcul_ations

showed. that in all cases the level of metabolism y,¡as less

than d-aily intalce (fante 7). Since perch tend. to remain

in the region near and above the thermocline as well as

-'^-+,"-.i-,. ;-+^ ¡loonor nnl Äor ¡¡¡qtar ( annVþ and ÎafülefV EII u uf, f,f 1ó If I u u LrtJ ç!u Y-L , \, uJus] vva U U-L \IIUL-d-ll_ ¿1IIU Ii1II[I(;)J'' ,

L964) the levet of metabolísm using an average water tem-

perature may be an und-erestimate, Iloweveru the levels of

metabolism using surface and average water ternperatrÀres

may represent extremes, since the estimated. calorific in-
take felf between these values. No conclusions could_ be

d-rawn from the esti¡nates of metabolism using d.ifferent

levels of metabolism ( 6). For the purpose of this stu.d-y
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/-^-z\ . - /!Ír_nÐerg's (ay)b/ r_dear val.ues ( = O.3O) v'ras used- but this
ín itself may be subject to error" Another source of error
r¡¡]r-i nh ïnqr¡ of lan|' *lra Äei "l rr mo*çlrnl i n ôvrrânÀi *rrno l-\i¡ 1rish il1rlu uquvlrv ç^yutrq¿ uru Ç vJ L

this stud.y is the choice of two as a factot'by \,vhich to multi-
p1y resting metabolism to obtain an esti-mate of metabolísil
j-n nature. Since perch exh.ibited- a diurnal feed-ing and

activity patterne the factor of two may be arr overestimate

but again tltis is merely subjective. It is interesting to

note when the greatest d-ifferences betrveen cal-orific j-ntake

and- rnetabo].ie ex-pend-itu.res occurred. Differences vveÍ=e

greater in July and- Septernber than in Jrure and Äugrrst" In

July, -when water temperatures were the highest greater feed.-

ing activity may have resulted. in a higher cal-orific íntake.

B" Vd-ong (pers. coÍI1n. ) sholved- thai yor.mg-of-the-¡rs¿r perch

in lTest Blue Lake had a greater specific gr'owth rate in July

tlnan in any other month. In Septem.ber, when water iempera-

t-¿res were lowest, groi'vth was correspond-ingly red-uced-" How-

êr¡êr- hi¡rh r:alorific intake ma.w ha.we been associated_ with

d-evelopment of gonad.s i-n fall prior to winter. The Septem-

ì:er sample was compri-sed. of BO/" rnales, of vuhich all lvere

sexually maiure while the females had- not yet reached sexual-

maturíty.

Average d.aily consurnption estj-mates for juvenile perch

(taUte 6) correspond.ed. lvell vr¡iih the average rnonthly stomach

content v'ieight (¡'iS" J_2), sr.r-ggesting that food" consumption

lrr¡ noroh in thelr natural envirOnment is nr-i rn=r-i l¡¡ ,loterminedvJ y ur vlr ¿rr

by the quantÍty and- quality of the availabl-e food. orga:rísms"
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lhe effects of habitat ternpera.tu-re and daylength may be

consid-ered- of second-ary Ín,oortance and may merely act to

mod"ify food. consu:nption in different seasons, tr'or example,

'¡yl,ron *annara*l.lfeS afe hi -'[i qnÄ r¡¡l¡a-n ,loirq a1^e I On¿ fOOd COn-,Yrrv¡l uøJv u¿ç rvrró rvv

srrrrption nay increase but Íf j-nsufficient food. is avaif-
abl-e the i-ncrease is nullífied".

.Rates of footl consr.mption for ad"ult perch were u.ot

d"etermined because rnost of the assumptíons rinderlying the

rnethod d-escribed- in this stud.y were not met, largely because

nf rrori qlri l'i l-ri-in *ho Äirr-¡no'l ¡'aoÄ-in¡ --ttor-r¡ lr-r.nm em2Il!vvs¿f¡5 !røuuçrr¡, f,rvt[ p.

sample sizes ancl d.iversity of t.kre d.ret. In ad_d_itj-on an

average digestion rate could- not be deter"¡nined. Hovriever,

ðeneralizatioils concerning the seasonal- changes in food_

^n-o','-'-l--i n¡ erô -nnec-i'irl o FfOm feSUltS nf .1.nnd >ne'l rrgig and-vv¿¿u|4u}J ¿9u4¿uu vJ Ivvu aLlqLJ

ad"ult perch digestion rate experinents, it was apparent thai
the shif't in d-íet from amphipods in spring to fish and cray-

fish in l-ate summer caused. d-aily consu.rnption to d_ecrease.

I'or exarnple, adult perch d-igest 3"6 and- 5.6 meals of amphi-

pod-s in the same time required- to digest a meaL. of stickl-e-

backs arrd crayfish respectively. Al-so, vrhen perch fecl on

fiqh anrì nrq:rf-ì c'f¡ ffrar¡ ¡;.l- nOt COmmenge feerjinp ilnti1 therlurr Øf¿u v vvr¡lrru¡¡vv ¿ççu+rrf5 wau¿-

stomach vyas empty or \4/Ilen stomach conten-i,s were in err ad-

vanced state of d.i6estion. In contrast, vuhen perch fed on

smaller food. organ.i sns (ua" amphipod.s) they continued feed--

ing v,ihíle passin5 food. into the intestine. 'Ihe net effect

on both the frequency of feed-ing ar.d- the rate of d-igestion

is that consr.mption of amphipod.s vuas greater than that of
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hence a seasonal d_iíference of food

conswrlption whicn is a6alyL d-ependent upon the cluallty å.i1d_

^..;n*i +v af +þg availabl_e f OOfl sneci es - S,i ¡_,ni fi cantlqL¿ú¿.t trJ t¡J ul- ulIU d.V c¿JI¿1Lr-Le * - -.- * - *- - -.Y ¡

adu-lt perch which feed. on fish and. crayfish in l.ate sr;:nmer

col.rld- not disest the ineal by the next da¡6 whereas juvenite

perch nad cligested" tne stornach contents present in the

evening by the next norning when feed_ing resr¡ned-. Compo-

nents of the d-iet shourd be carefurÌy consid-ered- wiren exam-

ining stomach contents frorn nettings in which fish and crey-

fish pred-ominate in the d-Íet" Ihey may not constiiute the

most ínportant part of the d.iet even though they constitute
the bu-ì-k" ConsurnptÍon of srnaller food_ ítems rnay be greater
gnd ìì¡2 rr tlôt l¡¡ trrl-l rr rê-ôr.êqontod Ìrrr l:l¡oi r D ñnqran* ^ñu¿au rus.)r r¡v u --ClLf-

rence in stornachs because of their more rapid rate of d_iges-

'{- i nn

'Ihere is l-ittl-e inforrrnati-on in the literature concer.n-

in3 the rates of food- consumptj-on for perch" Pea.rse and_

Lchtenburs Q9'20) estirnated- tne d-ail.y consunption of perch

'r"^^ri-' i-SeCt lafVae tO hrr sÞTrên norêe.}..ìt hr¡ r¡n-lriml.eeoJjrg u{r J_rrseu u _Laf'vd.e uu , --*,,e per

Äar¡ lrho mo*hn,l ar¡-n-l n¡¡aÄ 'VaS an indifeCt fi ol Ä nrnnofl¡¡gu,¿./ . (4¡ ¿¡rur! Ev u .r_ Jg¿v- },r vuE

which may be considered- an overestimate. l\,loore (f9+f ), frorrt
"l qlrnrrfnrrr o-perirnents cletermined- the fl¿'ilrr nnncrrmnl-ig¡ of/ f r¿¡rrrv v uJru uøf, ¿J v vtlÐ @]I]LJ u !,

norah to hc annrnxi nrztal r¡ l- 5 nor.r.orrt of l-rnÀrr r¡¡ai ol¡l- nor^ Äqrr!erurr *l/ly- v1!!ruuuu¿J¡ Ja / ]:Jvf vv¡f u v¿ rJvuJ vvu!ólru ìrçf uqJ

rrvhich is corÍpar?,"ble to the results obtained" in this stud-y

(fante 6). Keast and lvelsh (fgea) ¿etermined, the mean mini-

murû ratío to be two percent of' bod-y v'reight per d"ay which is

an unclerestimate since the a¡lor¡rt of food- insested over the

darr w.as nnt oDnsidefed_"u*.,
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-del-ative Irnportance of ¡'ood Species

It is lurlikely that there is aÌr.y specific d-iet for
perch. Ï'ood items of many kinds were eaten and it is pro-

bable tnal those vvnj-ch were eaten lvere nost reaclily avail-
abte. In nature the size conrnos'iti on - cu!vrr, e rowd_ing, abr.lrrd_anc e

and. d.istribu.tion of forage species varies from time to time

and- place to place. /rs a consequence of these constantly
nlr^>v", ri n c nnrrdi È'i nre -reeaoqmont nf i mrrnrf ¿nf, fOOd_ items iS,vuu]!v¿¿v vJ ¿i[]rv¿

d-ifficult" i{owever, arlphipod,s appear to be the rnost irnpor-

tant food- item since they occurreil in a rel-atively large

mrnber of perch siomachs in alf samples (Fig, 11 and 13)

and- lvere eaten by all sj-zes of perch; G. lacustris bej-ng

important in large perch and. |I. azleca in small perch (¡'ig.

17 a¡rd. 18)" fhe irnportance by weight of amphipod.s in the

d"iet may be obscured by their rapid d_igestion ra.te and.

rrrêsê71 Êê of lÈ.r.o food 'i ter- -r'l- '; ^ .^^rqil¡-l o h^r¡rar¡a- {-iao*!r('ÐUrruÇ uf Ja!óç rvvu ! uçr11Èo I L, -LÐ ¡JuÈ-*-*-, -*-,.-, --L', trIld,U

amphipod-s are not utilized as efficientry as other food. items

since amphipod.s tend-ed- to be egested. in a partly d.ígested

cond.ition; especially d.uring heavy feed_i_ng" Cl_ad.ocerans

and- inunature d-ipterans may be considered_ as second_ary in
importance to arlphipod-s since they onry formed an appreciable
.rê!-nrê-rìt nf thg d.iet at ceftain timeS Of thê vêâr ltri -. llurrç Jvu-L \4.¿ó

a,nd. 13)" Cla.clocerans were only important sources of food

for smal I nereh wni I o ,ii ntefans Vúe1'e ták-"t" âq fnnd hrr ¿]llJvr v¿! uu¿!'Jlf, øu ¿ vvu vJ

sizes of perch" l,Sainrtheir importance by weight may be

r.lnd-erestirnated by a rapid" d.igestion rate, which probably

approxirnates that of anphipod-s, and. the influence of large
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food" rtems" Other insects appear to be of minor. imporiance

in the tliet of al] sizes of perch since they occurred" in
relatively few stomachs and compri sed or:.lv a smal-l fraction
of the cliet by weight. Although fish and_ cra.¡rfish consti-
tuted- a le'rge portion of the d-iet by wei¿ht they occurred

i yr rpl ¡ti wcl r¡ fevr¡ StOntaChS a.nef v1/êrê qrrl¡ iont tn qtrnr¡rv¿ee¿ v v¿r/ tevv s uollld,c-trs sea-

sonal variations. They rnay be consid,ered_ ¿s second_ary to
oynn'fri nnÄc 'i n *lnoao roq-na¡*c Þarnl¡ r,ro,r 11j;-j li C,C f:faWfiSh¿ vr vfr lr¡s.), 4 ua¿J ¿ú wL aJ L

and. fish more efficiently than amphipod.s because of their
low raie of d.i¿estíon and expend" less energy in search and.

capture tÌr¿rn with srnal-ler: food items" 'fhe large contribu-
ti nn of' r:ra,¡fislr to tne 'rrulk of the d_iet nrav' not he comnarahl eur!v uJ u u lltsJ f,tv u vÇ v vrlt},ØI qwLç

to other food. iterns directly because of the presen_ce of a

heavy exoskeleion of 1íttle food- value. These factors fur-
ther rend.er the assessment of the imoorta-nce of the various

food- i'bems difficult. Fish appear to be taken as food_ by

all sizes of perch while crayfish onl-y constitu_te a }arge

fraction of the d.iet by weight in ad.ult perch (¡'iS" 17 a¡.d-

rQ\

Iroptric Position of Perch in vVest l3lue Lake

Perch j-n Vfest Blue Lake cannot be pl aced. in one trophic

level accord.inð to the trophic dynamic concept in ao,uatic

ecosysterns proposed- by Lind-emann (tg+Z). Instead they occupy

the third ancl four"th tropiric levels arrd may be cl-assified.

as secondary and. tertiary consurners respectively. Perch 1n

the thírd. trophic l-eve}, consnme food- orga:risms that are
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priüarJ consu.rriers includ.in6 by weight cl-adocerans (gf") ,

'irnrnature aquatic insects (ZZi"), except predaceous d-ragon-

fly nu-,nphs and iaid-ge larvae (41.), plus anphipods (Z+/") and

crayfish (nf")" In the fourth tr'opnic tevel tlr.e food- of
'^aPôh nnnqi ctq nf fi qhaq / ^ 'luu¿vr¡ vv¿lu¿uuu v! r+ur{up t3'¿þ) w¡rich ar'e secondary consumers.

l-,arkin (tgte) nas noted the complexi-by and. shortness

of aquatic food. chains. ¡Ie ascribed- the phenomena to be a"

function of the lack of specialization which in 'uurn is
affordecl by a laclc of opporti.mity in freshwater environ-

ments, rle sutgested- tnat ihe alcility of fishes to change

their d-iet to take abr.mdant food"s and to compensate for
absence of their usual d-iet by takin6 an alternate food_ is
an irnpor'tant factor in re¿ulating the abr.r-nd.ance of fisnes.

Inis fteribility of diet is clearly evid-ent in the present

stud-y a^nd. perch have been appropriately classifíed. as a

vers¿¿tile feed.er by Pearse arrd- Achtenburg (fgZO).

Perch in lúest Blu-e Lake d-o not d.iffer greatly in tr"ophic

posít1on frorn those of other ínvestigations. TÌrere is,
however, some variability iri the d.iet based- on the regions of

the lake from wh.ich the food- is d-erived" fn the present

stud-y benthic, plagic and" nektonic organisms comprise approxi-

mately equ-al percen'r;ages of the d-iet by weight" Pearse and-

iÌcntenburg (tgZO), Ewers (L934) ¿¿id tharuatt (fgf g) fom.d

insects to .orecloirrinate in the diet of ,oerch vuhile langfor"cÌ

and }iartin (fg+O) and ÙicOorrnack (tglO) showed- tlrat a.mphÍpocls

ancl planicton constituted the -reatest bul-k of the d-iet.

Ðifferences in end"eniic forage specÍes, and- l-ake morphology



-120-

rûake comparisons d-ifficult. I'urther d.ifferences in food_

habits with respect to season and size of fish have been

shovr¡n to be great and. therefore may bias the resutts of this
and- other stud.ies. It rnay be more appropriate to conclud.e

that each population has its ou¿r food habits which a.Te

rel-ated. to food. p:r"eference and- the relative a,bundance of

different food organisms.
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Food" habits of juvenile and ad-ult perch in West Bl-ue

Lake, Manitoba were stud-ied. wíth respect to time of day,

season and- size of fish during the spring and. surTuler of 1969

and. 1970. Gastric d-igestion rates were d-etermÍned. using

natural food- iterrrs at habitat temperatures and- in l-970 d-aily

food consumption rates vüere estimated. for juvenile perch"

1. Perch were captured. in gilI nets d-uring the day-

J-ight hours only and- were active feed-ers d-uring mid--morning

¡rrd ea.rl v plrp*i r,, ßnm^neif,ion of food_ eaten varied_ over¡aIU VaLLJ çvslr¿I¿õo vvlu-Èrvu-

the Cay when the diet \'vas composed- of both pelagic and-

benthic organisrrs, vn-tr€"s it remaj-ned- r'elatively constarrt

if the d-iet was primaríly composed- of l-ittoral or pelagic

organisms. Changes in the quantity and quality of food-

items eaten by perch over the riay,'ere explained" by refer-

ences to regions of the lake in-Ìrabited by perch and- d.is-

tributlon and. behaviour of the food- supply"

2" I'ood habits of perch varied- greatly over the

seasons sampled-" Items which formed basíc constituents

of the d.iet d-uring one month may be abseni d.uring the next.

