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AESTRACT

Distribution, mortality, growth, produciion and

feecling irabi'ts of perch fry and tireir effect on the

Daphnic pu-Licaria population of i'Iesi Blue Lake rvas

investigatecl. Perch hatched in the litt.oral zor\e

in early June ancl moved inio the pelagic zone

7 Lo 14 days later wh.en they were 9 - l0 run in length.

percir fry remaineci in the pel-agic zone until 'birey

reachecr a length of a¡:proxirnately 25 30 run in micl-July'

ancl tjren returned t.o the l-ittoral area. Instantaneous

c1aily rnortality rates rangecl from .017 in areas of lov¡

perch fry abundance to "140 in areas of high perch fry

abunC,ance.

Frorrt hatching until ilid-August perch fry increasecl

ín lengtir and clry weigirt by a factor of 10 ancì 26L6

respectively. Growth occurrecl in two clistinct stanzas "

The first stanza, fron ha'L.cìring until the beginning oí

the ¡:elagic pìrase, was characterizeä by a lov¡ level of

feeding and a slow grovzth raLe, r'vhile the seconci sianza'

lasting .Î.or the rernaincler of the summer, v¡as charactetizeð-

b). a high level of f eecling and a fast. grotvth rate.

Variation in the energiy intake ancl grow't-h of percÌr fry in

clifferent parts oÍ the lakc i¡as clirectly cr'epenclent u¡;on ihe

abunclance o! Daç:hnia puLicavio-.



Changes in tire proportion of carbon, nìtrogen a-nci

rvater ancl in the calorific value of perch fry tissues

occurrecl fro¡a hatciring -through netarnor¡lhj-sis . The

initial proportion of. carbon , 547 .g ug rÍ1g clrv rveight-l,

decreasec1 rapiCly fol-'l orving hatciring rvhile the lov¿ levels
_'t

of nitrogen at hatchingr 70.6 ug Ílg clry weigh-u -, increased,

i-ndicating that growth occurred at the expense of tire

accumulation oi high energy cornpounds. Throughout tire

pelagic phase the proportion of carbon and nitrogien in the

tissues increased concomitantly and later clecreased. when tire

fry returnecj to the l-ittoral zone. Calorífic values

cleclinecl from 6727 cal mg dry weight-l at hatching to

approxima.tely 5000 cal mg clry weight-I at the enci of the

pelagic períod. They gra<lualiir increasecl rìuríng the

littoral phase to 5760 cal mg dry weight-t l:y r.rid-nugust.

Follorving an initj-al increase after hat.chinE to 90f, ' the

rvater content of -the tissr.les decreased to appro>cimately BLf'

by micì-auEust.

Perciriry initially f ecl on copepocLs anci nauplii '

On errterinE the pelagic zone DapTlnia pulicaria becarire

the clominant foocl source and ren.rined So in most of the

lalçe for the reinaincler of tire sulniiìer " At one location

during the littora.l phase Bostttina Longirostris becarne

the ciominant fooci source as tire result of tìre very l-ow

.t- _t



abunclance of Daphnia puLica,r'La" Size selec'bive feeding

was prorninent in fisir l-ess than 20 m-m in length but

ol-d.er fry fed- on alI size-classes of. Dctphnia pztLLco-t'ia"

size sel_ecLive feeding also occurred on a diel l:asis

witir the larges t Daphnía pulica?i beinE consumecl at

nigirt. Total claity consumption of Dap'itnia pulicaz:ia

by perch fry ranged from less than .L%, to greater than

5.8% of the stancling crop cluring the pelagic phase '

pred.ation was heaviest in the area with the highest

abundance of perch fry and contributecl -bo the collapse

of Lhe Daphnia puLicay,ia population at this location and

tlreir replacement by Bosntina Longirostz'is ' Decreases in

the al:undance of Daphnia pulicar'ða in areas of the lake

with loi,¡ numbers of perch fry indicat.ed that these

popuJ-alions may clecline independently of fish predation.

t./Iean whole lake production of perch fry rvas .08

-2. - -1mgCm"day

_t. l. r
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IìJ'I'RODUCTIOi.I

Yellorv perch , Perca f Luuial;ili.s f Lauesce?'Ls

(l,]itc¡if t) , are founCi tirroughout rnuch of CanaCa, ancl

co¡:bineo r.,;i-uh the Eura-sian perch, have an almost

circumpotar distribu'bion in freshrvaters of -the northern

henisphere (scott ano crossman 1973) . As a result of

their co¡¡¡rercial and recreational importance there is

a consideral¡l-e body of literature availa]:le on age,

groi.ith and procluction of juvenite and adult fornrs in

Canaciian habitats (Liarkness 1922, Carlander 1950,

Lawler 1953r Coble 1966, Sheri and Porver 1969, FaIk

197f) . Yet, little is known about the role of the 0+

aEe group beyond their general ecoiogy (Keast and tr'lebb

L966, iVonE 1972) .

Tire most important energy source fo:: perch fry

of ilest tsIue Lake is the clacLoceran, Daphnia puLicav,io,

whicir conprises over g\f' of thei r day'time energy intake

(i{ong Ig72). In turn, perch fry are a major forage for

ju-renile ancl adult vra-lleye of i,Vest tslue Lake (Glenn and

r,{arC 1968, Kelso Lg73) ancl account for approximately 30i5

o" annua'l procluction in the vialleye populat-i-on (I'lard and

Robinson L97 4) . Annual- variations in g::orvth of 1'sutt

percir in Oneida Lal<e Curing their deme::sal s'tage is



higlrly correlated ,,¡ith Daphnia sp. al¡unclance (ì{oble

I975) ancl grorvth and product.ion irr the lvalleye

population is dire ctly rel ated to abu.nclance ancl

procluction of youug perch (Forney 1965) .

QuaJ-itative a.spects of the impact of preclation

by pJ-anktivorous fish olÌ zooplankton popula'tions have

been well docurnented by Broolç,s and Dod.son (1965) ancì.

Galbraitir (1967). rn both cases, changes occurred to

tlre genus Daphnía ivhich is a common ancl important food

source for most freshv¡aLer planktivorous fisir (IVlev

1961). Both studies indicated th"rt the presence of

a planl<tivorous físh population affected size a,nd species

conposition of local zoo¡:Iankton popula-tions" More

recently, :,'loble (L975) has shown that young yellovr

percir in 'bheir demersal stage have little effect on

the Daphnia sp. population of Oneida Lake.

In I',lest Blue Lake the thene of the research is

to clescribe ttre trophic rel-ationships and ecology of

the dor¡-inant cc.rrnponents of tire ecosystem and to evaluate

t.he importance of these relationships in defining tl:e

prod.uctivity of the raajor components. The ob jectives

of the present study are (1) to guantify patl-erns of

groivth, raortalJ-ty, feecling ancl procluction in young perch

a.ncl \2) to cletermine tireir effect on t.lne Daphni-a pt'LLicaria

population of l{est tslue La}':e-



¡{ATERII\LS AidD I\IIiTIICDS

pssç¡.i ption Â-ra¡

tlesL Blue La-ke, situateci in tÌre Duck ì4ount.rin

Provincíal Park in lves't cenLral I'Ianitoba" (1a'bi'cucie

51036' , longi'tud.e 100055' ancl altiLucle 670 n) is a

channel lake iviih .r rnut.Libasin conf i-guration t¡-ig " 1) .

It is essenLially a closed lalte with a. maxirnuin Cei:tir

of 3t m, a nrean dep-th of ll"3 m, at.lcì a. total ¿rrea of

160 ha (8e11 and'vVard. 1970) "

The zooplatrl<ton is com¡:osed of three ilorninanL

species , Dap\tnia puLicaria, CgcLops bicusytirl-aLus " a,nd

Dt)aptontu-s sicit,ol¡,Anç and associatecl species I'(esoeycLops

eder, L'piscli.u-ra Lacus it'is,' and Ìjosrnina Longii:os l;v-'í's "

The Rr:tifera- are t:ellresetl'bed Ìry I(erabeLT'a cochLearis,

Keratel;La quarTra'bc., IleI,.'irti.s '[.onc¡í.seta ar:c''i. As¡;Lo,neTina sp"

(Wong f972) "

The fislr co¡niau,ui'ty of the l-ake consists of ycllor';

perch, Pc:'raa fLuuLati/.is fl.auescens; rvalJ-eye, SLizos'be,l'Lort

uí¿reum Di treurn; f ive-s¡;inecl s'ticli.lebacl<, CuLea í.ncaits'bo:ns;

no::thern pil<e , [|sor 'Luciusi and la]'-e l-::o¿'t , SalueT'irLu-s

n.û.m!l cus'h " A.l-so , tt^/o nti nnolvs¡ Pinep/tctle ít tr)7"otne.Las \'/ere

cauc;Ìr'c in t966 ¿ulcl- i--tvct cotruitct-t v¡Ìl j--b-e su-cliers , Ca-bos !;otn¿,:s

ccïine:.s(tni , were cer-uEht .i-n L9l4.

O l--



Fj-gure l-. A contour maL) of irlest lllue Lalie shorving

samplj-ng sites (depths in rnetres) .
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Sarnpling of. Perch FrY

Date of initiation of spat^rning b1z aci-ul't percÌr,

spa-v;ning l-ocations, rvater temperatures at spavøning si'r-es,

number of spawning sites over defined areas of 1:ire lalie and

d-ate at rvhich eggs becam-e eyed viere recorded in L97 5 -

samples of perch fry were collected from different

parts of i{est Blue Lake a't regular intervals from early

June until miö.-August in 1974 and \975 " Perch fry used

for deternining leng-ths and vreights vrere collected from

basins It 2 and 3 and the bay. Those used for gut analysis

\fere collected from basin 2 and. tire bay. Carl:on, nitroEen

and calorific estimates were based on samples collecteci f::om

basi¡s l, 2 and 3 ancl the bay in L97Ll and- fron basin 2 in

Ig75. Tirese sanples $iere collecteci using dip nets, Ïralf

rnetre toiv nets ancl seine nets.

In L975 samples of perch less than I h olcl were

col-lected from aquaria in rvhich fertilized- eggs haci been

rearecl. The aguaria, equipped. rvith a flov¡-tl:rrougn rvater

systern, v/ere kept at natural tem'peratures b1z supplv:'-ng

tirem with lakeshore water.

During .the first clays after hatching, perch fry t^iere

collectecl near shore (Fig. 1) at night by hanging al-r. artificial

liglit so¿rce over the sid-e of the l:oat ancl dipping them out as

they rose to tire surface. Later, rvìren tirey became pelagìc,



a hal-f-rnetre |ow net was the main sam-pli-ng rLethoci" The

sailtpling procedure was t.he salne as that descriJrec, by

VüonE (I912) 
"

In the midclle of the sunÌmer' !''/hen i:Ìre pe::cìr fry

returneci to the littoral zone, collections \fere made

using a seine net i.¡ith .63 cm (st.retched measure) inesh-

The seine net lvas set about 7 m offshore and pulled in

slorvly. Fish tra¡:pecl were t.hen re¡noverl rviiir a dip net.

Al-t seining was doue during daylight hours.

Pe1agi ç perch fry were also salïpled using i'iiller

higÌr-speed trawls (Miller 1961) between June 25 and July

15, L975 to quantita'tively estimate their abunoa-nce-

The translucent trarvls, constructecl r'/itìr 1000 uin r\itex

screening ancl plexigla.ss, r¿lere 1:ulled at speeds of LL-L2

- .-l , r--,r t^lcmh - using a toivi ng ca]¡Ie aì:tachecl to the -transon oJ-

a 4.9 m fibreglass boat (r\oble 1970) " Tra-ivls hTere ¡ade

in basin 2 and the bay with four samples being tal<en

at each <lepttr of 0, 2 and 4 ¡¡. Alt sarflpling \^/as cone

beti,veen 23:00 ancl 0l:00 h and the disl-ances over w.hicÌ:.

the tralyls \^/ere rnade rqas Ceterniined using an Isurumi-

Seiki-kosal<usho flow rneLer"

samples v/ere rvashecl from tire c"rtch buck-ets arrcj.

immecliately hillecì and preserved -in 5% foi:ma-l-in. In

the la.bo::a'uory the samples were placecl in sor-Ling pans

rvhere perch fry rvere separated from zooplanl<ton ancl couui:eci



Perch fry v"ere collectecl a-u 2 h interval-s cver a

24 h periocl in basin 2 and the bay on June 2B-29 anC

JuIy B-9 ano i n the bay on July 15-16. All sainples

tfere collect--ecl v¡ith a ha'l f-ne'tre 1-ow net at ciepths of

3-5 m during daylight and at the surface from cjusk until

dav¡n. A minimurn oi= 10 perch fry lvere collectecl in each

sa.ri,ple ancl immecliately 3;il-lecl ancl preservecl in 5'/' forrnalin

for later gut analYsis.

Experiments were conclucted at the same time the 24 h

sampling was in progress to determine the passage rate of

f oocl through the guts of the perch fry. Tweni:y to 30 percl:

frlz rvere collec'ted at each of four equal time intervais over

the zLI h periocl using a half-inetre tow net. The perch fry

v/ere irrrraedial-ely placed in feecling chambers containing

zooplanJ¡,'ton at natural concentrations" After 30 min

tjre fry were transferreci to cha.rnlcers coutaining zooplankton

si:ainecl v¡ith Bisrnark Brotvn Y. Through serial sacrifice

the nedian time frorn initíation of feecling to initiation

of evacuation of tl:e stainecl f oocl source v/as determined '

Sarrrpling of Daphnio puLi'caxi-a

Do.pTtnia pu-Lícaria v/ere collected at eight stations

1Fig, I) at v,reeJ<ly intervals front May 14 to August 13,

Lg|5, using a 15 t Schinrller-Pat¿rlas trap (Scirindler f 969) '



Si-ation 2 v¡as sampled at 0,

anct 30 rni station 4 at 0, L,

7, L2, LJ, 20, 25

and. L2 m and

1,

a
J

3, 5,

, lr, 7

station 6 and -l at 0, 2, 4, 6 and B nr" S'tations I, 9 |

10 ancl 1I rvere locatect v¡i'tirin 3 m of the sho::eline and

sarnpled ¿rt t.he surf ace in 1.0-l-,5 m of rva"ter. Sta'l-.ion

2 rvas alvrays samplecl first, ât 10:00 h, witiì the remaining

stations being completed by 14: 00 ir. Saniples were

immediately kitled- ancl preserved in formalin" They

r{ere counted at a later date using a Zeiss inverted

microscope 'bo det.ermine tire number of Daphnia pulica't:ict

present. The nurnÏ¡er of Daphnia puli-caríd presetlt at

intermedia'te depths was obtainecl by interpolation and

results v/ere convertecl into the number uncler Ln2 of rvater.

The number of Bosrntna Longirostris un-cl.er I rnz of rvat-er

was determinecl for stations 2 and 6 a-L bi-rr'eekly interval-s

fro¡rr July 3 to August 13 using the same samples aucl

counting pr-oceclure. At ea-ch station on each sa-inpling

date a tempera'bure prof-ile was obtained

of the Daphnio,Leir g th- f requency c'li s'br-ì-buti ons

puLicay,ict population vTere de'terr,rined a-t weekly intervals

fron tVay 13 unt'i t Augu.st 15, 1975, for s'Lations 2 and 6.

Vertical torvs were tallen at stat.ion 2 from 30-0 rn and at

station 6 from B-0 m using a Birge net constructed of

72 ¡m Àlitex screeuing Discrete samples viere collecteci



vieelil-y a't sta.tion 2 at 2"5, B, 15 anci 20 m using a 15 ir

Schindl-er-Patalas Lrap " Samples from' l¡oth s-La'Lions

rvere collected at 10:00 h except on July 10 ai: station 2

and Jr-rly 1l- at station 6 r,vhen ad.di-'ional- santples \'vere

taken at 2.5 m at 2ti:00 h" In most cases a mininiuil of

200 Do.phnía puLicari'a were collected ancl me¿rsured as

described iry lVong (I972) -

Seasonal Groivth of Perch FrY

Perch fry used to estimate growth in 1974 were

coll-ecteci from June 9, when t.hey were 1-3 days old, uni-il

August 19. f n 1975 they lvere coll-ectecl from I'fa5' 31, rvhen

they \^/ere 1 day old-' until August L2" In L975 lerrgths

ancl rveights ivere obiained for percÌr witÌrj-n l- h of l-ratciring from-

aquaria reared eggs" Lengths and rvet i,veigÌits !',/ere d-ete::minecl

as described by trriong G972) - Dry r"7s1thts r'vere obtained by

placing perch fry ín a drying oven set at 100 C for 2L+ h-

lúlean I engths and r,reights v¡ere cal culaLecl for al] samples

ancl used to estimate seasonal growLh (Chaprnan L967) and

length-rr,-eight relationsTrips (Tesch 1968) . Ins.tantaneous

gror,vth raies (Ricker 1975) , measured as change in dry r^,reigihtr

rrere estimated for boih Years.

calorífic, carbon and nit.rogen esi-intaLes for perch

fry tvere obtail:ed for a series of dates in L974.urd 1'975"
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Fry usecì for ca-Lorific rvork \¡.7ere raeasurecl a.ncl dried at

100 C for 24 11" L'ire relnairrs l^/ere ground ínto a fine

por,icler ancl frozen in a seal-eC con'ca-ì-ner" At ¿L l-ai-er

Cate, sarn¡;les were J:urnecl in a Phillipsou l'iicrol¡olnJ:

Cal-orimeter.

Perch fry usecl for carbon and ni'Lrogen estitnates

tvere treated in a similar manner e><cept care \'\las 'taken tc¡

ensure tliat. a]l surfaces tor.rching the irY conLainec1 no

resíclual carjlon " A1I instruments used in the nranipulation

of perch frlz and containers used to store their remains

hacl previously been soal:ed in dichronate acícl for 30 rnin

and rinsecl six tir,res in distill-ed rvater" Carboir and

nitrogen cletermina'tions were made oÌ1 a Perkin*Lliner 2IIA

Il ler¡eni:al Analyzer "

Perch fry pro<luction in terms of carbon anc calorj.es

was estimaLec). cluring the pelagic periocl using the n'.ethod.

d.escribecl by Allen (1951) . Tiris is a method for

est-irnating production grapÌlically in v¡lr.ich mean carbon

or calorific conLent of the perch fry is plotted against

population nurnbers at givs¡ tirnes over the pelagic period.

The area beneath the resulting curve \ras measured to

eÈtimate production"
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Slomacir Analysis of Percir FrY

Perci: fry tvere collectecl over i-he spring and

sririìrtêr of L974 ano L975 to cletermine nur;rber, LYPC ancl

size of prey being consumed" Guts of perch fry i^rere

exarninecl using a bj-noclrlar r¿icroscope" For fry r+ith

undifferentiated guts (tota1 lenEth <23 mm), the

entire oigestive tract v¡as examined. l{hen the slomacn

became ciif ferentiatecl (total length > 23 rnm) , i't alone

trras exanined. The main 'Laxonomic groups of prey were

copepods and claclocerans. Copepods were classifiecl as

nauplii or adults (copepodicls ancl mature adults) ivirile

the dominant clacloceran, Daphnia ptLLicarLa vtas cfassified

into one of 28 lenEth classes ("1 rm'.r Ínterva]s). The

nurnber 6í: Bosninct Longit,ostz'is and Chaobor't¿s fLaUicarLs

tvas also recorclecl. Calorific values of tire prey species

were i¡ased ol-l the r^¡ork of Snoi'¡ Ú972) for DaTshnia puLícaz'ia'

Patrick (Department of Zoology, University of l"ianitoba,

l{innipeg, l',Ian, , unpublished) f or Cy cLops bicuspid-o"iu"s ,

Lysack \I976), for Chaobo:t,us fLaoíco-ns and Scþindler, et. al.

