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ABSTRACT

The crustacean zooplankton communities in three smal'l prairie lakes

subject to varying degrees of anoxia were studied for 14 months from

February 1976 to April 1977. Ten or twelve samp]es were collected with

a tube in both the deep and shallow zones of each lake once weekly during

summer, biweekly in sprÍng and fal'l and monthly during winter'

Local terrain was important to lake trophy and stratification'

physical and chemical observations indicated that shatlow hypertrophic

Lake 885 períodicalìy stratífied, exhibited winter and summer anoxia

and had extreme nutrient and algal bíomass levels' Shallow' meso-eutrophic

Lake 255 was holomictic, disptayed winter anoxia, and had lowest nutrient

and phytop'lankton amounts. Deeper, eutrophic Lake 019, stratified

through summer, was not completely exhausted of oxygen and contained inter-

mediate nutrient and algal concentrations. Dense populations of p'lankti-

vorous fish pimephales promelas and Culaea inconstans occurred in Lake 0ì9

while salmo gaírdneri were stocked in Lakes 255 and 885.

Zoopìankton community abundance and biomass, ranging on a mean annual

basis from 124.7 to 289.9 ind L-l and 1.9 to 10.3 mg wet weight L-l

respectively were governed by lake productivity and morphometry' Biomass

in Lake 019 was a'lso influenced by intense planktivory. A total of ?5

species were identified, of which 10,cyc'lops bicuspidatus thomasi, cyclops

vernalis, Eucyclops agilis, Macrocyclops albidus, Diaptomus siciloides'

DÍaptomus leptopus, Daphnia schoedleri, Daphnia l9ss, Daphnia parvula and

Bosmina longìrostris were common to all three lakes. The number of species'

highest in Lake 255 wi th 2l and lowest in Lake 885 with 15' was inversely

reìated to trophy. More eulittoral species in Lake 255 were associated

with extensive macrophyte development. Numerically, cyclopoids were most
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important in Lakes 885 and 255 While calanoids and cladocerans were most

abundant in Lake 019, these trends being re]ated to the frequency and

severity of anoxia. observed differences in the horizontal distribution

of community and species abundance were assocíated with macrophytes' fish

predation and morPhologY'

seasonal community development in Lake 019 was basically monacmic

with a mid surmer pulse. Although diacmic patterns were observed in both

Lake 885 and 255, in the former lake' spring densities were triple those

offa]l,thetwopuìsesseparatedbyastrongdepressionin]ateAugust.

Lake2S5exhibitedmoreequitab.|espringandfalìpulsesandamidsummer

ninimum. Highest community abundance during winter occurred in Lake 019'

Thesevariationsl{erere]atedtolaketrophy,temperature,dissolved

oxygen, nutrients, phytopìankton and predation'

Significantdifferenceswereobservedintheseasonaldynamìcsof

g..Þ.thomasi,D.siciloidesandD.schoedleri.Instat^analysisrevealed

spríngemergenceofC.,b.thomasifromwinterdiapauseontyinLakesSS5'

and 255. In Lake 01g, c. b. thomasi survived through the winter carrying

on reproduction. No evidence fOr summer diapause of this species was found

ina.|lthreelakes.Springc.b.thomasidensitieswererelatedtothe

severityofoxygendepletionduringthepreceedingwinterandtheintensity

of invertebrate predation. Summer anoxia did not affect ç" Þ" thomasi

copepodids but was apparentty fatal to nauplii'

D.schoedleri,spresenceonlyinLakesSs5and255ref]ectedreduced

planktivoryinwinterkit]edlakes.DelayedseasonaldevelopmentofD.

schoedleri in Lake gg5 suggested possible predation by abundant c' b' thomasi '

HighvariationinabundanceandpolycyclicephippialproductionbyD.

schoedteri in Lake gg5 refrected the omnipresent threat of cyanophyte b'room
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collapse. Summer anoxia severely impacted alI stages of D. schoed'leri.

¡hile large quantities of resting eggs were produced by D. siciloides

in winterkilled Lake 255, considerably fewer eggs were carríed by fema'les

surviving winter in oxygenated Lake 019.

Relatively smalì differences in lake trophy and morphology appeared

to effect considerable differences in oxygen conditions and seasonal

crustacean plankton community composition and dynamics.
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INTRODUCTION

TheunderstandingofcrustaceanzooplanktonecologyinwesternCanada

hasgrownappreciablyoverthepast50years'Toalargeextent'the

evolution of this knowledge was governed by the síze, remoteness and the

economic development of this region. Early studies by Baikov (tggo' 1934)'

Rawson (rg+2,1960) and Reed (1964) among others concentrated primarily on

documenting fundamental limno'logical data from some of the more prominent

lakes in the west'

As investigations continued, post glacial dispersion patterns of

crustacean species were also considered. studies by carl (1940) and

Anderson (1974) on montaine lakes in British columbia' the sa'line lakes

of Saskatchewan by Rawson and Moore (1944) and Moore (1952), on t{orth

AmericandaphnidsbyBrooks(1957),largeNorthAmericanlakesbyPatalas

(1975),theYukonlakesbyArchibald(1977)havecontributedtowardsour

understanding of this Process'

Tocompìementthisfundamentalresearch'moreeffortisnowbeing

directedtowardsexaminingthetemporalandspatia]variabilityofzoo-

plankton communities as we]l as the environmental and biotic factors

governingplanktondynamics.Becauseoftechnicaldifficu]tiesinvolved

in remote sampling, the ear.lier works were usually restricted to a sing]e

samplingperiodinmid.summerortoone.|imneticstation.Inthepast'

thisapproachwasadequateforclassifyinglacustrineproductivityand

trophic status (Larkin and Northcote 1958' Rawson 1961) ' Today' when the

environmental impacts of toxins, petroleums' acids' radioactive wastes and

other contaminants associated with cultural eutrophication need to be

accurateu assessed, a clear idea of "natural" community and population
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fluctuations is an important prerequisite. Likewise, the horizontal

variation of pìankton distributions within rakes needs quantitative re-

finement.Informationisavai]ab]eforlargereasternCanadianlakes

(Langford1938;Davis1966;RiglerandLangfordlg6T;Schind]erandNoven

1971;Patalas1969,Lg7L'1972;DavisL973;lJatsonandCarpenterl9T4;

ctark and carte r L974; McNaught and Buzzard 1974) but few studies have been

undertaken in the west (Baikov 1929; Hanuner and sawchyn 1968; Anderson

1970;Donald1971;LeÍandCliffordlgT4;HerzÍgetal.1980).Although

comparison with other data is instructive' the high degree of crustacean

communìty variability recorded throughout the literature (Hutchinson 1967)

impressestheneedoffurtherregionalsampling.AsSchindler(rsza¡points

out, more complete data are still needed for many areas'

Prairiepotholelakesarecharacteristicallyshallow,nutrientrich

andoftencoveredwithaesthetica]lyunappealingalgalscums,perhapsthe

reason for their lack of attention' As a result of their physicochemical

properties'manyareÍmpactedbycatastrophic.,summerorwinterkills'.,

perìods of low (. 1.0 mS 0, L-1) o*ygen concentration which are often fatal

to resident fish but a.row for development of extremely dense invertebrate

populatìons. This invertebrate resource currentìy supports rainbow trout

aquacultureintheErickson-ElphinstoneareaofwesternManitoba.Several

Iakes in the district' because of their relativety larger size' do not

exhibitperiodsofcompleteanoxiaandconsequentlysupportperrenialfish

populations.Thiscombinationof,,killandnon-ki]1.'lakesprovideda

uniqueopportunitytoexaminetheeffectsofanoxiaoncrustaceanzoo-

planktondeve]opmentaswellastocomparezooplanktoncommunitystructure'

seasonal dynamics and trophic interrelatìonships within three 'lakes 0l'9'

255,andSsS.Differencesbetweentheplanktonofdeeper,centraland

shattow.i, nearshore zones of each lake were also considered' !{inter
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samplingformedasignificantpartofthestudysincedataonpìanktonic

growthduringtheicecoverperiodarerelativelyscarce.