Seasonal change in d-egree of stomach fulness vras slight

and- d-iffererlces coul-d- be partly explained- by the occurrence

of empty stonacns. Cnan5es in d.Íversity, abrmd-alce and-

availability of the food. supply were presumably the maÍn

causes of both qualitative and- quantitative d-ifferences

in food- habits,
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3. Stomach content weight increased. with weight of
fish but not in d-irect proporti-on to that of weight" There-
f nra rÕ f iq'lr íncrease in gi za l-hor¡ ^^-nsllne iess foorJ_ nroh=l^r'l r¡t *" u¿4v u¡red vvr¡pruE !ÇÐÈ -LUUL¿ !/r vuGLr¿J

'ì^^i - - -r '" *'ì +^ -r l¡¡¡ *hoi r' ral atiVe StOnaCh ea.na.ci tv_ Äs nornhUE¿tf6 IJtllI Uc'L]- UJ tJflç'a! Lçj-LA. UIVË bLrUllLd,UII yv!v¿t

increase in size, there was a general tendency for perch to
feed- on larger sízes of a particular organj-srn, or shift their
d.iet to includ-e other foocl organisms of a larger size.

4" Iìesqlts from food- analysis wibh respect to time

of day, season and- size of fish demonstrated" variability
in the d"iet of perch and. inaccuracy of results which may

be obtained- from inad-equate sarnpling for such a versati_l_e

f e e d-er.

5. Gastric d-igesiion rates, using ad_ult perch a-u

habitat ternperatures, were largely a fi.rrction of size and.

strr.lcture of tÌre food. items" Ämphipod.s were dígested.

faster than stÍcklebacks or crayfisnu d-espite higher tern-

peratures, since they lvere passed. into the intestine in a

partly d"igested- cond-ition. Sticklebacks and crayfish

required more time for initíal- breakd.or¡iln before passage

i-nto the intestlne

6" Gastric d.igestion rates, d-etermined for juvenile

perch at habitat ternperatures using natural food itemsu

were a fi-rnction of both water temperature and the kind.s of

food- items constítuting their d-iet, ¿. d.iet of fishes and_

amphipod.s yield-ecl a d.igestion rate simil-a.r to a diet of

clad-ocerans at a l-oler temperature.
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7 " A methol was d_evised- to estimate daily food con-

sumption rates for juvenile perch based- on lcnowl-edee of
their diurnal feed-ing patterns and respective gastric d_iges-

tion rates" Estimates of average d.aily consu:nptíon ranged

frorn 2"7 to 3"6/" of body weight per day and- compared- favour-
ably to mean monthly d.egree of stomaeh furness. seasonaf

d-ifferences in the quantity and. qualÍty of avail-able food-

qrrnn] rr \irôrô h^-l 'ì ^-.^-r +^ r^^ 7-êqyì.ì}.ìq'i Ïr-l o fOf VafiatiOn inÐu_LJ}JrJ rvtr'_L u uur-r_u v ELt utJ Lru J. triÞ.vuIIÞIU_Lti -1

d"aily consurnption rates" Accord-ing to calculatecl calorific
intake arrd- estimated metabolic expend"i-tures, and- excess of

energy lvas ingested" lvhich may be channel_ed_ into growth.

B" Food. consu.mption rates could not be d-etermined- for
adult perch because of their fail_ure to coinply with basic

assulptions" However, it was suggested- that d.ifferences in
the rate of digestion of a different food organism eaten

over the sanpling period- rna.y have l_ed. to d.ecreased food

consurnption in late sumrner" It was further shown tha-u

food- cons-r-mption was lower for a.dult perch than for juve-

AfJIU Ð ¡

9" Perch, in !'/est Bl_ue Lake, occupy the third. and

fourth trophic l-evels a.ird may be classified" as secondary

and- tertiary consrullers d.eriving the greatest bul_k of the

d"iet from the fonner" Furtheru perch d-erÍve approximatety

equal percentages of their d-íet by weight from pelagic,

benthic and- nektonic organisms. ILelative proportÍons of

these food. íter*s in the diet of perch varied- over the day,



-1 )A-

seasons sampl-ed and- fish size makíng absolute generali-

zations difficult.

10" :.rnphipod.s formed. the basic food_ items for perch

in vdest Blue lake sj-nce they were eaten throughout the

sampling period-s and- by al-l sÍzes of perch. Cl_ad.ocerans,

immatu-re di-pterans, fishes and- crayfÍsh were of secondary

iniportance since they showed. variations with respect to
sampling d.ate and. fish size " Insects, other than d.ipterans

rvere of rninor imnortance"



-1 2\-

LIIERATURE CI'JED

:.labaster, J.S", and- K"G" Robertson. L96L" The effects
of diurnal c.rraf,lges in temperature, d-issol-ved" orygen
and_ illmj_natiOn On the behaViOur Of TOE-I'þ. Rn*ì -lue

ruti]-us l-.,., bream, Albrnmis brarna L" and- perch" Perca
ffillis 1,. Animl-Eehav. T: TBZ-r92"

il-l-ee, '¡v.C" 1933. Effects of crowd-ing - effects of
nurnbers on amount of food- consrmed-" Trans. Amer"
Fish" Soc. 63: 25-27 "

;:.llen, R.K" L935. 'Jhe food- and- migration of the perch,
Perca fl-uvlatil-is L" in Vúind-ermere" J" Ánim" Ecol-.Ñ+47

" L94t. Stud-ies
of tire salmon, Sal-mo
Ecol" 10 e 47-76.

hi n-l n..r n€ 'l-L' a oqr.l rr qt5¡ s.o oU-rUr(JËJ UI UIIt, çør¿J Ë uø6vÐ
2" Feed-i-ng habits, Anim.

on the
sal-ar.

Àlm, G" L946" Reason for the occurrence of strrnted. fish
populations wÍth special regard- to the perch. Rep"
fnst. I'reshwater Res. Drottingholm 252 I-14e"

Perca
. L9r4. lvlaturity,

-Ê.-ì-"--i ^+i 
-t -i ^ ,rl-qvr-qtIrIl-s, ErOVrn

mortality and- growth of perchu
iir nnndq ThiÄ lÃ. 1l-20", ¿r¡ yv¡¡svo ¿v¿u" )) o ¿J c

lrrd-erson, R.0", and" F"F. I{ooper" L956" Seasonal- abr.r.nd"ance
ar.d- prod.uction of littoral- bottom far.na in a southern
iliicirigan lake. Trans. Amer" Microscop. Soc. 75 z 259-
270 "

rÌnd.erson, R"0., IVl.S. L959. 'Ihe i-nfluence of season and-
*omnanq*rr¡a ^É 

trnr¡r*h ^'c -Lì^ ^ Lf '- ^ -.j -ì "l -T ^* ^*': ^ *'*-Jre on érowlri. or Ine OlLtegl-Il-, lenOml-S maCrO-
chirus (Rafinesque). Ph.D. Ihesis. Univ. of iV.iich.
140 p.

./u:toslak, Ii" 1963. Fishes in the food- of ol-d.er perch in
lakes of the Vfegorzuvo d-istrict. Rocz. Nauk" Rol-n.
BZ'" 273-294" (Enelish smrnary)"

:irmstrong, R"H" u and R,F" Blackett " 1969. Digestion of
the d.olly vard.en" lrans" Amer" Fish" Soc " 952 429-430"

llald-wín, i'[,S" L956" Food. consumption and- grov'rth of brook
trout of d-ifferent tenperatures. Ibid-" 86: 323-328"

tsatl-, R.C " L948" Refatlonship between avail-abl-e fish food-,
feed-ing nabits of fish and. total prod-uction in a
Michigan }ake" Ivlich" State" Coll. Agr" Expt" Stat.
Tech, Bul-l" lVo ' 2062 56 P.



-126-

Bal-l-, R.C", and D"V[. i{ayne. 1952" Effect of removal of
the fish populatíon on the fish-food organisms of a
l-ake. rccology 333 4L-+8"

Bajlcov, A.D. 1935. How to estimate the d"aíly food_ consu:np-
tion of fish und-er natural conditions" Trans. Ámer.
Fish. Soc " 65; 2BB-89.

i3ard-ach, J. I9r5. Certain biological effects of thermo-
cline shifts" rlyd.robiologia 7z 309-321"

¡artlett, ltt" S " 1947. The use of transf ormations. Biomet-
rics 3: 39-52"

.rJamington, C"J.W" I9r7. the alimentarv r'nylp,l anrl ..rigestion,
p. 109-16r" I4 ui.n. B;;*'-(;ã.J--rä""øy"iãïäsJ ór
tire fisnes. Võr. t-. Acad-emlc Þress" -Nêw vorÈl N.y.

liecicu J"R" 1952" A suggested food- rarik ind_ex. J. Wild.life
Iäanage " 16-398-9.

iJell-, R.K", and- F.J" V/ard.. L97L" Incorporation of carbon
by Dapi:n¿e pulex. I-.,ínmol" 0ceanogr. 15; 7L3-726 "

Biette, Ll.llr" , M. S " L969 " i-,ife history and. habitat d"iffer-
ences between Gammarus_ lacuslfis and_ Hyalella aztecaj-n west Bl-ue L.,ãÉGrciñTã--ffisc" tffiity
of lVianitoba. 98 p.

Borgeson, D,P" 1963. Í, rapid- method" for foob habit stud_ies.
Trans" Aner" I'ish" Soc. 922 434-435"

J3orutsky, d"V, f960" The fishery forage base" Akad_emiya
Nauk" USSR.'Irud-y fnst. lllorf " Shivot. No " 13 z 5-L6(fn Russian).

tsrett, J"R, , and. D"A.iliggs" I97O" Effect of temperature
in juvenii-e sockeye salmon,

Fish" Res. Bd.. Canad-a 272 I769-
on the rate of d-igestion
OncorhJmchus nerka" J"
L779.

-drow-n, D.G., and" v'["G" Rosen" :-957 " A progress report on
the stud.y of perch movement in Lake Okoboji, Dickinson
Cor.irrty, Iowa. Proc. Iowa ltcad. Sci " 5B z 423-434 "

i]rou¡rr, ti,E. L946. The growth of brook trout, Salmo trutta
I. II" The growth of two-year-old_ trout at a constant
of It.5 C. J. Exp. Bío1. 22: 130-f44.

Brod-y, S. L945" Bioenergetics of growth" fi.eimhol-d- Pub.
Corp., New York l-023 p.



-127-

Buschemi, P.A. f961. Ecology of the bottom fan¡na of parvin
Irake , Colorad-o . Trans. Amer" I,iicroscop. Soc . B0 : 266-
307.

Carlander, K,D", and R.E" Cleary. L949. The daily activity
patterns of some freshwater fishes. Amer, Mid.l. Nat"
4Lz 447 -452.

Cooper, vf .8" L965. Dynami-cs and- prod.u-ction of a natural
population of a freshwater amphíFod¡ Hy_alel-l-a. azteea"
Ecol-, lViongr" 35 ¿ 377-394"

0oots, ùi. L926" The yellow percho Perca flavescens (]'titctliff )in the Klamath lli-ver. Cal-if . Fish and" Game 42¿ ZL9-
229.

Darnell-, R.I\lj.., and, R"M" Meíerotto. 1962. Determination of
the feed.ing chronol-ology in fishes. lrans. Amer" Fish"
Soc, 91: 3l-3-320 "

lavis, G"Ë" arid C"E. lVarren. 1968, Estimation of
sumption rates. P. 204-225" In. W,E" Ricker
l\,lethod-s for assessment of fish prod_uction in
Blackwe]l- Scientific Publications, Oxford- and-

B. t93f " Growth and. maÍntenance in place,
ivlar. Biol. Ass" U"K. L7z 877-947"

i-rqu¡o q

J.

food- con-/-\ted" J

fre shwat ers,
F¡li ¡Ìrrr¡æÌrlu¿Irv4! ótt.

Þ n-l qtacqq
v+wvvpusc

,i11, I-.,.lvÌ. L969. Ful-ton River fry quality and. ecology pro-
grarû. Report of the 1968 stud.íes. Can. Dept" of
Flsheries, Vancouver, B.C" 185 p.

" I97O. Ihe 1969 IUlton River sockeye fr-y qual_itv
and- ecoJ-ogy program. Tech" Rep" Canad_a Dept, of
Fisheri-es a¡rd- !'orestry, Vancouver, B.C" 41 p.

Ðun-n, D"¡1" L954" fhe feed.ing habits of the fishes and_ some
members of the bottom fauna of I-,lyn Tegid, Merioneth-
shi-re. J. Anirn. Ecol, 232 224-233.

Echo, J,ts" L954" Some ecological rel-ationships between yellow
perch and- cutthroat trout in thompson lakes, ÙIontana"
Trans " Ámer" !.ish. Soc, 84 z 239-248 "

.:rgê, R", and, A. Krogh" L9I4" On the rel-ation between tem-
perature and- the respiratory exchanges in fishes, Int.
Rev " Hyd.robi oI. i{yd-rogr " 7 z 48-55 "

.oggleton, F.E. L952. Dynamlcs of interdepression benthic
corumlurities. Irans" -A-¡'ner" Microscop" Soc, 7Lz l-89-
ôôQ¿¿() "

,llton, C. L927. Animal ecology"
Lond-on. 209 p 

"

Sid.gwick and- JacksorÌ, Ltd-" ,



-1 2ð-

Eschrneyer, rì..'lf . 1937 " Some characteristics of a population
of stunted- perch" Pap" IviÍch. licad." Sci., Arts l_.,etts.
222 613-628.

" 1938. !'u-rther stud-ies of perch populatíons.**-ffi" T; 6rr--631.

Evermarur, B.V\r. , and. .bi.W" Cl-ark " L9ZO. I_.,ake }[axinkuckee,
Ind-. Dept. Conserv. 1: 1-660 

"

Ewers, l.A. 1934. Summary report of crustaceans used- as
food. by the fishes of the western end" of lake Erie.
trarrs " Amer" Fislr. Soc " 648 379-380.

Faber, D.J" L967" I-.,imnetic larval fish in northern Wiscon-
sin lakes. J. ]+ish" Res" tsd." Canada 242 927-937 "

Ferguson, R.G, 1958. The preferred- temperature of fish and
their mid.-summer d-istribution in temperature lakes arrd.
strea.n" Ibid-" I5: 607-624"

Físk, Z"O" 1953. þ'ood. habits of yellow perch in two northern
Colorado reservoirs " I!'i. Sc. 'Ihesis. Univ. of Colorad_o ,
Colorad-o" 67 p"

Fortunatova, K"R, 1950" Biology of the feed_ing of Sq_Qgp-ag4?
porcus, L" Viiss. llleeresunters", rIelgo-land, N"F.
o " Ão--l /-l
Jo ./J 4T+o

Friedman, I[. L937. lhe use of ranks to avoid- the assumption
of norurality implicit in the analysis of variance.
J" -Amer. Statist" Assoc " 32:. 675-70I"

lrry, !'"E"J. 1957. .Ihe. aquatic respiration of fish, p. 1-63"
þ M.E" Brown (ed" l, The physidogy of the fishes.
Vol-. l-" Acad.emic Press" New York, N.Y"

Galbraith, lvi"G" 1967. Size-selective pred.ation on Daphnia
by rainbow trout and- yellow perch. frans" Amerffi
Soe. 962 l-10.