(1971) for Bosrnina Longiz'osttis.

'rire number of Daphnia pulicaria consumed by perch

--2--1fry m ' dty during the pelagi-c phase in basin 2 and

ihe bay tvas cleterr,iined in L975. These estimates \vere

obtainecl ìty multi-plyÍng the nu¡r,berof percir fry uncer I m2

of vrater b¡z tìre daily coi-Isumption of Daphrtia pttLicarie per

percìr 
"r'i.
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Daily consum¡:tion of Daphnía patLicaria per perch

fry was estimaLed ]:y apportioning the average frequency

cli-stribution of Daphnia puLicarta fou.nd in perch fry

stornachs, cietermined fron sam¡)lss collected a-t 2 lt

intervals over a 2Ll h perioct, into intervals equal to the

tinre required for one Daphnia puLicaria to pass through

the digestive system of a perch fry. The midpoint of

each interval v,¡as cleterminecl and the corresponcij-ng nur.rber

of Daphni.a puLícaz,ia in the gut" These estimates vrere

summed over the 2U h perioil to determine daily consunption

of Daphnia puLicaz'ia by a perch fry. In equation form:

Cf=CFXF

and C¡,-l (Df-x)

rvhere C- = total nuraber of Daphnia puLicari.a consunied
'1'

-1 -1m ' doy r by Perch ftY

CF = number of Daphn'La pulicaria consuued per

perclr fry claY-l

F = nurnber of perch fr1, io-2

D = number of Daphnia puLicaria in guts of

perch fry at the micipoint of each evacuation

interval

and x = number of evacuation intervals dty-].
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ilstj-mates for clates betv,'een the 24 h samples were obtainecl

by interpolation. Daily consumption of Cyclops bicuspidatus,

Bosrn'Lna Longiros l;ris and Chaoborus fLauico.ns by perch irY

\,/as estina.ted using the same proceclure- Blevtivity

inciices for different size-classes of Daphnio pulicaz'ia

r.iere cal-culated according to Ivlev (1961) "
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R]ISULT S

Perch Fry Distribut.ion and Abunclance

Ad.ult perch began to spav/n on i{ay t3 in L975 in

v¡ater temperatures of 7J C (Table l) " The cluration of

spawning activi'by variecl in clifferent parLs of the lalle,

but dici not exceed. 13 days frorn the iniì:ia-tion of spawning "

tleaviest spawning activity occurrecl in the bay a"'t- clip net

location 2 (Fig. 1) " The first eggs becaine eyed on I'Îay 23

when embryos hacl a mean le¡gtþ of ¿1.37 inm. Tþe tinLe

required for hatching of perch eggs at clip net location 2

was 20 clays when the r¡ean daily water temperature was 10"9 C'

During tnis time water temperature variecl from 7-I 13'0 C"

Tire first liatching of eggs rearecl in aquaria occurred

on June 2 tn Lg75 v¡hen the fry had. a mean length of 5"49 mm"

Tire firs't- fry lvere caugÌrt in the I al<e on June 9 irr 1974 and

June 2 in Lg75 with mean lengths of 5"60 mrn ancl 5.96 nr-nì

respectivelY.

observations rnade on hatc,ring perch fry in aquaria

shov¡eci that ou enle::ging frorn iheir eggs they passively sanl<

to tlie bottom of tire aquariuni ancl laic1 on their side' At

2-3 rnin intervals during the first 3 h they woulci point their

heail towards the surface ancl iviggle vigorously, rnoving 3-5 cm

off the bottom of the aguariunt" AL this 1:oint tÌrey r'vould

stop moving and s-ink Lo the bottorn of tire ac¡uariurl, resLing

Vlibhin 5 h of liatchir-rg the fry rvei:e ablc to



Ta]:le I.

Date

llay

¡iay

^.rcLy

hl ¡ r r

i.iay
ì'-,ì ¡ l ¡
- ¡c.J

June

Observations of perch spawtlinE sites in 1975.

i{o. of
T'enp (C) Spa.r+ning Uggs

13

15

16

13

¿\)

26

LO

11
J\J

1

a

ldet LocaLion

t.¡

ô
J

oo

10

i0
10

t0
1C

10

b l_tes -Lived

.J

')

.0

.J

r

.0
I.

.5

0

3

5

5

)
4

4

4

j'* térnperature not available.

Dip iiet Location 2

Temp (C) Spawning

i\o
ì'io

i\o

NO

YES

YES

YES

7.I
1'ì O

LI\

11.C
lô tr

L2 "5
1r-"0

L2 "0
1î 

^

¡lo. of

Sites
?

L7

26

??

1)JJ

)a

31
alt

Eggs
ed

NO

tdo

i''r-o

ido

ì{o

Y]]S

YES

Yi]S

YES

Dip irfet Location 3

T'ernp (C) Sparvning Liggs

10

9

9

10

T2

10
1)

L2

ci +^^ ï,--uluçÐ irvCä

5

5

0

0

5

0

0

0

1

4

i3
fôIÙ

14

L2
fa.LJ

I1

i''J-O

Ì!o

llO

r! \J

i'io

i.Jo

YES

YËS
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swiri l0-l-2 cin off the bottorn of the aquarìr:m. On

reaching this ireight. they woul-d again become i nactive

and start sinliing, but only until they carne in contaci

rvj-th another surface at lvhich tirire they ivoulcr resuÌïe

tireir srvimmingr activity.

Perch fry remainecl j-n shall-ov¡ v¡ater ' nealî tire

spawning sites, for approximately I wk follor¡inE hatciring

(Table 2) . They were easily caught aL nighL lvith srnall

clip nets d.uring this period as they woulcl act.ively sr,virn

torvards an artificial light source shone on 'the surface

of the r¿ater. By the end of the f irst v¡lc tiley began to

move a\^/ay frorn the shore and ivithin 2 wk of hatchinq they

had. movecl into the pelagic zorle (Tables 3 and 4) " This

transition occu.rred at a time rvhen 'tire surface trüater

temperature ranged front 13. 0 19 " 0 C "

The surall-est perch frY founci in the pelagi g zone

e.f7 rnm) was car-rght on June 16 in L975. During this

phase of their life surface water- temperatures ranged

fron 16.0 22.0 C. The fry were rnost reaclily caught in

the evening in the su.rface r'/ater:s using a half-lneLre torv rret.

Relative abundance of perch fry varied in d-ifL-'erent areas of

the lake and. lvas alr,vays highest in the bay ( tow location

l. in Tab1e 4) .

'ror,'¿ catches dectined rapidly in mid-,lulv ivhile

increasirig nurnl:ers of perch fry were for-rnd i¡r the litLoral-

zone, The first fr1' 1'r"t. seen insiro:re on Jul1z t5 in 1974



Tal¡Ie 2.

ìì¡.i-¡

Catcir 1:er
s pa\./ninE

l_9 7 ¿j.

J',rne 9

IU

L2

s'bandarcl d.ip
sítes in 1974

Location i-

197 5

i'iay 3

Junc
0

t
2

a

lr

5

o

Ê

I
I
')
J

4

net
and

haul- of percir fry near the
1975.

Location 2

Cz\TCIi

0

0

14

7

l-

1

I

Location 3

>Ì:* perch f ry urere cauEht but 'i;jre nu;nbers v/ere not recorcled.

0

0

7

I¿+

T

+

11

-i-.r

0

0

0

+

0

4

50

+

+

H
1J



Tab1e 3. Presence
tows in

Da'te

J üNE IU

June 2tl

JuIy l-

jul-y 4

July 8

Ju,.ly l-5
July 22

July 25

(+)/Absence (-) of perch fry as deterr,rined by surface
L97 tt .

Tv¡o Loca'tion 1 Tow Location 2

+

+

+

+

+

J-

Tow Location 3

+

+

+

-r

+

Tow Location 4

+

T

+

+

+

H
co



L'aJ:1e I+.

Date

Catcìr per standa::rl torv of perch fry in 1975.

'June 10

Ju-ne Lz

June i6
June I7
June 20

June 2I
,June 22

June 25

June 29

Jul-y 4

JuIy 7

July 11

July 14

July 22

Tow Location t

0

0

+{(

+

+

+

L7 .3
43.5
18.0
L2.7

J.ú

1"4
/.L

0

Tcw Location 2

CÀTCH

r;* ¡-,ercìr fry were caught but the nurnl¡ers $/ere not recorded.

Tow Location 3

5

1')

7

r
J

0

0

0

0

"6
.7

a

.6

Tow Location 4

8.1

4"4
16 .3

')a

0.s
0

0

0

^o
))
9.6
3.5
1.3
0

^t:

0

H
\.9



Cat.ch per sLandard. seine haul of perch fry in LgTLt.

Basin 3

0

2

9

a
oJ

0

0

0

rì

0

Basin 2

C1\TCH

0

L

'lo tr

0

r:

65

7

0

0

N)
F

Basin I

0

I
0

0

0

7

0

U

Table 5.

l3ay

Jul;r 15 0

Ju11z 22 19
.Trr'l-, atr a1U UfV LJ J¿

July 29 0

Aug" 1 0

Aug. 5 0

Aug, I 0

Aug. 15 0

Aug. L7 0

T\¡'l-a
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Figure 2. Grorvth of perch iry in length ( @ ) and dry

vreight ( s{ ) for L974 aud l-975 " Open

points are estimates from the baY"
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Figure 3. GrowLh stanzas of perch fvy in lengih ( @ )

and dry weight ( ffi ) for l-974 and L975"
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they moved into the pelagic zone. Gror^¡th during this

stanza ivas slow and described as:

"o910 
leng-uh = .748 + .097 (LogIO clays after

iratching); r: .776 (P< "05)

and 
"ogr-0 

dry weight = .457 (Lo9lO clays after iratching)

LI .20L¡ T = .683 (P> "05)

in L975. The second stanza started at the beginning of

the pelagic phase and lastecl for the rerrrainder of the

summer (Fig. 3) " Groivth during this stanza was rapid

and described as:

Lo9l0 length = .833 (Lo91O ciays af.Ler ha'tching)

.I52ì r = .955 (P 4.01)

and Logt' dry weight = 3.1153 (Logr' days a:fter hatching)

7.063¡r=.990(P<.01)

for L974 and Logr. length = "939 (Lo910 da-ys after hatcÌrinc¡)

.L67¡ r = .989 (P <.01-)

ancl 
"og10 

dry rveight = 3.913 (Lo9t0 days after hatciring)

7 .982¡ r = -997 (P < .01)

for L975.

Regression lines clescribing tiie gror,vth in Lerrns of

length ancl in terr¡s of dry ru'eight rvere cafculated for each

basin in I97LI and each lia-sin and the bay in 1975" Analysis

of covariance indicatecl- the lines v¡ithin a yeall !/ere not

signif ica¡tly cli-f f erent (P > .05) and therefore the results

from e¿rch aanpling clal-e \rcre pooled.
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In 1975 it lvas founo that tire size of perch fry
caught in tÌre bay during t'he pelagic pirase i,vas consistently
smallerLhan those cauEht in ottrer parts of the lake

inciicat.i.ng tire presence of a sub-population. Size

estimates of fry captured in the bay are shorvn in Fig" 2

as open points. Atthough analysis of covariance indicatecl

grorv'tÌr curves were similar for diffe::ent parts of the lal<e,

these points for the length grorvth curve fel-l well outside

the 95Y, confidence intervals when they were omitted from the

pooleci clata of the three basins. The results are as fol-lorr's:

95f, C.f. for Loga' length
based on pooled data for 

"ogl. 
leng'tir in

Date basíns 7, 2 and 3 the bay

JuJ-y 4

July 7

Lt = I.3¿+87

Lz = I'3014

Lt = 1.3875

LZ = 1.3401

Ju1¡z 11 Lj_ : 1.4343

L2 = r "3867

July t4 Lt = L"4765

Lz = r'4289

As a result, these values urere omitted from the conmon grorvth

line. 'fhe same procedure \,À¡as used f or tire dry weigÌrt grorvth

cu.rve. It shorved that ti:e dr:¡z iveight values from the bay

did no-u Íall outsid.e the 95f, intervals when L'rasecl on the

T "2,596

r "2856

1-3043

1.3626
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pooled data from the tÌrree l¡a-sins, ciue r,rainly to tiie J-a.rge

corifidence interv¿rl.s.,'\lihough t.here i.,'¿;g no sLatj.:; Lic¿r]

clÍf ference it r,zas de.ci-cìei to omit these fou:: i'a-]-ues from

Lhe drl' ¡7"io¡ra groi.rth cul:ve as there r,/as a" s:.gnif icarrt

c'i f ference in their length ancl a-lsc, as tlie clry iveighi

va-lues Íro¡-¿ the bay rvelre âlr'"'arlrs lor.,'er than those frorLr othc:r

par'.:s of the lake cluritrg this period 
"

Le n$ih-dr1' rve i Eirt re lationshi¡:s f.or 19 7 ¿1. aner l.9l5

iterÞ cj-escribecl- a,s :

togrO dri' 1.r"r.Ont 3.838 (L,og.,_O lengtÌi) '7 "2t13;

r = "993 (P <.0I)

îor i*974 and Logr. ctry lvei-ghL : 3"713 (Lo9:.0 lengta) - 6"966;

r =: " 993 (P { .01)

fo:: 1975 tFiç;, 4) " Values -For each d.:Le \ve:re liooleci as

ana-ll;--is of corr¿l:riance inciicaLeci tire Lci-rgii-r*c1::y l'zeiqhl:

re,l¿rt-ionships v/ere sinilar for all parts of tÌre Ia.Ìlc in

I97 4 ancl L97 5 "

Lenq'¿h-weigirt relaLionshi¡:s for c¿lrbon anci nít.rocle:ii

v/=lre :;irLj-rr¿:r j-n I9l!+ ¿rLtd L9-i :; (i¡jg. 5) " Tjte cai:i¡oi: (jltl:\,re

wa,s Clcsc::i]:r:ci rrs :

lil C = 3"527 1lir lenç;'i:h) - 9.ttl--l¡ r r: "997 (P< .û1)

ancj tilr.: rritrogen cr-ir:ve as: lnli ::3,600 (ln i-enç¡tÌr) - -l-I":i6¿i;

.r: : .993 (P<,Ût) "

irL:; i:¿rn'carcor-rs gr:<..irt-ir ;.ar'-i:s (.-.icilc:i: i975) o,'i ¡;e:-cir.

lf ;; j.Or ) t'| 4 ¿lt-lC.i ]9 /-r, iil..:;'il;Lì.'Jc:d cl-S Lìf';' 'u'. .i.t'" , ¿rl:e Sitor.;l

ir:. lì'-ig" {, . Il: i9'7 ¡,,. cic i:clrii.i-nai-.-Lcrir:; of cj ::i¡ ',';ci-gt:{- ii-Lc.l ilo í:
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Figure 4. Length-clry weight retationsirj-p of perch.

fry for L97+ ancl L975"
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Figure 5 " Length-carbon and length-ni'trogen

relationships of perch fry for L974

and ]-975 
"
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Figure 6. Instantaneous gror,vth rates (measured. as d::y

weight) of perch fry for L974 anct 1915"

Arrows indica.te l_ransiiion times frorn tire

sparvning sites to the pelagic zone (A) ancl

f-rorn the pelagic zone to the littoral- zone

(B) 
"
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starb until 21 days after hatcìring. In 1975, the

j-nstanta-neous grorv'tir rate increased rapiclly frorn

iratching to a peaJ< lvhich coincided lvith the Lirne of

transition from a litl:oral 'to a pelagic habitat" It

decreasecl v¿hj-le the fry vrere in the pelagic habitat and

l-ater developed a second peak in 1974 and 1975. The

seconcl peaJ< coincidect r¿ith the time of tra-nsi'tion from a

pelagic to a lil*toral habitat." The instantaneous groivth

rate then decl-ined through the remainder of the li.btoral

phase 
"

Seasonal changes occurred in iìre amoun'L of carl:on

and nitrogen mg clry weighL-t in perch fry (I'ig. 7). BotÌ-r

cul:ves v/ere fitted using a 'Lhree poín'1. moving averaqe.

Tlre fry iracl 5t+7.9 ug C rng d.ry weÍgÌr'U-l on hatching. Thj-s

val-ue.decl-ined rapidly during the fírst 3 r'¡k follorving

hatching and was accompanied. by a-n increase in nitrogen fronl

70.6 ug i'tr mg clry rv'eight 1 or. hatching to Ìû5.7 ug N mg ciry

-1vreight r by the end of tire pelagic phase. The a-mount of
-'lcarbon and nitrogen mg dr1' v"intlt ' reaclr.ed a peai< just

af ter the fry moved i nto bhe li'ttoral zone at a leng'th sf

36-40 r¡¡n, afLer v¡irich both decreased sharply.

The highest carbon to nitrogen ratio (7"8) occu::rec

irnnieciiateliz after haL.ching (Fig. B) . Follorving iratcÌring

there rvas a rapicl decline to approxi-matel1z fou:: Ìry the 'cirne
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Figure 7 " Proportion of carbon and ni'L.rogen in perch
.-lfry expressed a-s ]r9 mg dry vzeight ' relative

to grov;th in length for L974 ancl 1975. The

standarel devia.Lion is shcivn (zìrr:ov¡s as

previously indicated) .
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Figure 3. Carbon to nitrogen rati o of perch fry

relat.ive to growth in length for I97 4

and L975 " (Arrov,rs as p::eviously inciicatecl) .
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tire fry were 11.5 mn in leng'tìr " This value reroained

relartively cons'tant for t.he resi- of the season and the

slope of a fitted regression line rvas not significantly

different from zero (P > .05).

The híghest seasonal calorific value for percìr fry

(6726.6 cal g dry vreight-l) \^/as obtainecl from fry l-ess than

t h old, and decl-ined rapidly, reaciring a rninimuln (49117 "I
cal g dry weight-l) r,¡hen the fry were l-5 mn in length

(Fig. 9) . During the remaj-nder of tìre sumrner there ivas

a gradual increase in the calorific values, the greatest

increase occurring after the fry had attained a lengt.h of

26 firn, rvhich corresponcls v¡ith the time of transition from

a pelagic to a littoral iraÌ¡itat.