Thisresearchwasconductedasonepartofajointprograminvolving

the efforts of v. srisuwantach (1978) - nutrients and phytop'lankton'

P.Tavarutmaneegu.|(1978)-rainbowtroutproductionandJ.Boonsom'

zooplankton-fishinteractions.Thestudy,supportedbytheFreshwater

Institute,providedforacomprehensiveanalysisoftheprairiepotho.le

ecosystem.Perhapsitcanbeconsideredaforerunnerofthecooperative

thesis concept advocated by vallentyne (1974)'

THE LAKES

Lakes885,255and019are]ocatedinwestcentralManitobanear

the town of Erickson, positioned at 50030'N and 99055'l'J' approximately

330 km northwest of Hinnipeg (Fig' 1)' The study area lies on the

ManitobaEscarpmentwhichrisesbetween460andT60metersabovethe

low]andplainsofcentra]Manitobaat450ma.s.l..Morrainaldeposits

characterizingtheregiont{ereremnantsofthefina],l,lisconsinan

stageofP]eistocenegìaciation.t^liththeretreatofLakeAgassiz'

hundreds of small, shallow ponds and lakes remained which ultimately

became domestic and livestock watering sources for many farms developing

inthearea.Lake0lgcurrentlyreceivesdrainagefromabarnyardand

farmhouse on its northern shore while lake 885 is Situated on an abandoned

farmstead(Figs.Za,c).Bothlakesare]argelysurroundedbytreesand

areadjoinedbygrainfieldsofpredominantlygreywoodedorferti.le

b]acksoils.Lake25s(Fig.2b),situatedbetweenaraiìroadtrackand

aprovincia]highway,iscomparativelyremovedfromdirectagricultural

influencealthoughacu]tivatedfieldexistsashortdistancetotheeast.



Figure 1. The
the

location of Lakes 019, 255 and BB5 in
Erickson-Elphinstone, Manitoba study area.
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Figure 2a. Bathymetric map of Lake 019 (contours in meters)
;!?"ing the distribution of shaltow(s) and deep'
(D) zone sampling stations each witli á pair of'sub_
s?mplíng si.tes (o and . org and !). iubsampìes fromsimilarly designated sites within eách zone Cbmuined,
resultÍng in two composite samples from each zone.
Extent of emergent macrophytes. and borderlineof trees and cultivated fields----- atso indicated.
Trees, farm buildings and roadways approximately
to scale.
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Figure 2b. Bathymetric map of
Description as for

Lake 255 (contours in meters).
Lake 019.
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Figure 2c. Bathymetric map of Lake gg5 (contours in meters). 
iDescription as for Lake 0t9.
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Anexpansivebushsurroundsmostofthelakeexceptonitssouth,highway

sÍde. The small northern bay of Lake 255 is basically a marsh with nesting

facilities for severaì ducks and some nutrient exchange with the main

body may occur'

, ttre three lakes, like most in the area' can be classified according

to Hutchinson (1967) as the open seepage type whose water levels are

primariìysustainedbygroundwaterf]ow.Meanannualprecipitation

receiptsof400-500fnmplus120-160cmofsnowfallareexceededby

' potentiaì evapotranspiration values of 600-700 nrn (Fish' and Enviro'

,Can.1978).Someadditionalsurfaceinfluentsfromsurroundingcrop

lands may reach the lakes during rainstorms, particularly in 019 where

asmallstreamentersonitswesternedge.Theregionischaracterized

by mean daity Juìy temperatures between 17'5-20oc and January temperatures

near -20oc. Annual mean ice-free and ice-over dates are May 1 and NOv-

ember 1, respectivelY'

Thebasicmorphometricparametersofthestudylakesaregìvenin

Tabtel.Lake0l9,witha3'4mmeandepth'wasnotsubiecttoanylethal

anoxia during the study and supported perennial Pimephalis promelas and

Culaeainconstanspopu.|ations.Lakes255andSs5,however,becauseof

theirshal]owermeandepths,l.6andl.Tmrespectively,experienced

oxygendepletionunderwinterice.Inaddition,duetoanalgalbloom

collapse,LakeSs5wasdeoxygenatedinthelatterpartofAugust.This
,,summerkil]''wasarecurringphenomenoninSS5whichhadbeenmonitored

for severa.l previous years, along with 255, as part of a trout stocking

pro9ram.
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le 1. MorPhometric Parameters of Lakes 019, 255 and 885 (L976-L977)'

019

Lake

255 885
Lake Parameter

rface area (ha)

ximum length (km)

,ximum width (km)

.

ximum dePth (m)

ran depth (m)

ltal volume (m3)

hallow zone volume (mg)

',

eep zone volume (m3)

'eriod of anoxia

2.36

.22

.15

2.9

L.7

4r,?99

6,146

35,153

I'Ji nter & summer

28.72

.86

.49

6.8

3.4

974,6L8

54,316

920,302

None

4.09

.?8

.23

?.5

1.6

63,454

12,754

50,700

t^li nter



l4

METHODS

Field l'lork

SampìingofLakes019,255and885beganinFebruary1976,wjthone

ortwotripsineachofFebruary,MarchandApritfo]ìowedbytwoor

three trips in May and weekly collections during June-september' Lake 885

wassampìedontwoadditionaldatesinlateAugustforamoredetailed

examinatÍon of "summerkì11". Through the period october L976 to February

!g77,collection frequency was once per month and finat'ly twice per month

inMarchandAprillgTT.Intota],Lake0]'gwassampled2gtimes,Lake

255 31, and Lake 885 on 33 occasions'

In order to estimate seasonal zooplankton abundance, a systematic

randomized sampling scheme (Elliot 1971) was app'lied, resulting in a

permanent network of stations covering all areas of each lake (Figs 2a'b'c)'

0f the 12 stations in Lake 019, 6 vlere selected to represent the near

shore or shallow zone (depth s1.5 m) and 6 the open water or deep zone'

IneachofLakegg5and2S5,5deepand5shallowzonestationswere

established. l||ithin the vicinity of each station' 2 duplicate subsamples

were taken, each combined random'ly with the corresponding "rep'licates"

from other stations of a zone resulting in a pair of composite samples from

each zone on each sampling date. Although compositing sacrificed infor-

mationonhorizontalvariationsampìeanalysisbecameamanageabletask

(approximateìy500composìteinsteadof2T00separatesamples)andzonal

population means with ranges were still available'

Toevaluatetheprecisionofthesepopuìationestimates'surveys

determining horizontal variation were conducted on Lakes 019 and 255 On

ðujy27,.:,,,whereina]lsubsamplesweretreatedseparately.Inaddition'
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the routine collections from Lake 885 on AuguSt 29' 1976 were analyzed

separately.Speciesandtotalcorrununitycountswereassessedwitha

packagedShapiro-t.lilkstestprovidedbyl.Davies,Freshwaterlnstitute.