Gerking, S.D. L962" Prod-uction and. food. utilizatíon Ín a
population of bJ-uegill sunfÍsh. _Eco1. IWanagr.
32¿ 3r-78.

Gross, vï.L., E,W. Roelofs, and- P"0. tr'romm. 1965" Inftuellce
^-s -i^^+-^ôri ôd ôïì ¡rrowtL n€ ^.,nfi ch T.onnmi guJ u¡lv v vçr ¿vu vr¡ Êrf vvy urr vJ <,I ('tr:al- ÐL¿lL_L_LÞII a !c !guri

cyanellus" J. Fish. Il.es" Bd.. Canad-a 22e Tfre=I383"

r{amilton, 4"1", IvI"S" L965. Ar1 analysis of a freshwater
benthic community with special reference to the Chiro-
nomid.ae. Ph.D" thesis" Univ. of British Coh.mbla,\dancouver, 94 p.



-1 2A-

rlanson, W,R., and I'. GraybiJ-l" 1956" Saraple size in food"-
habit analyses. J. VvildJ-ife Manage " 20¿ 64-67 "

ú.arlan, J.R., and E"B" Speaker. 1951, Iowa fish and" fishíng.
Iowa State Conserv. Çsmnr. 237 p"

t{artIey, P"I{"T. 1948. Food- and. feed-ing relationships in a
corununity of freshivater fishes" J. Anim. Ecol. I7 z f-f4.

ilartman, G.F" 1958" ivlouth size ar:.d- food- size in yor.rrrg
rainbow trout, Salmo gairdqer:L L. Copeia l-gj1z 233-234"

Hasler, A.D. , and J"E. Bard.ach " 1949. Daily migrations of
yellovu perch in I-.,ake l\lend"oia. J. Wildlife Manage.
t3:44-5L.

ifasler, 4.D., and- J.R" Vil-lemonte" 1953. Observations on
the d-aily movements of fishes" Science I1B (:OA+):
32I-322"

Hathaway, E.S. L927. The rel-ation of tenperature to the
^,. --+-.i +-.qtr.o"r.r ur uJ of f ood- consumed- by fishes. Ecology B: 428-434 "

i{ergenrader, G.L", and A"IJ" }lasler" 1966. DieI and. vertical
d-istribution of yellow perch, Perca flavescens, rmd_er
the ice. J" Fish. Res. Bd." Canad-a 23{ 499=ñ9.

. L967-b " Seasonal- changes
of swimming rates of yellow perch in lake }llendota as
measured- by sonar. Trans" A¡ner" Fish. Soc. 96t 373-382.

Hernan, E., W" Wisby, I-.," lViegart, and. IiI" Burd-ick" L959"
The yellow perch, its life history, ecology and_ manage-
ment. !/is. Conserv. Dep. Publ- " 228: f4 Þ "

Herrmann, R.8., C"-8" V/arren, and- P. Doud-oroff" L962"
Infl-uence of oxygen concentration on the growth of
juveniÌe coho salmon. 'Irans. Amer" Fish. Soc"
992 Ljj-L67.

Hess, 4.D", and" J.Il" Rainwater" 1939.
ing the food- preference of trout.
lÃ?L) I ø

Hess, 4.D", and A" Swartz" L94t, The forage ratio and its
use in d-etermining the food- grad"e of streams" Trans.
fifth N, Amer. !VÍld.1-ife Confer" L62-L64"

changing seasons ín sc.ltooh-ng
Ibid.. 25 z 7LI-7I6 ^

1967-a" Influence of
Lraln qr¡i nrrr nf rro-ì I nrn¡ 'na-nnhrr lJvr vrrâ

A method- for measur-
Copeia 1939 z L54-



-1 30-

r{oar, VV.S. 1942. Diurnal vayíations of feed.ing activity
of yomg salmon and- trout" J. Fish" Res. Bd.. Canad_a
6:90-10Ì.

¡{orak, D"L., and- i{.4. Tanner. L964" The use of vertical-
gil1 nets i-n stud-ying fish d.epth distribution, Horse-
tootÌt ileservoir, Col-orad-o" Trans. Ámer. Fish" Soc.
93: I37-L40"

iloud-e, I.D. L969. Distribution of larval walleyes and_ yellow
perch i-n a bay of Oneid-a Lake and. rts rel_ation to the
water cuments and- zooplan-kton. J. I'["Y" Fish and_ Game
l-6: LB4-205 "

I{wrt, B"P" L960. Digestj-on rate and. food" consumptÍon of
Fl-orj-d.a gary war:nouth, and. largemouth bass. Trans,
,Amer" Fish. Soc. 89 å 206-2LI"

rlutchinson, G.E" L957. A treatise and. l-imnology. Vol_. 1"
Geography, physics, chemistry" J" Wiley and. Sons, N.Y"
1015 p"

iJynes, I{"8"N" f950" 'Ihe food. of freshwater sticklebacks,
Gastrosieus aculeatus and- Pyeastaes punatltius. with
a review of method.s used- in stud_ies of the fooO of
fishes" J. Anim" Bcol-. l-9:36-58"

Ishiwata, IV, f968-a. .,Ecologicat stud-ies on the feed.ing of
fishes -- I" Satlation a¡oount as ind_icator of amount
consr.med-. BuIl-. Jap " Soc . Sci. Fish " 342 495-497 "

" 1968-U" Ecological stud-ies on the feeding of
flshes IV. Satiation curve" Ibid. " 342 69I-694"

" f968-c, Ecological stud-ies on the feed.ing of
rces-_V"Sizeoffisharrd-satiationamor,lrrt.Ibid..

34¿ 7BL-784.

" l-969 " Ecologieal

-

fÍshes -- VII" Frequency
Ibid " 35t 979-984.

stud-ies on the feed-ing of
of feed.ing and. satíation amoirnt"

ivlev, V"S" L945. tsÍologicheskaya prod.uktionst? vodoemov.
Usp. Sovrem" Biol-, l-9: 98-120. ( fn Russian) .

" t96l-" Experimental- ecology of the feed.ing of
ffies" Yale Unlv" Press" New ttãíen, Conn. 302 p"

Jer:rejcic, tr'. L969. Tne use of emetics to coU-ect stomach
samples of walleye and- largemoutn bass" 'Irans. Amer"
Fish. Soc" 98: 698-702"



-1 t4
-tJt-

Johnson, l" 1966" ExperimentaJ- d_etermination of food.
consurnption of pike, Eso:c lucius, for growth and"
maintenance " J. Fish" Res. Bd-" Canada 23e !49j-Ljoj 

"

Kariya, t. 1969. Tire relationship of food_ íntake to the
amou:rt of stomach contents in mebaru" Bult. Jan. Soc,
Sci. ]¡ish. 352 5s3-536"

Keast, À" L965" lìesource subdivision amongst cohabiting
fish species in a bay, lake Opincon, Ontario. proc,
Conf" Great Lakes Res,, Great Lakes Res. Div., Univ.
I1Ích. Pub. 13:106-128.

" 1968. Feed-ing of solne great lakes fishes at low
terrperatures" J. I'ish, Res" Bd". Canada 25z llg8-l2l8.

Keast, 4., and- D. Webb" L966. iviouth and. bod-y form rel_ative
to feed.irrg ecology in the fish fauna of a small 1ake,
lake Opinicon¡ Qntario" 23: fB45-1875"

Keast, 4., and. l. Vfel-sh" f968" Daily feed_ing period.i-
cities, food" uptake rates and. d.ietary cha"nges with
hour of day in sorne lake fishes" Ibid.. 2j: l_133-fL44.

Kevern, ì{"Ìi. L966, Feecling rate of carp estimated by a
rad-ioisotope rnetnod.. Trans. A:ner." Fish, Soc.
95¿ 363-371"

Kinne, 0" f960. Growth, food- intake and_ food. conversion
in an enryplastic fish exposed- to d-ifferent temperatures
and- salinities, PhysioJ-, ZooL. 33: 2BB-31l.

Kitchel-l-, J"F., and- J"T. Wind.ell- " L968. Rate of gastric
d-igestion in pr.impkinseed_ sunfish, lepomrs gibbosis.
irans. Ámer" Fish, Soc. 97 z +Bg-+T

langford., R"R", and" W"iì. Martin" L9+O" Seasonal_ variations
in storuach eontents arrd" rate of growth in a population
of yel-low perch, lrans, Ámer" Fish. Soc. T0; 436-440,

l-.,arj-more, !U.R" L957. Ecological life history of the war-
mouth" Bul-I. Illinois State Nat " rlist. Soc.
27 z I-82"

l.,arkin, P.A" 1956" Interspecific competition and. population
control in freshv¡ater fishes" J" Fish. Res" Bd_.
Canad-a 13 ; 327 -342.

I-,a ilow, E.J, J968. A persista"nt d-iurnal rhythrn in Citaoborus
larvae" I 'Ihe nature of the rhythmicity" limnol_.
Oceanogr'. f3: 260-266"

l-.,ind.emann, R.l" 1942. 'Ihe trophíc-d-ynamic aspect of ecology"
iìco1o6y 23¿ 399-4LB "



-112-

T;*.r^+. .a9,, ,¡ t altrE ^- +,^^ -^^r -.+: ^-^ ¡: -r^ -. 1!¿rfuÐ ur uu, ! è L955 " 0n the relation fish sj-ze-food_ srze "ilep " Inst. Freshwater tìes " Drottingham 36: 133-147 "

L,irnd-beclr, J. L927. ner Pb" koeffizient fu:: teiche.
Z. F. !'ishereei" 25:553.

ivlagnuson, J.J" L969. Digestion and_ food_ consr_rmptíon by
skÍpJâc{ tuna, Katsuwonus pelamis. Trans, Amer" Fish"^ ^ôSoc. 9ö: 3lO-392"

illaloney, J.E " L969. DaiÌy and seasonal- activity and- move-
ment of perch in lttiille l-,acs lalce, i,[in_n, ]itinn" Fish"
Invest. 5z 51-63.

iiialoney, J. E, , and- J"tI" Joh¡rson . L957. lif e histories and_
interuationships of walleye and" yellow perch. Trans.
Arner, tr'ish. Soc. B5: I9L-202"

Iitarur, iì..Ii"K", and- D,R"0" 0rr" L969. A prelimina.ry su_rvey
of' the feed.ing rel-ationships of fish in a hard_-water
and a soft-water stream in southerr llngland." J. Fish"
BioI" l_ z 3I-44"

iiiarcus, r{.c " L932. 'rhe extent to which temperature changes
influenee food- consurnption in largemouth bassu lIuro
florid-ana. Trans. Amer. Fish. Soc. 62¿ ZOZ-ZL -

lltc0ormack, J.C, 1970" Observations on the food. of perch,
Perca fluviatilis L" in lVind.erm.ere" J. Anim, Ecol"Tzç57

IlicPhail, J,Ð" , and C.C" Lind-sey " L97O. Freshwater fishes
of northwestern Canað,a a.nd- Alaska. Bull. Fish" Res.
Bd. Çanada I73, lB1 -o"

I\teine, V.A. , G. S" Karzinkin, V" S. fvlev, A"N. lipin, and
IVi,P. Skeine " 1937 " Utilization by two-year-old_ carp
of the natural- food- supplies of a pond_ " ZooL Zh.
l-6: 309-223" (fn Âussian) "

liloffet, J"\/,i ", and- B.P.Hu:rt. 1945" lVinter feed.ins habits of
bluegill s, I-,epomis macroçhirus (R?finesque) urr¿ yellow
perchu Perca flavescens (Iúlitchill), Ín Ced-ar lake,
V/ashtenaw Courrty, Ufiehigan" Trans. Amer", Fish. Soc.
732 23I-242"

- / ,.- oo-iriol¡.ar, G.Y", and. f.. IöIg" L962-a" B.elation between v'¡ater
lom-nor:trtr-oq artå ;'¡qtr^i n Äi , ao'{-'i nn nf -l qrr¡amnrrtl,r l^Õõñuç!Il/e¿ s uur vu (aru óu-Ð ur Iv u¿ðEÐ UaLitJ- \JJ Id,J- óUIII.UL,f UII UAÞ:ì,
l{iicroptirus salmoid-e s "f9: 1005-1012.

J" Fish. Iìes" Bd-. Canað.a

" L96Z-U, iJxperÍments on the crq q*-r'i n

ind.igestion of
relation to
f.3:23L-239.

píke-percn, Lucíopelca l_ucioperca L
vr¡ater ¡smlerature. Acta" Biol-" Hung"



-133*

/^./Iviolnâ:r, G.Y., E" 'Iamâssy, and- I" T'o1C " L961. The gastric
d.i¿estion of living, pred-atory fish" ;o " L3D-L49" In
S"D" Gerking (ed. ) Ihe bio'l ogical basis of freshwaïãr
fish prod"uction" l3l-ackrvel_l_ Scíentific Fublicati_ons,
Oxford. and. Ed.inburgh"

iìioore, vl.G" L941" Sutides on the feeclinp ha,bits of fishes.
Ecology 222 9L-96"

iiirmcy, R."J" 1962" Life hístory of the yellow perch in
estaurine waters of the Severn tliver, a tributary of
Chesapeake Bay, lttaryland.. Chesapeake Sci " J: l.43-Lj9 

"

I!.iurd-ie, J.H. L959. The d.iurnal- activity of Ìarger inver-
tebrates at the surface of I,ac la "R.onge, Saskatchewan.
Carr" J. ZooL 37 E 945-956 "

i,ii-ko1sky, G.!1" f963, The ecology of fishes. Äcad-emi-c
Fressu Lond.on and- l\ew York" 352 p"

:'icrtircote, I"G" , r{"'!V. Loez, and. J,C. I{.lacleod " 1964" Stud-Íes
on d-iel vertical movements of fishes Ln a British
Col-urnbia lake. fnt" Ver" Iheor" Agnew" Lrnurol.
t5: 940-946"

riurnberger, P"K. 1930. Plant and anirnal- food of ihe físhes
in Big Sand"y lake. Trans. Amer" Fish" Soe. 602 253-259"

Pal-oheimo¡ J"E. and- ],"Iv| Dickie" L965" Food. and_ growth of
fishes -- I. A growth curve d-erÍved from experimental
d-ata. J. Fish" Res. Bd, Canada 222 52I-542"

of fishes -- II" Effects of
rel-ation between metaboli-su
232 869-908.

fishes -- III" -R.elations
growth efficiency. Ibid-.

Pand-ianu T"J. L967" Intake,
versi-on of foodL in fishes
ô-nhi nnonhal_uS StriatUS "vvurvvvvr

I966-a. Food- and grorvth
food. a¡rd- temperature on the
and bod-y weight" Ibid..

1966-A. Food- and growth of
arnong food-, bod.y size and.

232 L2O9-L248.

d.igestion, a*bsorption and. con-
I\ieg?lops_ cJ{þrínoid.QÊ and

llta,r. Bío1" l-z L6-32"

" L97O. Intake arld. conversion of food in the
fish Lirnand.a limand-a exposed to d.ifferent temperatnres"

--

IbÍd. 5: 1-17"

Parker, t¿.iì, f963" Effects of formalin on length and"
rveigitt of fishes" J" !'ish. Res. Bd-" C-¿naùa ZOe 1444-
L456 "



-1 34-

i?earse, À"S. 19f8. The foocl of the shore fishes of certain
hisconsin l-akes. U" S" Fish. V'/ildl_i-e^ Sorrr I¡i cþ. Bult,
34r 245-292"

Pearse, 4.S., and_ ¡1" Ächtenburg" L9ZO" rtabits of yellovir
perch in vïisconsin lakes, U,S. Fish. Wilcllife Serv.,
!'ish" BuIl. 36 z 294*366.