A large proportion of the r,vet rveight of fisir is made

up of i,vater. It r¡/as found Lhat tiris val-ue changes rvitl-r

ti'¡ne in perch fry (Fig. f0) . T'he large degree of variation

in fry 6-B mrn in length (1"79 to 2.08 as natural logs in

Fig" 10) was the result of va.rying ctegrees oL: water absorption

by recently hatched fry. Iìarly growth was, -in facL, Iargely

tÌte result of rvater absc::ption (I'ig" l-1) " Prior to tire

initiation of feedinq lvet rveight more tl:an doubled but there

was no perceptible ,i.t"r=. in d.ry weight of the f ry. Botir

curves in f ig. 1l- were f itte<l by eye " Following the

hatciring 1:eriod, 'the water content stabilizecl at approximately

89% of the total v.reb weight. 11- remained at this level
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Fiqure 9 Calorific value of perch fry

growth in leng'th. f or I97 t+ ancl

standarcl cieviati-on is sirorvn"

previou.sly indicateC) .

relative 'to

L975 " The

(Ai:rov¡,s as
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Figure 10. Water conten'L of perch fry relative to

growth in length for 1974 and L975"

(Arrov;s as prevj-ousiy incl-icated) "
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Figure 11. tr{et weight ( @l ) ano dry rveight

perch iry during ea::l:/ grolvth.

1i ne indicates th.e approxi.ma'te

first feecling.

(o ) of

TÌre dotted

lengtir at
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until tire end of the pelagic phase and tÌren clecreased to

approximately Bli for Lhe rernainder of the sainpling

períod

Feec-ling of Perch Fry

During the l-974 and 1975 growing seasons, perch

fry utilized a narrov/ range of food items consisting

entj-rely of planktonic orgarrisms " The rela-"ive importance

of dif ferent prey organisrns v/as examined. seasonally i n

1974 and L975. The seasonal contribution (percent in terms

of calories) by different foocl items in the d.iet of perch

fry rvas simil-ar in both years so only the J-975 resul-t's v¡ílL

be discussed in detail"

Perch frlz Ssttt to feed lvÌrile tire yolli sac Þ/as still

present, 6 days after hatching. During {-he first. 3-4 d.ays

of feeding algae was presen't in the gu'i:s aloirE ¡,vi'Lh acìult

copepocls / copepodid-s, nauplii, and other unident:i-f iable

material (Tab]-e 6) . The im¡:ortance of algae rapidly

declined lvhile tire adult copepods, copepodids anci nauplii

remained the inajor foocl source prior to the frlz r¡1e1¡'i¡g into

tlre pelagic zone . Daphnia pu.Licaria v/as first found in the

Euts of fxy in mid-June, shortly after the transition from

the littoral to the pelagic zone. Thel' quickly becarne

the dorninant energy soul:ce for frf in basin 2 ancl tÌre bay
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cÔU

b¿
cì c'JA

2L

05
1-lJI

75.72

84.95
OÔ ''ì E

6L.25
¿+.Y I

9.ls
r -21

0

0

Copepods'82 tsay

by different
in 1975. 'I'he

in gu-us
..t,

oo 1a

0
0

0
c
0

0
0

/).¿ö

¡q¿¡r.plii
BZ Ba1'

96

3I

4

3
2

b9
30

LY
11

93.50
30

0
0

a.) 1')
¿J. JJ

J.Õ. ÓY

fooil items to
nrean to LaI

9B
,n
1A

53
oa

/t cìAJ
1')u-l

I.BB O

24.72 0
3.02

.93 0
1^ /r al

22.39

15.03

L5 .42
tr.Lrr:

44.78
40 .16

Chaoborus
f Lauùc a.ns
B2 lsay

t+6.07
:).i-f/

.11

"05

't=

0
.05

Total (cal. )

0
0
0
0

0
0

B2

0
.02 0

0

0

0

I 1¿l

0

0
02
3.6U

Dë.'

0
0
0

0

0

c533
0089

0973

17 B0

20 87
11c)ôLO UV

l/-r3l_
1455
a1a)

LL23
57 LLi

.49
o o?

I ¿lÁ

0

^ 
ir -l ì

L209

zLt 5

7 510
99L2
1387

a''1 It.)

8953
04
06

I
i

5
7

UJ



?c\

for the renainder of the pelagic pirase " A't the tirrre of

transition fron the pelagic to tile littoral zone in

inici-JuIy there r,va-s a marl<e<l decrease in the impo::tance of

Do,phnia pul.ico.r'La to the toLal energy intalie of tire frv

rvith a corresponding increase in tire irrLportance of

copepcds. Tiris trend reversed itself in l¡asin 2 in the

follor,ving v,reeks \".'ith Daphni.a pulicctria again dominating

the diet. In the bay the decrease conti-nued, un-til, on

Augus't l-2, Daphni,q puLicat,ia comprisecl only I.27/, of the

total caloríes in the stornachs of the fry. Bosmina

Longirosi;ri-s \¡/as then the dor,rínant food iten-, at this

location "

Àbundance of Daphnia puLicaria anð. Bosinina LorLg'Lz'ost'r'is

in the v¡ater colunn as wel-l as their ir¡portance t.o the ciie't

of perch fry j-s shov¡n ín rig " L2. At si:a'tion 2 (F-ic.j" 1)

Bosrn'Lnc: Longirosl;z,is never k¡ecane very abund-ant and- r,'.rere

neveil present in s-Lomachs of the fry coll eciecl in basin 2 "

Àt s'baLion 6 the Daphnia puLicaria population d.ecreased to

a very l-or.v level afte:: rnid-,luly and r,vas replaced by

Bosrnínc. Longiros'bris. A simi lar tren<l tt'as founcl in

sLomach contents of fry ccllected frotn this location.

Abundance of Dctphnia pulico-ria. ancl their importzrnce to the

diet of perch fry in basiirs l- and 3 was s-iililarLo tha'L of

basin 2 . lfeeJ<Iy samples tal:en at s tatj-ons nrjarLhe s;rore

lfig. 1) shoived i:irat the abund¿rnce of aI-1. zoo¡:lauii'Lon species

r./as very low ín sÌrore r!'aters .
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Figure 12. Abundance of Daphnia pulíca.z,ia ( 6l ) ancL

Bosmina Longiros'bris ( O ) in plankton ç.-)
and their percent contrj-bution to the total
stomach ca-l ori es of perch fry (-----) in

trasin 2 and i-ire ba.y for L975.
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i{iren cornparing 'ul-le nìeaÌr lencJth of Do-i:itnia puLicaTict,

in stomac;ir:s of perch fry r,vitir the rloá.1t1 tengLir i¡i pt a-nll-i:on

collect'i ons it r^,'a-s; n.ecessary to c¿.ìrefultv consicle¡ the

lerrgtlr-freo.u.ency cÌis1-ribu't-ion of Daphizict pu.Licaria a.t

various CeptÌrs" On a ty¡rical micl-surnmel: da).' the raean

lengtir oll Daphnia pltLicaria \,¿as smalles't at B m ¿rnd largest

at 15 and 20 m r,vi-tÌr ihe 0*30 rn integrated s¿'.np-l-e falling

in ]:etrveen (Fig " 13) Daphnia pu-Licar,i.a. v¡a.s absent- fron

tlre 2.5 rn sampl-ing <i.e¡:'th during cJ-aylight hours af ter June 26

a,nci dicl not reappear until Se¡:tember ¿t 
"

Perch fry of Vlesc Biue Lake reräain in the region of

tlre rnetalimnion during the d-ayligirt hou_rs (i,Ionc; Igj2).

Therefo:re,'Lìre lengbh-frequencl' clis-tr:Ll¡ution of Dap"ititict

y;til..iarznia in stona.cÌrs oí: pe.rclt fry was colilpar:ed- 't-c-r tl-re

lengr:lr-freguency ciist.ribubion of Daplti,tict pzr-L-Leo,r;ra at S m

at sta-tj-on 2 (rig" -14) " The leng1:tr-Í-reclue ncy dis Lribu'tio¡

of Daphrtía. pulicctria j-n s'bolrach.:; of pe:rch fr-y caught. ,i-n the

bay r"-.is cornpareti Lo l-he -integrated lerrgLh*freci-r:c::rcy

cii:;i.rikrui:ion at si-atj-on 6" irlariy postiarr,'¿r-l- fry fed oir

snal-J- Dctphni.ct puliccrrict but as they c;-ì:e\!' Lheir p:i:ey increascC

ili size" I¡ol-loiiinE the encl- of t.he oe1.rgic ¡:haise tile r,.rean

lengLlr oi- Dapitnia p1.t-1.ica.z.íct. :Lngestr:d v.r:rs resti:ictcci to thc

i,'ì,3an J-eng'ch of D:tp'hnLc" ptrl,ic;r.?LcL ,r.L i-he [] m ciepl-Ìr ¿i-L s-ua-'[-:i-o:r

2 .rirc.l. il tire 0 - 0 m int-c:gr.aì-cil :;riürplc ¿rt- sl_ation G.
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FiEure 13. Length- f requency dist.ribution

puli.car|a for various C,epths

on a typical micl-sur,rmer day.

coll-ected a'L 10:00 h.

of.Daphnict

at sta'tion 2

Samples rliere
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Figur-e 14. Mean length of Daphnia pulicaria in per:ch

f-ry stomacìrs ( a ) ancl in plankton samples

from 0*30 ( 6¡- - _-@) , I (e-----@) and 15 rc

(@-@) in basin 2 (sLaiion 2) anci fro¡.r

0-B m (@-@) in i:¡e bay (stat.ion 6)

for 1..97 5 .
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Dif:ierences in Lhe nean length of -Daphnia y:uLì.c:crria at B

and 15 n¡ in the 0-30 rrì ini-egrated saraple ancl irr the

sto¡rachs of perch fry ar.e shoivn in Fig" 14. T'he 20 r.n_

samples, rvhicir \,/ere omj-tted f.or clarity, followeci tire

same pattern as tire 15 m samples 
"

The irnportance of va.rious utilizable lengt,r-classes

of Daphnia pulicaz:ia to perch fry was clepenilent upon the

relative abunciance of the different length-classes in the

plankton. On JuJ-y Ll and July 10 small Daphnia puLicaria

\vere not very abundanL at either tÌre B or 15 ti depths

( c/ 0 - .5 animals f-1) (FÍg. 15) . At the same tirae,

the mean length of Daphnia pttLicaria in the stomachs of

the perch fry increasecl from 1.04 mm on,Tullr 1'to l-"15 mr,l

on JuIy 7 lFig. 14) " BeLween Jull' 10 a.nd July L7 a large

nunrber of nevt DapVtitia puLicat,'La vtere produced anct rvere in

greatest abundance at the B rn d.epth (> 2 aniiLral.s f-l). Tilis

coincided rvith a clecrease in 'the tnean lc-:ngth of Daphnict

puLicav,ia in stomachs of perch fry fron 1"15 rrLì oll July 7

to 1.I1 rîrù oi'r. JuIy Lq to "97 nur on July 23" By AuEust 6

all size-classes of Daphnia puLicari.a \rzêrê irr ver_r¿ 1o!.,'

abunclance at station 2 and rLlost hiere be-ing usecl as a food

source.

l'lean Ìerrgth and range in length of Ðaphni,c pu.'Licaria

i¡r a reproductive condi'Lion r.¡ere based on the 0-30 m and

0-B rn integratecl samples for statiors2 and 6 res¡:ec'civl--1y

(FiçJ. 16) . On Augr:sL I ab station 'ô, titcre \i;c.l--ù no
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Figure 15. Abunclance of äifferent length-classcs of
Daphnia pulicaria at B anci 15 n ai

staLion 2 i.or Lg7 S 
"
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Figure l-6. Lengtir-frequency dis'uribution of

Daphnùa pu"Licaria in stornachs of

perch fry col]ected from Ì:asin 2 and

the bay in L975. Iiean length and range

in length of Daphnio. p¡-¿Licaría in a

reprodr:ctive condj-ti c¡n are shovrn by

tlre arrov/s.
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the fry.

micl-Ju11'.

Daphnia. puli.caria in a reprocluctive concl-ition in the
wate:: column" T'he reproductive Daphnia pu"Lica-r,ia at
station 2 rvere not affecteci b1z tl:e preda,tion of percÌr

fry as tirey v/ere larger'chan the size being u.tilizeii. by

TÌre situation was the same at station 6 until
At this time there v¡as a rapid cLecrease in

tl:e mean length of Daphnio pulicaria in a reprociuctive
condition, and Daphnia puLicaz,ia as small as L.37 mm in
leng'Lh r'Jere founcl bearing eggs ancl embryos - For the
rer¿ainder of the summer, in tlre hay, tiiere was an alraost
comprete overlap l¡etrveen the length of reprocluctive
Daplzttia puLicar,'La in tire planr<ton and. the lengilr being
consumed by perch fry"

The mean clutch size of Daphnia pttLicat.La 1nunl:er
of eggs per egg-beari.ng female) cliangecl over the season

but the pattern rvas not the saïne at siaLior:s 2 and 6

(Tal:le 7) . The la::gest. crutch sizes occurred irr the
spring and- decÌined into early July at both locations.
At s.taiion 2 the declíne stal¡ilized at early Jul1z levels
rvhil-e at station 6 there was an increase in the rnean clutch
size o'i Daphnia pult-caria over the remainiler of the season"

Tìre lengtir of Daphnia pulicaria consumecl by percir

fry rvas also founcl 1-o change on a cliel basis, during the
pelagic stage (Fiçr. 17). On June 28-29 and Juty 8-9 tire
nìean length of Daphitt'a puLicart a in stomachs, cleternined f.r:om
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Table 7 . Tlte riiean clutch stze of Daphnio, pu-Licaz'ia-

(nuinber of eggs per egg-bearinE fein¿ile) at
stations 2 a.nd 6 in 1915.

i{ean C1utch Síze
DaLe Sta-tiou 2 Station 6

I"lay 13
19
29

June 5
6

L2
13
L9
20
26
27

July 3
4

t0
11
L7
IZ
24

)t\

31

/\ug. l-
oo

9
14
15

Sept " 4

11.65
15.3s
15.78
1l-. B0

5.73

4.36

3 .67

2 .57

2.29

2 "50

1. 83

2"00

2 "50

+

1"28

8.00

6"05

3.67

a îf¿.JJ

2.50

3 " 56

2.00

3"ûB

+d'

J. JCJ

4.06

+

i+ no Daphnia pulicaria in a re;oroducLive condition.
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Figure L7. Diel variation in

Daphnia pul'icaria

perch fry cluring

in 1975 "

mean length of.

in s Loinachs of

the pela-gic phase
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fry samples taken at 2|t intervals over a 24 h poriod_,

rl/as greaiest at night between 24:0 0 ancl 04:0C h a_nd

smafl-est in the rnorning Ìretween 06:00 and 08:00 li"

There was no appa::eut pa'Ll-ern in the bay on JuIy 15-16 "

Tire niEhttime increase in tire length of DapLtnia puLicario,

consumed by perch fry coincicled v¡ith an increase in the

mean length of. Do.phnia pult)caz.'La in the feeding zone.

The Dap\tnia pulic:aria of tr{est Blue Lake are knoi,vn to

unci.ergo a diel verLical rnigration during 'the spring and

surnrner being generally belorv 5 m during the day (06:00 -
22:00 h) and forming ctense concentrations near the surface

at night (22:00 - 06:00 ir) (BeI] and T¡trard L970, i,,Iong 1972) 
"

The mj-gi:ation of Dap|tnia puLicaz.i,a changes their length-frequency

distribution in the feeding zone over ti:e day tFig. 18) "

During the cìay, in basin 2, percÌr Íry vrere feecìíng on a

Daphnio. puLicaria population ivith a length-frequency

distribution approxiinated by the I m sarople fi:om s tation 2 .

At niEht, perch fry and. 1-he entire Daphnia pulicaría

population rose to Lhe surface (lvong L972) increasing the

proporti on of large Daphnt)a pzLT-icaria, and, their nìean

length in the f eeding zone ( 2 . 5 ra) . The pat't-c::n ',ras 'the

same in tlre bay rvhere very 
"ew 

Daphnia ¡:tLlicaria \rere

present 'i¡ the upper 5 m of rvater during 'the c1a1' but becaine

very abund,ant in tire surface h'aters at niEht wi'uir a
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Figure l-8. Length-frequency distribr-rtion of

Daphni.a pulico.ria at s'cation 2 on

Ju.ly 10 and a1- s1:ation 6 on July 11.

L975"
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lengtir-frequency distribuiion siniilar to tirat of the

0-B n integratecl sample collected- at l-0:00 h (fig" 18) .

The dalziime vertical distribution of the DaphnLa

pulicaria at station 2 .isolated much of the population

from the effec'ts of preclation by perch fry. In the

spring, the population rvas distributecl throughout the

v¡ate-r coluinn, rvhile in tire summer it rva-s concentratecl

belorv the thermocline (Fig. f 9) . Abundance profil-es we::e

often blrnodal- lvitl: peaks occurring a.t 3 and 20 m in Lhe

spring and. at L7 and 25-30 m in the sufluner" The pattern

of the profiles was sir,rilar at sl-ation 6 although itr the

suruner it v¡as nÌore often unim.oclal. The bimodalj-ty was

most evident during periods of high reproduction in tlre

Daphnia puLicarici populatj-on and i^¡as the result of higtr

densit-ies of young near the surface and high densities of

older ani¡nals neer the bottorn oí the rvater column.

FooC Consunption, l4ortality and Productíon of Percn Fry

Durirrg the Pela.gic Stage

z\lthougÌr large differences occurreci in the abundance

of Daphnia puLicaria betrveen basin 2 and the Ì;ay during the

peì-agic pirase of perch fry (FiE . !2) they t^/ere the princi¡:le

clalz¡'i¡1" energy source for the fry at ]-roth locaLioirs ü'a.l:le 6) .

CopepoCs tvere also iraportant in tire bay, contributiug as

rnucir as 22,4% of tile total cìa1z¡i¡¡u stonach caforics rvhi.le
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FiEure -19. Vertical abundance ctistril:i,r'tion of
Da'phnio" pulicaria ab .l-0:00 h al- sL.lt-ion

2 on July I7 a-ricl July t6 and at station

6 on JuJ.y 13 and Ju-l-y L5, 1975.
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in basin 2 they never cornprised rnore than Sii of the t.otal-.

