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Regulated discharges into Cross take, Manitoba, resulted fn average sunmer water vcrlumes in 1980 and 
1981 thaf were 49% lower than preregeliateb vofumes. By%'ater Brzvei drawdc~~sfn in the summer reduces the  
amount of available habitat. Consequenb!y, the  standing crops of lakefrl%thiteiish (Coregk~ni~ls ~1u~e,eaforrn~s~~ 
waileye (St~zostedion vd'tfeun~ v i t r e u * ~ ) ,  nar thern pike [Esox lepcdus), and ciscs (Coregonus astedi,~) are 
lower novkf ~ h a n  in preregulation and early postregulation years. Unusually early and rajpid draivdoivn in 
Ajar& 1981 resuited in a severe winierkilt, causing a substantiat decrease in catches per unif of eitarf 
KPUE) for most species from 1980 to 1981. The most afiectcrf species wwe \%!hitefish and cisccs, tvhich 
showed a 50%) reduction in CPUE from 1980 to 1961. The amount of faik to fate spring drahvdstvn and the  
year-class strengths of coregsnid fishes were inversely related. h marked oventrinter dra~vdobkan reduces 
whitefish and cisco hatching success apparently by dewatering their spawning areas and desiccating the  
egg" L ~ o w  water levels in spring psevented pike and walleye access to spawsling areas. 

Au cours des 6t@s 7980 et '11381, Ces vdumes moyens d3eeau s%coelpant dans le lac Cross (Manitoba) etaient de 
49% mains &lev& par rappait B ceuv d'avant le r6glage d u  debit. La baisse d u  plan d'eau en et& reduit le 
nombre d'habitats disponibles. Par consequent, la biomasse du  grand coregone (Core,gdnos clupeafor- 
rnis), du dore /aune tSrrzostedion vftreum vitreum). dw grand brcchet (Esor lucius) et du cisco de tac 
(Coregonus ai ted~i i  est actuellement moins elevee q u e  pendant les annees d'avant la regulation du debti o u  
au tout  d6but de celle-ci. Une baisse eaceptionneilement h&tive et rapide d u  plan d'eau e n  mars 1981 a 
ei;trainP une  forte mortalife hivernale qui srest traduiie par une baisse importante des prises par unite 
d'eiicrt pour la plupart des especes par rapport B 1380. Le grand coregone et ir cisco de lac. les especes les 
pius touchc'ej, ont accuse u n e  baisse de 50% dees prises par unite d'eifort comparatitrement B 1980. 11 
eaistait u n e  relation inverse entre, d'une part, la baisse du  pian d'eau de IFautomne B la fin d u  printemps et. 
d'autie part, i'abondance des coreponides d'une clzsse d'5ge. Une baisse prononcee de i'eau pendant ia 
pi.riode hivernaie diminurl le succi.r de la reproduction d u  grand cor6gone et du cisco de lac car les 
irayeres s'assechenr et les oeuis se deshydratent. De iaibles niveaux d'eau printaniers ont empeche ie 
grand b r o c h e ~ t  Pe dore Jarmne d'atteindre les iravPres. 
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ydroelecaric deadetopment of the Nelson Rives in- 
chded constmctiora of the Jcnpeg generating siiarion sa 
regulate the level of Lake ijyiimnipeg and use ir as a 
storage resen~in. far generating sf ations fafiher down- 

stream (Dickson 1975). Cross Lake (51"15'N. 97'3Of\Y) (Fig. 
1) 35 in;inedmartsiy doivnskrearn ra$- fenpeg and its kyaaer kveils 
have been cont~olled by taiiwalzr. dkcharlpges h m  Jenpeg si~lcs 

% 974. The regul2tionm reginlr: has reversed the ptretem of seasonal 
flucrraatisns in Crass Lake. Bnor to regulation, the mean 
monthly water levels we;.e highest in the sumner. while nokv 
they are highest in the winter (Fig. 2). 