Fearson, K", and- A. Lee" 1903. 0n the l-aws of inheritance
in man" I. Inireritance in physiological characteristics"
Bionetrika 2z 357-468"

Ferrnak, R.V!. 1953" Freshwater invertebrates of the United_
States. Renald" Press Co. , i'levu York, N"Y " 769 p"

Pentelow, F"î.K" 1939" ,Ihe relation between growth and_ food_
congumption in tne brov-rn trout, Sa}qq tr!¿-þ_Ua l" J, Exp.
Biol. l_6 z 446-7 3 "

Pinskii, F,Y" L967, Daily feeding rhythn and d-i_ets of
youJrg of the salmono Sal-no_ sal.er l" when raised. in
pond-s" F"tì..:ll. Translation series No. 1f43. It p"

Fychau R.L", ancl L"l. Smith. L954" Early l_ife hÍstory of
tite yellow percir, PercsL fl-avescens, in the B.ed. lakes,
Ii,ïinnesota" trans" Lmer. tr'ish. Soc " B4z 249*260"

Richmanr_S. 1958" Iransforrnation of eïLergy by Daphnie pul_ex_.
Ecol, lUonogr " 28z 27 3-29L"

-R.icker, \¡i"8" I94L. Consi;Lrnption of yor.irrg sockeye sal_mon
by pred-aceous fish" J. tr'j-sh. Res" Bd." Canad_a
5z 293-313"

" L946. Prod-uction and- utilízat:-on of fish
populations, Ecol. iVionogr " L6z 37 3*391,

Robson, D" S" , and G.!'" Atkinson" 1900" Ind.ivid-ual fleoree s
of freed-om for testing homogeneity of regression
coefficients in a one-way analysis of covariance.
BiorLetrics L6z 593-605 "

-iìäper, K"C " Lg36" nrnä¡rurrt and- lÏacirs-bum d.es Barches,
Perca fluviatilis l-,. in Gewässen l,,leckenburgs rind_ der
ffiBï?r1ãã.@; Z" Fisch. 342 067-638"- (In cerman)"

Salt, G"'v',1 " L967. Pred-ation in an e>lperirlental;oroiozoan
population, rfood-ruffia paramicíum" Eco]. Ivlonogr.
37: 113-144"

Scoti;, K.G" L955. Äctivity paiterns of perch, Perce
flavescens, in -H.ond-eau tsay of lake Erj-e. Ecology

=l.|.-:36: 320"327 "



"135-

Seabr.rrg, K.G" L957. ¡, stome"ch sampler for' live fish.
Progr'. Fish * Cul-t . L9: l-37*f 39.

iieaburgu K"G", and J.B. I[oyle " L964. Feed_ing habits,
d.íg*estion ra.tes and growttr of some Iüi_nnesota warrtr water
fishes. frans. Árner. !'isn. Soc" 932 269-285.

.. \¡ie'ge]-, S. L956. l\tron-para¡iietr'ì c statistics for the beha-
vior.al. sci-ences. i!'icGra,w-tril} Co. , N.Y" , Toronto,
Lond-on. 312 p .

Sheri, A.l'1., and- G" Povuer" L969" Fecurrdiby of the yellow
perch, Perçe f'lavescens (wiitcnitt), in the nay ôf
'¿uinte , Lake Ontario. Can" J, ZooL" 47 å 55-58 "

iiieh, D"C", and- J. Paz'sons. 1950. Activity patterns of
some Clear Lake, Iowa fishes. Iowa Acad-" Sci"
57 z 5Il--5ItJ "

Skalkin, V"A" L965. K inetoclike obrad-otki- materÍalov po
pianJ-ya syb. Vap. Iktiol- " 5e 735-737 " (In Russia.n).

Srnít, ri. L967. Influence of temperature on the rate of
gastri c juice secretíon in the brolm bullhead.. Con1t.
ljiochem. Physiol" 2Lz L25-L32.

Sned-ecor, G.!l., and- \'v"G" Cochran" 1968" Statistícal method.s.
Iowa State Un'ìversity Press, lrnes, Iov'ra" 593 p"

Spencer, Vv,P" 1939. Ðiurnal activíty rhythms in fresh-
water fishes, Ohio J. Sci. 232 119-132.

Sbewa.rt, N.8., Ð.L. Slrermway, and- P" Doud-oroff . L967.
Influence of oxyåen concentration on the growth of
ji"rven-ile largemouth bass. J. Fish" Res " Bd." Canad-a
242 425-+9+"

ljurber', E"'v./. 1930. A cluantitative method for stud-ying
-Ì;he food. of small- fishes. lrans" A-rner. Fish" Soc"
60;158-f63.

" 1935" 'ft:out feed-ing experiments wíth natural
f ood", Ganiaarus fasc-L-lgs. Ibid " 65: 300-306 "

Swift, f .R" L955. Seasonal vai:iations in the growth ratre,
thyroid- activity and food- reserves of bro¡¡¡n trout,
Salnio brutta l-,. J, .Exp" Biol " 322 75L-764"

Sv-rymerion, G.i-t " , and. E"B" lvorthington" 1940, Note on
the f'oocl of fisrr- in ilaweswater', '/estmorland-. J, Anim.
¡ic ol " 9: 18 3-l-87 .



114

i'erat-¿clti ¡ ïri" , and. t. G" i'{ortncote " L966. VeL:tical d-istri*
bution and rnigration of Qtraoborus flavicans larvae t_n
Corbett Lake, B. Q " Limrrõffião$-ffi64-L7 6 "

leste-r, A"L" L932. tr'ood, of the snall-mor¿th bass in some
Ontari-o y¿aters. Univ, Toron-bo Stud_., Biot" Ser"
36; 169-203"

Tharuatt, iL"C". f959" tr'ood- of yellov\¡ perc-il-, Perçe flavescens
(Irrtctrill), in SagÍnaw Bay, lake t{uron. GsÆr"
Fislr" Soc " 88; 330-331"

Iurner, C.tr" L92O. Distribution, food- ancl fish associ_ations
of you:rg perch in tÌle Bass Is" region of Lake E::íe"
0hio J. Sci" 2Oz L37-L52.

Iurner, Vi.r1. L9r5. !'oocl nal¡its
nacrochirus (tiafinesque)o in
pond-s dur'ing April and- lviay"
16 z 98-l-0r "

Iyler, Ä"V" f970. iìates of
J . Fi sir. ¡Èe s . Bci . Canad-a

nf tho lrlrroii-ll T,a-nnrrricv!qvÉ¿!ro .::|::j.#-
o'i -htoon T<'orrtrrnlrr¡ f ç-r'ra

Irans. l(v . ,Acac1. Sci "

gastric emptying in young cod-.
272 LL77-LLB9"

Usinger, R.l. 1963. Ac¡uratic insects of Califor.nia with
keys 'uo I'lorth Asrerica¡r arid- Califor.nian speci-es" Univ"
Calif" Press. Berkeley, T,os éngeles. 508 p,

iiValter, ts. L934" Grrurd.lagen d.er all-egemeinen fescher"ei-
J-ichen prod-ut<tionslehre . Demol-l- lurd Iiiei j er": hund-b, d .
Binnenfischerii iväutteleuropas. Bd. IV" 135 p.
(in Ger'nan).

irebster, D"1,. l9+2, Food. pra¿resssion in yor-mg white perch,
lVlorone arnericana (Gerntin), from Bantam Lake. Trarrs.
Ainer. Fislr. Soc " 72¿ I36-L44"

rvilleru A, L929, Untersuchr.rrgen uber d-as wachstun von
fischen. Int " Ver, 'Iheor. Agnew. l-,ímol- " 41 668-692"

{/inberg, G"G" L956. Rate of metabolism and. food- recluire-
ments of fishes. I-,R"B. Trans. Ser. ltTo. L94" 22Q p"

riind-e}l, J"! " L966. tlates of d-i¿estion in the bluegitl
sunfish" Invest, Ind-. Lakes Streams" 7 z LB5-2L4.

" L967. trates .of èigesiion in fishes. p f 51-
T7il---T-n S Tì ry--.i-;*- /^s \ lhe bio'lor,.ì ç¿] 6aSíÈf lJ" -Lt-L LJô1,/ó LrUJ-f!J-IIË \Y(-Lo / lrru vrvlvó¿

freshv'¡ater fish prod-uction. Bl-ackwel-l- Scientific
Publ-ications u Oxford and. Ed-inburgh.

of



-137-

rTind.el l-, J.T. 1968" Food. arralysÍs and_ rate of digestion"
p L97-203. In \iú.8. -çl.icker (ed" ) &Iethods for assess-
rnent of fish pr=oduction in fresh waters. Blacku,'ell
Scientific Publications, Oxford. and" Ed_inburgh.

lVind-ell, J"T., 11.0. lVorris, J.F" .L(itche11, and J.S. Noruis.
1969. Digesiive response of rainbow troui, Ðafqq
åairdLeri to pell et d-íets. J" Fish. R.es. Bd."Jarrad_aZZiæl3r2:

Vlolrlschl ag¡ D.E. L957. Ðifferences in metabolic of migra--üory anrl- resid"ent freshwater forms of arctic r¡¡hite*
f isrr" jìc o1o5y 38 : 502-5LO .



A.PP]1ND]}i A

'Iable Ä-1. lìummary of d"ates, Iocations, weat]r.er
d-aylengths and size ranges of yell.ol
ne-b Lings.
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{.nm/

184

u0
IB2

L66
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APPEIIDII{ B

Table B-I" Summary of stornach analysis and d.ata frorn individual fish for
the dÍurnal netting experiment conducted. on June B-9, 1969"

tr'ork
Fi sh Time Length trVeight lleight

Number Caught (nun) (e) Sex Food Organlsm Type Number (e)

24
z5
26

2?
9A

9A

50

3I
4D

1030
1030
1030

I030
I030

1030
10õ0

I030
1050

1030

1030

1050

L230

1450

1430

L430

1830
1 AZ^

1830

Lt5

168

188

l.77

184

P
P

l_82 61 F
209 IO7 F
t79 67 F

195 85 F
185 68 F

181 68 F
168 58 F

163
203

L76

182

55F
64F

@u]P
HyaIella
Ephemeroptera

C_haqbo_rus
Hya]-elIa
Gamrnarqg
Eyal-elIa
Hydraearlnla
Hyqle-Iþ
Gammarus
Gammarus
Eva]-ell.a
Ephemeroptera
Triehoptera
IIyaLella
Tstragoneuria
Hya]-ella
Ciraùorus
Eyalel1a
Chaoborus
Garmarus

IIyaIella
Chagb_grug
Chaoborus

HyaIelIa
H\tqtât tq

Misc. lnsect
HyaleLLa
Gaimarus
ill1sc. insect
Hltôlôl lâ¡r-t q!v¡+s

Chaoborus

. .:Hltâlôllâ

Hltâ tô | | â
:i.r¿-i-::-
Chaobo::us

f lnô^ñô^?ôc

1r0
416

22
57

îv

I

47
t5
28
I

2.r7

9

13
1

"l-
19
I

9q

B5
202
zz6

o "672
0 .270
0.080

^ 
9F'9

o. izg
0.0I7-

0.004
0"200
o.425
0.103
0.004
0.215
0.004
o.Lzz
^ ^El
0 "025
0.002
0.065
0.154
0.100
a\ r{o?

1.113
o.7 67
0 .055
0.100
0 "560
0"003
0.096
0 .017
0 .007
N AÃC

0.505

UoIII

0.08'7
0.005

0.159

79

64 r{
56F
69F

37 L230 I7I
58 t230 168
39 1250 I79

qA

ñôa,á

70
I
/1
=

't
I

1 
^/,

72

75

4L

.qP

62 r'
82F
74F

66F
73F
99F

IB2
].97
IB4

T7?
1BB
203

1850
1830
1 qcrì

42

't9

13
14

15
16
t?
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Tabl-o B-I. Cont t d..

Fish
Number

Fork
Tlme Length

C aught (nun )

lVeight
(e) Sex Food, Organism llpe

itJeight
I{unber (e )

1B
19

20
2L

24

1830
1850

2030
2030

2030

2,230

182
172

186

192

63F
84F

64 I'
62F

199
195

69

74

Ganmarus

æ]"+
H\7â¡êt tâ

Trichoptera
EyaIel-1a
Ganmarus
Chaoborug
Hyalella
Chaoborus

1
7

I

7
B

23
L2

0"020
0.o37

0.231
0.063
0.251
o "273
0.05 6
0.035
0.037

J, = Larvae, P = Pupae, N * Nymph, A = AduJt.



Table B-2" Summary of stomach
the diurnaL nettÍng experiment

- 
| /t | 

-

anal-ysis and. d,aia
cond.ucted on Juno

from individual fish for
22, L969.

Fi sh Tine
Number Caught

tr'ork
Length i,leight
(rm) (e) Sex Food Orgaaism Type

ltleight
Number (e)

126
tz7
I28

1¿9
l_30
I31

l.r2
135

134
135

Is8
L59
L4A
I4I
L42

145

l-46
I47
148
149
150
15I

UOOU

0630
0630

0830
0830

0830
0830

l_030

10õ0
1030
1030
1030
1030
1030

q. /1

52

õ9
¿R

145
L74
189

t62
156

l-40

238 145 F
l-67 55 F
IB3 67 F

I8B 67 M
lqô aÃ Ela'

236 I74 F

UÞÐU

0630
0650

264 245 F
229 14I F

245 ]-79 F
159 42 r

0650
0630

Totragoneuria
Chaoborus
Chaoboru"
Chaoborus

TetraslneurÍa
Chagborus
Chaoborus
Chaoborus
Chaoborus
æery=rE
Tetrasoneuri a
GammaJ:us
Chaoborus

Gammarus
Chaoborus
Dqphnia
Chaobonrs
P3Èe*

tulaea
Totragoneur-i.a
Gaprnarus
Chaoborrs

re.trselgeuria
Chaoborus
Chaoþorus
Chaoborus
Chaoboruå
Ge!!r,arug
Tlq¡hn ì q
veP4!¡q

Tlqnhni q

Daphnia
Chaoborus
Ganrnarus
Chaoborus
Dqphnia
Daphnia
Gammarus
Gammarus

\T

P
r
L

P
L
P
P
N

I
2T

AT

504
lt

324
A1.fr

1
I
1I

2
I

218
108
542

á
3
I
I

14
2024

64

0.106
0.107
0.110
0.005

0.062
0. 604
0.002
2"000
0.206
ô RA?

o. ãsr
0.021
0.004

0.308
^ ^^?
0.046
0.520
0.2I4

2"20L
l_.199
o.326
0"004

^ 
,4 0c,

^ 
ato

0.052
10. IB5

0 "392
^ ^zo
^ ^try
v . La.t

0"068
0,049
0.015
0 "005ô lla
0"076
0 "L22
0 "044

l47
163

136
t5?

F
F

0830 150
0830 160
0830 t57
0830 25t
0850 259

F
F
F
r
-[

I
I52

F
ñ
-[

143 0830 245
l44 0830 238

P
L
P
I

220

].76
l_48
157
l-44
]-67
L49

62

+a
qr{

55
34

F

F
I
ñ
-c

F
M

F

I
o^

320
151

¡¿

14,ñ 

^
23232F

44F
36 I.

152 1030 138
155 1030 161
L54 L030 l-53

PChaoborus
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Tabls B-2" Contrd.