¿\s Daphnia puLicariø rvere always more abundanb ai: station

2 than at station 6, tnis inclicatecl a l-ower- consumpi:i.on of

seconcla::iz foocl iter¡,s rvhen t]ne Daphnict pulico.ria abundance

was higir "

Tìre contribubion of dÍfferent food items (percent j-n

terms of calories) to the die't of perch fry tvas determined.

at 2 h interval-s over a 24 h period on two dates in ba.sin 2

(June 28-29; Juty B*9) ancl on three dates in the bay

(Jurre 28-29¡ JuIy 3-9; Jr,'.Iy l-5-'16) " VaLi:e:s forthe first

two dates at each location were averaged giving a

representative diel feeding pattern for this period (Table B) "

The importance of tlie etlergy contribution of

Daphnía pulicaz,ia to perch fry changed vzi-L.hin l-he clay and

betr,veen tire trvo locaLìot:s. The ¡:ercetrt of the total-

s'tor¡.ach ca.lories of the iry in basin 2 contributecl by

Daphnia pu"LicarLa v¡as lol.vest between 06:00 and 0B:00 h

wLren copepods and Chaoboz.tLs fLauzcans became Inore intporl-an't.

ft b'as relatively high ancl constant for the res't of tire dayn

reaching a peak at 02:00 - 04:00 h rvhen oiirer prey organisras

rvere absent f:rorn the stomachs of perch fry. In 'the bay'

tl:e percenL of the total stornach calor-ies contri]:uted Jrlz

DapVtnia py"Licaria s;tas l-olvest in 'the early morning (06:00 -

0I :0 û h) and in the raiil-af ternoon ( 14: 00 - 16 : 00 h) and

pea.ked at night (02:C0 - 0¿l;00 h) . over: the 24 h perioC

Do.¡:iinícL pt"LLiceTì-o. con'tributec,l an average of- 35. B¿{ anci 68.38ß

oi. tire t-,oLal stomaclr c.rJ-orie;; j.n basin 2 anci' the bay

l:csi)cc t i r;c l.'r' "
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Copepods contributecl more to the toial daity

energy i ntake of perch fry in the bay than Lhey did in

basin 2. The inc::ease in -uhe im.port-ance of cope¡:ocis

rras accomilanied by a correspondinE clecrease j-n the

imporLance of Daphnt a pu-Licaria. Chaoborus fLauícans

contributed an average of 10"95 and l-0./+3ii of the total

daily energy intake in l:asin 2 and the bay respectively.

The imporlance of Bosrnt,na Longírosl;t,is tias negligible

at both locations during this period..

Tire total calori-ric value of the stornach peak-ed

in the early norning (06:00 - 08:00 h) and j-n the evening

(20:00 - 2¿t:00 h) in basin 2 (Table 8).

value rvas record-ed at nigirt 1Olt:00 h) .

The loivest

Lisl-ímates for

Lvacutation time (h)

the total calorific value of stornacirs of percir fry fron

the ba1' rvere more variable and not as clearly definecl

although they tendecl to be l-or,vest betrveen 04:00 and 10:00 h

Feeding e>lperinents conducted- cluring the pelagic

phase of the percþ fry reveal-ed thaithey fecl continuousl-y

under natural conclitions. Ilvacuation tirles f or tìre

entire digestive tract of sna]Ier fr1' ancl for the stornach

of larger fry are shorr'n bel-oiv:

t''{ean
lerrgth
( rn¡n)

17 .0

22.L

25.9

'Iempera'tuy:e
(c)

19.0

19.5

20 .9

Tota'l
.tr-,,!!y

exam-ined

B1

77

óU

Digestive
Tract.
t.B

2,.1

SLomach

(l.o
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It r'¿as not possible to cj-et-ermine the ev¿rcuatíon Lirire oí-L.ire

stomacÌrs of fry less than 23 mrn in l-engtir as 'the stollach irad

not futry dif ferentiatecl" The evacuatj-on tine increaseci

stead.ily with the size of the fry. Since storrLacìr (or

intestinat) capacity increased proi:ortiona]l)' rvitir the

size of the fry, effec-ts of size of fry oll tì:e evacua-tion

rai-e vJere confoundeci lvith the ef fects of meal size.

Conseguently, the slorver evacuation r:ate of larger fry

may also reflect the effects of the greater amouni of foc;cl

in the stomachs ol' larger fry and a cl-ecreasing arbsorp'b.j-ve:

surface rel-ative to the total volurae of the stoinach

The reduced growth of perch fry in the bay relative

to l:asin 2 during the pelagic ¡-,hase (Fig" 2) v/as positively

correlated lvith Daphnia puLicarict abund.ance, inciicaLing,

that food may i:arre been lírniting the growt-li of iry in the

ba1z. The numJre:: of Dap|znia pulicaria consum,ed i:iz a percil

fry of any given lengtir was always less j-n 'che Ì:ay tFig . 20)

as v./as tÌre absolute (Fig . 12) anct relative lil'able 9) al¡undance

of Daphnia pulicayùa. This relationship n.ay be soi¡.ervÌr.at

fortuitous since d-ifferences in species corr,position anC

abundance, and in the lengtir-frecluency clis'bribution of 'tire

Daphnia pu-Licaz,ía populal-ion occurreä beLive€ìn tìre tr^¡o

locatj-ons. 'l'herefore, tire total- cal-orific intake of

percir fry a't both locations i./as comparec'l for tl-re period

from June 28-29 to JuIy B-9. ijsti¡:iates froür Julv 8-9

to Ju.ly 15-16 v¿ere only available i¡i the ba1'because of

the cxtenCecl ¡:e-l agi c perioci. a't tliis loc¿ti<:ir. 'i'ire ri-:s;i-r_lts

\^¡'Cre ali follov,¡s:



5B

Figr-rre 2A " Daily consuraption of DapVtnia pttLica.z,'La

per perch fry relati.ve Lo growth in

length f or basin 2 ano tire bay in L975 "
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Table 9 li.ean _Daphnia puLicaria abunclance, and mean perch fry
a?:undance cluring the pelaEic phase of the peich fry in
I^lest Blue Lal.:e and an incìex of availarrility of Daphnt apuLicaría

Location

Basin

Basin

llas in

Bay

l"lean
Dapî'Lnia
puLicaria
Abunclance

-4,no. iít .)

r+2399

l rroc"
'LAJJJ

36LzL

ô^ ô - -¿vaiJo

lúrean
Perch
Aìr::L LJ

A1¡undance
-ô.(no" rr ¿)

.22

.40

lta

10.56

Index of

(no. of

Avai lability

Daphnia pulicaria

L9272

30738

8600

1ô1¿o¿

rch fr -1

(,r
\o
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Þiean Grov¡th
surfacc Calories of

TerltP e

consu.rned frv' -h oocr convers ron
I;f f iciency

Lrat-e Location ( C) (fry-l) (cal) Gross (Í)
June 28-29 - Basin 2 19 .5 50 .36 31.09 7.62 6I.73
Ju1¡z 3- 9

Bay 20 .5 42.47 23 "52 l- .30 53 " 39

July B-9 Bay 20.I 35.53 45"91 1.86 53.63
July 15-16

During ihe June 28-29 to Jrily B-9 period the greatest

calorific int.ake per fty occurred -tn l¡asin 2 v¡Ìrere gror^rth

of the fry was also Ereatest" Food. conversion efficiency

duri.ng this perioci rvas highêst in l:asin 2 anl occurreci at a

tirae when the fry trvere increasing their ciry rvej-ght at tire

rate of 10í .1-y-1. The food conversion efficiency clicl not

appear to be closely rel-ated to the nean surface water

temperature.

Abundance estinates of perch fry (Table J-0) welre

based on catches from Ì.'1i11er high*speed trarvl s " Througirou-u

the pelagic phase, perch fry r+ere consistently rtuch nìore

abuncl,ant in t.he ba-y tha-n in basin 2.

Diffe::ential mortality rates occurred betr^¡een

basin 2 and the bay during the pelagì s phase v¿ith a üruch

higirer proportion of the population dying in tiie bay 'than

in basin 2 (Table 10) . Tire catcir of perch fry in the

bay ciectined steacLily frorn 2L.A5 fry nt-2 a1: the begiirning

of tire ¡:elagic perioci 'co 1.30 f::y m ' OO the encl of 'tìre

pelagic period. Irr basin 2 the decfiire r^¡as not as rapiil

going from .44 fr-¡,, 1L-2 aL the beginnitrg of the pel.agic

pcriocl to .35 fr}, -l-2 ]-r-y tlr': encr of the pel.agic ¡rcrioä"



Tabl-e 10. jistimates of Lhe

tire pelagic stage

Location

ilasin 2

Day

abundance of
for basin 2

lt It.lT

.42

.4C

aô
o JO

fÉ
¡JJ

ïn Abundance = -.017 (Day) -.798
)1 n Ã

10.40

6.90

Bay

Perc

7

10

15

t{est Blue Lake
and. the bay.

Abund.ance
-.)(no. m ')

r Fry

perch fry during

6

9

13

l7

2L

Orir î T
JJ'ù U-I.

t_rr.l
-Ilr. =¿

T_!-
-IL.=

¿-

tl
u2

tl
,2
t-ir

¿!5
lt1

43
41

4i
acr
JJ

lll
J2

37

36
33

In Abuncience

? Clr.\
J.JV

2,20

1.30

= - .140 (Day) -3 . iB7

23,64
18.74
LL.27

9 .60

7 .37
b.4rl
LL 1'7
') /: t:

2.39
a 

^a

1.45
1.16

o\
ts
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The mortality rate for each location ivas estimated froin

the slo¡:e of the l:egression of tire natural logarithr¡ of
abundance on time. sam"pring of perch fry lvitÌr t4iller
higÌr-speed tral1s \vas stoppeC príor to the inshore
movemen't of the fry so as to avoicl any errors in the

mortal-ity data. rnstantaneous ciaily mortality rates
vtere .0r7 and .140 fo:: basin 2 ano the bay respectively.

The consurnption rates o=t Da.phnia puLicaria by

perch fry rvere cal-culated for basin 2 (Table 1l) ancl the

bay (Table L2) during tire pelagic perj-ocl. They rv-ere basecl

on daily consumption rates of Daphnia pulicaria per percl.r

fry and perch fry abundance. The consuraption rate lyas

expressed as a percent of the total- numbers anci 'the total-

biomass of Daphnia pulícaz,ia uncler 1 m2 of water. Losses

of Daphnia puli,cc¿z,io. to preclation by ¡rerch iry in basin 2

rr/ere negligiÌ:Ie, never exceeding "09Í' of the total number

or .05y, of the total bionass of Daphnia pulicario 
^-2.

In the bay, the daili' predation rates ranged from less

thair 1.0ñ of the total numÌ-rers and l¡iomass to 5.25ií of

the total nurnbers and 2.L9fr of the totat biomass of

Daphnia pulicaria m-2.

Effects of the predation by 1:erch fry on various

lengih-classes of. Daphnia puLicaria \tas det.ermj-necl for

l¡asin 2 (Tab1e 13) and tÌre bav (Tair_le 14) " In basin 2

tl:e percentage of any lengtir-class consumeci ¡ter: cìay ivas



1'able l1 . Consumption of Daphnia puLicaz,ia by

Date
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Table L2. Consumption of Daphnia puLicaria by perch fry in the br]', ;*975.

Date

Perch
'Frr¡*-_¿
dens ity

-2.(no. ñì )

June 28

¿9

30

iuly I
.)
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5
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Tab]e 13 Consurnp'L.ion

s.ize-classes
fry in basin

ar-ici electivity (E) of clifferent
of Daphnia pu-Lica't"ia b1, perch
2, Lg75 

"

Size
Ci- as s

(rnm)

June 28-29.=-_-;--læ
yó or sl-ze-
cf ass consumecl

- -1day

July B-9
l, of size-
class consunted-

-la_--
Lì_cty

.5- .6

.6-.7
-^.l-.ó

.B-.9

.9-1.0
l- .0-1 .1
L.T-I "2
r "2-r.3
1.3-1.4
1.4-1.5
I .5-1.6
r.6-L.7
1"7-1.8
1.8-l " 9

L.9-2 "0
2.0-2.I
) 1-) )

^111¿.¿-¿..J

2 .3-2 .4
,) /'-t (
L.a A.J

2.5-2.6
L.V a.I

1 1_1 aL- I L.A

2.8-2.9
2.9-3.0
3.0-3.1
afaa
.J.I J.L

1 ')-? ?
JI¿ JrJ

-*
- 60

.51
1tr

))
.06
.05
.01
.01
.01

"01

. 89

ol:

. B0

.69
1')

- .21

- " 49

7)

-.8',7

-.53
-1.0
-1.0
-1 .0
-1.0
-1.0
-1" 0

-1.0
-r"0
-1.0
-1"0
-1" 0

-t "0
-1.0
_1 aì

-I.0
-1"(:)

0

0

0

0

0

0

0

U

0

0

0

0

0

0

0

0

1" 49

"30
)^

.12

" l-0

.03

.02

"01
.01
.01
. 01-

"01

"01

"01
0

"01

,95

.75

"72
.45
.40

-.L7
" "37
*.90

-.68
- .5r
-.76
-. 83
_. BI

-1 .0
-.58

-r.0
-1.0
-r.0
-l_ .0

-r.0
-1.0
-1.0
-1.0
-r.0
-1 .0

0

0

0

0

0

0

c

0

0

0

sj-z,e-c-l;rr;s not- presenL iti pl.aul<tot-t.
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Í.ible 14. Consumption ancì el-ec'tivity of
classes of Dapltiticr ¡suLicaría
the bay , L975.

cliffei:ent size
b_r percÌr fry in

June 28-
=___=_)r OI SIZe
class consuneC

-'ldav

class consirmed
-1da1'

Julr/
% oî. size
class consurneci

-'tö a\/

Síze
C l-as s
( iri-.n )

Julv ti-
T o{ size

.5-. 6

.6- .7

.7-.8

.B-.9

.9-1 .0
1.0-1.1
1.1--1.2
1,2-1.3
1.3-1"4
t-.¿t-1.5
I .5-1.6
L.6-r "7
r.7-1"B
r a-l oJ.U L.¿

L.9-2.0
2.0-2.L
) 1-) )

^ 
a a ,rz.J-L.+

2 .4-2 .5
2.5-2.6
2.6-2.7

^ô¿. t-¿.,J

2.8-2.9
, o-? rr
L.J J.v

3.0-3.1

¡s.zo
34.00
43 "20
54.70
1.70
1.30

.70

"61
.66

0

.¿¿

0

0

0

0

0

0

0

0

0

0

0

0.94
0 "9li
0.95
c "67
0.22
0.06

-0.21
-0"19
-0 .24

-1"0
-0.66
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1"0

64.10
34. B0

42 "20
11.60
28.30
16.70
25.00

8.90
5.r0
2"40
1.70
I .10

I .30
0.70
1.20
ñ

c

0

0

0

0

0

0

.BB

.79

.82
lt1

.75

.60
1)

.38

.13

- )(,

-.56
-.51
- "73
- ql

-'1 Ct

-r.0
-1.0
-r.0
-r.0
-1 .0
-1.0
-1.0

2.80
.30

.10

.30

.50

.60

1. B0

.80

.90

"60
.40
)(\

.30

.20

.10

.10

0

.10

0

0

0

U

0

0.78
-0.L2
-0.58
-0 .12
-r.0

0.03
0 .30

0.68
0.43
0.45
0 "28
0"04

-0 "25
-c"10
-0 "26
-0 "27
-0.52
-0.4I
-1.0
-0.66
-r.0
-1 .0
-1.0
-1.0

¿' size-class not present in plankton-
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lorv, never e><ceecling I.57, of the l-otal nui:d:er c;f

indir¡id.uals. on June 28-29 and iuly B-9, in the

br]', the pred.ation r:ate of perch fry on srnal'ler

length-classes o-Î. Daphnia puLicci:ía. \ltas l"riEl-i, r,vitir

r-rp to 64|¡ of the number of inòlividuals in a length-c}¿'iss

being corlsun'.ed claily. By Jullz 15-16 the percen'tage of

all small length-classes being consumed was reciuceiì.

v¡-ith no value exceedinE 2"5% of the nulnber of individuals

present. Ivlev's (1961) electivity inclices sirorved that

on June 28-29 and July B-9 , at bo'tìr locatioirs, the srnaller

length-classes of Daphnia puLicat'ír¿ w(:re mosL s'trongl-y

selectecl for, being much more concentrated in tþe guts

of perch fry than ín the pl.ankton. On JuJ-;' 15-16 in

tìre bay, the intermecliate length-cla.sses of Daphnia

puLLcaria v/ere most strongllz selectecl for l:y tire pe::cìr

Í-^--rry.

Production of : percir fry durirrg the-i-r pelag-i-c phase

iÌiffered by an order of magnitude in different parts of

the lalle (Table 15) " fhe highest avera.ge daily procluction

occurrec in the shallow rvaters of tire bay r"¿here percir fry

were very a]¡uudant (Tabte 4). Production for basins I

ancl 3 v¡as estimated by calculating the ratio of the mean

catch of perc'r fry caugllt in st¿rndard toi,vs in basins I and

3 J¡etween June 22 and July lt (Table 4) to the ürean catcir in

basin 2 over a similar period. As the'torts in eacir basin

\,/ere of i<le¡ltical clur:¿rt-ion, these r:¿rtios accr-irately



'fable 15. ils tirnates of nean cÌai1-y

Ilest Blu.e Lalle perch fry
pel.agic stage.

rl tt

produciion ior
ciuring Lhei::

Location

I,Íe an Production
*.) _'t(mgCm'd.y-) -) -'tCalc¡ries (n ^ ii.ay -)

Basin

Bas in

Ilas in

Bay

-vJhole

1

2

')
J

Lake

"07

.07

.04

.7L

"03

¿.J+

2.22

1.21

20 "42

2 "6L
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ref lected the relative nunber of f ry in bas j-ns .L anil 3 "

The ratios \^/ere then nultiplieci by the tot.a] procluct-ion

estimate of basin 2 Lo obt.rin estima-tes fci: basins I

and 3.

Production estimates for each J:asin ancl the ba-y

were r^reighted according to the surface area of each

Iocation ancl su¡rmed to obtain an es'tirnate of the mean

rvlrole lake production for perch fry (Table 15). AltÌrougir

production in the bay was very high relative to the rest

of the lake, ít had lit'tle effect on the rnean rvirole l-ake

estimate as it only coraprised 4f, of the total surface area

of the lake, and containeci only L[fr of ti:e total nuttiher of

perch fry in the lal<e"
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DISCUSS IOi']

Seasonal Distribut.ion, Abundance and Ì"iorLa1ity

Beginning in mid-t'1a12, heaviest spalvning activiLy

v/as concentraLed in thre bay tdip net location 2 in

Table 1) rvhich was one of ttvo areas with an ext,ensive

littor¿rl zone (Fig. l). This resultecl in a g.reater

initial abundance of perch fry along the shorel-ine of

the bay than along the shoreline of other parts of

the lake (T.'ab1e 2) .

f n l-a]les with severa] species of pelagic fry,

the appearance of a particular fry species in o1:en

lvater seemecl 'to be related to the temperature sf the

lake (Faber 1967) " In some northern iYisconsin lakes,

perch fry becarüe the donrinant s1:ecies in the pelagic

zone from the end of l'{ay until -'he beginning of June

rvÌren the rvater tempera-tür€ I'v'âs betr,¡een 13 and L7 C.

I'lol.rl-e (1968) has shov¡n that perch fry of Oneida Lake

movecl into the pelagic zone rvhen they were 9 mn I ong

v¿irile trlong (L972) founri. that this transition in tfest

BIue Lake occurred v¿hen percir fr:12 ivere 9-10 mrn long.

S-imilar water ter,rperature anii s'ize of perch fry at the

tilne of transition frorir the spai.ining sites to the pelagic

zone were found in this stuciy. Tire sj.milaritv betiveen

this stuciy and the otirers iviih regarrcì to ivatertemperai:ures
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and size of perch fry when tire,,z r',roved into the pelagic

zone inclica'L.ed thab this movenent rvas no't based on

passive dispersion.