Becausethisstudywasnotprimarilyconcernedwiththevertical

distribution of zooplankton, a device which cou]d secure an integrated

samplefromthetotatwaterco]umnwasdesigned.Initia]ly,a7.6cm

innerdiameter(I.D.)atuminumpipeof4mlength,extendab]etoSmeters

by coupling a second section' was used to co]lect zoop'lankton samples

fromthedeepzoneofthestudylakes.Thesamplerworkedefficiently

but the extended tube proved unwieldly during a strong wind so it was

replacedJuty15,lgT6byasimpler,moreconvenientversionpatterned

afterthatusedbyPennak(1962)whichretainedthesamesampling

principle.Constructionofthesamplerwasfromflexibleplasticdryer

venting of 7.6 cm I.D. fitted with a 30 cm long piece of transparent

plexiglasstubingtominimizeavoidancebyp]anktonandashortsection

ofheavyironpipearoundtheupperendoftheplexiglasstoensure

raPid sinkinS (Fig' 3)'

The water column captured by the descending sampler was emptied

into a sma'll conical net of 73 um mesh fo'llowing retrieval of the mouth

byanattachedsideline.Betweenstations,thesamplerwasstoredina

largegarbagepail.Compositezooplanktonsamplesweretransferredfrom

the net collecting bucket into iars containing a few ml of narcotizing

methanol(GannonandGannonlgT5)toreduceeggtossesandthenpreserved

asal0%forma]insolution.Zooplanktonsamplevo]umescalculatedfrom

samplerdimensÍonswerefieldverified.Theydidnotdeviatefromtrue

vo]umesbygreaterthant5%.Sampledepthsweretakenfromthecalibrated

sideline to avoid any effect of seasonal temperature change on the plastic

1"

samplermaterial.Concernaboutretentionofzooplanktonontheinside
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Figure 3. Ltqllule tube sampler used !o collect zooplankton.- Modified after Pehnak (t962)
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wallsofthesamplerwasunfounded.Operationofthesamplerandnets

duringthewinterwasaccomplishedwithasledge-drawnheatedwooden

she]ter.AspecialsurveyonSeptemberg,19T6,revealedthealuminum

and ftexible plastic sampler efficíencies to be comparaule (t = '13)'

ShallowzonesampleswerecollectedwithaT.6cml.D.,2mlong

clearplexigtasstubequickìytoweredtothelakebottom,theupper

openingthenclosedwithalargerubberstopper.Thelowerendofthe

tubewasthenraisedupwardsdiagonallyandstopperedbeforetheentire

sampler was removed from the water and emptied into the collecting nets'

ThepossibitityofpredationoncopepodsandcladoceransbyGammarus

and/or chaoborus spp. occurring within the net collecting bucket during

interstationtravelonalakewasexamined.Nosignificantdifferences

(F=.38 df 3,12, P>0.05) in abundance l{ere noted among samples fixed 0'l'0'

20 and 40 minutes after collection'

0n each occasion, water transparency and vertical temperature profiles

wererecordedatmostifnotallstationsusinga20cmwhiteSecchidisc

andaYSlmode]43Ttele-thermometer,respectively.Percentagec]oud

cover' wind speed and direction' v,Jave height, air temperature, water ]evel

fluctuations,iceandsnowthicknesswereothervariablesnoted.

Detai]ed studies of disso]ved oxygen, water chemistry, phytoplankton

communitiesandprimaryproductionofLakes0lg,255andSS5werecon-

ductedduringFebruarylgT6-FebruaryLSTTasacomplementaryprogram

by v. srisuwantach (1978). oxygen conditions during the period February-

April 1977 were measured by the author using the modified hJinkler technique'

Stocked trout, re'leased from cages ïn Lakes 255 and 885 on May l'2 were

monitored by P. Tavarutmaneegul (1978)' In non-stocked Lake 0l'9', estimates

ofthenaturalfatheadminnowandsticklebackpopu]ationsweregained

fromaSerìesofnearshoreseininghaulstakenbytheauthorduringJuly
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1977. At the same time, a Mjller high speed sampìer (Mi]ler 1961) was

used in an attempt to measure open water fish populations'

Lake0lgbathymetrywasdeterminedwithaFurunoFG-11/200Mark-3

echo sounder while Lakes 255 and 885 had been previously sounded (Sunde

and Barica 1975). Lake shorelines and emergent macrophyte bed outlines

weretracedfromaerialphotographstakeninJunelgT6byanEPS-LACS

team.Lakesurfaceareaandvolumewereobtainedplanimetricallyfrom

photo enlargements'

Laboratory Analysis of Zooplankton Samples

Aftersettlingovernightorlonger,zooplanktonsampleswerecon-

centrated to 40 ml by siphoning off excess liquid through a tube covered

with50pmmeshNitexandtransferredtoconvenient45-mlstoragevials.

Followingverythoroughmixingofeachvialtoensurerandomness'aone

m]subsampìewasquicklywithdrawnusingacalibrated4mml.D.x15run-

longg.lasstubeandplacedinaSedgewick-Raftercellwhereitwas

counted in its entirety under a compound microscope' A minimum of 400 in-

dividuals (i.e. 200 in each duplicate subsample) vrere counted from each

zone on each date to obtain total zooplankton abundance estimates thus

qualifiedbycountingerrorsoflessthan5%(i.e.coefficientofvariation

= 
, 

x 100 cassie 1g71). Generally more than 100 individuals of

ñ

each dominant species were counted resulting in a coefficient of variation

no greater than 10%. For the largest ('2'5 mm) and/or rarest zooplankters'

(Gammarussp.,Diaptomusleptopus)al0mml.D.glasstubewasusedto

dispensealargersubsamp]e(6.gmlor1.7%ofthetota]sample)intoa

2x2xlEcmtroughof6mrnclearplexiglass.Individua]swereenumerated

under . ùil¿ M5 stereo microscope. often, entire samples were examined
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in this manner. subsample counts were expressed as individuals per

litre since the relative shallowness of the study lakes $'as expected to

favourwe]lmixedconditions.Infact,aspreviouslydiscussed'some

stratification was noted in Lakes 019 and 885 which may have slightly

artered the verticar distribution of p'rankton but tikely not permanently'

' In L.k. 019, as more than 90% of the water volume was above 5 m' the

usual depth of mixing, most of the habitat was accessib'le to the plankton

at all times. Additionally, of the 12 samples collected at the six deep

....stations,fourorsixwerealwaysfromabovethe5misobath,whilethe
remainingsixoreightweregenerallyfromfivetosixm(i.e.on.ly1m

' below the mixed layer) so that water possibly devoid of plankton re-

presented a minor proportion of the totaì vo'lume sampled' From the

duplicatesubsamplecountsrepresentingeachparticularzoneoneachdate'

arithmeticmeanswereca]cu]atedandtabulatedasthebasicabundance

data from which biomass estimates were arso derived (Appendices r to Q)'

Tocomparethecommunitiesofeachlake,datawerewelghtedonthe

basis of the volumetric proportion of deep and shallow zones in each lake'

In Lake 019, the deep zone represented '94 of the total lake vo'lume'

whilethesha]lowaccountedfor.06.Similarly,inLake255thedeep
S0,theshallow'20andinLake885'thedeepwas'85withrePresented

' the shaltow '15'

Becausebottomdetritalmaterialswerefrequentlycol]ectedinzoo-

planktonsampl€S,]igninpinkstainwasaddedwherenecessarytoassist

in counting crustaceans'

Identificationofmaturecyc.lopoidsandcalanoidstospecieswas

basedonthekeysofYeatman(1959)andl,lilson(1959)respectivelywhile

Brooks (1957) was used as a reference for cladocerans' Adutt copepods

were classified into three categories, females, females with eggs' and
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mal es

e99s '

whereas adult cladocerans were grouped as females, fernales v''ith

females with ePhiPPia or males'

Alt copepodid instars were identified to species using size and

morpho.|ogicaldiscriminants.Copepodidslthroughlll(cI-III)were

enumerated as one class with IV and V (CIV-V) as another' Nauplii were

separated into either cyc'lopoid or calanoid categories (Harpacticoid

nauplii were occasionally found and recorded separately)' Cladoceran

juvenile instars, combined as one category' were identified to the species

level. Small or rare cladocerans were not all classified in such detai'l'

Toestimateseasona]changesincommunitybiomass,l0ovigerous

females of each species were randomly selected from each sample (i'e'

20 females from each zone), the eggs counted and body lengths measured'

copepodsfromtheanteriortipofthecepha]othoraxtothebaseofthe

cauda]setaeandcladoceransfromthetopoftheheadtothebaseofthe

shel]spine.0nthebasisofthegravidfema]eaverageweeklysizes,

two overall seasonal mean lengths were calcu'lated for each species' one

representing the period when adults were noticeably larger (usually re-

lated to cooler water temperatures <20oc) and the other when animals were

distinctly smaller (generally confined to warmer temperatures >20oC)'