Fish Îlme
Nrunber Caught

Fork
Length Vleight
(nn) (c)

I¡Ieight
Sex Food Organism Type Nurnber (g)

r55
156
L57
158
159

160
rol-
L6?,
165
164
165

I67
168
169

I70

1030
I030
]-'230
1430
1430

L430
1430
l430
1430
l-430
1430
I430
1430
I430
1630

1630

1630
1650

1650

1630
1650
I650
L650
1630
1630
1850
I830
TBSO
1830
1830
1830
2030

2030

2050
2030

2030

151
159
151
L94
151

l-9Z
157
L52
thq

L7B
158
L42
146
161

r66

t52
161

148

141
T.L4

158

=?

40

56
56
70
46

.)+
AOtí

46

49

A1

146
27

a-lüI

hH

37
¿L

42
-4'4

aq

ql

eq

4Q

I55
9zA

],27
L54
145
178
L+5
181
I36
157
lqo
1A.9

11n

20r

Dapþnia
Gammarus

F
F
F
F Evalella

Gammarus
F
f' ÍlqnhnJ q

F Gammarus
F Chaoborug
F Chaoborug

0.060
0 "019

a, ,.,-o t
l^l ôQ'ì

o.ãr+
^ ^61
0.215
0 "304

UcáUL

o. õor
0.005
0.205
ñ 

^qo

o.ãr¿
ñ lAR

0.00e
V oVá<'

0.019
0.089
0.002

? 
^ 

/'\a\rt¿ v.VVl
l9a ô n9q¿pu vêvsv

I nl^ltô
I'ìÂO

0.003
I rr^o

0.00I
n n] t
rl n?a

141 0"079
1 0.105

L64

19

ãt
1

46
74

.o

r
P

F
F
F
F
F I

10
q

I

1
?T6

I
85

r{o fa
VJ f,'

48 r{

qÃ9

^a

Chaoborus

F
F
F
F
F
ñ¡
F
F
Î

Gammarus

Chaoborus
Daphlla
GlulrrnarUs

Tetragoneuria N+

cu*ru"i"
Daphnig
Chaoborus
ej@+

I tÊnnn I â

Daphnia
Notonect id.ae

Y

l-7L
L?3

174

J.75
176
177
178
r79
180
181
182
183
lB4
LB5
186
lRq

tvtì

191
192

F Daphnig
F
F Gam¡narus
F Tetrgqoneuria N

GalnrngLrus

F flulaea
Chaoborus P

F Daph¡ia
F Gammaryjs

Daphnia
F Orconectgs

Gamrnarus

't¿
I
L

l

193
0.103
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Table B*2. Contrd.

lish Time
Number Caught

Fork
T an oih ]ÀIai ohf

(nun) (e)
Ytreight

Sex Food Organism Type Number (S)

194
195
loA
l-97

. 198
199
200

20L
203
204
205
206
207
208
209
210
zLL

zL5
2L+
2l.5
2L6

2030
2030
2030
2030
2030
2030
2030

2030
2030
20õ0
2030
2230
?.230
2230
2230
2250
2230
2%O
2230
?230
2230
223,0

r66
L72
r45
162
14L
l_ ou
L44

156
164
168
1Ã^

14L
T4?
159
151

153
159
r69
tá6
163
262

60
7A
q9
tz,9

47

A'l

c'l
46

49

35
47

qo

52
4

r75

e.!rs3su
Tetrasoneuria
Daphni-a-
Daphnia
Chaobor_lrs
Chaoþrus
Daphni.a

F
F
ft |Tef¡qcrnnerlni e

F Notonectidae
l' T)e¡hn i a
f' îq¡hn i o
F

Gammarus

'a 
^ 

ô^^I U. óTJO

1 o,iza
115 0.028
l_6ã 0.075
11 0.030

0.002
0.002

o.27L
0.058
0.054
0"026

0 "079
^ ^^?
0 .165

0.020
0.046
r,775

ñ
-c

l\/r

-r

F
_ts'

F
Î

ñ
.E

F
F
ñ
.E

F
F
F

.l\T

ñ

P
P

Chaobolus
Eucalia

Chaoborus
Daphnia
Da¡hnia
Eucalig

N
./A

;

1

?"

I
J

1
125
l-72

I
I

a

B}
79?

2.

l, = Lawae; P = Pupae; N = Nynph; A = Adult.
= Consumed. previous day.
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Table B-5. Sum-rnary of stomach analysis and. d.ata from individual fish for
the diurnal nettíng erperiment cond.u_cted. on Jul-y 2Z-24, l-969,

Fork
Flsh Time Length I{elght ïteight

Number Caught (mni) (e) Sex Food Organism Type Nuirber (S)

37F
62M
54F
AÀ ñ

37 r'
À1

0630
0630
0630
0830

RÀ /lu==
5+5

q,1^

U=L

542
E/117

^/l 
A

547
468
469
4?O
47L
472
473
474

49L

492

496

497

0830
't 

^?ar

1030
1030
1030
1030
L050
1030
1030
1030
1nu ^

1050
1230
1250
1250

I230

IZ30

150
180
l-72
154

145
l_5I

162
141
I?2
180
]-74
161_

153
L47
L62

r64
9rl^
J-YI]

]-9Z

l-73
L43

159

L4?

47
qt
62

67
58
L2.

4T

+v

I25

notonelt:.aae
Culaea
tetragoneuriq
ct¿laea-
Cula.ea
Ga¡unarug
Garnmarusry
Genmarus
Chaoborus

Culaea

-

Notoneetid.ae

Gammarus
Chsroborus
Pegca

Orconectes
ffiae
H17â | ê | | â

Gamnar.us
Notonectid.ae
Gaqnarus
Perca
Gammarus
Perca

Perca
Gammarusffiã-
ñãIffiti¿ae
$,Elslþ
Oreoneetes
gslæ 

_srreur,ls
Tetragolleuria
Orconectes

1 o.ãoe
1 0.394
D 

^ 
r7z/1P v.vu=

I 0.857
1 I"233
1 0.027
7 0.101
91ÃO9H LOvs4

17 .r Ã^o

0.001-

2.2?4
0 "007

0 "063
0.002
0.057

J. ÓDU

0.009

^ 
rì90

ñ ?ArÂ

0.0I1
0"115
v "Jo4
0.007
o "422

^ 
,DA

^ rìzo

0.466
0.0I?
0 .002

^ 
D\z,

ô 9Aq

o. õsg
1.900

F
Fî
F
F
r'
F
F
F

tt

P

F
F
F
F

F
F

37
î19

50
92

R2.

+Y
ÐI

1030 L52
1030 ].44

488 IZ30
490 l-230

475
476

4??
485
486
Æ7

1

4
.2,

3
I

I
2

c]

19
2
B
1
I

I
I
q
-<

I
I
I

1
1

39F
36F
5+F

493 1230 l-5ô
49+ L230 148
495 1230 t67

498 L230 207 9e F
499 ]-,230 218 l-13 [f
500 1430 IB4 79 F

1 
^Qald
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Tab1e B-5. Conttd"

-u f sn I'l_me

Number Caught

Fork
Length l,'.le lght
(mm) (e)

l'Ieight
Sex Food Organism Type Number (g)

50r
503
503
504
505
Ê^Â

507
508
509
Ã1n

511
5t2
Fl q

5]-4

516
5I8
5r9
520
521_

522
q9a,

524
525
526
52?
5?-8
529

551
532

L430
l430
1430
L430
l_450
t430
1430
16õ0
1630
I630
1630
1630
1630

1630
I630
1630
1830
2030
20so
2030
2030
2030
2030
2030
2230
2230
2230
2230
2230
2230

2230
2230

2230
2230
2230
2230
2230

150
196
222
238
IY+
225
210
9Õr1

223
160
20I
2L4
205
1aA

206
zz,7
l_98
203

2,ZL

198
ávv
163
167

205 98
201 93
209 98
2t7 105
161 48
148 37
2r7 1I1
188 67
156 40
188 ?2
I52 37
200 76
158 40

57
on

120
r++

B5
l-'27

97
108
L25

49
I01

I a\o

a4
I18
138

oz,

102

l-22
öÈt

lIB
98
96
/,q

69

ñ
_[

_r

F
-r

M

F
F

227
209

^??
^f7 

A

q4r7

539

ñ
-[

F
_r

M

F
F
F
F
F
F
F
F
ht

_[

ù1

IU

F
F
F
1..

l_1

F
ñ¡
!1

F
F
M

M

F
It
F

Notoneltiaae
Culaea

Orc one ctes

Gulaea

CuLaea

t,:.laea
Notonectid.ae
Claoborus
Orconectes

Gastropoda

Orconectes

Orconectesry
Gammarus
Gammarus
Gammarus
Ganmarus
Gammarus
Gammarus
Gastropoda

I{otonectidae
Ëqlrnaruse**-
Ga¡nmanrs

cun*ur"]"
uu.Laea
Tetragoneuria

12 0.+02
2 0.055

2 0.028
c4 

^ 
n2a

't 
^ 

.299
L VøUJP

I o,ão+

o.J++
0"132
0. L59

I
1

., lro
0.157

0.087

o.ãgz

^ 
r,nn

o.ãgo
.\ .\.lÃ

0,003
0"I29

0.009

z. irs

o.?7I
o"327

0"079
0.1r5
0 .094
0.039
o"L47

'l
I

I
I

v

1
I

I
'15

=
q

I
9

L = Larvaej P a ìtupaei N = Nymph; A ; Adul-t,
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Table B-4. Sumrnary of stonach analysis and data from ind.ividual fish for
tle d.iurnal netting experirnent cond.ucted. on /+ugust 24-ZS, 1969,

Fish Time
Number Caught

Fork
!v¡rt1 9fr ;r ç f tiII u

(rrun) (et) sex Food organism
1'teÍght

TVne Numher lrìLJ lJv \€¡l

B4+
845
846
B4?
848
849
800
B0l_
802
anq

804
805

806

0850
0830
0830
0830
oB30
0830
1030
1030
1030
l_030

1030
1030

l-050

1430
1430
I850
1850
1830
I830
I830
I830
1830
2030
2030

187
2L9
207
2L0
2I5
l.64
155
r62
186
'l ñô

176

160
I43
VL
159
146

153

150
L54
148
155

ì
I

32

I
2L

I
I

64F
40F

185
155

LZ4
YO

128

A6

,Ul

ñil
F
ñ
-0

F
M

F
F

r

_¡

-¡

-c

_c

F
F
F
F
F
f
-E

F

Perca

Perca

Orconectes
Ga{rnarus
Cula.ea

Culaeatury
Orcone ctes
Gammarus
HyaleIla
Gammanls
Orcone ctes_
Cul_aga
Culaea
Anphipoda
Hyalella
Garnnarus
Chaoborus
Gammarus
Gastropoda
ïly.aleIla
-0i¿1e.æ-
Gastropoda
*î

Gammarus:---"H\tttêt to
¿¡rt \.4v¿¿e

CuLaea-

rTlotnqonnarrni q

.r loo

r. ã¡z

o oó+t
0.076
o "324

0.090
0.0 60

rl rìAÃ
rì 9AÃ

0.0I3
0.218
0.026
0.601
o.349
0.014
0.008
0.035
0.003
0,287
0.00 6

0.002
0.065
0"002
0.068

o "ãoea\ 
^/ 

K

o. ioo

., loo

42F
36F
52F
43 Í,
35F

38F
34F
37F

8L2 1250 L52
81õ 1230 L52
814 l,230 L48

140 11

qo tf

vv I'

vvI

807 1030
808 1050
809 1030
810 l2,30
811 l230

814-A 1250

815 1230
816 L23,0
81? tZ30
BlB 1430

B4
I

91

I
á
1

á
2
2

a4
I
I
1
2

1n

+

:,

I

-'

Bt9
820
a2'ì

822
823
824
a9|i

826
827
B2B
829

199
207
146
I4B

165
L7Z
d6v
t59
156

87
97
3+

4A

+o

r]0
40
37
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Tab1e B-4. Contrd.

.u:l_sn 'I'une
Number Ca4ht

Fork
Length 'ûeieb.t

(,r'n) (e) Sex Food OrganÍsrn Type
iríeight

Number (e)

Q?ô

851
432
Q 14r{

834

835
856
837

839
840

tJ+J-

842
843

2050
2030
2050
2050
2030

2030
2050
2030
2030
2230
92a,^

L52
I5?
153
r52
207

152
164
r57
L52
16t
146

85
7

3?6

59F
40F
.56F
35 I'
99F

36F
47F
42 r'
59M
4? [i
37F

40 r[
38F
36M

Orconectes
Ê¡rlaea
ul¡taea
OrgonecteF
Hymenoptera

rJaprul_a
Hl7qtêttâ

Daphnia
Culaea
--

l_ 0.07 7
, 

^2^qH V a Év.

"2 0.109
r ô ^1 ,t áoo.L¿t

0.044

0.039
0.018
0. L51
0._170P230 156

2230 I53
2230 151

L = l,arvaê¡ P = Pupae, A = Adult, N = Nymph.



Table B-5. Surnmary of stomach
the d.iurnal netting experiment

d.ata frorn ind.ividual fish for
lune 23-24, 1970.

-1 48-

analysis and
cond.ucted on

Fish Time
Number Caught

Fork
JJsuó u!. rJÞ 1ë;rr r,

(nm) (e)
r;íeight

Sex Food Orga:rism Type Number (e)

28
29
50
31

z,
BO

8i-
82
ar{

51

53

0630
UOÐU

0650
0630

0650

^azal

0830
0830
0830

1030

1030

L030

1030

E^ù= 1030

55 1050 97

HyaIella
Daphnlg
Notonect idae
Hltâlôt tô¡¿¡t erv¿¿q

flqnìrn i e

I)enhni e

T)snhn i n

Ganmarus
Chaoborus
Ðaphnia
Tln¡hni e+
Hya1ella
Chaobo.rus
Diptera
Tìq¡trnì q, s yg¿¿¿ s

ïIyalbl-1a
Ðenhn i e

Chaolorus
Chaoborus
Hya.]-ell-a
Perca
Íìq¡hn J e

Notonectid.ae
Chaoborus
Perc-a
Hyalslla
Tl¡nÌ¡n i o

Gammarus
=....'.-.--H\/âlpt tq

Chaoborug
lìoñhhì âvu F,¡¿¿À¿u

Notonectidae
I tÂînnì â

Chaoborus
Tla ¡hn i avu P¡¡r¡¿ q

I tqnhn I q

Daphnia
Chaolorus
PeIca
f)nr-lhn i e

7T
65

60

65
?8

ÈJ+

7T

P

+F
? rt.)M

3M
3F

q tfU!I

ôF

7 X,l

4F
D .E'

Chaoborus
I 0.01_7

l-0 0.00¿
5 0.022
I 0.009

146 0.056
20 0.012

2?B 0.073
3 0"113
1 0,002

?5 0.018
I72 0"062

1 0.015
1 0.002
1

]-.26 0.050
1 0.009

128 0.0?4
L4 0.029
2 0"005

0.0I0
0.017
0.034
0.0r9
U oUUO

0.019
0.009
0"026
0 "035
o "024
0.009
A .\Ã/

0.021
v.v ló
0, c07

9q 
^ ^'l 

1v ov¿¡

99 0.026
186 0.052
19 0"040

0 "017
0 "074

7T

P
t

P
I

68

7L

I
't¿

B4
1
9

2
1

öv
c4

3

37

27 rj

*

A
r

5F
5M

BÀ{
4M
+ili

6
7

ö
I

10

1030
1030

1030
1030
1 

^rd 
rt

72
72

B8

I

30
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Table B-5" Contfd..

Sish lime
Nunber Caught

Fork
Length l'leiehf
(mm) (e) sex Food organism Wpe

ttleight
Nurnber (e )

87 1030

1030

1050
1030
1030
l_0õ0

I r\z^

1430
L+30
L430

1430

1630

I650
lbóu
1630
I630
1650
1630

1650

l_630

1630

1630

1630

.LOÐ\J

1630
1830

I
1

q6

O¡/

l_

I

59
1Â

I
31

2
I
2
I

43
o

70
1
I
I

rãs
118

I
50

1
I

20
I

.Y

N

2

2
3

ñ

I
I

I
I
?