Àlthough suital:le tei...peratures (Ferguson l95S)

and lighting condil-ions (Privolnev 1958) for the perch

fry occurred in both the littoral and pelagic zones,

the pelagic environment r^¿as apparently the preferrecl

habitat for early life. As the littorat area of
lÍest Blue Lake is very smal_l (Fig. 1), there were

very high concentrations of perch fry in this zone of
very lorv food abund.ance following hai:ching " The pelagic

zone is much more extensive in sizer so titat movenent

into this zone effectively re<iuced the density of perch

fry. It also provided the fry rvitir a high density of
tireir preferrecl food, Daphitia 1:uLiccz.ia (trig " 12) 

"

PaloheÍmo and Dicki-e (1966) have shov¡n, in a review of
the literature, that Eroivth of fishes is reducecl at
higìr densities even if the feed,ing rate per unit vreiEht

is the same at all- derrsiLies of fishes.

Differences in the groivt,r rate betrveen perch fry

frorn the bay anä those from the rest of the lalçe 1lrig. 2)

indicated there v¡as Iitt.le or no movement of the fry

into or out- of the bay during LÌre pelag-i-c ¡:l'rase.

OÌ¡servations at tlte mouth of the ba.y (r'ig-. f ) during

the pelagic phase also reveal ed t-to movement of t'he fry



int.o or out of the ba.y. A wiil-e sand bar, heavily

coverecl in aclual-ic vegetation, enclosecl- the inout'h of

the bay " The rvater depth nere during 'ti-le sunmer t/as

usually less than 60 cn. This sand baLr proì:abli'

acted a-s a ]:arrier to perch fry vthich, du.ring tiris stage,

preferrecl open, cieep rvater. Furthermore, the sand bar

and the surrouncling higÌr terrain made 'bhe bay a verlz

calm area. As perch fry are s'trongly dependent on

v¡ind genera.ted rvater curl:en-Ls for their distribution

(iloude 7969) , fry hatching in the Ìray r,¡ere probabllr

restricted to tirat area until the post--pelagic period"

After mid-July tow ca'tcÌres C'ecl-ined rapiclllz

(Table 4) as perch fry coropletely abancloned t.ìre pelagic

zorLe a-nd returned to li'ttoral- areas (:fable 5) . I,'Iong

(1972) founil a similar moverrloht oL-' pe::cir fry in i,fest

Blue L.rke in 1969. During this secoird littoral stage,

large schools of perch fry rvere seeiì moving in anci out

of the bay. This caused a ini:<ing of the äifferent

populations of perch fty, sor that after this transition,

no differences in the grorvth ra-tes of the fr1' from

different parts of the ]ake co''rld be cletectecl..

FacLors v¡l.rich causecl the rnovernenL of perch fry

from 'the pelagic to the littoral zolle \'/ere no'L- clear:.

The transi'L.ion occurrecl al- a time when Lhe mean temperatui:e

in t.Ìre uj_lper 6 nr of i,'¡ater vras l-8.0 C, the surf¿rce
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teraperatr-lre v/as 2r.0 c anc the shore temperatures

ranged frorrL 2L.3 23.5 c" T'he ¡.rovement rnav ha-ve

been the result of more .r-'avoural:l,e lvatertempe:ratu::es

in 'bire rittorat zone . Neil- ancl ir{agnusoì'r ( 1974)

found tirat young perch generalllz avoicled tempera-uures

under 2L c and over 26 c, ancl 1:referred teiirperatures

vrere between 2L and 24 c. There rvas no evidence that
the tim,e of tra¡rsition was control-lec1 by tjre length of
tlre fry , foocl preferences assocíated- witÌr the increaseci

size of -the fty, or the vertical clistribu-tion of the
food. organisms. The real causes of il:e changes in the
physiology and behar¡iour of 1:erch fry at this time lvere

probably very cornplex ancl beyond 'the scope of this stucly"

l4ortality rates for ¡rerch fry durj_ng tire pelagic
period of 1975 \,/ere estirnateci frorn tÌre üecline in the catch

in i'{i1}er high-speeci trarvls. T'ìre negative e>rponentia-r

moclel- fitted to the caLch d.ata assutnes that {-he rncrta.litv

rate at each location r¿as constant ove::the sampling n.riou.
This nod.el has been generall¡¡z apirrieiì. to mortality d.ata

since it implies a co¡rstant 1:roportion of deatìrs rather

than a constanL number of Ceaths.

Instantaneol-ls daillz mortalitlz rates for percir fry

were .017 for l¡asin 2 anct .140 for tire bay clurinE trre

pelagic siage (Table g ). i'Joble 11968) for-rnd that ihe

instantalleous ilaily rnortality rates for perch fry in
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Oneicia Lalce \rielrê "03Cr in 1965, .056 i.n f956 a_t1ci .05_t

in L95'i, all J-ying be'i:rveen tire tv¡o es't-j-ia.rtes for il'est

lilue Lalie "

f'ev¡ o-ther rno.r:talíty rates for 1-.,ela9j-c iry of

v/arn r.qater fishes are ¿rvail-abl-e in the li-l-eraL-rre,

but perch fry mortal-ity rates were lorv in b¿:rs-irr 2 anci

comparable in the bay witir tire estin:a-Led nortalÍiiz

rates of fry of several marj-ne fishes" Se'tt-e çl_943)

es L.-inatecl j-nstantaneolls ciai.I-y mo::tal-i L..y rates of

l-arval Atlantic rnacl..-erel , Scomber scornbï'lLs t as " 10 " 14

for la-rvae over 10 nr,r" Far:i:is (l-96I) est-irna'bed.

instan'Laneous d-ai1y mortatity rate of jacJ.: macke:r,'al

l-arvae , 'Irachu-rus slJmnte'bricus, 10 60 ilairs a:[t-er ]ra-tcliing

as " 17 lvhile Ahlstroin ( 19 5¿t ) es'ti¡n.rtecl a raLe of " 11 f_oi:

sardine , Sard.inops sügar:, froni B - 20 rûrrr * abouL. ?-0 days

after hatching.

Àvoiclance of tlle l,jiller high-speeci travul by pe::ch

fry äid not appirecierbly bias the es'bj-mabes of rnorialii:y

or aJ:unciance" Perch f:cy, sanrpled uncler tire concì.-j-'u-ions

describecl hr:i:e, clo show a low leve-l of avoiciance tc¡ -ulle

trai,¡ls although i t is not very ç;'ign:Lf j c¿rnt (l,Jo}:le f 96 B) .

idcvertheless, 'Lhe estin¿rtes of abu.nclance s;hould be

rcc;arcì,cci as rrrin--Lu¿ll- values, ;incl tlr;r cj.jt:i-nate¡; o.[ nortaij't-v

as maxinal va-l-'uri-:s "

Pr:eci¡. i: j-r:rr on Irei:clÌ f i--y of i/est- tll-ue Lal:e c1urili;

t.lic:li: i;c'l ;,iEic st;r,jc ',./a-:-j p::obabl y \¡cry loir. 1i'he.re al:e
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r.ro species of zooplanl,.--bon capable of attacking- the

fry. Juven'i le and adult walleye auci percir are the

most iinpcrtant. prccìators on the young percir, .L.,lut- ¡tercìr

fr1' do not appear in the stomacÌr.s of theec fish dr-rring

the ca::ly part of i-he pelagic periocl (Fa-l}i. I97I, !^iard

and Robinson L97 4) . Althougit percir fry conL-.ributed

over B0ñ er the v¡et iveÍght of walleye stomachs in

micl-July of 1966 (i'iard ano lìobinson l-974), it r.¡a-s not

known if this v¡as cluring the pelagic or. post-pelagic

period of the 'Íry as the tir¿e of transi'i:ion from the

pelagic to the littoral zone varies from year to year

(tr'iong I972). iValJ-eye is the principle predator on

tlre perch fry of Oneida Lake and this precla-u'ion is

prirnarily responsible for establishing L.he yea::-cIass

a]:undance of the perch population. I3ui, the preclation

is restricted to the ¡rosb-¡:elagic periocl of the perch

iry 1llorney 1971) . iYore recently, Kelso (1976), using

ultrasonic trackingn has shor,vn that tne jurrenile a-nci

adult i.ralleye of lrTest tslue Lal<e generally move along

the shoi:eline and rarely cross into -the pelagic zone

when 1:he lake is s'b::atifiecl. Tire resu'l ting habitat

segregation oi juvenile a¡icl aclult rv'alleye frorn rnuch

of t.he perch fry po¡:ulat-iori woul-d limit atly effect

the 'Forner irao on perch f r1'.
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The inrportance of ival-leye iry, the only other

potential predator on perc?r fry of V,iest BIue Lal<e

during tireir pelagic stage/ lras negligible. Altirougir

perch fry have appeared in the guts of walleye fry

as small- as 9 mm (total length) in Oneida Lal<e they

did not constitute a major food item for tÌ:e r^zalleye

fry while the perch fry were in the pela.gic zone (IIoucle

L967) . Also, the abundance of walleye fry in LVest

Bl-ue Lake in L975 appeared to be very low as vralleye

fty , ivhicir are known to be closely associatecl spa.tially

with perch fry (Houde 1969) were rarely caught"

Success or failure in feecling of perch fry ivill

oepend on the searching po\,rer of the fty, their abilil-y

to catch zooplankton and the aJ¡unciance of suitable

zoopla-nJçton " Assuming tlte f irst tçvo pararireters -!./ere

the sane for perch fry in basin 2 and the bay, the

last, the abundance of su-itable zoolrlankton rnay e>lplain

tl:e ciifferential mortality rates observed at 'the two

Iocations (Table 9) "

The high al:undance of suitably sized Dap'hnia

pulicaria in basin 2 indícated. rnortality of perch fry
at this l-ocation r.¿as not the direct or incl.irect result
of an inadequate food source. therefore, the lorv

mo::talit1' rate observed must have been t¡e result of

sorre other unlçnown cause. l{oble ( I96 B) founcl. dead
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perch iry in samples from Oneicìa Lake that vJere of

riormal size and in good conäition except for tire

degeneration of the caud.al fin and caudal pecluncle.

He al-so observed these syrnptoms just before cleath in

Iarger juvenile ye11ol,¡ perch helcl in the laboratory

but r'/as unable to determine the cause "

Tire much higher mortality rate of perch fry in

tire bay vzas probabllz the direct or inclirect result of

an inadequate food source. The lorver energy intake of
perch fry in the bay as rvel-l- as the loiv relative abunclance

of Do.plznia pttlicaria (Tabl-e 9) wou]cl support this argument

and indicate the density-denendent nature of the mortality.

In nost fish popr-rlations tìre overv¡helm_ing majoríty

of tire mortality occurs v¡itÌriri tire first few weeks follolving

hatchi.ng. At 'the same tirae tire year-cla.ss streng-ur1 j-s

usually fixed. ilxamp'l es of l:oth density-independent and

clensity-depe.ndent mechanisrns regulating the abunclance

of fry populations exist, and it now appears that either

may act, depending on tne condit'i ons. Temperature Ìr.as

often been cited as the most impo::tant factor regulating

fry survival (Christie 1963, Lawfer 1965, Svardson and

Llolin I973, Christie and Regier :1-975) . Others have found

i,vater turbidity (Doan I9Ll2) , rate of water warming ancl the

frequency of storrns (Busch, et al-. 1975) also to be irnportant.

In salmonid ¡ropulations, i-ensity-clepenclent mortality is
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often of primary inportance in regulating ,.ry abunclance

(Lecren 1962, 1965, L973; Bacl.._iel ancl. LeCren l- g67) 
"

Lccren (l-973) , based on a series of in sitt,t e>rperinents

found a irigh leve-L of s't-arvation in saLnto ttuí.ia in some

experinenLs a-nci r,vas al:le to show that tjris mortality rvas

proportional to the density of tjre fry. Sirnilarly,
Lyashenlio ( 1961) reported starvation of young-of -tire-year
zancler (Stizostedion Luciopez,ca) in Soviet reservoirs v¡ireir

food becane scarce"

Grorvth

The grorvth of young fish usually occurs in several
stanzas (Tesch 1968). fn t-¡ris s'tud.y, the first sLanzau

characterizeci by a srorv gror',riìr rate (Fig. 3) , was clivided
in'Lo tvro parts basec¿ oir thr': feecling irabi*.s of t.jre fry.
üarly in the first- stanza the fry ciid- not feed anci clepepclecl

entireJ-y on tire yolk for erlergy and structural material_.

A cloubling of 'the ivet lveigirt during'i:his periocl r,,,'as the

result of water absor¡ttion by the fry (Fig" f l) . Gray

(1928) , Sulz¿¡n¿ and ogino ( l-958) and Ishil:astri (Lg7 Li) have

shor,vn a similar vreig-iri- increase after hatching in broln

trout , SctLmo -bru-b'L;a, rainbov¡ 'urol'tt, Salrrio gairdnez,i, and

TiLapia s po.z,mania respec'tively 
"
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rnitiar feedinE of percrr fry on srirarr zooplankters
(Table 6) occurred late in the first groivilr stanza. Algae
\'/as also present in the guts of tire perch fry at this tirne
but it r,'¡as not possible to deterrnine whether this rvas the
result of passive or active uptar<e. trvong Qg72) found.

traces of algae in trre guts of perch fry c]uring their
peJ-agic stage in l^/est Blue Lake, but he dicl not sarLrple

the fry at the tiine of initiat feeding in their fi-rst
growth stanza"

Tire second growth stanza, cir,a.racterized. b1, a high
growth rate (Fig" 3), coincicled ivith ihe start oÍ intensive
feeding by perch fry ancl a sr,vitcir in diet to one which r^¡as

donrinated by DapVtnia pulicaria (Tab]e 6)" The lnost
iraportant fac'tors affectirrg gror,v'th of yor_rng fisir âre
water tenperature ancl fooc avai_l_abilit¡, (Blaxter 1969) .

As there was no d-rama-tic crra'ge in the water tenipera_ture

at the time of transiLion fror¡--r growtir starÌza orle t-o
groviih stanza two, the increased gror,vth rate in st.anza

tv¡o was the resurt of trre increasecl fooci consu.mption by

the fry.

The reduced feed-ing rate in the first growth stanza
r^/as probably caused by the inabilíty of neivly hatcheci fry
to local-e ancl hanclre prey anii. the clist.ril:ut-ion of the
potential- ¡:rey. on emergi-ng frori ilreir eggs perch f ry
v/ere Very poor sr,'¿ilr,rners speriding mucir of t.heir tir,re
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passj-vely sinking in the røater column or ray¡'_y.n on the
botton, unable io actively hunt for prey" As well,
the mouth and javrs of hatching fry are poorly c-level_oped

and no't able to hanclre foocj (ì3la><ter 1969) " Altirough
the fry began to use an externat foocl source 6 ci.ays

after hatching (TabJ_e 6) , the fry were still vel:y

li¡;lited while tl:ey remainecl near the spawninE sítes as a
result of the ]ow aÌ:undance of zooplankton in the riti-orat
zone, Rosenthal and. iiernpel 11970) ancl B]axter and staine
(1971) irave shown for narine fry that_ Lhe success rate in
the capture of foocl particles \,vas on ihe orcjer of If of
encounters. Assr-uning a similar low success rate occurs
i-n the young perch f.ry and combining this witir the very
l-ow clensities of food in the Ìi'b.toral zone r,¡oulcl reacl to
a very low level 6'F food consurnption by tlte fr1, in -the

first grovrt.h stanza.

There rvere no c1e'tecta-Jrl-e clifferences irr the g:ro\,",tÌ1

of i:ercl: fry in the three J:asins in Lg74 or LgTs (Fig. 2).
si¡nilariry in tÌre slopes of the tength-rve_ighf: relationshi¡:s
(Fig. t1) and in the grovzth ra'ces lFig. 3) indicatecl tirat
grorving conclitions -i-n the three basiirs rvel:e simil-ar,
The rrrean temperature f::om o - 6 m lvas similar in each

basin and the Daphnria pulicaria abunclance, altirough
shoi"øing a great cleal of variation among the th::ee basins
idas very high in each l:¿¿sin relative to the riuml:e:: of
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perch fry (Table 9) . this inclicated that Daphnt a

pu.LicarLa abun<j-ance w-as ð.'L, or in excess of ihe level-

needeC to maintain m.axir.,ral grorv'th uncier tÌre gir.ci-r

teilperaLure regine.

The situation in the bay r.ras differ:ent as the groivtir

of perih iry at this location v¡as significantly l-ess

(P < "05) than in the lake as a v¡hol_e curing the pelagic

phase j-n 1975 (Fig. 2) . The separation of tire ¡-:erch f_ry

population in the bay from the rest of the l_al-.e and the

d-'i f ferences in the mean clutch size (Tabte 7) , ancl the

average reproductive size (Fig. 16) of iJne Daplzn.ia pu,licaz,'ta

population in the bay frorn that of the rest of tÌre lak*e

indicateci that, fron a J:iological ¡:oint of view, the bay

\.¿as essentially a sepa::a-te lal;e " Tire mean Ì:eir-rperaiure

from 0 - 6 m in the bay lvas simi_'l_ar to that of tire rest

of tlre l-ake but tne Do.phrLi,a pu"Lícaz,ia abundance relat_ive

to perch fry abundance t'/as rnuch lower, and r:esultecL in

an index of ava-j-lability which ivas one to three orders

of inagni'tude loin'er than for tire rest of the lalie (T'able 9).

Also, much of the DapTinza puli-ccn.La. populatior: in the

bay i.vas larger than tire size the fry coulci use (fig" t4).

Tiris caused a lower consunlition rate oÍ Daphnic" pu-/.ic.arzcz

per 1:erch fry (Fig. 20) a-nd a l-or"¡er total energy int.alçe

dur-i-ng the pelagic period, resuiting in reduce-:d gror,rLl:

in tire l:ay.
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The clependencc of grorvth in young fisÌr on zoo¡:J-ankton

abundance has benn shor.¡n for chum salrnon, 7nconhynchu-s ke-ba

(Letsrasseur 1969) , vel-loiv perch (tJoble L975) , blueback herring,
ALasa o.estiualis (tsurbidge l_97 4) , ancl sockeye salmon,

0rzcoz'hyizchu,s nerka (Johnson 1961) . rncreasecl grovrth

in ¡roung fisl-l has been rel¿rted to the actuar arnount of
zooplanl;ton consu¡ned in la.rge-mouth bass, l4icropÈez,u-s

salnoùdes (Kramer ar:d Smi.th 1960) ancl in yellor,i perch

(Noble r975) .

Tile highest instantalleous grovlth rates occurrecl ai

the time of transition frorrt the s1:aivning areas to the

pelagic zone and later, ât the time of transition fron

the pelagic to the littoral. zone (Fig. 6). Condition

coefficients for perch fry of !'v'est Blue Lake also peal<ec1

at the 'uime of tra.nsition from the pelagi.c to the rittoral

zone (lfong I972) " lthe poss-ibl-e significance of tìrese

peaks is unknown.