These seasonal mean values were then used to estimate the mean lengths of

other developmental categories' For copepods'

t non-ovigerous females

I males

copePodid grouP CIV-V

copepodid grouP CI-III

whereL = meanlength

M.A.L. = mean adult

= i ovigerous female

= .85 [ ovigerous female

= .764 M.A'L'

= .487 M.A.L'

in rrn

I ength
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Toobtaintheseproportions,individua]copepodidstagesCI-VIof

the most conunon species, cyclops bicuspidatus thomasi and Diaptomus

siciloides, were measured on selected dates when all poputation elements

weresimultaneouslypresent.Areasonablyconsistentratioofl.lto

1.3 was found between the lengths of successive stages' in agreement with

the 1.2 varue genera.ny recognized for crustacean mourtinq (Brooks r886

cited from Teissier 1960, Gurney 1929) and which was adopted for defining

themature-immaturere]ationshipforatlcopepodspecies.Forcopepodid

group CIV-V'

Lctv-v - M.A.L. + M.A-1.

= .764 M.A.L.t.? 1.2?

and for group CI-III'

lrr-r11 = 
M'A'L' 

+

t.23

M.A.L. M.A.L. -- .487 M.A.L.
¿

t.24 L.25

3

The mean adult tength (M.A.L.) was a weighted value based on the seasonal

total numbers of gravid and ¡s¡-gravid females pìus mature males'

Tothemeanlengthofeachcopepodidcategory,theformulaof

Klekowski and shushkina (tgg6 cited from Edmondson 1971), no = 0'055 L2'73

wasappliedgivinganaveragewetweight(Hinmg)perindividualandthese

valuesusedtoestimatezooplanktonbiomassonconsecutivesampìingdates.

Naupliiwetweightswerebasedonvoìumesapproximatedfrommeanìength'

widthanddepthmeasurementsandonaspecificweightofl.0.

For daPhnid cladocerans'

i non-ovigerous females =

i ephiPPial female =

i ovigerous females

determíned from weekly measurements
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I male (mature & immature) = '78 i a]l females

I imrnature female = '51 i mature female

Theseratiosweredevelopedformeasurementsof336randomlyselected

imrnatureandmatureDaphniaschoed]erifromLakeSSSonJuly20and

September 16, 1976,and 83 specimens of Daphnia parvula from Lake 0]'9

onJune?,19T6.AsimilaranalysiswasconductedforBosmina]ongirostris

in Lake 019 and results were appìied to other simitarly shaped smaller

cladoceranspecies.TheformutaofPechen(1965citedfromEdmondson

1971), til = 0.052 ¡3.012 for Daphnia sPP., ll| = 0.124 L?'181 ¡ot Bosmina

spp. and similarly shaped small cladocerans, and l'l = 0 'og2 L2'449 ¡ot

Diaphanosoma]euchtenbergianumwereusedforcladoceranbiomassestimates.

Toverifytheprecedinggroupaveragingapproachfordaphnidbio-

mass determination, the average weight of D' schoedleri females was also

calcu.latedfromindividuatlength-determinedweights.Thegroupapproach

was found to only slightly (5-g%\ underestimate zooplankton biomass'an

error well within sampling and counting variance' Also' the app'lication

ofastaticsizeratiotocontinua]lydevetopingpopulationsisacceptable

ongroundsthat(r)onthreeseparateoccasions,calculatedimmature/

matureratioswerealmostidentical(.51June2Lake019;.50Ju1y20

Lake885i.s|September16Lake885)and(2)withtheabundanceofgravid

fema]esreguìarlybetweenltoS%ofthetota]D.schoedleripopulation'

particularly in Lake 255, and average number of eggs per female between

1-2duringmostofthereproductiveperiod,recruitmentwasgeneraìly

constant, usually favoring a relatively uniform size structure'

Copepodbiomassestimateswerealsoburdenedwitherrorsrelatedto

the assignment of fixed size ratios to groups CI-III and clv-v' The mag-

nitudeoferrorwascheckedinLakeSsSonMay13and26,Juneland23'

lgT6byalengthfrequencyanalysiswhichyie]dedbiomassva]uesfor
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individual ç-.Þ. thomasi stages' Comparison with

method revealed differences in the range t'5'30%'

sidering the applicat'ion of an empirical formula

weighing to obtain biomass estimates'

the "grouP averaging"

tolerable when con-

rather than direct
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RESULTS

Physical and Chemical Measurements

A.Watertemperature,secchidíscvisibility'iceandsnowdepth'

Lakes 019, 255 and 885 occur wìthin a 15 km radius of each other'

lie at approximately the same elevation (SSO-OOO m) and generally are

subjected to the same climatic conditions' However' differences in

seasona]watertemperature,transparencyandiceandsnowdepthwere

observed.

The upper 2 metre water layers of Lakes 0]'9, 255 and 885 had respective

mean temperatures of L7.6, 18.3 and 17'1oC during the 1976 open water season

(Figs.4a,b,c).NoteworthySeasonaldifferenceswerefoundbeginningin

late March 1976 when Lake 255 appeared stightly warmer than Lakes 885 and

019. 0n the first ice-free sampìing date in'late April, the trend con-

tinued with an average temperature of 10'9oC in Lake 255 as compared to

7.1o|in Lake 019 and 8.2oC in Lake 885' During May' Lake 255 was still

warmer than larger Lake 019 by about ZoC and smaìler Lake 885 by approxi-

mately loC. All three reached 20oC by early June and subsequently' until

late August, showed basicalty similar trends with a cooling in mid-June'

maximum temperatures near 24oC in earìy July' and a gradual decline through-

out August. Mean upper water temperatures during this period were 20'5'

2l.3and20.5oCinLakes019,255and885respectively'Temperaturesde-

clined ín rate August failring to near 4oc by mid-October.

Following ice cover formation, on approximately November 15 for Lakes

255 and 885 and November 19 for Lake 019 ' Lake 0l'9 maintained an average 0-2m

temperature above ?.4oC as ìate as January 18,1977' 0n the other hand',

Lakes 255 and 885, cooled below 2oC earlier in December and November re-

spectively.Betweenmid-NovemberlgT6andlateMarchlgTT,averageupper
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Figure 4a. l,later temperature (oC) of Lake 019, February 1.976
to April 1977. Upper paneìs: Depth-time distribution
of deep zone isotherms (zoc intervals except LoC
under !.ç). Mean stratum temperatures on iampìing
dates (¡) usua'lly derived from profiles at 5 or 6-
stations. Ice thÍckness (m) indicated. Lower panels:
0-2 n shallow (....) and deep (----) zone mean water
temperatures. Before noon samplings indicated as B,
afternoons as A. 5 or 6 day period mean maximum
and minimum air temperatures obtained from DOE weather
in proximity of each lake.