The eastern ponion of Cross Lake was eommercial~y fi ;bed 
from 1959 to 1939, with an average annual Zs;fmer;r of 
44 $00 ks.  Through this pel-9od. I&e %vhitefish ( Csregosaaas 
~Elcp~qf~~vzQsj and 1xraHleye (Srizosr(2dio~~ I*PI~PNF?B P~~HTPIEII?~)  ivere 
PA% prerniun2 species in the catch, csmprisiasg 81 and 17%. 
respecp*ri%ely. The wesfen1 portion of {he lake, reserved for 
unlicensed subsistence fishing, has an esti123ated annual hmrsst 
af40 500 kg of lake whilefish and waileye (Gabour3 and Patalas 
i 982). 

Bfief fisheries sunYeys conducted in 3 965 (Driver and Doan 

hlanitoba Dspanmens of W atrrral ,Reseras~ce~. unpubH i shed c 

p~rrvided i n f ~ r n a t i ~ ~ n  on species composition and csrch per 1 

of t f f ~ f l  (CPUE), Koshin~liy ( 15)717i predicted rhal undcr 
prop~sed hydroelectric operating regime at Jenpeg. produL - 

iry of lake kvhitefish. waileye. an~d norihrm pike (Esor ii$< 1 

would be reduced in Cross Lake bi:cause of Eower sunjmer t 
and increased Irvaasr level fluctuations, 

Rtpafls of c;~tCh declines by csmmerciak and unflcct .) 

5shsmen in Cross Lake prompted this study to dermnin~ . 
impact of the current water level regime on lake morphoa- . 

a d  fish p ~ p l a l i ~ n  dy~ramics. 

Study Area 

The west basin of Cross Lake consists of nano\v. deep :% : ;r 
chanaels 8s ' B V ~ H  as shallow Bake areas, while the sass bas2; . 
uniformly shailo\v. Since the heison River f i o ~ s  oniy rhrt~.::~~ 
the west basin, the rexeratio~ rime is n2uch shsfier here than in :: c 

east basin. A s  the influence 0%: Pdelson River Mow3 decrct:-.c'\ 
from !vest to east. ccnductiviry and total dissolved solid\ ; i i%$ i  

decrease, wasi8e cti;s~ier~t &md a~eanic caa'bon concexmtraticbi;$ 
%. 

1972), 1973 (Ayles er sl, !971), and 1977 (B. H. Wright, increase (Table t 1. Similarly. mean plailkton biomask IS i ~ i i l -  5 
t B . . .  + - 7  

. - 
g ._ 7 .a $ - - 

118 -, * a - -;iq2cJ:'cg-tY-, as 
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Frc. I .  Cross Lake showing Incations of Iimnc~lo~icai szatlons (circled numbers,. 

FIG. 3. C O I ~ I ~ X ~ S O B  of the averige mowrhiy ktater t s~e l s  on Cross Lake gander unrezulated condifions 
f '1918-723 (solid curve) and the daily fe~els  recorded under rc~ulation ( f 977-81) tdata provided k . a ~  the 
blanitsba !Taler Resources Branela]. Standard enor of unregulated hydrograph is 581. $0 m for each 
monrh. 

T.~BLE 1. Physncochemica1 water quality and pian8;;~n biomass in Cross Eahs. presented as means of 
mon&l!: nlsasurements Bkom Y une t b ~ h i s h  September (data from Cleugt-n 1974; Gabohsn?; and Paeafas H 98 I , 
1932). 

1973 1880 I981 
- -- 

Pazmeter SXW. 1 Sra.. B S T ~ .  2 Sen. 3 Sin. % San. 2 Stn. 3 

f olradue~ivisy (S-cm- '1 277 289 220 139 314 196 118 
Tonal dissof ved solids {mg- L- 9 1186 208 155 I OQ 203 137 90 
Total suspended solids (mp- l- ' ) 1 5 18 50 39 20 19 3'i 1 4  