Food conversion efficiencies for perch ,'r1' cluring

their pelagic stage v/ere over 50Í in the bay and over 60y;

in basin 2. This ind-icated that oveiî Ìralf of the energy

consurned by the perch fry r,,'ent clirectly into girowtÌr,

v¿hiIe tire re¡rainder rvas beir-rg usecl for maintenance

requirements or v/as excreted. The primary factors

affecting food conversion efficiei:cy in fisll are âgê,
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wa'ter ternperature, photoperiod (llurr, et ar . Lg7 6) ancl

feeding rates (Anii.rews and Stickney Lg72). As the
age of ¡:erch fry, vra'ter ternÌ:era'Lure ancl prrotoperi-od,

were the same i' basin 2 and the bay, the observed
d-ifferences in efficiencies were riliely caused by
ciifferences in food abuncrance. rhe ror.¡er abuncrance

of the primary food , Daphnia pulicar.ia, in the bay not
onllz decreased the total energy i.ntar<e cluring the
pelagic phase at this rocation refative to basin 2,
but probably increased the proportion of trre total
energy intake used- for food procurement. This resulted
in l-ess energy for gror,vth and hence lorver foocr conversion
effi-ciency. The higrrer foocl conversion ei.ficiency of
perch fry in ba-sin 2 rvoulcl further increase the cl-ifference
in grolvth rate betiveen l:asin 2 and. the bay beyond lvh¿rt

one rvoul-d expect Ì:asecl on ttre ciffererlces in energy ini:ake
al-one "

Although trrere are no estimates of fooci conversion
efficiency for fish fry in the riterature, the val_ues shorvn

here al:e renìarkably consi-stent rvith estimates cleterminecl
for fingerling yellow perch. , I-Iuh, et al . (Lg76)

cietermined for yello',rz perch trrat prrotoperiod r^,,as a more

important factor in controlting foocl conversion efficiencv
than temperature. vihen trrey subjectecl fi'gerring perch
to a 16 h light B h crarl< photo-regime food conversion
efficiencies ranged from 52.4 69.6%. zll-ttrougir it
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was not possibre to colnpere foocl a.bundance of ïlesL.

tsl-ue Lal<-e v¿iih food abund.ance usecl in liuir, et_ ar_"

(L976) studíes, one v¿our-d expect that und.er natural
conclitions the olCer f isþ (fingerlings) rvould ¡ave
a loi"¡er food conversion efficiency (phillipson L966).

changes in trre chemicar cornposi tion of percrr

fry occurred from hatcÌring Lhrough metamorphi-sis.

Throughout this periocì of grorvLh atl_ constituen,cs
increased in actuar anounts but at cliilferent raLes.
carbon values, r,vhi-ch vJelre largely a ref leciion of
fats and carbohyorates (Ehrl-ich 1974a), v/ere very triElr

on hatcÌring but decreased. ra¡:idly over the first 2s

clays (tri9. 7). The fat conponent provides nearly
trr'ice the calories per unit rveight of protein (winberg

r97L) ancr r^.ras useci as one of tjre initia.l energy sources
for perch fry.

rncreases in the proportion of nitrogen in tissues
during early clevelopnent siinilar .to that shorvr: for perch

iry l rrig " 7) al-so occur i. plaice , pLeuronectes pLates sa

(rihrlich LgT t+b) , herring , cLu.pea hare.ngus (Elirl-ì_ch Lg-l L\a) ,

and grunion , Leu"!es thes tenuis 1Ì,íay I97l) . .I'itis suggi€sts

th¿rt the conversion of rnuch of 't-Ìre yolii material_, of
wÌ-licÌr protein is tire clonj-nant conponerrt (Bl.a::tc:: r969) ,

and late:: of foocl oJitainecl exogenousllz j.nto grLr\,/tll rather:
than accumul-ated energy stores is prob.rl:ly ac=,van,b.acleous
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to neiv'ly ira.'tcheci fry. The depositio:r of prol-ein in

perch fty, as inclicaLeil by the inc::eased, p:ropo::tion

of nÍtrogen in 't-he tissr-i.es (I'ig " 7) , rvoul-c]- represent

gror.rth 
"

Tlre iniportance of rapiil growth ci-u::ing early

ctevelol:menLa'l stages of perch iry has been clearly

illtrstraLed by lJong ancl T¡Ja.rcl (L972) . T'hey founcr, that

tlre ma.ximun size food- particle r,vhich a perch fry could

ingest v¿as dependent on the size of the mouth gape.

As the r¡.outh gape size increasecl rapidly rvitit growtir

in length, rapid grorvth d.uring early d.evelopment

would quickly increase the abundance of ¡rotentia.l
prey by widening the s-ize spectrun of lrrey avaílalcle

to tire fry. This would be particularllz iniport-ant in

yearsv,rhen foocl is sca.l:ce"

Fol-J-owino; -the luovr:nien't of perch fry into the

pela-gic zoTìe and initiation ojl acLj-r'e feeding on

Daphnia pulicaria, -i:he prol:ortion of carJ:on in the

bocly 'tissues increased and reached a peal< dur-ing

me'i:anorphísis l Fig" 7) " I't th.en cleclinecì throuEhout

the rerna-incier: of tlre surrìmer " Ì'Jewsome and Leduc (1975)

have slr-oi.¿n an ic.Lentica-l pattern ín the per:cen'L variaLion

in fat of 1+ and 2-r im¡nature ye1.-lor,v perch in tlvo Quebec

lakes. T'his indicai-co l-hat- the changing pro¡rortion of

carJ:on in the tissues of perclr. fry over the season rras a

result of ¿ì changing pc:rcentagc of "Lire l-o'La-l- vieighL

c<-lm¡:osec1 of f ¿r t "
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TÌre car]:on to nitrogen ral,io remained relatively

cons'tant, at ap¡r¡6ximately four, af ter the inibially

high val-ue at hat.ching (Fig. B) " T'he close correlation

between the ciranging proporl-ions of carbon and nitrogen

mg clry rveight I may be the resu,ft of the requirement

for a certain amount of carbohyclra'te for the efficient

utiliza-tion of protein as was shown for carp, Cypyinus

carpío (i'iag-t anC lkeda L97I) .

The tirne of metamorphisis of perch fry in !ùest

Bl-ue Lal<e was well d-efined, occurring B - g lvk after

ferti'liza'tion. It took place at the sarne time that

fry moved from the pe-l-agic to the littoral zone. The

period. of metamorphisis was rnarked b.¿ the transformation

of tire silvery-col-oured, tu.be sÌraped body of tire fry to

the more comp:cessed body shape of the adul_t form witll

tire characLeristic orangie ancl bror,vn pignentation.

The exact cause of the simult.aneous clecrease in

tÌre amount of carbon ancl niirogen mg clry rveighL I of

percÌr fry in the post-petargic stage (Ficj. 7) is unknown.

During this period the condition of percir fry clecreases

rapidly (LeCren 1951, 'vüong I972) . LeCren (195I) has

suggested l-hat a sirori-age of zooplanl<ton in the fittoral

zone may lead to this clecrease in condi-uion " Presumably

this f<¡ocl shortage r.¡ouId ::estrlt in ca-tabolj-zation of

carbon and ni'trogen cornpounds j-n 'uissues of percÌr fry
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Exa:äination of
guts of perch fry in tr'iest Blue Lake cluring tÌre post-pelaEic

period did not indicate a shortage of food. ?iIso, it r..ras

durj-ng the post-pelagic peri-od that the calorific value

of perch fry began to increase tFig. 9) , indicating ilrat

high energy cornpounds v,/ere accurnulating in the tissues.

This would no't be expec-teci to occur cluring a period. of

food shortage " Iulore likely, decreasing amounts cf carbon

and. nitrogen ng dry rveight-f r.r" the resul t of the

increasing mineral content of fry during and following

me-L-amorphisis" At tiris time there is a rapid

developmenL of scales, spines and skeletal siructure all

of which have a high mineral content (Van Oosterì 1957) .

Changes in the calorific value of perch fr1' g dry
_1

rveight * over the grorving season (Fig. 9) tvas the result
of growtir recluirements and internal physiclJ-ogical changes"

From haLching until metamorpirisis the caforific value

decreased, indicatinE erlergy v/as being divertecl into
grorvth and. not accumulating in tissues as high energ)¡

coropounds " Following metamorphisis there rvas a graclual

increase in the calorific value of perch fri'" Tìre point
of infl-ection from cìecreasing to increasing calori-fic
content occurred rvlren the fry reached a I ength of
approximately 20 nm. It ¡,vas at tÌris size rvhen the

entire size spectru:n of Daphnia puLicaria fd-rs1- beca-me

avail-able as potential prey for tire fry 1I/onE and I'Jard J-97 2)
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and probably causecl the cirange in metabol--isnr tolard.s tire
increasing deposition of high energv cor,rpounds. The

metabol ism of herring (ijhrlicÌt r97 ua) ancl pl-aice fr),
(Ehrlich I97 LLb) cirangecl towards an inc::easing cieposition
of fa'¿ v¡llen they reachecr a Ìengtir v¡hÍch enabre tìrem to
capture a sufficiently rvide size-range of foocr particles.

Decreasing prolrortions of water in perch fry
tissues durinE their early d-evelopinental stages (Fig. l0)
appears to be a generar phenom.enon in fish, occurring in
oncoz'hynchus gorbuLscha (parker arrd. vanstone r966),
Eptatyetus stouí;i (Itung and Morris l-965), Cgp'inod.on

ma.cuLaris (liinne ]960), saLrno saLa:r, (IIouston ancl Tjrreaclgold

1963) , cLu,pea ho-rengL¿s (EÌrrrich L97 4a) and pLeuronectes

pLatessa (Ehrlich I974b). Rai:icì.ly clir¡icjing celfs of
youjlg fish cause large ex't-racelrular spaces l¡irich ar:e

occupieci b), rval-er, thus increasing ihe relative rvater

content of the tissues (Love f970). This is foflov¡ecl

by a per-i-od when celrs increase in size lvith the increasing
lengtÌr of the fish, decreasing the arnount or. extracellr_r1a::

slrace and hence the \,{ater content of the tissues (r,ove

Ie58).

Feeding

Foo¡l selected ai_ the initiation of feecì._ing b1, various
freshwater fishes is sirrii-l ¿rr (iieasi- anci iJe]:i:r I966) . Fisir
fry a.i- 'lh-i-s s tage have sma.l-l rno,:tirs and a.re rvc¡¿rji s",,¡j-¡ilini:rs.
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To be potential- food,r ân organisrr mus't be srLral-l- errorrgjì

f.or tìre fry to ingest, slov¡ enough for the fry to ca-tch,

aircl in the imnr.ediate vicínit-y of the f_ry. To satÍsfy

t¡les e needs , most l_arval- f isir , i:iclucÌing perch, utili ze

zooplankton as their initial fooc.l source.

Various species of Copepoda, C] adocera, insect

larrzae and pupae irave J:een documented as the prey of
percÌr fry (Turner 1920, Allen 1934, Srnyly LgSz, Si efert

Lg72 and. l'Iong Lg72). In [¡]esÈ Blue Lake where the species

conposition of zooplank-ton ís simple, Daphnia puL:rco-:r,io.

aird cgclops bicu-spid"atus made up most. of the ciiet of the
perch f ry i+ith Ecstnt na Longiz,ost'ris a_nd. Chaoborus

fLcuico.ns bei-ng seconaa::il1z important (Ta-Ì:1e 5).

Organisms f¡--om tÌre çienus Daphiz.ia içertz 'blre preferreci

fooci f.or perch fry a-s is t-he case for nc.;s'Ì: fresir,,vate::

='ry (Broolcs 1968).

The in.oo:r'tance of. Daphnia pulicer|a and

tsosninc Loitgit,osiris to the diet of perch fry r,ras

iepenc-ent on the abundance of these pr:ey s¡te-cies

(Fig. 12). The aÌ¡undance of Dapizriiq pu-Lícaria in

basin 2 although va.riable, \vas higÌr througl-roui tÌre spring

and sìj-ì-n1cr and. lvith tÌre excel:'i:ion of ziugusl- 6 occur¡:ed

in f00Í of the stoinacirs of fry ¿rfter Jure 23. Dctp|tnia

pz,.!:uccrio- also accounted ior rnost of the calorif i c value

oí stoi¡,achs after June 23 ('fable 6). iiosnt.inc l,oir-,i't,.o,s!;yi.s

ne\;c:c becaine aburrdan'¿ in ba.sin 2 or signific¿Lnt iil. 'l_he

cr j- e i. c! perch ii:y c.:ugiri". t¡lr,:re ( i:.iq " I 2 ) "
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In the bay, the abrund¿rnce of Da.phnic¿ 'QLLL|ceria

and tìreír con'tri]:uti-on to the t-otal- stornacÌr calories of

the perch fry was high unti I the end of 'the pel.rgic period

(Fig " L2). During the post-pelagic ¡.:e::iod there rvas a

rapid declíne in the altundance of Daphnia pu-Lico"ni.a. and

in their cont.ribuiíon to tire cliet of perch fry. Co.incident-ally,

tlre increasing abundance of Bosnína Longirost:r,ís was reflecbecl

in the increased- conLribution they mad-e to the diet of fry"

Towards the end of July tirere rvas an abrupt increase

ín the importance of copepods to the diet of perch fry

(TaÌ:le 6) " A siroilar cha-nge in diet v¡as shov¡n b]' Lj-n

(L975) for perch fry of Oneida Lalce" As in ùfest Blue

LaJ';.e, the change occurred. shortly aftelthe tra¡sition

from the pelagic to the littorat zone and ire aLLribu'ted

i't to a vertical chauç¡e in the clistribution of percir Îry

aL tire transit.ion tj"me v¿hicir brought ther¿ to a- clepth

dorninated by copepocls" Í'he switch irr diet to one

d.o¡¿inatecl by copepods las terf onllz '1 r,vl< in basin 2 ,

after which DapVtnia puLícoria a-gain became the mosl:

iraportani: food item (Tal:l-e 6) . In the b.y, copepods

continued to make up more than 40% of 'Lhe cal-orific

vafue of -the stomachs of perch fry caugÌrt at 'bitis

location for tþe remaiircler of the post-pelagic per:-iod "

Tlris¡ âs well as the increasi-ng importance of Bosmina

Longiros-bris Lo the ciiet of perch fr:y was the resul'b

of L.he lorv aj:und¿rtrce of Do,plzni.a pt,LLiccr.t'ia in r-he ba1'

(I.ig " L2) "
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There is an obvious advantage to perch fry in

being able to utilLze r,ìore tiran one preferred fooci

source. By having a large scope of potential- prey

species fry have a Iarge potential energy source

avaifabl-e, therefore, reducínE the possibility of

si::arvation resulting from. fluctua.tions in the al:undance

of the primary food source.

Select'ion of different prey species on tire l:asis

of their avaitability has been documen'ted for several

species of young fish. Burbidge (L974) has shown that
youì19-of-the-year i:l-ueback herrirE, selected copepocls

and Bosrnina sp. in relation to their relative abundance

in the environment. When copepods were more abunda¡r't

in the pla.nkton tÌran Bo smina sp. they were eaten to a

greater extent than the l-a't:t-er" TI:e reverse wa-s true

rvhen Bosntiria sp" \,/as rrr.ore abundant in the pl-anlçton,

Given prey of su.ita-b'le síze LeBrasseur (1969) found tirat
juvenile chum salmon selected prey in proportion to their

abundance, while Feller and ]{aczynski (I975) for-rncl that

the same fish r./ere seJ-ecting epibenthic prey on the l:asis

oi its availabilit1' "

As in the seasonal stuc"lies, Daphnia pttLicav,ia

the p,rirrciple component of tl:e iliet of the perch fry

a diel- basis during the pelagic 1:ilase in both basin

the bay (Table B) .

source i-n basin 2

CopepoCs hritre nct an inrportant

v/as

otl

2 anð.

food,

as rnost of the po¡:ulation was l:o1or.¡



tlre feeciing zane of the perci: fry throughout the <1ai,

(P. IÌ. Patriclç, Department of ZooLogy, University of
l"lanitoba, I'4a.n. , personal cornmunication) .

In the ba1', lvhe::e fry vtere able to move througìrout
mosl. of the rvater column, there rvas no refuge for the

copepocts and. hence, they contributed significantl.¡ -to

tÌre diet of the fry.

lire impor-Lance oi chaoborz,Ls flauícans to the cliet
of perch fr1' 1r'.= largely confinecl. to the e¿irly morning

hours (Table B) ancl was probairly controllecì. by theìr
vertical distribution. Tn the early evening, l:etween

22¿00 and 23:00 h both Daphnia pulico"z,ia ano chaoborus

flauicq.ns moved to tÌre su¡:f,ace of tire lalie rvl:rere they

remained fo¡: several hou::s (i{orrg L972). I,Vhile both

v/ere present in h.igh densities the fry continued. to

Íeeci on their preferred fooc-l , Daphnia pulicctz,ia.

Bet¡,veen 04:00 ancl 05:00 h al-l of the Dapvtnia pu-Licaria

population moved froni tire surface strata into clee¡:er

v¡ater. Clzaoborus ilauiectrls which startecl their clorvnwarcl.

migration at the sarÌle ti-rne v¡ere slower and large numbers

were st.ilt present in tÌre surr'ace waters betr^¡een 05:00

ancl 07:00 ir (LysacJ< 1976) " vüith the decreasin<; abundance

of their preferrecl food, 'the perch fry becarne opportunistic

feeclers taking advantage of the large number of chaoboz,tts

fLau'icans stilt present in L.he su::face v¡aters of the la.ke.
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Tire im;:ortance of Bosmi,nct Longinosí;ris to the

die'L of 'the perch fry dr-rring the peJ-agic ¡:hase \vas negligÍbre
at both locations (Table g) . Tjreir aveïaEe Caily
contribution accounted for less than l-r, s-î tire iotal
cal ories const¡led.

Generally, maxima in the total- calorific value

of stornachs of percir fry in basin 2 occurred. in tne

morning (06:00 - 08:00 h) and the evening (2C:00 -
24:00 h) (Table B) " !.tong (L972) found a similar
pat.tern in the stomach contents of 'the perci-r fry fron

lVest tslue Lake in 1969. In the bay, the pattern of
feecLing; r./as not as clearly definetl., This was probably

the result of dif f erences in the relative vertj cal

distribution of the percir fry and their prey.

Ä,'t f irst feecring f isirlry usually cor.r.3ur.-ie sna'l I

zooplankters. A chanEe in feecling preference to¡,r'¿rrds

the consumption of larger zooplankters rvith increasing

size of the fry has been sirown for wirite suckers,

catostontus commersorz'i, bli-regill-s, Lepornis mcc?ochíru.s,

emeralcl sÌriners , No'bropis aÍ;herinoiCes, rainbow sme1t,

0smev'us ¡nordaæ (siefert L972), large-rnouth bass (i(ramer

and Smi'bh 1.960) and yellorv perch (Al-len 1934, l_935,

S j-eferL L97 2, lVong l-97 2) . TÌre interslrecif ic selec Líon

of zooplank'b.on by perch fry of i,fest Bl.ue Lake sjro,.vecj

that tirey first fecl on small copepoCs and nauplii ancl
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later¡ âs they grew, they began i-o u.tilize bhe large::
Daphnía -puLi-caria and Cltq.oborus fLaui,c;LTTs (TabJ-c 6) "

Intraspecifíc cl'i iferences were also founci -i_n tÌre

size of prey consulrr.ed by perch fr1' a-s progressively

larger Daphnia pulicar.La were found in s.torlacjrs of fry

as they grew during t-he pei-agic stage (¡'ig. J-Z) " I,¡ong

and lvard (L972) found a simil-ar pattern of .intraspecific

feeding for perch fry of West Blue Lake.