E

Í.l-
fL
rdo

()
2-z
l¡J ,
Ét

=l¿l
É.
UJù
=l¡Jl-.

t976

õ:B;åüüEäü.üfr,8åTi$i.,ifiJiË-ifÃll#,JL 5(OT6)DAY MEAN

*----.---.-Ëf.r.--t.ìF.;ì-.ì.=;_=.=.-,f.:--;.-..?-

J

1977



28

Figure 4b. tlater temperature (oC) of Lake 255, February 1976
to April L977. Descriptíons as for Lake 019-.
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Figure 4c. Water temperature (oC) of tate
to April L977. Descriptions as

885, February 1976
for Lake 01.9.
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2metretemperaturesv''erel'8'1'7and1'3oCinLakes0l9'255and885

respect;vely. Mean bottom temperatures for the same period were 3'goc

in Lake 019, 3.00c in Lake 255 and 2-7oC in Lake 885' Again', as in the

precedingspring,Lake255was2.6oCwarmerthan]argerLake0lgonthe

first ice free date in late April lg77 ' Lake 885 more closely resembled

Lake 255, being ontY '6oC cooler'

Deepandsha]lo!.Jzonetemperaturesweresignificanttydifferentonly

in Lake 019 during spring 1976 when shallow waters averaged 'sog warmer

l f"o,n April 29 to June 2 and during winter when deep waters averaged about

, .soC warmer between December 1976 and March L977 '

Substantial vertical temperature differences were evident among the

three lakes. Following ice out and vernal circulation' Lake 019 exhibited

.ut.n.porarystratificationonApril29,withtemperaturedecreasingfrom

.,T.Sto4.ToCbetween4and5meters.BymidMay,waterswerehomothermal

I at 11.2oC but by late May stratification nr,as re-established and persisted

,ntil the end of August. During this period' surface to bottom temperature

l

differences ranged between 2.}oC to 9'8oC with an average of 6'10C'

DivisionbetweenuPper'warmermixedanddeeper,coolerstagnantwaters

waiveredbetween4and6metersthroughoutthisperiod.Afteroverturn

inearlySeptember,verticalhomothermypersìsteduntilfreezeup.

Incontrast,Lake255washolomÍcticduringmostoftheopenwater

season.Briefperiodsofthermatlayeringwererestrictedtointense

diurnal heating during JulY'

AlthoughLakesSssand255wereofcomparabledepth,LakeSE5wasnot

as well mixed. Lake 885 stratified briefly in late April and then remained

stratified with a top to bottom difference of up to 8'00c from late May

tomid-June.IncontrastwithdeeperLake0]'g,LakeSSSwasaffectedby

coolmid-Juneweather,resultinginverticalhomothermyonJunelT.
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l,lhereas surface to bottom temperature differences during early July to

mid-August never exceeded 2.sol in Lake 255, they were always greater

than 3.2oC in 885 and often approached 5.0oc. This difference occurred

despitetheearlymorningsamplingofLakeSs5whencoolersurface

temperatures could be expected. In the second half of August' vertica'l

temperatures equalized gradually through slow mixing' Strong mixing and

cooling occurred between August 26'29 resulting in upward transport of

anoxicbottomwaters.Inmid-September,duringashortwarmspel.|,some

stratification occurred in Lake 885 wi'th a 3'7oC surface to sediment

difference as compared to only 0'8oC in Lake 255'

After freeze-up, all three 'lakes stratified inversely as they continued

cooling from the surface. By February 1977, with an insulating cover of

snow and ice, Lakes 885 and 255 began to warm from the sediments' Deeper'

less protected Lake 019 did not show signs of warming until late March'

Auniquetherma]inversionwasmeasuredbeneaththemeltingicecover

of Lake 885 on April L3, Lg77. Temperatures of 2.9,8.0,4.7,3.9 were

recorded at just under the ice layer, l.o, 2.0 and ?.9 n respectively'

This same phenomenon was also detected by other observers but its duration

was not more than a few daYs'

Lake 255 was most transparent with 80% of mean secchi values greater

than2.5m(tothelakebottom)duringtheopenwaterseason(Fig.5).

Transparencies below 1.0 m were only found briefly in both spring periods'

0ntheotherhand,inLakeSS596%ofSecchireadingswerelessthan2.5m

with55%oftheselessthanl.0m.Springsecchiva]uesof.Snincreased

dramaticalty to over 3.0 m in the last quarter of June. t,lithin a week,

followingaperiodofmixing,transparencyagaindroppedbelowlmetre'

remaining low until early August when relatively high Secchi values' over

2.4nwereobservedbySeptemberl,19T6.IntermedíateSecchivalueswere
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Figure 5. Secchi disc visibility (m) in the deep zones of Lakes
019, 255 and 885, April to October 1916. Means and
ranges usually derived from 5 or 6 stations. Arrows(+) indicate lake bottom visibility.
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characteristic of Lake 01g wirh 65% of readings between 1.0 and 2'0 meters'

A pu]sed pattern was noted on consecutive April to mìd-June dates with

transparencies gradually decreasing through the sufßner' The amplitude

of seasonal changes in Lake 019 Secchi values was considerably smaller

than in Lake 885, the range being '65 - 1'65 m'

Although some horizontal variatÍon in secchi visibitity was noted

among stations and between zones within each lake,in most cases, it was

inconsistent and Ínsignificant CAppendices A to c). In Lake 019'

centred in a shallow bay adioined by cultivated fields'station vD (Fig' 2a)

generallyhad]owerSecchivaluesduringtheperiodJune23toAugust24

(-x = .99 m). Also, the mean Secchi readings in four of six sha'llow stations

for the same period were lower than the corresponding deep zone values'

DuringMarchlgTT,Lake0lgwascoveredbythethinnestsnowbut

thickest ìce with average depths of î7 and 104 cm respectively (rigs' 4a'

b,c). Deepest snow' 38 cms, found onLake 255, was associated with thinnest

ice, averaging 60 cm . 0n Lake 885' sno!,J and ice depths were intermediate

with2gcmand35cmrespectively.Thesametrendinicedepth'70'

62 and 40 cm on Lakes 019' 885 and 255 respectively was observed in

FebruarylgT6whensnowmant]esweregenera.|lydeeper.

B. Dissorved 0xygen, ürater chemistry and phytoplankton

Seasonal Changes in dissolved oxygen are presented in Fig' 6' modified

from Srisuwantach (1g7g). During the ice-free season' oxygen concentrations

in Lake 255 were consistently near 10 mg L-l, surface to bottom' with

saturationvaluesalwayswe.|labove80%.Incontrast,LakeSS5oxygen

levels fluctuated wídely, surface values ranging from 5'5 mg U-L (Otl"

saturation) on June 27 to 16.9 mg L-l OgO% saturation) on Juty 20' Near
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bottom concentrations frequentry departed from surface readings and

were often below 50% saturation. Between August 15 and 24 a hot dry spe'll

occuffed with maximum air temperatures consistently above 26'7oC (August

23 was summer's warmest day at 35.0oC)' Trees surrounding most of Lake

g85 altowed only slow mixing, insufficient to replenish oxygen combusted

in decay of a coltapsing Aphanizomenon bloom and the lake went "anoxic" on

August22.Asuddenweatherchangewithconsiderabtycoolerairtemperatures

, (15oC) rain and strong northwest winds occurred between August 27 and ?9'

thusimprovingoxygenleve]s.ByAugust2g,centra.|lakebottomand

surface oxygen concentration were 2.2 and 3'9 mg L-l respectively with

further amelioration to 5.7 mg t-l at the surface by August 31' More rain

during the first week of september helped to restore oxygen to normal

I evel s.

IndeeperLake0lg,whichremainedstratifiedforextendedperiods

\ during open water bottom strata were usual'ly anoxic' However' in SUrface

u,aters,oxygenwasalwaysp.lentifutusua]1ywellabove70%saturation.