Tonal orpanic cxbon [ mg- L - 1 8.6 11.8 13.6 28.1 10.8 15.1 113 3 
Tool phosphorous ( mg - L- ' ) 0.04 0.04 0.87 8-08 0.03 0.107 0.06 
Toral nirrogen I my- L- ' f 0.48 0.48 0.68 1-09 0.50 0.83 8.98 
Plankton biomasb ( mg- m- ') - 60 73G 979 90 380 518 

gnater in the east than in the i% est basin. The avater cllerasistc in 
&e west basis in 1988 and 198 1 was sln~iliar that in 1973 
dCleugh 1974: howeyer, there are3 130 PIC:Y~OUS data on xvater 
shenlistqj in the east basin, 

Materials and bqedkd.,sds 

hlorph~rneuic hjeasuremenrs 

Cross Lake was sounded at a bc:lachmark reference of 

can. j .  Fish. A ~ M Q $ .  S C ~ .  , 5W. 41 i984 

205.8 m, the average Level recorded betkvsen htay and Seprem- 
be; in i 980 and 198 1 .  Aerial pho~tographs \\.ere also taken to 
deacmine the shoreline at this Eaks level. The sffaorelishe afed 
dsprh contours a% "5.8 m \\?ere wdnsposed orlto a map mozaic 
of Cross Lake composed of phorosraphs taken at a high stage of 
"07.8 m. Calculations of lake area, volume. and meail depth at 
c:ages of 205.8 and 207.8 m were performed according to 
procedures described hy Hutchinson ! t957). Lake area st a 
sruge of 207.1 rn (historic mean open water stags 1 f Manitoba 



?'ask E. 2 .  3 4 c ~ ~ h o r n ~ ~ ~  of; the west and cast bas~ns of Cross Lakc at 
207 1 nl bhastorac, siiagc for the open wafer scasrpn) and at Z0S.Y m (the 
atcrcage Icsvcil bc~wecn May and Scgtcnlber In BY80 and t98f f .  

- 
Cross Lakc stage 

207.1 in 285.8 1x1 

Psamcter West East \Vest East 

Area ( l 0'.m2) 328 t 30 254 87 
't'olumc ( 10'.m3) 847 198 370 5 8 
,Mean depth (m) 2.6 1.5 1.8 0.7 
Max~mum depth (m) 23.3 3.2 22.0 ji .B 

Water Resources Branch 19 18-82] was determined fron3 linear 
inrenolation of the radii ( r )  (where area = n rL)  at stapes 207.8 
and 205.8 rn. Using the interpolated area, volume at 207.1 m 
was calculated by determining the volume between 207.1 and 
205 -8 m and addirrg if  to the volume at 265.8 m. 

Fish were captured using a standard pang consisting cf seven 
gill nets, each 22.9 m long by 1.8 rn deep. hflesh sizes \yere in 
ehefrpfi0wingorder:3.8, S.L.7.6.9.5.10.8, B2.7,arrd ~3.3cnn, 
r;t~~tche&I measure. Gangs wsp% set at about 17:00 and w e ~ e  
ccllecrrd 16 h later. Fork length. weight, sex. and maturity were 
delemined for lake whirefish. walleye. ncnhem pike. and eisco 
(Coregonus arredii). Cisco were sanlpled only from the east 
basin of Cross Lake in both years. For age determination, 
opercula were taken from northern pike and otolirhs from the 
other species. Procedures described by Snsdecoi. and Cochrm 
(1967) were followed for star~stical anaiyses. Annual mnival 
rates were computed according to Robson acd Chapman ( 196 1 ). 
The mean weighted age a: onset of sexual maturity was 
calculated accc~rciing so Abrassv (19673. Growth uf fish was 
descfEbtd using the van Bsfialianffy model as omlined in Ricker 
( 1975). For a more detailed description of sampling methods see 
Gabouf"y' a d  Patalas ( 198 1 ,  8 982). 

Results 
Environment 

Cross Lake water level decreased 1.7 rn below the historic 
mean open ivatsr stage of 207. f m at the minimum dischagr 
from Jenpeg of -20 m3-s- ! At 205.8 m. total lalie area and 
volume had declined by 26 and 49%. respecrively {Table 2). 
The west basin with irs deep river channels and steep shorelines 
was less affected by draai~:do\ ~Kan the easli basin, &hex area 
and volume decreased by 33 and 7 1 %. respectively, at 205. S m. 
Most of the rock and cobble substrates in the lake were exposed 
under dra\srdown. 