I'{hen examining the possible size selectivit1z of

a predator for a particular prey, it is essentia_l_ to

knov¿ the size of the prey in the feecling zone of Lhe

predator. Tirere ha.ve lceen no cleta.ilcd studies reportecl

in tire lil-erature on seasonal changes in s_i-ze or age of

a single zooplankton s¡:ecies with dep.th. patriclç

(Department of Zooloc¡y, UÌlivers-i-i-y of }4anitoba, l"Iarr",

unpublisheci) found that ol-de:: -j-ncrj-viclua"'ls of the CycLopt;

bdcuspida'bus popi-itat.ion of I,r/est B1ue l,a.lçe were generally

in deeper rvater in the spring arncl suilner rvith yoìJnger

incliv-ic'l-ual-s above" I{alt qf964) founcl that for

DaphnLa go.Leato- mendo'bae, population size structure in

relatj-or: to de¡:th shor^¡ed l-i't+-le variation atnong upper-,

middle and lower rva-Ler strata altirough juvenj-Ies were

slightly more frequent in t.he upper and r.licdle s.irata

du::ing ti:e surìmel:. Ä¡rplegate and ì'iullan (1969)

cersualJ-1' ol:servecl tliat in ¡:opulaitions c¡f Ì,tcipiLnia qctleu'Ltt

mendo-bae, Do,¡:hn'Lo re t'r,oc.urDl and Dapi.tttic.: [,e]"uLtL(j there
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was no tenciency for juve'iles to occur in s.ra.a
overlying the aclu.l-ts, Stavn (1974) has shoivn ,cira-.1.

inCivicluats fron popul-atj-ons of Daphn.ia pcrl.Dtr\.ci and
Daphnia ambiguct tencl to r¡e smarrer i-n urrlrer ¡rc-rsiti_ons
of the lvater coru-¡nn,in July in r-akes in ì,io::th caro_.ì_ina.

At st-ation 2 ín ln'est Blue -Lalc_e the smaller
Daphnia pulicaz,ia v/ere niost abundant in the u¡rper r,yai:er

strata (Irig" 13) dlrring the suïiu-ner. Corisequent_1.y,

the size-frequenclz cristribution oi DapTznia pulieaz,ia
in percir fry s{:om.rchs from basin 2 was conr¡:.rreci with
tlre B r.r size-frecluency clistrir:ution sampre at stat_ì_on z.
In t.he bay, perch fry lvere able to move throughout
most of the water coruinn; therefore, t,re size-freclu.ency
oistril¡ution of. DapLLttia pu:7.icaric in pe::cìr fry stornacrrs
tras compared v¿j-th the 0 - B m inl;egratecl sa_in¡rle at sta.Lion
6 (Fig'. 13) " At both rocations , si ze of ilre J-arc;es,c

Daphnia pu.Licania consurnect b1z tÌre fry increasecl as ther¡
grer./ bui: the fry also coni'i nued to ma]<e use of tire
snal-Ier size*cl asses (I¡ig" t6) , The apparent non_size
sefec't-ive l¡ehaviour of older fry m.ay J:e of survivar varue"
Gal]:raitir Q967) stated trrat removar of only .r certa.in
size-class of c1a¡rhnicls rr'oul.cl inc::ease -bire turnover tirLre

of the v¿hol-e popur;rtion beyoncl tÌrat expected if r:emovar

of inilivicluals \'/as pro¡ror:tional to tÏreir frequ,ency of
occurrence i¡r various size-classe s ( turnorre.r tirne w¿rs
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defined as the til:ie it takes to corn,cletely replace

the population) . By increasing the turnover tirne,
the Daphnict puLicaz,ia populat-i_on r,vould_ be suÌrjectecf

to predation over a longer periocl and ilence, i¿ou__l_ü be

more aclversely af fec't-ecj, by predation of perch fry.

iYong and '[,/arcl (L972) have shoivn ihat for perch

fry up to 20 mm in length the size of Daphnia ptLTicaria

consumed was res'tricteci by the p::edaLor's mou'Lh size.

This size was reached arouncl July 14. in L975. prior

to this time, the nì.ean size of Daphnia pulica.ria

consumed by perch fry was smal-ler than the nean size of
Daphni,a puLicaz,ia in the feecling zone (Fig. 14) " The

rapj-d growth of the mouth gape of perch f'ry (ilong anci

Idard 1972) during tire first fev¿ v¡eel<s of l-ife is

undoubted-ly of sur-¡ival rzarue as j-t increases the size

spectrt'r,r, and. therefore 'Lhe a-bunä.arrce of 1:otentia-t llj:e!'.
After perch fry in basin 2 had exceedecl 20 nm in

lengtlr, the riean síze of. Daphnr,a puLicar,ia in thcir

stomacÌr r','as sidrilar to the rnean size a-t B m at staiion z

(Fig. 14) . tr'fong and. llard (7972) for-rni. that iire nean

size of Daphnta pulicarío" in stonacirs of perch fry rvas

consistently abouL .l mm l-ess titan the nea.n size of

an íntegratecl sample f rorn the r.¡ater colunn a f ter the fry

hacl reached 20 mm in length. Tire corÌcluclecl itris to l¡e

an art-ifact and the r:esult of dis b.ortion by the activ-ì-tie s
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of the alj-menta::y cana_l-. A nolre prol;able explanation
no\'/ appears to be that 'the rnean size of Daphnía puLùccríc
in the stomaci:s o:i percÌr fr1, ç.= tÌre same as tirat il 1:he

feeding zone of the fry but as al::eaciy shor+n, irre mean

size in the feecling zone v/as ress than that of the
integrateci sanrple clurinE the surruler.

selection l:etv¡een dif:-'erent size-classes of
Daphnia pu"Licet'ia, in a size range v¡hich i:ercir fry courci
hanclle, v/as controlrecl by the abunclance of different
size-classes in ilre pla'lcton. /\ comparisc¡n of l-igs.
l-5 ancr l-6 shorvs that in basin 2 'the proportion of
dif ferent. size-crasses of Daphnía puLicai"ict in tire
stomach of fry increaseci as .b.heir abso.lute abunclance in
tire plzrr:kton of the perch fry' feecling zone increaserr"

The increase in trre mean size of Dct_ph,ia pu-Lica,ic
consunred b1z perch fry ab nigìit in basin 2 ql,i.g " I7)
coincicled with an i-ncrease in trie me¿rn si-zes oi Do,pizn",a

pulico.ria in the feecling zcìne (Fig.. lS) . The sarjÌe re-]-a_tionsÌrip
IVas founcl in the baSz rvhich ind.icated that tne perch fry
c-id not feed in the very botto¡n water layers rvhere ilre
la::ger Daphnia pzLLicaria rr,€r. present di,rring d_ay-light

hours" Resurts from both loca-tions shov¡ that cìayÈirrre

sarrpres of perch fry stonachs do not give a true in,jication
of the ¡naximum size of DaDhitía pu.Licayic ì:hat cair be:

consuinecl by the fry.
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The b-imoi.a.r si ze clistribution of Dap\tnt a puLicar.ia
in stomachs of perch fry in t-ire bay on July 15_16 (Fig. 17)
represented the regular nigrrt peal< plus an acidition¿rr
morninE peak. viirether the norning peaJ< rvas the resul_t
of sam¡:lÍng error or a true indication of tLre feeding
pattern is unknorvn' Because the size-frequency d.istribution
of 'Lhe Daphnia pttLicaria population in tire bay at tÌ:ls time
was st-rongry slçerved toi.¡a-rcis larger animars (Fig. 14), the
lack of a ctearly defined cliel size serective pattern may

have been caused by the narrorv size range oi Daphnt o- pulieania
available.

Throughout. the day on both June 28-29 and Juty g-9

the mean size of Daphnza puLica,ia i-' stornachs o.Í. perch fry
was larger in tire i:a.y tjran in ba_sin 2 (Fig. I7). This r,vas

tì-re resurt of trre greater ¡:ropo-i:iion of J-arge Daphnia
puLicaz'ia in the per:ch fry feedi'g zone i-n the bay (Fig" 14).

The progressive shift tow¿ircrs larger size classes of
a prey species beinE consurned. as -ligir.t l_evels ciecreasecl
(Fig" L7) has not to ny icnowled.ge been reported previousry.
Voigtlander and tr^/issing (1974) founcl a shift torvarcls the
consurrrption of large:: prey s¡-:ec.ies by juvenile wirite bass,
I'Iot'o,e ch r,!i s ops, âs -tight lcvers decreasecl, but tirey macle

no observations on crranges in trre size of a single speciers
consumecl uncler the sane conclitions.

iühether the selecti<¡¡: of Daphrtùa prt!.icctt,ia b5, perch
fry at 'ight rvas baseci on a v_Lsu.rl stiniul_L as it is clu::i'g
-Lhc c1alz (Broolcs 196Í:r) or on a cìlance i-¿rcti rc si_iinu'r-i is
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unknou'n. rf selection was basecr on visual stimuti, it
seems tirat fry were still abre to see the smal_lest

Do"i:hnict puLieaz,t,a at nigh't because the sma.llest Daphnict

pu"Licaz,i.a found in stomachs in claytinìe rvere also present
in night samples, arthough relatively less alcu-nclant.,

Ëffects of continuous ancl non-contirruous feedi_ng

on the passage rate of foocl ttrrough the guts of young

fÍsh has been shol,'n for large-moutir bass (Laurence L}TL)

and yellow perch (iJoble L973) " rn both cases the passage

rate v¡as faster for cont.i-nuously feecling fisir than for
those fed a single meal. For fisrres such as yellorv perch

fry which feed continuously rather than on a single meal,

the coirventional method of fastir:g, feecling a single meal.

and holcling for serial- sacrifices to det.ermine the passage

raLe of f ood through the gut is clearr y inaclequai-e.

Fortunately, diEestion in perch fry was so inconplete tírat
the passage of individual- fooci items through the gut coul_d

be f ollowecr.

lçlost estirnates of cligestion anc passage rates in
yellorv pei:ch are restricted to aclults (Pearse an¿ Achtenberg

Lg20, t1o1nar, Jaraassy ano råtE Lg67, ïvanov l96g) and

corìsequently are not clirectly cornparable. ijstinates of
the passage rate of food th::ouEÌr the guts of coniinuousry
feecling perch .L'ry are ¿v¿i l¿þ]s for Oneicla Lake (ìrioble 1973)

ancl coûì¡-r¿¡s f avoi,rrably r,rith those reportecl here. i.iobre

{1973) found that- the rireCi¿rn tine for foocl to pass tlrrouqir
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tl:e entire digestive 'tra.ct of con'tinuous-ì-12 feeding ¡_rerch

fty , I7-L9 rnm in length at 20 2L C, rangecl from Z.I

2 "9 h. FIe also f our-rd. tira.t the rnedian -tine for tire

passage of food. tìrrough stornachs of con.Linuousllz feecling

percir fry lvi-th a mean tength of 23 nm at 22 C rangecl

fro.¡:r .6 1"1 h. The simil-arity of the estimates of

fooci conversion efficiency (calories constrmed fty-I/

growth of fry) for the perch fry of l,Vest Blue Lake ancl

the percÌr fingerlings of Flul:r, eL al . (L976) stuclies

furLher iirdicate the r:eliabili'ty of tire passage raie

esti-mates.

Variation j-n Eror.vth 6f perch fry during the pelagic

stage be'tween basin 2 anci the l,ray (Fig. 2) v/as directly

attributable to dífferences j-n the abuncì.ance of Daphnia

prLLzco,r,ia (I¡ig " L2). These two areas of trVes't Blue Lahc

il-l-ustrate the relationship J:et¡,^¡een the abunclance of

Daphnia pulicari,ct, Eroivt.h of perch fry and consuÌr1p'bion

of Do"phnia puLicq.Tia by perch fr1z. In basin 2 the irigh

abunclance of Daphnia pulícaria resul ted in a hj-gher

consumption per f::y çFig. 2) and in a hiEher fry gro',vth

rai:e 1É'içt" 2) than j-n the ba-y. Ilor.¡ever, the loiv aÌ¡undance

of perch iry in l:asin 2 (Table 10) resulted. in a lor^¿ total

consurnption of Daphnia pulicari.a. On a c1a-iIy basis 'bl-rey

never consurned rrore than .L% of the standing crop of

Daphnia pulicarLa in terrns of numi-:ers or bioril.ass (T';rb1e 10) "

L'he effect of pred-atioll on alry size-class was al-so rreglic;ible

( L'¿rbl<: 13 ) ,
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The meen procluction of Daphnio" pulico-r.icz in

i{est B}ue Lake during the spring and sl¡rllmer of L972,

Lg73 and 1,974 rvas 28"3 mg c ,,r-2 d,ty-l' (F. J. ?Iarc1,

Departr.ent of Zoology, Universí1:v of l''ianit-oba, lnlinnipeg,

rrianitoba, unpubtishecl) " Simi-lar abnndance esLirn¿rtes of

Daphníc puLicaria and ternperaLures in lVest B1ue Lake during

tire spring and sunmer of L975 indicatecl 'tl:at production of

Dapiznia pulicaria- in this year ltas cotnpa-rab1e to prececling

years. Compa-rison of procluction estimates f.or Daphnía

pt.LLiccrí¿ wj-tÌr the consurnption rate by perch fry (Ta-b1e 11)

aEain sirows tirat ihe effect of pred.ation by percÌr fry

was negligible ancl that the clecline in abundance of

DapVtnic pulicaría occurred independen-tl¡r of perch fry

¡-rredation.

In the bay, the lorr¿er abu.nclance ojl Daphrtia puLico-'r.io"

(Fig. L2) resulted in a lov¡er consumption pe:r fry (Itig " 20)

and a slorver gror,.rth raie (I'ig. 2). Iioviever, the very high

al:undance of percir fry resulteci in a much higher total

consr-in.ption rate with up to 5.2'í; of the standing crop of

Daphnía puLícctria being consumed. ciaillz (Ta]:Ìe 12) . The

size selective nature of feeding resu-ì-'ted in very heavy

predation on smaller s ize-cl-asses rv j-Lh up to 6 4 . 1ñ ¡f a

size-class beiirg consumed ciaily (Table 14) " Very l:eav1'

predation on srnaller size-cìassr:s c¿rused theír virtual-

el-iminaL-.ion frorn the plankton, an.J s'"rbs'eguetitllz froni the

guts sf ¡rerch f.ry Ì:y tire enci of tire pelag-i-c per.Lod ttrig. 16).
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This resul-ted in a very lorv reprocLuctive popuration for
the next generation. Ar-so, reprocluctive inciividuals
in the bay cluring .the post--pelagic periocl \^/ere suÌ:jectecl
to pred;rtion by tire fry (Fig" 16) which read to a furLher
decrease ín the population ancl in recruitinent into ilre
ne:<-t gene::ation.

The data shorv tÌre d.irect rerationship of. Daphitia
puliearùa abund.ance to consumpLion and growth of percl:
fty¡ however causes of the variation ín Daphnia puLt caria
abundance appears to be nore complex. Rapid cteclines in
the abundance of Daphnia puli,caz'ia from spr-ing througir
sumlner in V/est BIue Lake were sirnilar for each year betv¡een
L972 anci 7975 (F. J" v/arcl, Department of zooJ_ogy, university
of iuia.nitoba, lvinnipegn jllanitoba, unpublj_sliecl) even though

tlre year-cla.ss strength of percrr fry li]<ely experienced a

greai deal of variation frorn year to year (Forney LgTrl
l'loble 1975) " The spring-sì-rnner crecrine in abundance of
Daphnùa species even occurs in I akes v¡hich have no planktivorous
predators (Kwick and. carter r975) rvhicìr suggesLs that ihese
populations innately decline d.uring this perioci. The

aclditional stress of the high predat-ion rate in the bay

a¡rpearecl to contribute to the decfine of: the I)aphnia pttlicaría
population at this l_ocaticn,

Chaoborus ilauícans, rr'â11eye fty, ancl juvenile ancl

LheD aphni a pul.t c d7, -L 
c¿

adurlt perch t/ere al_so ¡rredators on

¡:o¡:ülation of i¡les.t Blue Lake, but llone were veriz im¡)ortant.
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Chaoborus f Lctuicans do not prey i'leavily on Dap\tnza pulicarict
(Lvsack' L976), and densi.ties of walleye fry vrere very ror,.¡.

For juvenile ano a.dult perch, Daphnia pu"Licar,.La t¡ere a

seconcary food source and were not consurnecl- in great

nunbers (Fatk 1971) .

i{oble (L975) has shor,vn that demersal perch fingerlings
in oneida Lake consurnecl 0 - L7.2ií of the standing crop of
Daphnio. sp" <laily from l-ate July until the encì of sept-ember.

Based on l-arval densitíes and their claity energ], rec_¡uirernents

Thayer (L974) calculated that larval fish of the lJervport

R.iver estuary consumed. approximately 10ñ of the standing

crop of zooplanlçton d.aily. Hal-l- ( 1964) founcl a 25d, Ioss

per ciay of Daphnda go.Leata mend.otae through predation in
Base Line Lake and cal-culated tirat. losses up to 36ií coulcj

occur ivíthout exl>eriencing a decline in population abunclance.

Fiis model however dicl not inclucÌe the effects of size

serective pred.atj-on. sloboo.kin and Ricirrnan (r956) have

shown in a population of Do-p'hnie puLicaria, removal of

nelvborn animals at varving ra-L.es from 25 gOií every 4

days marJced.ly reduced the size of the residual- popuration.

Sr¡j-tÌr (f963) concl-uCecl frorLr Slobodkj-n and Richmaìlrs qI956)

da'ta that removal of yorrng indivioual-s more effectively

recluces ¡:opulal-ion abundance than cloes the remova_L c-rf

adnlts.
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Effects of fish 1:rec",a'tion on species corrìposition
anci structu::e of zooplani<ton popula.tions has been

dentons tral-ec]- for nuìÌlerous freshv;ater lakes ( e " g., tsrool.,-s

t96B) . rt is most comrììorrl-y characterized by a clecli¡le

in abuni-ance of bhe larger s¡recies of cladocerans ¿inc-,r.

their subsequent replacement witir Bosminct Longircts L:ris

(Brooks and Dodson 1965, Grlzgierek Jg66, r{eif ancl ïap¡-ra

1966, Galbraith )-967, Broolis 1968, Hutchinson l-g7I,
lVarsharv 1972, Ilko',,rsJca 1973) . A simitar citange in
abundance and species composítion of zoopla¡J.,ton occurrecl
in the bay of i^/es'L rjlue Lake (Fig. ]2) and agair-r showecl

that the Dephnia pu-Líearia pol:uration at thj-s rocat-ion ryas

e>lperi-encing heavy preclation. Tivo other char:ges assocj.¿rted

v¿ith fish predation, an j-nc::ease in 'the egg to animal r¿rtio
(Archibald 1975) and a clecrease in .the me,rn reproductive
size c¡f zooplank'ton speci-es experiencir:rg predation

(I,fe1ls 1970, I{arshar',2 L972, Archibald IgTS) also occurrecl.

in Lhe Daphnia puLícaria po¡ru'ration in the bav (Table 7 an<l

Fig- 16) . Although these changes may be furthe:: eviclence

of heavy f-ish preda'bion tÌre1' canno'L be rec;ardeil as conclusive,
since l:oth grovtth increment ancl l¡roocl size in Day;lznia magtto.