1
t
1

2^
I
9

Ão

L

4F
5F
o llt

84

66
7I
73

HyaIella
Claoboru_s
T)c¡hn i e
Tln¡hn i n
Chlrononid.aory
Tlq¡hn i q
vuPs^¿s

Chaoborus
Chaoborus
Îìenhn i a

Cunt"r.l"
Gammarus
Chaoborus
Ephemeroptera
Tlq¡hn i q

Chaob_orus
Tla nhn i o

Chaoborus
Amphipod
Chaoborus

0.032
0.005
0.004
o "oz7
O. OOI
0.070

0.020
^ ^q/
0 "001
0.016

0.039
0.025
0.005
0.014
0.040
0.024
0.049
0.002
0.004
0.002

0.043
0.062
^ 

nño

o.oz2
0.003
0.012
0 "005
0.028
0"004
0 "037
0 "010
o "o22
0 "008
0.003
0.029
0.008

0.002
0.028
0.041
0.009
0"001

5M
þ -E'

BF
2F

6F'8Nf
6F
6M

90
91
92
or4

94
33
34

I

D1TL

'tL
70

80

56

57
5B
59
bU

ot-
6Z

63

72

74

75

73

8I
55

qq

AA

76
76

L

70

F

M
ñ¡
tf¡T¡

ñ
.[

r'
X/j

F

X,l

¡'

F

F

oap¡niI
Daphni_a
Notone ct idae
Tìanhn i a
Chaoborus
Plecoptera
ï)nnhni e

Hyalo1la
Notonectidao
Gammarus
IIyalelJ-a
Not onect id.ae
Tìanhn i e
Chaoborus
Gammarus
Hyalolla
Cha.oborus
Dap!+ia
Gammaruå
TTr¡q'l ol'l q

Tlnnhn i c
Chironomidae

76
77
11
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Table B-5. Contrd.

Fish TL'ne
Nurnber Caught

Fork
Len6th i'Ieight
(rnm) (e )

ITeight
Sex Food. Organism Type Number (g)

1830 7A Gammarrrs

Daph¡ig
Chaoborus

n rl1a
U ¡ Ul,O
0,004
U¡UUO
0.009
v.va+
0.016
0.021
0"025
0"00?
U.UUI
0.051
0"112
0.o23
0"019
0.00I
0.051
0 "009

0.056
0.002
0"014
0"010
0"012
0.050
0 "021
0.028
0"002

T
0.011

T
0.008
0.002
0"015
0,008
0 "009

,

ú
27
I
I
2

37
1

3L
1

94
50

u

t
9
a

I

I83013 rt^

L4 6?

37 2030

Hyal-eII_a
ChironomÍdae
Daphnia+
Gammarus
Hyalella
Notonecticlae
lìanhn i q

Perca
Tlanhn i a

Chirono¡nid
Daphnia
CJraoborus
Gammarus
Notonectid.ae
ïlanhn i q

Satella
Perca

13M
].4F
4F

64 l_830 96
65 1830 l-03
70 1830 67

M

tr1

5
11

4
I
4
4
7
.t
4

65
60

68
89

BO

65

58 2050
15 2030

60
hH

24
25

16
T7
1B
L9
48

1
2

4

=

2030
2030
2030
2030
2050
2230
2230

2230

223,0

?,230

2230
2230

2230

á+ov

F Daph¡ia
F Daphnig
F Daphnia
F DaJ'hnia
Xi Daph4ia
¡,{ Hy-ale1la
F Chironom:id.ae

Diptera
DapÌtnÍa

tr{ Chirononid.
Dqnhn I s

F Chircnomidae
Daphnia

F Chlronomidae
Daphnig

F
f' Hyalell¡r

Chaoborus
Hyal-eIla
Gammarrrs

M C]rao.þolqg
Chagborus
Hyalella
Daph:ria

P
I

tis
1

40
q,

32
63
75

I
1

6?
1

I'I
I

t7R

2
7B

rz,

A
= 6 n aì?^

1 0.002
4 0.029
t 0.020
5 0.013

0.001
0.009
0"015

r
L I

1
átr

^2
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Table B-5. Contrd."

Fish Tine
Number Caught

Fork
Length lTeight
(nor) (e)

Weight
Sex Food Organism Wpe Number (e)

1
I
I
I

P
8B

61

66

68

69

2430

2430

2430

Ganrnarug
Chaoborls
Gammarus
HyaIella
D*¡=*

o.027
0.003
^ ^^Ã
^ ^^f4.
0.00I

I = Larva€, P = Pupae, N = I{ynph, A = Adult,
T = Trace,



Tab1e B-6. Summary of stomach
the dlurnal netting experinent

-1 q)-

analysis a¡ld, data
conducted cn'July

from individual fish for
2L-22, 1970.

Tlme
Caught

Fork
Length

(tam)
;rsI6uu

I oì Sex Food Organism Type
i'fe i ght

Number (s)

0630
0630
0630
UO.)U

0630
0630
0630
0630
0650
0650
0630
0650
0630
0830
0830
0850

0830
0830

0830
0830
0830
0830

1030

1030

1050

1030

8I

100

qq

113

7B

81

7

15
10

IJ

7

6

7

6

P

F
F

1Í!I

-Nl

F
ñ

çi

7

7

75
B6
76
?T
75
7+
B4
84
Hh

7B
?5
7?
77
76
76
7t

76
'76

añ

?5
ÈJU

BO

5
7
6

ñ

5

ö
6
o
o

7
6

5

-E

M

Ìl
ù1

Àl

M

F
F
ilf

T{

M

-[

F
M

I,i
¡

II

.f
1

Y

Po¡n q o"õse

o.ãro
0,013
0.006
0.019
0.001

0.005
0.148
rl n?t
0.010
0.004
0.021_
0.002
0.0I9
0. I71
ô q?q

0.413
0.001
0.069
n a\r\q

0.017
0.043
0 

" 
001-

0.050
0.049
0.001
0.021
n ô?q

Hyalelia
Ganmarus
Hltâ lê | | q

HltâtÞl lâ

Chlrononidae

¡iya.LeIrq
Pel:ca
Orconectes
Notonectidae
GanJnarus
H\¡âlêt tâ

Chironornidae
H\totatlâ

!J J¡v¡¿e

Perca
Perca
Ferca
Epheneroptera
Þø¡oq
-ì::---- -H\tâ tÊ | tâ¡-.t s¡v¡* e

Gammarus
Hlrô¡Õt tâ¡¿.t Jrv+4u

Tìi nf.era

Gangnarus
Hlrâtôt tor¡.I e¡v!¡r

ñ;."r*y+ it vv L v

Can+grus.
l{rroì o'l I q
urt qav ¡* J

P

IO
I
1

4
L2
I
4
1
4
14

1

1
9

3L
I
4

l_B

.l[

IÚ

tl

0830
0830
0830
L050
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Table 8-6" Contrd.,

Time
Caught

Fork
Length

\ r¡urr /

I'feÍght
(e) Sex Food Organism Type

lïeight
l{urnber (e )

1030

l-030

1030

1050
1030

1030
1050

]-,230

1230

L230

]-'230

I230

1230

I 250
]-'230

t230

7230

]-!30

1/1z-^

l430

1430

1430
I430

101

B5

B4

L4 Hyalella
Ganunarus

EfeIeIir
Gammarus
IiyaIelIa
Gamrnarus

Ga'runarus
Debris
H\tâtêt tâ

Perca
Gammarus
IiyaIe lIa
Eya.Ie1Ia
Gamrnarus
Hltâlêl lâ,rrt sÈv¿¡s

Garnmarus
Hrrnl pl I e

Gamrnarus
Hyalella
Galnmarus
HyaIella
Gammarus
Hyalella
Gamrnarus
Diptera
EyaIell-a
Gammarus
HyaIel]a
Perca
HyaIell-a
IIya1olIa
Gammarus
Notonectidae
Gammarus
Hyal-e11a
Gammarus
IIy_aleI_1a
Ganrnraru s
Hy,aleI1a
Ephemeroptera
HyaleIIa
Ga¡nmarus
=::-tiyal-erJ.a
Gammarus
I{ya}e11a

2q

11
5B
13
25

in
I

1

19
2.

24

33
7

83
l_l_

L4
I

50
5
z

20
5
B
I

T

0.181
0.103
0"116
0.058
0.090
0.049

ñ 9^9

0.003
^ 

r\9çi

0.163
0.083
0.050
0.008
0.075
o,042
0.098
0.c65
0.035
0.154
0"L87
0.026
0.0I0
0.049
0.025
0.002
0"044
o.024
0.081
0.087
0.0 11
0.021
0.019
ô ôñ9

0.010
0.03 6
0.005
0.019
0.0?5
0.085
0,004
0.148
0.049
0,025
U " U.LI
0.019

lIl
I01

I

l_9

14

I
7

6<,

81
B1

73

77 L7
ú+

76

117

?3

81

78

87

7t

?5

76

103

90

M

o
I

rí
tf

15

L4

I1

?
ô

8I
?6

I

I4
6
I
1

16
I

M

1l

25
I

70

l_1
1
5

M
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Table B-6. Contrd..

Ti¡ne
Caught

Fork
Length i'ieight
(*m) (e) Sex Food. Orsanism Trrna

It/e1ght
l{umber (g,

1430

1450
I430

1450
1450
1430
I+.fU
1630

1630

1630

IO.)U

l-630

1630
1630

1630
1630

1630
t-630

21
q

1
1

J-

1Å

â

A
t,f

li

F
M

¡f
M

F

11

6
7

Ã

6?
75

?6
BT
74
trq

75

F
F

lt'l

F

-[

F

M

M

M

L410¿

I4

6
7

11
o

Ã

o
7

76

F,2.

95

?7
7L

10I
77

70
77

1630
1830
1830

Notonectidae
N otonect idae
Gammarus
IIyaIe]l-a
Pe_rca
Hya1e11a.
Perca
IIygIella
Orconectqg
Notone ct idae
Gammarus
Plecoptera
Gammarus
ldotonectidae
Gantmargs
HyaleIla
l-iItâtêltor¡rt u&v¿+q

Ga¡nmarus
Tli rrt a:"q
Hvalglla
Gammarus
Ilot onect idae
HyalelIa
Gamrnarus

I{ya1eIla
Gammarus

Gammarus
HyaleIla
Garnmarus
HyaIell-a
Gamm.aJ:us

E*lr+
HlÎâtêt tâ

Gammarus
Hyalella
Diptera
FfyaIella
Ga¡_nmal:us
Hltâtêt!Ð¡¿rt s¿v¡4s

Ga¡unarus
hyalella
IIyalelIa
H\TAlAllo¡¡¡t u*v¡+q

Gammarus

0.021
^ ^7r1
0.002
0.00I
0"030
0.003
0"088
0.009
rì 

^Aa
0.017
0 "020
0.00¿
0.013
0.001
0.017
rì nrì9

0,020
0,006
0.014
^ ^qÂ
0.001
o.022
0.008
0.008
0.012
0.050

^ ^ìc,rì rl29

0.0L3
0.019
0.043
U c lO'/

.r io^
0.030
n rla9

0.00I

^ ^t 
rt

0.059
0.005
0.121
0.035
0.095
0.006

t7

I
4
I
I

11
I

19
1

12

l-1

1
I1
I
I

50
ln

2
23
4

10
q

26
I
î2,

T9
I

.7A

6

I6
2

L

A

L

;*
10

1850

1830

1850

79

F
M

F

ñ

7

LB30
1830
I830

?L

?2
?T
81
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lab1e B-6" Contr d..

Time
Caught

Fork
Length l,.leight
(mm) (e) Sex Food. Orga.nisn Type

!'/elght
Number (S)

1850
2030
203Q
2030

2030

2030
2030

2030

z?,30
2230

2230
2230
2230
?,230
2230
22r0
2230

2P,30
22SO
2230
2230
2230
2230
?,230

2230
2230
2230
2230
?230
2230
2230
2230
2230
2230
2230

NATT

B1

72

o^t+

80
73
81
?8
?1
74

107

105
ILz
I07

o?

10]
96

'l 
^u
7B
76
77
a?

F
.w1

Iú

..tvl

5
7
?
Ã

HyaleIla
Er"le+
Hyalella
Chirononidae
Chaoborusry
IiyaIella
Notonectidae
FyaIeIIa
Ga¡limarus
HyaleII?
IlyalelIa
selnry
HyalelIa
Perca

Ryaretia
Hya1eIla
Diptera
Hyal-e11a
Gammarus

**t-
.Perca
Perca
Gammarus
Chaoborus

HyaI-eria
H\¡qtêtlâ

Perca
llnlr amo¡n¡f o¡q!y¡¡ v¡¡rv ¿

F\tâ tat lq

Garrnarus

0"068
0 "026

0.034
0.00I
0.00I
0"098

0"052
0.013
0.039
0.021
a"o27
0.027

o.ãu
0.283

0"067
0.013
V.VUI
0"088
0.02r

0"048

:
0.027
o.I?7
0.017

':"

:
0 "002
0"057
U" IIb
0 "002
0.084
0"010

13
b

9
I
I

29

+
19

2

6
aJ

6
l_

tv

I
1

9A
r¡

P
L

24

I
I
4
l

I
q

1

I
L

15
I

L

L

F
F

F
.Ni

F
F
M
ñ
-[

-[

M

tI
_t_1

_r

F
lvi

ivr

q
q

5
6
I
B

H

6

7

7
6
5
5

L7

16
I8
IB
I}
I6
I3
T4

6
A

6
7

79
81

76

88

't+
74
85

7L
83
?5

tf

¡7

M

M

F
F
Tr
I

.E

I{
tr{

F
F
F



Tabl-e B-6" Contrdn
:

Fork
Time Length

Caught (n¡tt) Sex Food Organism
t{e ight

Type Number (e)
l,reight

(e)

22r,0

2230

2230
2230
2230

2230

2230

2230

29
7

áv
I

I
11

1

2Q

t
qrl

15
I
I

I\J

P

N
P

l,f

tfu

IvI

F
F

M

o
6
6

76

82

7?
76
79

B1

80

7B

Hyalella
Gammarus
EvaIeIIa
Gammqms
HyalelLa
HyaI.eIta
P_erca
Dlptera
Hya1eIla
Diptera
Hrrâ | â | I q¡¿¡t q*v*-\4

Hrrâlêl lâ¡¿rt e*v È- s

Ephemeroptera
ñi ntana

Hrtâlêl lâ
G

0. I09
0.070

0,023
0,005
^ ^9'l
0"129
0.005
0.078
0,001
0.074
0.070
0.002
0.001
0.049

L - Larvao, P - Pupae, N = Nynph, A = Aduft'

T = fface.
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Table B-7" Summary of sbomach analysis and data from individual fish for
tho diurnal netting erperiment cond.ucted on Au€:ust 24-26, I9ZO.

TiÌtte
Caught

Forlc
Length

(mm)
I'lelght

(e) Sex Food. Organisn Type
'Jieight

Number (e)

F
F

M

ll

F
M

F
M

J.