Bottom water temperatures in both hasins bvere between 20 
and 22°C for extended periods during July and Augilsi in 1980 
and 198 1. Maximum surface water temperatures of 16OC wsre 
recorded. Summer dissol~~ed oxygen levels at the bottom ranged 
between 7.0 and 14.7 mp- t- ' . \\'inter levels at the surface were 
herween 7.1 and 12.9 rng - L- ' near the influence of river flo\vs 
and between 0.9 and 2.1- m g L  ' in areas where large tracrs of 
submerged vegetationr occuned in the summer. 

Cisco nvas the most abundant species in catches in 1980 and 

Lake 
whitef i sh  

Nor t $tern 

pike 

kVEST EAST 
CRQSS CFIOSS 

RG. 3 .  Co~nparis~~l of CPUE inumber-standard g a n g  ' -  I h h -  ' I . 
aizlarire abundance ;rn 5% above bars) fair fish captured i ~ 1  Cross ka6: 
B 988 and ia 98 t i see text for other speclles I. 

1981. averaging 43% of the total catch. followed by w ~ i i z  . 
(2J%), nofihem pike (9%). and lake whitefish (6%) (Fig :+ 

Ober species caught, in order of ,a$undance, included t iph i ! -  

sucker ( Cntaslomus cammerso~li), yellow perch ( Pert-a - 8 ~  1.r . - 
reszs), moonsye (Hioldon lea-gisfts B . sauger ( Siizo~teddo~~ k-ctr"zi; 

dense). shorthead redhorse (iMo.rosrorrro nracmiupidc~n~tr:.. 
Isngnase sucker ( C ~ ~ ~ ~ s f o r n u s  ca tosrc~r~rt~s), f ~ s h w  seer dru;:.: 
(Aplodinotus gncnnieizs), galdey e (Hiodorl alasoider ). bt;!-h.>. 
(Lorn iora), and common carp ( Cypi-irtus carpio). From I98!i : t j  

1981, walleye ir:creased in relative abundance, cisco decrea\cd. 
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RG. 4. Age-frequency dls i r ibu~i~m~ of lake whiirlish. \\.alleye. nonhem pke. and clsco cail~irt in 
Crmz Lake in 1980 and 98 1 .  

and l&s whitefish and nuxhsrn pike remained unchanged. 
CPUE of lake whitefish. nonhern pike. and cisco decreased in 
borh basins of C1-oss Lake from 1980 to 198 1. CPUE of walleye 
increased in west Cross biir decreased in east Cross. Lake 
whitefish and cisco shokved the yreatest decline.. xvith CPUE 
50% iowss in 198 1 than in 1980. f ish survival rates bexikern 
1980 and 198 I and be~ween basins did nor change significantly 
a b l e  3). 

Covariance anei y sis of Brod y regressions indtcated tha~ r he 

groivrh rates of lake whitefish. walleye. and northern pike were 
diffefermr ( P  < 0.051 between the east and west basins (Gabouq 
and PataIrs 195 1. i 982). For each speciles. the mean age at onset 
of S ~ X U B ~  m a t a ~ t y  (sexes cow3binedl was sin~iiar faem een basi~ss 
and bert?;-ee~~ years (Table 3). 