Beneath winter ice, oxygen levels declined most rapidly in Lake 885

to less than 2.5 mg L-l (L7% saturation) by mid December' 0n February 15'

1977, no oxygen was detected betow lm with on'ly 0.6 mg L-1 (4'2% saturation)

immediatery under ice. 0n Aprir 13, centrar rake bottom oxygen concentrations

had risen to 1.2 mg L-l and supersaturation (26.1 mg L-1) was observed at

l.0mbeneaththeice.Oxygendepletionproceededmores]owlyinLake255

with .revers sti, erevated (g.g mg L-l 0r 75% saturation) in mid December'

DuringlateMarch,inbothyears,twiceasmuchoxygenwasmeasuredinLake

255 than in Lake gg5 with 1.5 and 0.8 mg L-l iust beneath the ice' re-

spectively. Deeper Lake 019 usually carried more than 5'0 mg 021-1 in

itsupperstratathroughbothwinters.Someannualvariation,however'was
{
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Figure 6. Dissolved oxygen concentrations
?9!e (0-Z m or 0-3 m layer and
019, 255 and 885, Februãry 1976
after Srisuwantach 1978).-

(mg 02 ¡-1¡ in the deep
the bottom) of Lakes
to April 1977 (modified
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noted in bottom layers with more oxygen during February - March 1977 than

in the corresPonding 1976 Period'

Seasonalchemicalprofilesc]earlyreflectedthedegreeofwater

circulation within each take (srisuwantach 1978)' By comparing four

chemical parameters on approximately the same date during August' it was

apparentthatLake255wasverticaltyuniformwhÍ]eLakes885and0]'9

exhibited significant differences between surface and bottom values

(raute2).Altfourparametersdisptayedsimilartrendsduringmostof

the summer. Mean concentrations of total dissolved phosphorus (TDP)'

total dissolved nitrogen (TDN) and disso'lved organic carbon (Doc) in

LakeSsSduringJuly-AugustwereapproximatelydoublethoseinLakes255

and 019 (Table 3). Mean mid-summer values of gross primary production

$,ere very high in Lakes 885 (3863 mg C m-2 ¿uy-l) and 019 (2810 mg C m-2

duy-l) but somewhat lower (631 mg C n-2 duy-l) in Lake 255' contributing

to the extreme productivity in Lake 885 was the overwhelming predominance

96.7%,ofAphanizomenanflos-aquae.Seasonalch]orophyll-aconcentrations

(Fig.TfromSrisuwantachlgTS)wereusuallyhighestinLakeSE5and

lowest in Lake 255 with moderate amounts in Lake 019' Minimum values in

Lake gg5 occurred during late June and october through February while lowest

values in Lake 255 were found December through February 19]7 ' Extremely

hieh(260 u9 l--1) cf'torophyll-a levels were observed in Lake 885 during

JulywhereasmaximumsinLake0lgand255weremuchlowerat42andlS.9

ug L-l respectively. Annual average values were 39 , 22 and 7 ug chloro -

-1phyll-a L in Lakes 885' 019 and 255 respectively'

A.l9a.|biomassdisplayedageneralseasonalbimodalityina]lthree

lakes(Fig.SmodifiedfromKlingunpublished)withaninitia]Maypulse

dectininginresponsetocool,wetweatherduringJunefo]lowedbya

secondin.creasepeakingduringJuty-August.InLake255,bíomasswas



Table 2. Verticql profiles of total dissolved-phosphq,q: (TPPl,and total dissolved nitrogen (TDN)

se v ' 
(ug ,-l)¿rË'ìi"ll;îr'Äfliliï fiilåi.f',ill'üi,*n*liål'ili:áñ-(oo) 

(mg L-l) in Lakes 0]e'

255 an

Depth

TDP rgl L-l
Aug 4-6, 1976

019

0

I

2

2.5

3

5

6.1

255

10

16

885

22

TDN ¡rg/ L-l
Aug 10-12, 1976

22

019 255

45

22

47

820

1060

1070

1230

1560

14

22

49

BB5

t4

1410

1450

1440

1460

DOC mg/ t--1

Aug 10-12, t976

53

20

019 255

2310

2380

2380

3840

15.0

t4.2

14.7

13.6

10. B

885

L7.5

17 .3

18.7

18.1

Aug

019

't
D0 mg/ L-¡
10-12, 1976

255 885

24.3

?4.6

25.8

?2.9

9.4

9,4

6.6

0.0

0.0

8.9

8.8

8.6

7.7

7.4

8.0

5.6

0.0

Þ
lJ



42

Table 3. Average water coJumn nutrient concentrationq' gro:: and net

primari ;ffi;.iîåil'ä-;;;oïi'!i:l^!g c m-2 dav-,) ' and

phytoplankton species percbnt composiúion tn Lakes 019' 255

and BB5 during ¡utv-nuõili-iõZO-(inodified from Srisuwantach

1e78).

019 88s?55

TDP ug L-l

TDN ug L-l

DOC mg L-l

Gross PrimarY Production
(G.P. )

Net Primary Production
(% of G.P.)

Respi rati on'(% of G.P.)

PhytoPl ankton

CyanoPhYta

Chl oroPhYta

Eugl enoPhYta

ChrYsoPhYceae

Di atomeae

CrYtoPhYceae

Peri di neae

25.50

1460.63

17.9L

631

28L
45

350
55

s8.l%

6_.6%

9.0%

6.8%

t9.5%

26.73

t?97.25

15. 17

2810

667
24

2143
76

2?%

7r"

3%

t6%

29%

5%

18%

57.64

2401.5

23.?0

3863

t478
38

2385
62

96.7%

0-.8%

i.ur
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Figure 7. chìorophyll-a concentrations (ug L-l) from integrated '

samples over 0-2 n Lakes 019, 255 and 885, February 1976
to February 1977 (after Srisuwantach l97g)
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Figure 8. Seasonal çhanges in algal and protozoan biomass (ug wet
weight L-r) in the deep zones of Lakes 019, 255 and
885, February 1976 (modified after KIing, unpubtished).
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consistentty an order of magnitude lower except briefty in May' During

Ju.ly, biomass increased rapidly in Lake 885, reaching levels two orders

ofmagnítudehigherthaninLake2S5butbylateAugusthadfa]len

sharplY.

Seasonalprotozoanbiomassbasicallydisplayedasimilarbimoda]

pattern in all lakes except that levels were'lowest in Lake 885 and

highest Ín Lake 019'

Lake 019 Fish Poputation Estimates

The five seining net hauls taken from various shore sites around Lake

019 yielded two species, Pimephales promelas and culaea inconstans in the

proportion 9.3:1 with an estimated combined density of 86,400 fish per

hectare (55,600 - tL7,2OO 95% C.I.), certainly an underestimate as smaller

juveniles were not al'l retained by the %" mesh net (Tabte 4)' Since an

attempt to gain abundance estimates from the open water region using a

Mi'lter sampler was unsuccessful, the only recourse was extrapolation from

nearshorevalues.Assumingpossibleinshore/offshoredensityratios

varying between 1/0, 1/1 and 3/1, minimum popuìation estimates ranged

from 4300 to 86000 fish ha-l. This approach could only provide a rough

comparison with the 1500 trout ha-l stocked in Lakes 885 and 255 but

clearly dífferences were significant'

ZooPl ankton

A. Precision of community and population estimates

Resuìts of the shapiro-wilks test indicated a normal horizontal

variance in atl three lakes (H.gg = '91' and '95 in the deep zones at

Lakes 019 and 255 respectively and ü'l = '98 in both shallow and deep zones

of Lake 885). Mean total community abundance could be estimated within



Table 4. Estimates of the relative abundance

019 during t976-I977 '

Haul
Sampl e

t,{eight of
Total Catch

(g)

t.leìght of
Subsampl es

(g)

5391

10639

4250

6877

9010

of Pimephales promelas and Culaea inconstans

No.

Mi nnow

994

1144

920

1382

1410

i

Fish/SubsamPl e-1

Sti ckl eback Total

* Based on seined area = 500 m2

490

549

484

958

743

644. B

115

76

124

11

20

69.20

Total No.
Fi sh/Hau l-1

in Lake

605

625

608

969

763

328t

5812

2809

4822

4876

No. Fish/m2*

6.56

LL.62

5.6?