F

19
12
t3
11
13
14
J-ó

I
7

q

6

^

7
q

7
B

T7
l?L¿

.L(J

1I

2030 l-04
2030 104

0630
0650
0630
0630

^oq^
0830
0850
t230
1230
1230
1230
L230
'l 9rÀaì

L230

1230
L230

I230
1230
L230
1830
I830
LB50

2030
2030
2050
2030

2050

2030
2030

82
B9

L].!
101

o6

uo
90

112
9B

l_00
102
104

91
89
8B
88

79
75

'Ê.9

Rq

ñ
-c

F
F
t/f

}T

F
M

M

F
Ti

F
!1
lf
ñ
_[

E*r*-
.t\ol onecf ldae

Hyarelia
Hya1ella
T{rrç'l ol I a

" -:H17âtêt tâ

Orccnect_es
Tetragoneuria
Þ] onnnionq

çu*uri"ry
cqiee"
Culaea
Eyafell-a
Gammarus
Diptera
lTlattqonnorr¡i o

I{yaIeJIa
Gammarus
Gammarusry
H1'.Ê lêl lâ

Gammarus
HI¡a1e11a
0rconectes
llyal-e11a
HyaIeIIa
Hlrqtat lâ

Garnmanrs
HvaIella
Ganmarus
luiaeS
Culaea

o,o2+

0"012

:

0"012
0.026
0"001

0.013
0.045
0.007
0"001

0.OIL
o':"

^ ^Ãr,
0.537
^ ^t<on rì21

0.00r
n rlon

^ ^9Ì7
0.055
0.0I?
^ ^rr4

o.6zz
0.0I0
0 "009
0.253
0.0I4
0.020
0 "0I0
0.010
0.013
0.031
at Î1t Q

0.257

A

q
14, n

l

i,
1
1

I
.2.

I

tI
1!

Þ

I
1

17

2q

;^
2

'ì

+
2r1

17r,

2

_t,

M

III

M

ivi

.E

l'vl

N
N

L
N

o9

Iõ
13

10

T3
l_0
1I

tt
10

2050 103
2030 93
2030 95

96
109

1I
I6

l.il

F
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Table B-7. Cont t d.u

Time
Caught

Fork
Length

(mn)
Vfeight

(e) Sex Food Organism ffi¡ ¡ noLJ lJV

tlleight
Number (e)

2030
2030
2050

2030
2030
2030
2030

2030

2030

2030

2030
t^q.ñ

2030
2030

91
B9

r00

1 
^ti

oo

o

15

a

12.
87
99
B6
87

q

60
81

45
5

+

6
r{

I

I

]\1

trI

I\t

I

ì,t

F
ñ
,E

l,{

T{

F
M

NI

-E

Hyqlella
?erca
Fryalella
Debris
Gammarus
Hyalellg
HyaloLl-a
Gammams
Hy¿1eI1a
Hyalella
ñi ¡*o¡oy¿Ir uvÀ q

Ilyal-eIl-a
Ga¡nrnam_s
Tetragoneuri-a
Gamm.arus
Hya1ella
zuþ"i

25
1

1o

0.0r9
1.500
^ ^c.q,
0"006
o"042
0.069
0.I00
0.030
o "042
0.048
0.005
0"042
o.027
UôUUO

o.o77
0.009
o':nt1]

B
q

B

I. = Larve, P = Rrpae, N = Nyrnph, A = Adult.
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Table B-8. Surunary of stornach analysls and. data from indivldual fish for
the d.iurnal netting experinent cond.ucted. on'september 14-16, 1970.

Fork
Time Length

Caught (run)
i,'Ieight
(s) Sex Food Organisn Wpe

ljleisht
Number (e)

0830
0830

0830
0830
0830
0850
0830
0830
0830
0830
1050
1030
1030

l-030

1030
t230

1230

LZ50

]-'Z30
I230
1230
t230
I230
1230
L230
]-.230

]-,230
1230
1430

1430
l_430

7I
7L

6B

72
7T
94
qq

aq

?7
oÈ,

70

70

94
70

73

?5

?o
6?
70
7õ
7L
7L
,12

69

5

+
4
5
5

10
l_1

t1
T2

4

5

5
4

5
5
5
4
4

M

ì.{

Dephnia
Daphnia
Chaobo-rus
Tla¡rhn J e

T)anhn i a
Daphniary
oaphnil
Tìer,hn i s
Chaoborus
HyalelIa
Chirononidae
Daphnia
0straeoda
Daphnia
Gammarus
Daph+ia
EyaleLIa
Daphnia
Da.ph+ia
Chaoborus.
Daphaia
Tla¡hni a

ñqnhn i a

Da¡hnia
Daphnia
Da¡hnia
Tlqnhn i q

Chi rononidae
Ga¡n¡lgrus
Tlqnhn i n

CuIaea

I
46

3
uÁ

67
51

:

ã,
110

5
56
I

26
I

70
2

?6
I

]-.34
206

1
120

65
6B

3?9
427
93
9q

I
1

120
I

1I
I

L75
I
,

0.001
0.008
0.001
0.005
0"011
0.014
o':tt

o.io¡
0.058
0.002
0 "046
0.003
rl ñô5

I
0,031
0.015
0.05 6
0"006
0.040
0.061
0.00I

0.015
0.009
0 "086ô ñaì
0.030
O. 006
0.00r
0"007
0"034
0.029

o "L24
0"00I
^ ^Ãq
0.00r
0.002
0.078
0.0r7
0.002

L
M

trf
dI
NL

À{

M

M

M

F
M

Il.t

T[

Nf

M
M

M

M
tlf

!1

M

Ìl
l\1

T

M

M

15
4

T

ñr

82

'12

73
69

F
M

IZ

4
4

Garnmarus
Chironornid ae
Tìanhni q

Chirononidae
Chaoborus
Ge¡runarus
HyaIeIla.
Tlqrrhn i q

P

L
L

4
2
7
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Tab1e B-8" Contrd.

,t,l mê

Caught

Fork
Lengtb t'Ieight
(om) (s) Sex Food. Orsanism TVpe

r,Yei ght
Nunber ( g )

l-430
1450
1430
1430

I430

1430
1Aq^

1430
1650
1 etz r\

1650
1650
1 Aqa\

1630
I Aq,^

1630

1650

1830
1830
1830

1850

1850
1830
1830
1e50
1830
1830
IBSO
1830
1830
2030
2030
2030
?050
2030
2jso

F
F
F
xf

6
Ár
A

+

7b
o+
o.)
73

Daphnia
Daphnig
Tìnnhni q

HyaI.eIla
Dap4nia
Gammarus
Iiyalellg
Tlqnhn i q

Chaoborus
Da¡hnia
Gammarus
Daphnig
Daphnla
Da¡hnia
DapLnia
Ganunarus
T)anhn i n
Gammarus

tlJl{eIla
DaPþnia
Gammarus
HyaIella
Ga,'nmarus

1025
397
4I7

I
276

+

U ¿4Lá
0.087
0.093
0.007
.l ¡\tiry

0"039
0.012
^ ^Ã,?
0.001
0.071
n 

^?-4
^ ntrt

o "050
0.028
0,o72
0.021
0.090
0.010
0.013
0.007
0.030
0.005
0.049
0.002
o "oz3
0.084
0.067
0.024
0.00 6
0.0I9
0"003

^ 
ntq:

0.017
0.061
0.086
0"040
0"049
0.069
o "L73
0.057
0.071
0"040
0.09 9
0"118
0.090
n n?q

69

A/1

69
6B
70
68
69
70
76

?T

.L

.È

B

+

=̂
+
4
+
/l

6

M
tf
M

i'ú

tr4

lvi

IvI

M

M

l\/l

F
lì[
tr{

1Yl

¡i1

TI

F
F
-r

F
T{

I[
M

F
¡

L92
I

,74

2
146
r76

88
9qa

2
.À141

q

ñ

12
2

I
I

550
21.7

10
I2

1
27

90r)

z17

243
4Ir
19?
IB3
25L
897
2r0
25L
]-75
4rI
5L7
3?6
236

l,l
lvt

I,l
M

I/I

F
hí

6

A
=
.i

Ã

A

+

ñ

11
11
I5

1ArU
q

Ã

+
5
Á

+

75
74

7L

72

Chirononidae
TTr¡q'l o'l'ì q

T)qnhn'i a

Tlnnhn ì a
H\totôt to

I)enhn ì q

Gammarus
Tìa¡hn i a

Tìa ¡lrn i al,¡H¡s^¡s

llnnh n i a

Danhnia
| ,2¡hn ì â

Tlerrhn'i q

I lânnn 1 â

llanhn i e
llâ¡hñ1ô

llânhn r q

T)q nhn i zr

I tâhhñ l â

Da¡hnia
llâ¡hn I q

llâñhñ1âuJtJtrr^Lv

D"lrhtti"

72
?5
nÀI.t

ori

110
100
IOz

'1,)

7L

'77
69
68
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Table B-8. Cóntrd,

Time
Caught

Fork
Length

(run)
ïlÞ tti¿l u

/ -\\6/ Ttn nä f)noa n i cm îìrrnorJ Ì/"

ïIe ight
idumb er (e )

70
7T

2030
2030
2030

2030
2030

2030
2030
2050
2030
2030

2230
2230
2230
2230
2230
2230
,2?.ñ

7t

74
6?
67

9B
100

105
qn

70
79
7L

102
95
95
v't

roig
I
1

319
+97
l-97
,:o

0 "075
0"001
0.094
0 "I00
0.001
0.054
0.010
o.027
0"001
0.017
0.008
0.07 ô

o"272
0. 600
0.017
o.L24
o.I27
0.070

o.ãse

0.00I
^ ^R?
0.016

22L
1

34L
279

t
260

1
oq

I
7

9F

257

+
.È

L

Tú

F
üi

t/I

F

Tf

M
ñ
-t,

M

M

I

1
16
27

L

12
12
1I

10

Ã

6

l_5
10
IO

Daphnia
Chaoborus
Tlqn'hn i esq Hg-+¿ +

Tle nhn i q

Chironomidae
ï)a¡hn { e
Gammarus
| ¡4ñhñ I â
vs fJs^¡s

Chironomidae
IÌyaletl¡r
Tln¡hn'i q

Dalh¡ia

lla¡nnì â

Orconect-es
Gammar-t:: ;

Daphnia
Tìqnhni q
!s H¿$4¿v

Darh¡ia
Daohnia

tulaea

Chironcnidae
HyaIel-Ia
Tle nhn ì e

IU

trT

li{
þl
aIüI
l\/t

T[

Larve, P = Pupae, N = Nymph, A = Adultu
Tlace.
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,APPEIIDI,T C

Taþle C-1. Su":runary of stomach analysis ca,rr"ied out on
ad-ult perch from areas d-ifferenb frorn L969
d.Íurnal nettings.

Jurre - tsasin I
Cnara iled-s

Au-gu-st
Potamoge!pn

tizl

Basin If
& B.anr-l¡.cu1us

[]21 (+) (2)

Foor Organisms % I,lo " 7" U'{t . /à LÍo " "/" llt "

Crustacea
Clad.ocera

Daphnia
Á:nphipod,a
i{.yale}la
Ganrnaru-s

DecapãF
Orconectes

fnsecta
Ðiptera

Chaoborina-e (P)
0d onata(N )
r{errriptera(Ä)

Corixidae
Hyd-racavi-na
Hirrch-na
Fish
Perca
Eucalia

Debris

5!.'

I0" B

4r"0
2"4
2"4

31. 2
20.4
20"4
2.4
8.4
8"4

L4.4
L2. O

2"4

49't

:
18" 2
0.7

22.9

B" 6
0.7
0"7
6"6
1"3
-lI

oÃo
30 "2
20"7

a'7 A
)Ioa
ot

A'7 o
tv" t

L7 "2

0.4

i.a
1a

i.o
l_"0

Ã?R
nn
ô'7

43. 0
)ql
1.7 "7LI ç I
-t ¿-t
1/ 'l

:

V V

OO

:
29"3

29"3
3.0

t ] = l'lo'

Ä = Adult

.,/\
o I .E''t_ sf.r t /

P = Fuf¡ae

No" of .Érnpty Stomachs

= l{ynph
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t¿"ble C-2" SluiußÐr¿r of data.
stomacl:r content
usinS all pe::ch

for the relationslrip 'oettueen
weiglrt (S) a.rrd. fish length (l)
fron 1-969 and. 1970.

Fork Length lVo "

Interval of
(o-) FÍsh

ï.
!

lrnm ) \.8i
In X.

-|J

Tø r^-

?
\r -l 

^JÂIV

cr(P = 0"95)

3. 4780
3.7 209
4 " 2312
+. 27 24
5"2376
4"6597
5"3949
5.6367
5 " 2L4B
5 "Bga2
5.6634
6.25L3
- ^a ^-o " uo4)
6.2927
7"9344

o.4275
0. 0136
o "0127
0 " 0r8g
0. 0932
0 " 0410
0.253r
o.L702
0 " 0903
o " 2570
o " 1gB7
0. 329r
0"5156
o " 4435
I. 43BB

4.0253
A 1a)a1+" I OO2
,4 ìnRt
T. Jvv+

L. L1 \1
+ " 5485
4. 6307
4.7509
4"976Lq or8l
JÞVJVL

5 " 1004
) 6 Le )L

5 " 2244
r- ?71 O
J C L I LJ

httul
) a JLJ!

\^LA.]L

o . 0324
0 " 0413
0. 0688
o . o7r7
0. rBB2
0 " 1056
o " 22O3
o " 2Bo5
0. 1840
0. 3615
0" 2BB]-
0 " 5rB5
0.4303
0 " 5406
L.2792

5 56"027 65"8
97 74.3
47 82 "7
34 94.5rg L02"6
l_0 1L5 "726 L44"9
33 L54"2
30 L6tt "Lrl L75.L

r ô- r\L¿ ro2"u
6 t9+"8

L6 204.7
L9 40 "8

ht l_hu)v -/ J

60-69
7c-79
B0-89
oÔ-oo
JV JJ

l-00-r09
110-r_19
r40-L+9
r 

^ô-t 
qq

Llv *¿ J

t_60-I6g
r 70-l 7q
rB0-189
1 00-l Qq
LJV *JJ

200-209
?ro-



Table C-3" Summary of d-ata from the d-igestíon rate experiments cond"ucted" on adult perch
d-uri-ng 1969 and- 1970.

rLnphipod-s (].1" þ-13. 5 C)

þ
'Iime (urs ) ll-gestion

L"7
2.8
3"2
). .7
JO T

4"7
,.7
6"0
6.3
6"7
7"L
"7 Itø)
tøJ

7 "4QÔ\)a L
oì
9,8-lrl 

Ë.

f0.7
l-r" 4
t_t_ " c)

L7
2T
26
44
-7¡

Q'ì

97
47
o-l
a6
xl

r00
q6
RO
Ro

I4
BB
94qt

Arnphipod.s (16 C)

v

4
I
)

6
q
q
o
-I
2
a
0
2
1
k

6
I
Ã
a(J

'J}ime (rtrs ) ligestion

0.1
2.2
3"6
4.2
4.8
4"9
t-tr
ÂÃ
Ãì
6"4
6"4
8.6
o-l
9.6

10. L
r0. 4
10"6
12"g
rl l

0"1
7"4

L2"4
27 "rbr"0
40.1
36"2
37 "6
46 "O
64"4
t39 "7
68.2
94 "o

68"6
74"r
84. 3
83.8

r00"0

t- - ^\Þïr-cKreþacK la) v l

I. = lìegurgítation

d/o

fime(urs) ligestion

R
o(J

lÃ
l6
-lo
-l cr

2B
2B

rQ
JLJ
rA
)v

6"2
L2"5

27 "LAR Ã

44"o

56"2
BB. O

94"2
98" B

Vo/ .. \ -'fime(urs) Digestion

Crayfish (zo C)

6
tJ

I6
I6
72
1)

44
LI,

ÃÃ

_ t_"

2.r
ÕQz"l)
Ãlz"-1

ÃÃ Ã

Q.l -I

OI ?