(Green -1954) and Daplznzct gaLeata mend.o'bcte (i{a1l 1964) have

also been sirotvn to c1e1:enC on the arnount of availabl-e foocl.
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Production of Perch f'ry

Procluctj-on est-irnates f.or perch fuy are cie¡rencient

on i:oth their growLìr and al-runc1ance " Variations in
estimates for d.if:-'erent parts of i.Jest Blue Lake were

largely the result of d'i f ferences in ¡rerch fry abundance

(Table 4) . Grorvth rates ef perch fry i,vere identical_

in each basin (I¡ig" 2) and ai:undance was similar resut.ting

in sirnil-ar production estirnates ranging from .04 .07 mg

-') -1C rn - day - cluring the pelagic phase (Table 14). perch

fry production in the bay was an order of magni-tude Ìrigirer

than in the resl- of the la-I',e witir a value of .71 rng C m-2

-1clay 'n The reducecl growth ::ate of perch fry in tire bay

during the pelagic phase (Fig. 2), caused by a l:iomass of

fry rvl:ich was disproportionately higir in re-l-at.ion to the

primary food source, had lit.tle effcct on tire proc;iuction

estimate as the result of Lhe higir a-bundance of fry at

this location (TaLrIe 9) .

I-lean whole lake prociuction of perch fry clurinE the

pelagíc phase .,,/as "08 mg C rrr ' UoO-t. The re-lat'ionship

betrveen perch fry production ancl procluction of 'the other

components of the l¡/est Bl-ue Lal.;e ecosystem are shorvn

belorv:
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Prociuction
during

spring-
sLinimer
pe:: iod.

Primary 350.00 1967-73

Daphnia pulicaria 28.30 Ig72-7 q

Cg cLops bicuspida'tus 6 "92 I97 u

ÄEe 0 perch .0B 1975 L5-25 crr,

I{al f sy6 "I2 L969-70 > 25 cn
l.97 4-7 5

C ¡l ''ê,
_'ì,/1 year Reritarl:s Source

i^IarC ancl Robinsolr
!97 4
llard (r_rnpublishecl)

Patrick
(unpublishec'l)
this s tucly

Iielso l-97 2
Schrveigert I97 6

Althocrgh the estimate of perch fry production nay iniiia_lIy
appear lol relative to other va1ues, more careful consideration
of the part of tl:e population being monitorecl_ reveals tha-t
it açtrees very lvell" Proituctioir in youllg fislres conlpri-ses

a large proportion of toial- fish procr.uction in a- lake
(chapnan 1967), usually ranging from lc 50i{" i'tyber
(L976) found tha1, 0+ proouction of yellorv perch in Lrvo

sv¿eecli-sh lakes from 1970-1973 averaged 4.0 kg out of a

total- e'F 27 "8 kg ivhich r^"'as equivalent to r4r" of totar
perch production in the l-ake. va]ues rangeci fron 10.6

58 .6r' . l'{at}leurs ( 1971) s tuclied ¡:roduc tion of J:leal..

{ALburnus aLburnus) , roach (RutiLus rut'iLzts) , guägeoä

(Gobio aobío) , and dace (LeuctsctLs -l.eu_c.Lscus) in tire
Tharles Iìir¡er during tir.eir first year ancl founcl that_ t.iris
group accounted for 39 - 73ii of total procluction fo:: alr
age groulls, Assuming perch fry ¡rrotiuction j-n llest ]llue
Lake rclrresentecl 10 50f of Lo't-¿rÌ pei'cir 1:r.oclucLion, csL.,ì-lri¿r-tes

of 'tire latter rvc¡u.lcl l;e .J-(' . g0 ing c rn-2 .]ry-f . ,f-ires;c
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estimates are very reasona.bre irr relation to other values
for ÌVest Blue Lalie anc'l_ gi_ve a conversion factor beL¡veen

primary and percÌr production of .C5 .nf,"

Arthough one rvoufd e>:pect a g'eneral Lrenä -torvards

decreasing production proceecìing frorn Daphnia puLicaTia ancl

CycLops bicuspidatus, t.he fooci of perch, to perch, to
walle1ze, the major preclator on the perch, a clirect

rel ationsirip which is constant frori year to year is
unli-kel1' to occur. The level of procluction in the 0+

age cl-ass ir'ill-, in part, be controlJ-eci by the number of
reproductive aclults, s1:awning success, v,rino ancl water

genera'Led currents foll-owing hatching, and a nu¡nber of
other lcioiic and abiotic factors, noäe of v¡rrich are

necessa.::iIy relateo to proouction of predai:ors oh, or
prey oL the perch popu-l ation.

The quanti tative ecologv of ¡zoung f ish and tireir
effect on aquatic ecosys'terns as ciescribed here for perch

fry is genera-1ly poorly unclerstoocl fo:: most freshwater

species. The reason for this lack of unclerstancling is

attril¡uta.ble to Lrvo factors. I'j_rst, young fish have

proven ex.urentel)¡ clifficutt to sam¡:le in a o-;uan-tita-.tive

fashion usirrg conventional f isherie s techniques. [.Iith

tlre exception of i'lobl-e's (L9'12) rvorli <¡n the l,iill_er irigh-speeð

trar.vl, fe',,,' attem¡tts have been inacle to develo¡: sampling

tecleniques l^¡hich can bc usec-ì to cierivc quauti.tai:-ir,'e estj-rnates
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of abundance of young fish. Tire inciirect ríiethoal of
estimati-ng abundance of your-rg fisÌr on tile basÍs of
tire arnount of roe de¡:osited by spai^urring aoults (e..9",

Lecren 1962) is o'î little value because of tire unknov¡n

inportance of various abiotic (Doan rgqz, chrj_stie rg53 ¡

Lav¡ler 1955, christie and. Regier L973, svard.son and

Mol-in r973, Br:.sch, et aI. L97s) and bio-uic (Regier, e-t al.
1969, Forney r97L, Noble L97z) factors in control]_ing
mortality during the post-hatching period" seconclry,

as young fish are not immedj_atel1' valuable to cor¡mercial

or sport fisheries they tencl to be ignored.

Probably the most important goal of a¡:plieo
fisheries biology t.oday is to rebuilil. tlepressecl fish
stoc]<s and fish stock cornplexes to t or above former leve]s
(Loftus L976) " One of the most pot.entially promising

ways to achieve this goal appears to be to innocufa.te

lakes v¿ith massj-ve numbers o.f young fish in the hope

that future catches rvili- be roughry proportional Lo the
number of fish pranted. Despite the apparent spectacular
sources of soi-i1e such program-rûes (e.g.r warcl and. clayton
r974, Larvrerr _et al" r974) there is still consiclerabl_e

question about tire long term aclvantages (Forney rg76,

Loftus L976). f f future attempts are maCe to rel_¡uilcl

fish communiLj.es through fry stociring prog:ramnies it ivill
beconie essenti;rf to gain a. grreater unclerstanilir-rg of tÌre
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er-lar;titative requirements 6-i young fish and {,heir effect

on the ecosystem. l.[ore informatiorr r,vill be needecl on

tlre potential food producir"rg capacity of "nu::sery" areas

to deter¡nirre tire numlcer of fisir, bo-th na-tural ¿ìnd

introduced, it can support rvithout reclucing growth or

increasing mortality. Further, information lv.ill be

neecied on the importance of various species s¡-recific

timnologicat and morphological para-meters rvirj.clt affect

the grorvth and abunclance of yor.rng f ish.
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Appenclix A

lotal Length of Perch iirnÌ:ryos i'/hen Tliey First Becolne
ij)t ecl

Fisl: I'iu¡nbe:: Length (mür)

1

2

a
J

4

5

6

7

Õ

9

10

4.31

4.35

4.35

4 ":{5

4.16

4.t+7

4.51

4 .39

4.43

4 " 39

lrve. = 4.37



Àppendix B.

S aär;¡iing
Date
!91 4

June 9
10
I2
-l 

_ìIU

í+

iul¡r 1
4
DU

15
22
¿5

;, rt- F¿-!Lrg. J
I9

I97 5
Ì¡iay 31-June
June 2

3
4
r
J

6
Õü

9

i1
r3
16
I7
)u
22
25
t t)

Sainpling of perch Frlz in lJest Blue Lake

Sampling
l4ethocl

Dip irlet
Díp Net
Dip Net
I'ow
'i:ow
Tow
Tow
Tow
T'ow
Seine
Seine
Seine
Seine

Z i\evrly

Dip irlet
Dip Ï,íet
Dii: Net
lJr_p N e t:
Dip l{et
Dip Net
ul_p I{e1:
rjr-p Ner
Tov¡
To\,'/
Tov¡
To'w
Totrz
Tov¡

Basin I
I'tean-îãngffi

5
5

.60

.10

'ì q ?r)

19. 85
20.04
25"75
27.00
37.85

47.20
52 " 50

hatched from

6 .16

6.39

6.r2
7.64

Iviean Length
( m¡n)

Basin 2

Length

Basin 3
mean-ïengEE

L4.97
18. B1
19.45
24.93
25 "'9237.00
39.50
43"30

aquaria

Bar¿
Itfean Length

14
19
20
27
2B
JJ
37
+¿

72
59
56
t+g

B2
ar,AJ

36
45

L3 . ttz

Ll.+L

5

5
6
9

Pool_ect
iïean lenqEã

B2
13
0c
54

mn)

5
r
6
9

l_4
19
2C
¿\)
27
34
11

44
52

,1

'j /:
J\J

lta

7!
'1 ')IJ

00
r: /'J+
97
lt ")AL

U¿
07
32
ooco
65
¿9
50

49
qri

91
16
OB
JY
66
69
50
65
alt

47
t0
ör+

39

12.98
1s.40
16.75

trlt
JLT

77
09
LV

7
7

35
35

5
5

96
YIJ

08

66

65
84
ÕJ
Ita

10
lt1

32
15
to
IO

5
Ë
J

5
5
t)

6
6

u
1

a

9
10
11
13
15
L7

90
UÕ

cont t cr

7

9
10
l-1.
13.
t_6 "
L7"

on next page
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Àppenuix B.

Sampling
Date

Juiy 4
'7

1Iì /'I+
22
LO

-i1ug. 5
L2

eont I d.

SanplinE
t"letiroa

Tov¡
Tow
Tol¿
Toi','
Seine
Seine
Seìne
Seine

Sampling of Perch

Basin 1¡--_---
r'rearì Length

20.55
21.90
23.50
,t:, q11

1lt /r^Jf.+U
,r I -nqI . J /

Fry in Vtrest. Blue Lake - Length

ivlean Length
Basin 2

18"30
21" B0
¿)-. o l
26.20
34.00

45.75
48.85

tsasin 3
M-ean ïenm

mm)

18.9s
2L.LL
t? o?
26.46
34.40

Bay ?oo'l ecl
l"lean Length tiean LengiÌr

( mm)

TB.1B
10 ?^

20 .i5
23.05
34.80

( rnn

19.00
21.03
22 .22
/'\ tLtt
1 lt 11 1J9 ô +I

4l- " 37
45.75
48.8s

P



,À¡-,perrdix C .

Basin I
ITEãñ--i'EãÏÏ
l{e1, Dry

Sanl-:linE Saml:ling l{ei9,ìrt l,leiEht
Date i'iethoci (mÇt) (mq)

L97 4

Juile 24 Tov/
,Tr. l '.¡ 'l lnr,r
" "'-f

4 Tor,v
L'ì Toii¡
9 Toiv

15 To,,v
22 Seine
25 S ei:re

Aug. 5 Se'ine

L97 5
i'ia¡r 3I-June 2 ì{elvly
June 2 Dip i{et

3 Dip lJet
5 Dip;Tet
5 Dip üet
I Dip i:Jei
9 Dip i.ret

1l- i-,'ip I'let' 13 Dip -iet
16 'l'oi.¡
L7 'i'ow
2 0 Tov¿
) ) rrj^\.7

) t1 ¡lrrìf.;

, (l rtt 
^r.t

Santpling of Perclr Fry in \¡lest iilue Lalce - Vüeigirt

2L.6

B0 " 0
L62.L

2.1- 20 .7
?oJ.O
Lt.4 55.9

l-0.9
164.3
l_57 .5

354.0
145.8 610.0

llasin 2

l\Iet
hle ight

(mq)

a

850.0

ha'tched

Dry
l{eight

(mcì )

¿ì

Basin 3
I{earr-----Ì'le¿rn
ï'Vet Dry

Ileight l,leight
(mq) (mq)

I n¿t

^ 
Él

L.20

fry from aquarla

3.0
¿t .0

10 .1
15 .7
13 .8

78.9
108.6

.15

.07

L7 .4

85.6

20L "2
254.2
27L.7
3 l-9 .0
610.0

13 . l-¿r

LtJ.Z¿

Bay
Mean ----:Mearl
'rlei- Dry

bleight lfeight

4 "Lt
15. ¿t

L7 "9t) (:

50 " B

71.5
L47.7

1.85 L2.Lt0
2"52 13.73
iJ )^ ?r< c)q

(mq) (mq)

Pooleci
I,'ieall it"leat-)

V'J KJ L

i,r,'e igir t

207 .9
?^o o

tmc1)

666

1,53
r.20

-L"Uri
1.97
4 " 06

'to o

73.3
162.1
L82.7
1^/: t:

290 .2

62ô.7

lr 2
.lJ

r:=
. JJ

/r I

.7r
1 ,01r

.90
1.03
L.20
L.3i
2.30
t\l)
¿ . La-

7.32
12 . ri3
22 " Liz
/r':ì /r C

Dry
iVeiqiri:

20
52
57

118

6

0
0
2

( Lnc.í )

2"L
)lt

+.i
L2.T
1a o

;'r ¿L

69.1
120 " i

.07

"01
ftr.IJ

.L7

.47
to

. LJ

lLt

.23
r:1

.73
1.70
L.97
lt 'iO

55

7T

90

37
EO
t¿
ì')
JL

90
yo
53

.12

23.29
/t o .)?

I
a

rJ
7

11
,)?

40

U/

L7

'l /r

1ôLO

5i
T1

60
ttj
1 .\
LL

1.61
t+.67

t
t
l+

cont!i on ne>lt page
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i\p1-'enci:: C.

^t:iîTVEL
S anpling SanpJ_ing I{eigirt
Date }iethod (¡rq)

conttcl .

juil' lt

o

11
1 lllç

¿ú
5

ta
!L

Sampling of Perch Fry in lÍest illue Lake - Ì{eight

Aug.

Tow
I'ow
To\rz
1'ow
Sei ne
Seine
Seine
Seine

Bas in

ôô a1ó2.¿3
l_14.99
13C, ¿!

lBI " 8
^, a lt. ')

513"r

iliean
Dry

t,leight
(mcr)

11.40
l_1.48
17"5
25.I
56.98

101.5

I'iean
Ì¡7 a .F

lf eight

n^^l)c1b

59 . B6
112.9 B

111. r
10Á 1
aoo oLOO. ()

l4ean
Dry

tleight

l¡lean lrÍean
t''/et Dry

i,{eiglrt !'Ieight

6.64
11.04

a1 lt
¿J . LI

55.39

I Oî aLÕJ.¿

Bas

lb /
9 t,7

o

.0

mci)

t:)UJ

104
131
195
305

10
80
J
5
7

Ð ¡trUqV

ll,ean i"lean
l{et Dry

We j-ght l,rteight

7
9

1s
27
56

40
30
1
4

7

(mq) (mq)

5l-.44
63.00
'7 1 C

aa't tr
)LJ..J

jviean Ì'fean
ì,1/ 

^l- 
I lyrt

Yr ç u uL.ï

Vleigirt. VJeigirt

Poo

6
1

9
L7
60

ecl

.56 64

. B4 100

.0 l_11
o I o')

. J Lr L

/r 1^.}o T )V¿
513
767
987

tnc;) (inci)

'1 /:IU
fôL)

4
¿

55
I
0

û

I .00
o tì']J.JL

I ? Otrf J. UT

') '). r. a
L¿. JL

r? ?o
J / ¡ Jù

i01.5

L'¿.j.z

ts(,
!



Aplrend'i>i D

L32

Carbon, i.lit-rogen and Calor-if ic ijstir'lates
for Perch Frv.

D¿rte
Length

(inm)

Carbon l{itrogen
r -](rng frv ') (ng fry -)

Calor ies
-1(çl ')

L97 4

r97 5

I lJ. q7

r9.50
20.00
20.60
24.86
25 "10
27 .50
27 .50
34.80
'>lt oo
J'l ¡ Ot)

37 .40
39 .50
42.50
44 "29
t+4 "20
47 .20
52.50
5.49

TL"47
11"50
11 .99
18.30
34.00
40 .71
41.40
¿15.10
45"31
lr o ô f:to.oJ
50.10

2"62
l!.08
3.50

7.08
8.06
9 " 00

23.02

36.44
35 .19
t!. q ñ7

55.51
trtr lt)

75.38
0"03

0.33

2 "91

46.85
64.01

7 4 .16

0.6r
r.02
0.90

1 ?O
l oÃ

2.L2
5"70

9.14
8.75

LL"42

12. BI
14.82
18.32
0"01

0.08

0.75

L0 "96
16.22

18.C3

1T947 "L

49 67 "9

s026.0

507r.3

56t|2.6
672L< "6
5368"0

4966 "0

5008.4
514r .l

r/rtl ÊJ"tlL.J

5759.4



Appenclr-x lj.

Date

May 14
t5
20
/ìô¿ó

June 4

7
10
T1
13
16
L7
i9
25
,)0
LA

July I
2
4
9

L2
15
16
'l c)I()

23
30

r\ug. 6
13

Da.phnia. ptLlicar,ù¿z Abunciance at Deep Water StatÍons in L975.

13335

19337
148900
145367

3L9527

307020

232360

!.+

Station

6t-633
34500

1218 5 3
L7 7 267

24iL27

196400

L27 933

22966

44300

136700

2300c
87 267

I0367

7360 0

17 39 67

27 9627

L24Lt66
81366
90933
2t+633

-)(r1o. n )

6

333

134
6567

36833
L27 900

L66337
53666

110733

149833
28400
84900
29266

14700
5900

a1aalJIJJJ
67 228

4320
4800
5633
67 33
1300

1

5600
39 33

30733
't'tl¡Ê?a
¿ITJJJ

297 33

96933

t73400

l_7333

11900

29s33

,rñ1aaLICl/JJ

L39 6l
¿1.0 0 0

7 2567

H
UJ
u.)
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Appendíx F. Bosmtna Longirostnis
Deep lVater Stal-ions

lUcunclance at
ín 1975.

Station -)(no. n -)

Date

Ju1¡r I

2

L6

18

30

13

0

532

2067

2U580
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13 r-6 7

13 4100

466600



Apperrdix G. Daphnia puli-caz,ia AbunC.ance at Shallow water Stations in Lg75.
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