9 .64

9,75

8.64

Þ
æ



Speci es

Cyelops bictusPicløttts th '

InopoeyeLoPs Pnaeí'nul m'

MesoeyeLoPs ed.on

CyeLopoid nauPLií

Diaptamts sieì'Loídes

Diqtonidae nauPLii

Daplmia PamsuLa

Daphnia ?olea,

Daphnia se'hoedLerí'

Bosmina Longitostnis

C eriodaPlmia Laeus tris

Chgdorue sPhaerieus

Total CommunitY

01e (July 27 177)
D

n= 12

16.87 t 5.49 (33%)

11.33 I 3.48 (31%)

44.77, ,.oo (16%)

52.96 t t7.59 (33%)

28.07 t 5.94 (Lt%l

3.15 t 1.69 (sa%)

122.35 t 26.69 (22%)

1.80 t 1.13 (63%)

283.59 t 48.53 (17%)

255 (¿uty 26177)
D

n=11

9.e1 t 3.e5 (a0%)

t-

20.48 t 8.90 (40%)

56.14 t 19.16 (3a%)

43.s7 r 1e.46 ,(441'i

11.20 t 2.62 (23ï")

16.36 t 3.98 (24%)

15,89 t 3.38 (zL%l

-

1.45 t g. 59 (40/")

178.10 t 45.s9 (25%)

Lake

Shal I ow

n=10

30.10 t 11.S2 (38%)

ls.be t 9.09 (sB%)

7.31 r 6.36 (87%)

54.46 t 13.72 Qa%)

885 (Aug 2el76)
DeeP

n=l'0

16.84 r 5.33 (3?%)

32.05t a .71 (15%)

12.13 t 6.66 (55%)

62.2 ¡ 9.41 (15/")

Þ(o
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L7-?5% (95% C-I.) (Tab'le 5) and mean popuìation densities of corrrnon

species wi thin 16-44%. Comparison of these confidence intervals with the

means and ranges obtained from each pair of seasonal composite samples

confirmedtheadequacyofthesystematicapproachsinceranges¡.Jere

generally welt within those of the "pilot" surveys'

B.AnnualMeanAbundanceandBiomassofZooplanktoninLakes0l9'255
and 885

Total Lake Plankton

t. Total conrnunitY

Atotalof25crustaceanspecies,l'2copepodsand13c]adocerans

were identified in the annual zooplankton communities of the study lakes'

In Lake 255, ?l species (11 copepods and 10 cladocerans) were recorded'

1g (7 copepods and 11 cladocerans) in Lake 019 and 15 (9 copepods and 6

cladocerans) in Lake 885 (Table 6)'

0f the 25 species found (excluding harpacticoid nauplii)' 10 were

common to all three lakes'four additional ones common to both Lakes 885

and 255 and four others found in Lakes 019 and 255' Seven species were

found excìusively in either Lake 255 or 019. According to Raabe's (tgsz)

percent similarity index, the communities of Lakes 885 and 255 were most

similar(54.6%)thoseofLakesSsSand0lgtheleastsimi]ar(10.1%)with

a 30.8% similarity between Lakes 255 and 0l'9'

Although Lake 885 had the fewest number of species, its mean annua]

zooplankton density of 28g.74 and L-1 was approximately double that of both

Lake 255 at 1.49.55 and Lake 019 at 124'35 ind L-l' t'lith abundance expressed

p., .r2, the 5g.5 ind cm-Z in Lake 885 remained twice the 26'3 ind cm-2

in Lake 255. However, because of Lake 01.9's greater mean depth its 56'3

ind cm-2 were cl0ser to abundances in Lake 885. Lake 885's annual mean

total Uiomass of 10.33 mg wet weight L-l was about double that of Lake 255 at
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An'+ rc¡¡ pls¡w (tro rrt), sr,raAss ûre rEr ¡rro+r rl¡ r¡o pERcE{T cor6¡''r G) oF .RßTA.'AT{ zmpu'Krcil spËcrÊs tN l¡xEs 019

25 ¡¡o it6, Apn¡u IgË ¡rnrl lgZ. Gnsr¡ilcs REFLEcTsgEctEsoctæil lD ALL G PArRs oF LAxEs' [¡¡c rurru- Ð(cLIDEs l*RPAcrolD ltlAltu¡'

oensfty (lnrl L-l)

255 0t9

Bic¡r¡ss (¡grr t-l)
255

E850t9

LÍPS B¡CIßPIDATLS I$HASI

DPS VEË{AL¡S

YCIIPS ACIL¡S

RæYC¡-oPS AtBlUrs

¡.(x4¡¡ ¡¡Alfl-Il

rPTO'llß S¡C¡þIIES

IPTO{.6 I-EFÍOPIS

J¡ÚtD T{ATPL¡¡

ì{{IA SO{EII.ERI

}4¡I{A ÚMIROS'IR¡S

'+l{IA ROSEA

PII{¡A PARM¡.A

RPACTIOO¡D MI.PLI¡

'CI¡PS VARICÁ'TS RUBELLUS

t¡Prors u.crs

tÂPfc,l¡ ffiGoNEls¡s

:R¡ ODAPTT{¡A qIC¡R¡NGllÂ

FfiNRtß SFIIAER¡CIß

\-are necrÂNdt-A

in¡onmtl LAsJsrR¡s

)t an+qrcsotc t¡lxxrÉ{B'enc lll{l{

lllpn¡¡ x¡sr¡

Tnwlq-æs PRAstt{ts llEx¡clttus

r'hcnsrlRtx l¡Tl @Flll s

Slu crrsmrtr¡
lEsæro¡Ps a¡¡t

k${nÐDtArrorß DEI{rl@tû{Is

S¡rccgn¡al-æ vErit'ls

tÂrc ÎoTAL At{l{uAL tlEAtl

mD or2

9.6e (14.28)

.ee (r..6)

.rB (.26)

o.o¡ 1.or)

tr.:¡8

29.63 (3¡1.21)

O.ol (..01)

13. o{

.g¡ 1<.01)

lo.16 (32.20)

0.61 1<.or)

8.32 (6.67)

.33 (.30)

l{.98 (53.68)

.e6 (r.rs)

2..5 (?.94,

.zt ç251

41.69

18.90 (18.24)

.27 (.261

9.21

e.02 (5.97)

.0s (.05)

s.oz (2.0{)

.s3 (.02)

¡.35 (.Be)

t.r3 (r.7t)

.s2 (.02)

.0t (.01)

.rs (.50)

7.39 (1.90)

s.rg (3.8r)

.s1 (.01)

.30 (.20)

rsz.lo (90.85)

.06 (.03)

.ro (.06)

.t2 (.07)

106.34

.03 (.02)

.28 (.23)

.42

es.rs (8.58)

.6 (.03)

o.or (<.0r)

o.ol (<.or)

.12 (.f¡4)

.03 (.02)

.0t (<.01)

.or (<.or)

.¡3 (.01)

.3r0 (r6.51)

.016 (.8e)

.006 (.31)

.oo¡ (<.0¡)

.009

1.079 (56.87)

.got (..01)

.013

.sol (<.01)

.2u (10.s9)

.o0r (<.0t)

.r8l (9.43)

.OO1 1<.01)

.844 (18.33)

.038 (.82)

.084 (¡.83)

.su (.37)

.008

.991 (21.54)

.ost (1.77)

.009

¡.s73 (c0.38)

.001 (.02)

.zs5 (5.s1)

.ggt (<.0t)

.001 (<.01)

.008 (.17)

.oor (<.ot)

.Og1 1<.01)

.033 (.7t)

.saa (.95)

.059 (1.27)

.oot (<.ol)

.026 (.56)

.reg-ts.s¿l

' .099 (2.13)

.69¡ 1..0t)

4.638 (r00.00)

.838

t.90s (r8.64)

.004 (.04)

.oo3 (.03)

.o¡s (.ls)

.020

.002 (.02)

.084 (.82)

.001

B.Z9z (80.26)

.ss¡ (.01)

.*1 1<.01)

.OO1 1<.01)

.091 ¡<.0r)

.ss¡ (.01)

.sgl (<.01)

.ool (<.0r)

.003 (.03)

.o¡ 1<.01)

.¡ (.0e)

¡.¡s (.es)

.29 (.27,

.01 (<.01)

o.¡r (e.æ)

.07 (.06)

.or (<.0r)

124.73 (too.oo)

*.zt

,.* tr.rrl
.e7 (.e3)

.01 (.0.1)

tso.90 (r00.00)

26.æ

.01 (.0.1)

æ9.86 (100.00)

59.53

.ggt (<0.t)

.001 (.0s)

.or5 (.78)

.ol7 (.89)

.æt (..0t)

.06r (3.æ)

.001 (.0s)

.oo1 (<.ot)

t.920 (roo.oo)

.934

.ool (<.ol)

ro.33o (loo-oo)

1.857
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4.64 and five times that of Lake 019 at 1'92 mg L-1'

2. Individual sPecies

The 10 species common to all three lakes, cyclops bicuspidatus

thomasi,cyclops vernalis, Eucyclops agilis, Macrocycìops albidus' Diaptomus

sicitoides, Diaptomus leptopus, Daphnia schoedleri' Daphnia rosea' Daphnia

parvula and Bosmina longirostris accounted for the bu'lk of mean annual

crustacean abundance in Lakes 885' 255 and 019 at 99'9' 89'4 and 85'5%

resPecti veIY.