ÃÃ

6+

64

I

al\

I

gB. 4

1.

t_"
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Jabl-e C-4 " Suinmary of
experiment
Juner 19?0
unit fisn

oata from the
cond.ucted- on
(Å = StrOmacn..'\

wer-gnt i "

d.igestion rate
-irrrron'i lo nornþ f6¡d 4v e¡¡rre

content weight per

'Iime No. of
(rtrs ) Perch Range

f-
v o 4 o \r

T

o "95) rn I
XIO4

0"0

AA

6.0

l"v

-7Ã

10"0

tlì h

11 Ã

tÃ n

16.0

L7 "5

2r" 5

23"O

25.5

3I" 0

n
I

5

4

5

q

4

5

4

3

2

J

6

6

{

6

O " O1BBB

0.01355

0 " 01012

0 " 00826

0.00BrB

0.00579

o "00524

o "oo425

0. 0o3l-1

0.00304

0.00f80

0.00091

0 " 00080

O " OOO2Bl "

o l-.

0. 00993-
o "0279L
0. 00813-
0.023L9
0"0
0.01659
0. 00408-
0 " 01000
0" 00526-
0.01083
o " o05Bg-
0 " 00760
0.00027-
0.01050
0"0
o "oo7 46
0" 00026-
0. 00714
0.00282-
0 " 00326
0"0
0.003f5
0"0 -
0 " 00543
0.0 -
0 " 00270
0"0
0. 00193

o"oo776

0.00682

0.01r_90

o "00297

0.00344

o "00257

0" 00416

0. 00493

o " oo8gl

o " 00279

0.00404

0.00234

0 " 00113

0 " 00068

5 " 2406

4. goBB

4.6L69

4 " 4L40

4 " 4039

¡ or,tR
aov¿/ av

^ ^-^-¿ U F\È1 ts\
Jo J/v/

3"7 497

3.4379

3. 4]-44

2"Bgo4

2.Bgo,4

2. 0806

1" = Not used- in regression a"nalysis.
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fabl-e ç-5. Srrmmary of d-ata from the d-igestion rate
experiment cond-ucted" on juvenile perch for
July, L970. (X = Stomach content weight per
writ fish weight " )

'Ilme No " of
(nrs) Percir I Range

c"r"(P = o"g5) rn x
r-A' x10-

0" 0 7 0.01353 0" 0 0.00666 4.go5o
0 " 021-48

6.5 7 0.00800 0"0 0.00506 4"3820
0 " 0r_70

B. o g o. 00690 0"0 o" 00643 4"2339
0.02567

l_0"0 L2 0"00421 0"0 0"0038r- 3"7391
0.0L7 24

13" 0 6 0" 00387 0.0 0" 00615 3"6558
0 " 00140

r4"0 4 0"00175 0.0 - 0"00365 2"862L
0. 0050

r7"5 6 0"00133 0.0 0.00159 2"590L
0.0030

23"0 6 0" 00114 0" 0 0" 00208 2.436L., 0.0040
24"5 3 0"00003*" 0"0 0"00r_42

^(-, f. 0"0010
¿0"v I v

1. = i'iot used. in regression analysls,
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Iable C-6" Summary of d-ata from tne d-igestion rate experi-
ment conducted- on juvenile perch for September,
1970" (I = Stomach content weight per r,urit
fish vueight J .

Tine No" of
(rtrs ) Perch tìange

^ 
¡ lrvo_Lo \-l =

t
0"95) rn I

X]-04

0.0

2.0

6"5

XÊr

-t) Ã

Llo)

IR Ã

2L" O

24"5

26.'

29 "o

32"0

34. 0

35"0

JC). ?

IX F\

-l -l
I]

lì

I

I

I

tn

6

.-l
I

I

6

Ã

5

I
J

R

ry
I

o " o224O

o. 01878

0 " 0r_373

0.01158

o. ooB5B

o.oo729

0.0063r

0 "oor22

o "00475

o. 002111"

o " oot-221'

O . OOO5Ol "

o. o0o4g1'

O . OOO42f "

o l_"

o l_"

0.00434-
0" 03719
0. 00604-
o.02663
o " oo47 6-
o "02459
o "00522-
0;02180
o "oo2L2-
0.0r_4r_r_
0"0
0.01600
0.0 -
o" 02021
0"0 -
0.0r025
0.0
0. 01636
0"0
o "00457
o " 00021-
0" 00304
0"0
0.00220
0"0
0 " 00t48
0.0
0" 00309

0 " 00680

0 " 00305

0" 006r_9

0 " 00595

0" 004r8

o" 004r4

0.00748

0. 004r_6

0" 00582

0.00201

0. 00108

o.ooL22

0. 002r1

0.00091

\ - ¿"11 ¿.

,.233L

5.9222

4 "7 343

4. 4520

4.2890

4.1446

2 0ÃÃl
JO J)./L

3 " 8607

t" = Not used- in regression analysis"
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Tabl-e Ç-7 " Surnmary of d.ata used- 1n cal-cul-ation of d-aily conslunp-
tj-on for juveni-J-e yellow perch from 1970 d.iurnal_
nettíng experiments" (w.o" = Nr.¡mber of pereh; !T/!T I =!ft. of stomaeh contents/fish wt; ';t{/\N D = Wt"/fish wt.
d"igested.; W/\,1 Ç = $/t./fisn wt" eonsr.rmed.. )

ftionth

June d r.¿J-J ^--,---^+-¿{uðL,rÞ rr Septernber
lime

fnterva,l No. W/W I w/w )) w/w c w/w D Vf/w c ir{o " {'¡/t{ I \''tl\t,i D w/w c No" w/Vf I wfii Ð V'l/\í'i D

0430-
-0630
-0830
-r030
-r_230
_1430
-r_630
-1830
-2030
-2230_2430

0.0031_2
o "01275
o,01275

0,00930
0.00561
0" 00728
0. 00549
0. 00677
0.00335

0, 00045
o "00226
0, 00362

0. 00626
0 " 002r_2
0 " 00183
0 " 0018r-
0. 001?4
o " 00f44

0 " 00359
r\ 

^-t 
-l Q.7tJ O L.,-L-L\J J

0 " 00362

0 " 00281
0"0
0 " 00350
0. 00002
0.00202
0.0

o. ooo3t-l'
0.01284
0 " 01349
o "or252
0. 007r_B
0 " 00644
0 " 0r-548
0. 00702
0.00782

o. oor¡e
0 " 00324
0 " 00320
o.oo242
0. 00167
o "00269
o.oo272
0. 00178

o. oi+zo
0 " 00389
0" 00228

0,00093
0 " 0r_r73
0,0
o " 00158

4 o.ooo7ol'
3 0"00030
0

12 0.00170
10 0"0CI370
? 0"00950
3 O"A221O

?7 0.01130
0
0

0. 00004

0 " 00125
0 " 00066
0. 00r-62
0. 00394
0 " 00416

0.00034

0. 00190
0 " 00414
o "oo7 42
0 " 01694
0.0_

o. oõree
0 " 00607
0.00BgB
0.02240
0. 0r_042
c.01039
0.0r_853
0. o0gB5

0 " 00008
0. 00047
0.00096
0. 00200
0. 00210
0. 00133
0 " 00184
0 " 00t_84

o. oõr:o
0.00534
0. 0028?
o "0L54?
0.0
0.00r_30
0. o0gg8
0"0_

lì
ll
L2
10
1L
L2

q
I

l5

Ã

ã

l_Õ

A
T

1L
Ã

B
1l_

4

0
l_0

E

t{

11
10
lì
t't

î7
I

Daily conswption : o "027 43 o. 03478 0 " 03079 0.03621

Percentage of body welght = 2"7 3 3.48 3.08 3.62

l- " = From r1¡rr I c¡prevlous f eed-ing.



4 a^
- 

| h\-l-tvJ

APPENDIX D

lab]-e D-l-" JÈesults from Friedrnanrs test used- to test for
consístency of d"iurnal capture rate over the
seasons sarnpled-.

Year d-f
o/ ^r¿4¡

-t oÁo

I970

Ê

t)

L.7 37

8.015

Iable D-2" Resul-ts of Bartl-ett0s test used. to test for
homogeneity of variance within d-iurnal- netting
experiments. Analysis was carried- out on
transformed- d-ata"

Netting experiment d.f
qt2

-/l õ

Jure B-9, 1969
Jrrne 22, 1969
July, L969
August, 1969

Jurre , L97O
July, L97O
August, I97O
September, I97O

56 " 42N
AÂ ÃI)(aao )J

L22.5Bx
100. 3tN

6
.7
I

I
6

a
R

6
7

L49 "ILxÃl r AAx
)Lløv--l

L2B " 67x
LZL" 67x

x=P(0"05



Table D-3, Sunmary of
c orapari s on

4n1\
I tv

rtruskall--tlv al-Ii s
within and- a"mong

test results from
netting experíments"

lest Comparison T\^-{-^ d_f r-{

Itmong months

lvithin months

I OÁOLJV J

f970
TÔ,.iurre ö-9 r L969
Jrrrre 22, 1969
July, L969
August, l-969

Jurre u I97O
July, L97O
August, f970
September, L97O

3
3

4
I

a
R

6
¡-7

I

L).27 2N
23"9I2x

5"366
l7 061 x
J I ' J/L

53"tzzx
7 "2L7

20 "lB7N't3" )oo^
18. 63Bx
24 " 6B5x

x=P(0"05

Tabl-e D-4" B.esults of the v/i]-coxon rank sum test used- to
test for signifÍcarit d.ifferences in the d_egree
of storuach fulness .between d-iurnal nettine
exneriments.

Iest comparison P

Jurre B-9 - Jwre 22 o :-969
Jurre B-9 - July , L969
Jirne B-9 - August , L969
July - June 22, L969
August - June 22, L969
August - July, L969

Jr.¡rre - Julyu L97Q
Ji.irre - August, L97O
Jr.¡rre - September, L97O
S.ugust - Ju-ly, 1970
September - Ju1y, L97O
August - Septemloer, f970

2.OgL
I ?ÃR

2.467
4"429
1"010
I ?O,4

0. 320
2-59ø
0.7 44
2.L05

3"7 45

o.o44gx
0. B4B0
0. 0rB9N
0.0001_r(
o. z39e
0. r_518

o" 3790
0 " 0136x
o.2966
0. 043fx
0. 0006x
0. 0003x

x =P(0"05
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Table D-5" Resulis of chi-square a.nalyses between months
for the occurrence of empty stomachs in adul-t
arrd- juvenile perch.

'Iest comparison t\o. of fish No', of empty I 2
SïOmaCnS ./L

Jr¡rre B-B - Jur:.e 22, L969 40 87 B 25 0"680
Jurre B-9 - July, L969 40 7L B 28 3,568
Ji.r¡.e B-9 - August , L969 40 5L B 24 6 " O6l-N
June 22 - July, 1969 BT 7L 2j 28 I. jj7
Jr.rrre 22 - Á"ugust, 1969 Bl 51 2j 24 3.948NJuly - August, l-969 7L 5L 28 24 O"4ZB

Ji.r-ne - July, I97O 97 L23 L6 33 2.77j
June - August, L97O 97 66 16 18 t_0"004N
Jwre - September, 1970 97 86 l-6 9 0"9+O
July - August, L97O :--23 66 33 l_B 0"011_
T.--t -- a^- +^--tu LLr-J - uy-Lr'su-Lber, 1970 L23 86 33 9 7 "542xAugust - September, I97O 66 86 l-B 9 6.tt7x

x =P( 0"05

TabJ-e D-6. liesults of chi-square analyses between locations
and_ d_epths for the occurrence of major food_
items in juvenile perch stomachs"

tsetween Between
I'ood- item locations locations Between d.enths

July, L97O Sept., J-970

Daphnia
Gauunarus
i{r¡q'l ol I ¡¡¡.ï e¿e¿¿*

Crayfish
Fish
Tli nt oz-q

0"001
0. 138

o.229
o "gr4
0"u0

0. 0r_6

0" 002

0.L52
Õ 1^t

o. ãoa

a) oÃl

0.567

o "2I5
n 1"7Ã

0.046Other insects 0.207



lable D-7" iLesults fron Pearsonus corelation analysis
for seasonal changes of stornach fulness (¿)
and- percent empty stomachs (B) with tempera-
ture (C) and. average d-aytength (¡).

-1"7 2-

Test comparisonYear

L970

] OÁO

AD
Þ11

BD

ADÞ^
BD

-0.7]-76
-0.7614
0. 8867
0" 3833

o "47 4t
-o " 3470
o.gj24x
0. g87lx

x Þ I ô alÃ'vavJ



'-table D-8. Sunmary of In stomach content weisht (X fOJ) - fn fork length linear
regression anal-ysis for all perch from L969 and 1970.

2"3659 O"2616

x = P( 0.05

vø )vJ+ 0.4411 -6.0897

Table D-9. Result of the t-test
from the refatíonship
tent weiÉ,ht and- fish

Source

Cal-culated- Iheoretical-
bb

'Iotal L4
Regression I
Resid-ual l-3

-Analysis of Variance

2" 366

df

x. = P (0.05

ae Ì\riQUU ITILT

't Q A 1qruo +J f
r_5 " 

g0B
2"r29

3"000

used. to test ¡ = 1"00
between stomach con-

Iength"

iViean
Frorn

15 . 908 8r " 79N'
0"195

Scluare Dev"
F.egression ("b) df

F

o " 2616 13 2" 424x

¡

-l
t



'Ia'bl-e D-10. Surnmary of l-n stomach content weight per unit fish weight - time l-inear
regression analyses carrled. out on juvenile perch d.igestion ra.te experiments.

ilxperiment
Dominant Food.

June Dapþnia L5 -0"14f9 0"0047 0"0097

lemp "(c) b

July Amphi-
pods

Sept. Daphnia 13 -0,6J8

sL CI(P =u 
^ nr \V"Y)J

'1-

20 -o "L220 0. 0r_48 0 " 0563

* = P (0"05

y.x

0"1296 ,"4414 Total 13 11.537
Regression l- 11" 335
Resid-ua1 12 0"202

0.0024 o.o05B

Source

O"27BB 5.0035 [otal
Iìegre ssion
Residual-

Anal-ysis of Variance

0"0583 5"3500 lotal-
Regression
Resíd-ual

d.f SS I\{S

.7
I

I
Á

11. 335 67 4 "7Ox
0"017

5.191
0"467

F

B
1
I

2" 454
2.430
o "o24

5.191 66. BlN
o. o7B

2.43O 7t4"Bx
0. 033

I

\è
I



Ta-ble ll-11.

-175-

Sr-iLrunary of covariance analyses between slopes
of l-n sto¡rach content v,reight per unit fÍsh
vueight (x fO4) -- time liñear-regression lines
for juvenile perch d-igestion rate experj-ments.

Iest comparison q-l nnou¿vyv d.f

DevÍations from regression
IViSSS

rJ L¿-LJ

Jlrre
-0 "1220
-0.1419 L2

0.4667 0.0777
0" 20rB 0"0168

0"6685 0.0370

Pool-ed. -0.1343 la A nÀO^ ^ ^rClv. f+uv v"uJ>T

Difference o "079, 0.0795 2.L49

Jrure
Santomlror"pvy v

-n 
-t /-l ov. Lal)

^ ^/ 
iC)-u. uojo

T2
.-7

I

0" 2018 0.0168
o"0242 0"0034

lq o.2260 0 " Ol_l_q

Pooled- -o " r0r7 20 r" 9900 0"9950

Difference L"7640 r"7640 t-48.240N

Jul-y
e ^*+ ^-1- ^úrJC}J IJ('JUUç,T

-0.L220
-0 " 0638

6
n
I

0.4665 0"0777
0"0242 0.0034

l) o " 4907 o. o37B

PooIed 1A I"22LO O"OB72

Differences 0.7303 0.7303 L9"32Ox

* = P ( 0.05