Fekvsr older lake whitefish and nonhem pike were caught in 
the east basin than in the west basin of Cross Lake {Fig. 4). 
Walle\-s had similar age distribution!r in both basins. Lake 
ivhireish and ciscu had bimodal ape disinbutions with relatively 



TAR! r 3 Sura~nalrc of p n ) u ~ h  paramcser\, inears agc of' En:srur.ut>, arrd rana~uial \enn a\riB r,itc\ of Cn,\\ !.,%kc r r \ h  
rst)ce\ cr~mbirred 1 In 19891 and ! 98 1 . Cirrjk\rO~ U B ~  calzufarcti acccdrsd~ng tus rhc .tajr8 Bt'nialranfl'> cyusiittn L. = k , s. l 
- c-"'' 9 here L,, tire fork length tat agc a .  L x  13 the ; I \ J Z ? ~ ~ B C > B I C  ~ O T L  Itlngrh. K rnh tfmc Bnbd> pnmGt 
crxlb'ticacfit, and r,, is the ltmre v. hen Ietag~h ~ tou ld  I ~ C Q ~ M  ta,c,'319i cquat zero. 
---- - 

Gmw th hjeiin age \3i Xnrauai 
n~ztturi~y rum1 z :a! r;:ttc 

Species Basin h'car No. tta~mrpftld K L,  4 t i ~ r )  fiS r 2 s ~ f  

Nunhem pike !Vest 1988 213 0.147 9-45 +48.%957 -3.95 tl.6fN320.092 
1981 26 1 0.231 781 +0.ldS4 4.05 C6 990= Qb.082 

East 1980 - W J  9~ ,- 0.I-U 89"s"!.l28 3.07 Cb.l$i5zfI. 908 
1981 t 63 0.131 947 -0.76-7 3 .-I9 CI.$T5zC).B~X 

Cisco Easn 198(3 2-39 0.392 404 -0.5_7.6 2. QfB C 1 . U  tt).OS n 
:% 11 294 0.372 $ 8 0  -0.793 3 -36 e1.525~4b. 100 

88 80 79 78 77 76 75 74 73 72 71 
Year- Class 

FIG. 5 .  Relariaonship bcrtvcen %t'in~e;"r io spring dsaatdog~rr in Cross Lake and Hake ~~,hi;teti5h ; I R ~  CJSCO 

year-ck~s success, i 97 I - 80. iVinrer and spring dsa\% d0xvt-n %as ca%cu1ated as the minimuw-a 10 r.2 tailti,\ een 
October "3 and Xfay 3 i subnracricd frc-bm the level on October 28. .A. percent frelqrre~acy e f l s k t  \vfsH~e.iisfm 1r-o 

i98B gillnet catches: B. percent freqhacascy of lake ~vhitefibh in !"@I gillnet catches: C. percent frt:que~c~, 
of clsro in f 930 gillnet cstchcs: D. percent frcqucacy of cizcc it1 196 B gillncr catches. 

strong $974 and 1979 year-classes and weak 1975-78 year- 
classes. 
An inverse relaeionshig t id-, found between the strengths of 

I&e i~hirefisla and sisco :$ex-clissses praduced in B 97 i -YO and 
the difference beaween water Izvrls at spawaning tira~e IO&tober 
28) and the lowest water level until the end of May (Fig. 5 ) .  
'kVeak year-classes of lakt kvhitefish and ciscs were prsdeeced in 
years with a marked s,vint&rr or spri~g dram~dakvn, and strong 
year-clases appeared in years v+ ith lk~le drav-~dokvn. 

Obsema~isns on Fish kloven~ents arld "aY interkill 

In May 1981. \%alleye viers observed congregating brlo\t. 

kns\e7n spa~vning tH.Ebuts4es nmde inaccesslbie by lot4 L 

levels. and known spa~vning arcas far nonhern pikc n . 

dewaezred prior fo s ~ ~ L ' z ' F ? ~ E I ~ .  In Eate October 1981 i'. - 
ivhitefish vtere found congregaring at a knoivn spagining iiri.. 
b e  west basin of Crass Lake. f t \?-as appal-ent that the i .  
li%-hi~fish were spawning on submerged rocky reefs in rii .r 
ckxannels. 

ID Mxch  1981, fish kills accuned in shltHEoill ba?s L,. Lf 

channels that were de~va~ered as a resuEt of dsawdtai%~ 1 x 
aiircred species were $;.hi!- sucker. vl!allejre. and iake ivhlrefi.:: 
Other species may have been kilted but the ice cc;ver pri.~i.!i:.-! 
a% ~ C C U P . ~ S ~  detemSna~i~$a ~f %he ext:enl ob' th2 fish kill. 
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FIG. 6. Cornpsison of total effort. f $LIE (number- 100 rn-'-d- ' b .  and reiative abrawdancs (Eln % above 
bars) f l ~ h  caplured in Crrsss Lake dbofh basins sonlbnncd b .  b = t )  CPUE in 7.6-, 9.5. 10.8-, awd B 3.3-cm 
wxeshes, cot;mmgan to the H 965 r Driver and Doan 1972 1. 19733 t Ay lss et a!. 19731. 1980, arld fi 98 surveys; 
(85 CPUE in 13.3-crn mesh. the ~ n l y  mesh used in the 1973 suryey t B .  H. ivright. unpublished data)" 

Differereilces in physicochemical water qual~tl?, plankton 
biomass, and fish ca~ches indicated that the east basin was nlore 
productive than the west basin. The two basins also supponrd 
discrete fish populations, as shourn by the differences in grotvth 
rates and age dis~ibutions. Annasal hawests sf Bake ~lclhitefish 
a& walleye axreraged 3 -4 and 1.2 kg- ha- in the easr and \vest 
basins. rcspecri\?ely. These yizlds suggest a higher level of 
exploitation in east Crass Lake c@nmrrkbuting ro fewer oEde~ fish 
a d  significantly faster grobvrh rate5 in comparison ~v i rh  \vest 
Cross L,&e. 

'Jnasually early and rapid dra\vdo\vn in hlarcb 198 1 [Fig. 2 )  

and loav oxygen levels caused a wlraterkiIt, which c~wtribuaed to 
she draaatic decrease. in CPUE of fC3ross Lake fish from f $380 la 
1931. N~nsipnificant changes in fish sunival rates from 1980 to 
1951 siiggested that all ape-classes were affened by the 
\i.inirrkill. Decreases 17 CPUE were greater in the east than in 
the west basin. This was due to the rvinrerkill being more severe 
in rhe east basin because of the lack of deepwater habitat for 
oven!-intePiatg fish (maximaem depth I& -4 m:. AEso, the !vest 
basin had generally &$her tviarter dissolved oxygen concentra- 
tions due to the influence offhe Nelson River. Earlidence of stress 
was also found in the %ubsisrsnce fishirmg census records, ~vhich 
indicated a three- to frvs-fold incrsase in CPUE of all species 
durins late March 198 1 ( G a b o u ~  itnd Patalas 1981). Increased 



fish nlovenscnl lsr~isbably resulted frorr) the Ic~ss o f  ava11ab3t 
habitat and anoxic stress. 

The E st yr of extreme sumlner draigdeawn u as 1977. This 
seduction in lake volurglie ancrerrscd fish dep-lsitlcs. resuiting in 
higher CWE for lake whitefish, nonhism pike, and Lvi~itc sucker 
xhan in  prep-egulatiorr years (Fig. [a). Cisco did arcat show a higher 
CPUE, per,laps because netting loca~inns were biased to cilp~ure 
lake whitefish in deepwyater ct~ananels. This would account for 
the extrenaely high CPUE of lake whitefish. b.i?alleye abun- 
dances we= not twdy represented because of ti-tsir Isw vulner- 
ability 1st 13.3-cna nets. 

Posrreguiaeion catches of adeai~ lake whitefish have declined 
smbstantia21y, h ~ t h  in refarive and absolute abundance. Under 
similar tow \&Iatcr Ic\9elri, CPUE of lake whitefish in 8 3.3-can 
mesh declined from 38 fish.100 m- '"night-' in 1977 (3. H. 
'ibv'fight, usnpbfished data) to 9 in 4980 and -4 in 198 '1. Also, 
CPUE of lake whitcf;ish decx-eased by similar pmportbns in the 
ease and west basins from 1937 to I98 1 (Gtibotlry and Patalas 
1982). 

Seanding s r s~ks  of 319 fish species have declined since 
xeguhation. probably because ofthe reduction of sermnaer habitat 
under the cunent waxes level rzgime. Comparisons of CPLJE in 
mesh sizes common to both the prereguiation (Driver and @oan 
1972; Ayles et al. 1974) and postregufation 6 1480 and 195 4 ) 
sun7eys suggest that fish densities have not changed sigrrifica~t- 
fy (Fig* 6). E--Eoz\~ever, with up 10 a 49% decrease in summer 
water volusne under drawdown the standing S~OCLS of fish wouid 
be csnsiderabiy lower in 1980 and 4 98 1 than if; preregulatisn 
yeas .  UnfofluraateIy. insufficient fishing efforts ~n 1965 and 
3 973 preveajt confidft~~t cornparasons wit11 1980 and 198 1 data. 

increased winter and spring drawdown under the regulation 
of Cross Lake l-rad a pronounced effect on the year-class 
strengths of cesxgonid fishes. kake wl~itefislt and cisco usualljv 
spawn in late fall an hodders and coarse stones in shallow 
depbs BMachni& 1975). These substt.aees are comnlon on the 
sl~ores of Cross I+ake but are exposed at low Ntater levels. Rapid 
decreases in water Begtels in spring "naw eroccurssd i ~ f  4 of the last 
5 qr since regulation (Fig. 2). and fall to spring drawdowns of up 
$0 2.2 m have occtaned, as compared with the aremgs natural 
vag.lsstiran of 0.8 rn (Gabouq and Patalas t 982). It is believed 
&at drawdown has detrimentally affected lake ~vhiesfish and 
cisco i3atching success and recruftw-ren~ by a de\vaterirsg of 
spawning aeas and desie-caaion of eggs. 

The lo%v f~quencies  of' the 1935-38 year-classes (Fig. 5 )  
cannc3t be explair~ed by gi13 net selecrivl9!. -4 stsndxd ganz of 
gill nets knds to underestinaaae the relatikle frequencies of 
sraaallei- fisti. bur as fish size asncrijases, efi'ficiency of capturing a 
greater propoflion of rhr: fish in successively larger size gmups 
increases IHass~Eey B 975). Accordingly, the 1975-78 year- 
classes should be better represenled than the 1979 year-class. 

Although the srffec: nf drrswdvwn on csregonid ye=-flab& 
strengths. to e~ur knskvledge. has not bee3 previouslj document- 
ed for lakes below generaking stations. this inverse relationship 
has been found for lake kvhitefish inhabiting resen~oirs (Issan- 
zen and Bsdlesnyi 1958; 3mimov i963 (cited in Machaaiak 
19751 ) and far spring spa%diners w h e ~  drawdown occurs just 
prior to spawning (Jester % 97l g; Ben~pan 1973 I. June ( 1970) 
found rha!. Ia-ge numbers of atpetic eggs in the ovaries of 
n o d e m  pike were associated \ ~ i . ~ h  drawdown prior to sgaa%kri%ln- 
iwg. Spawning of Crass kake ~ ~ a l l s y e  and noflhem pike was 
;also detrimentally affected by dra.rt.dtjwn. Poor ~epresentarican 
in the esperimenhl inst calchzs of  \%?alleye and northern pike 

younger than rhc 1976 ye:p,r.-clah* ~ I - C C % E $ L ~ C L ~  ;:i C E % I ; P I ~ ; B ~ ~ \ ( ~ ~ I  

be~wecn draavdollr n and year-class h~scragela%. 

This stlady was fundcd by hianitotba Hydro and. sn part. is! I E ~  
Xamiroba Depaflment of NaturtrE Resouhe-es. 13. ia". 'r,Y~-rgi~~. 
Xfawitoba Dcpansnenr of Natural RC:SOUKCS, prc~~ielcd d;t~;t f ~ O E P ;  

sfre Cross Lake strney done in 1977. The atrnihorz M k h  to than{ 
ail the individuals fronl the Canada Dcp;;e"~,n~ene of F~ahcsie~ :inJ 
Oceans and the Maniroha Depanmenr of Natural Re>uurcc\ ~i h c  
provided editor?al comments. 
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