InLake885,onlytwo,9.Þ.thomasiand!.schoedleri'wereprominent

at90.9and8.7%oftota]abundancerespective]y.Theircontributionsto

cormunity biomass were strikingty reversed with D' schoedleri representìng

go.3%and c.b. thomasi 18.6%. L.Þ. thomasi was also a dominant plankter in

Lake 255 at 53.7% and Lake 01g at 14.3% of totaì crustacean abundance.

D. schoedleri was relatively common in Lake 255 at 6'0% but was rare'ly

found in Lake 019 ('01% annual mean abundance)'

In Lake 019, D. siciloìdes (34.2/') and B. ]ongirostris (92.2%) were

the most abundant species, although as biomass' the contribution of D'

siciloides at 56.9% was most significant with B' 'longirostris at 11'0%'

Two final Species, Tropocyclops prasinus mexicanus' exclusive to Lake 019'

and D. parvula accounted for 9.3% and 6'7% of zooplankton numbers and 3'?%

and 9.4% of biomass resPectivelY'

InLake2S5,D.siciloideswasthesecondmostabundantcrustacean

afterC.þ.thomasi,at],8.?%ofthetotalabundanceand2l.5,%ofannua]

.biomass.!..schoedleriheldthelargestshare,40.4%ofbiomassinLake

zss.D.rosea,asecondcladoceranwhichwasfairtycommon,shared2'0%

of the community density and 5'5% of the biomass'
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Lake g85 possessed two dominant species (those contributing more

than 5% on an annua] basis), C.b thomasi and D. schoedleri. Three

dominants,C.b.thomasi,D.sici]oidesandD.schoedlerioccurred

in Lake 255 while Lake 019 contained five, D' siciloides' B''longirostris'

!.b. thomasi, T.g- mexicanus and D' parvula' Further' a simple in-

dication of relative community diversity was given by the number of species

sharingatleastll%ofannualcon¡munìtytotaìs'Intermsofabundance'

Lake 255 was most diverse with 10 species, Lake 019 had six and Lake 885

only two. similarly at least l% of annual biomass was held by 9 species

in Lake 255, five in Lake 019 and two in Lake 885'

3. Taxonomic groups

The share of community abundance and biomass held by cyclopoids'

ca]anoids and cladocerans varied among the takes' cycìopoids accounted for

gl.o% (263.75 ind L-1) of total mean annual abundance of zoopìankton in Lakes

885, 62 .7% (g3.7 ind r:lin Lake 255 and 25 '4% (3L s ina l-1) in Lake 019

(Fig. g). calanoids were most prevalent ìn Lake 019 at 42'67 ind L-l or

34,3%of the annual vaìue' less abundant in Lake 255 at 29'38 ind L-l

(Lg,6%) and scarce in Lake 885 at.73 ind L-l (0'3%)' Cladocerans de-

creased in importance from 50.13 ind fk40'3%) in Lake 019 to 26'44 ind L-l

(t7.7%) in Lake 255 and 25.26 ind L-l (8.7r"\ in Lake 885' Thus' while

thecommunitiesofLakesSsSand255werenumericallydominatedbycyclo-

poids, that in Lake 019 was more equally divided among the three crustacean

groups.

Thesetrendsinabundance$,erenotalìrepeatedbybiomassvalues.

cladocerans, rather than cyclopoids were the maior group in both Lakes 885

and 255, with 80.3% and 49 .4% of total community biomass respectively

while calanoids constituted over half (56 '9%\ of the biomass in Lake 019'
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Figure 9. Annual mean relative abundance and
calanoíds and cladocerans in Lakes
April 1976 to April t977.

biomass of cyclopoids,
019, 255 and 885,
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Cyclopoidsformsaratherconsistentpart,betweenlgand25%ofthe

biomass in alt three lakes'

DeeP and Shaltow Zone Plankton

1. Total communitY

Becausedifferencesbetweendeepandshallowzoneplanktoncould

depend on the composition and abundance of vegetation' surveys of macro-

phyte development in each lake were conducted during August 1976' vegetation

was most abundant and diverse in Lake 255 with emergent Iypha and scirpus

spp.gro}Jinginl0-l5mwidebandsnearshore.Submergentgeratophyllumsp.'

Myrìophyltum sp., Potamogeton sp. and chara sp' covered most of the lake

bottom except in regions be'low the 2.5 m isobath' stands of scirpus sp.'

occasional'ly extendi ng 22 m offshore' were the dominant element in Lake

019 but quantities were proportionally smaller than in Lake 255 and sub-

mergedvegetationwasrestrictedclosetoshore.InLakeSSS,narrow'

usually less than 6 m wide, discontinuous strips of Typha sp' and carex sp'

surrounded most of the shore with thin scattered patches of submerged

Charasp.alsopresent.Proportionaltolakesurfacearea,vegetative

deve]opmentinLakeSS5rankedthirdbelowthatinLake255.

Interzonal differences in mean annual crustacean density were largest

in Lake 255 with roughly double the concentration' 2L7 'l ind L-f in the

sha¡ow than in the deep 20ne, 133.8 ind tl'(fig' 10)' In Lake 019' the

pattern was reversed with 1.5 times higher densities in the deep zone (126'8

ind F1þhan near shore (85.8 tna l-1) No horizontal differences were seen

in Lake gg5 wìth 2g6.3 and 290.6 ind L-l in the shall0w and deep zones

respectively.Distributionofbiomasscorrespondedwithabundancein

Lakes 255 and 01e but not il.'ft*t ttu' Mean annuaì biomass was niTtl]t-lt, 
-,

the shallow zone (5.70 mg L') of Lake 255 than in its deep zone (4'37 mg L-')
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Figure 10. Annual Tean crustacean.zooplanktgn community abundance(ind l-l) and bíomass (*g n w L-1) in the shailow and
deep zones of Lakes 019,255 and gg5, April 1976 toApril 1977.
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and in Lake 019's deep (1'98 mg t-1) ttran

In Lake 885, near shore biomass (21'70 mg

higher than offshore (8'32 mg L-1)'

59

i n i ts sha'l I ow zone ( 1 ' 04 tg l--1) '

L-l) was almost three times

2. Taxonomic grouPs

cyclopoids appeared even'ly distributed between the deep and shallow

zones of Lakes 01.9 and 885 with slightly higher densities in the shallow

region of Lake 255 (Fig. 11). calanoids were more numerous in the deeper

regions of Lakes 019 and 255 but were centered c'loser to shore in Lake 885'

cladocerans were almost twice as abundant offshore in Lake 019 while in

Lakes 255 and 885 inshore concentrations were higher' by 4'8 and 2'3 times

respectively. The horizontal distribution of group biomass was generally

similar to abundance. An exceptiOn was the greater spatial uniformity of

cìadoceran biomass than abundance in Lake 255'

3. Indívidua'l sPecies

In atl three 'lakes' no species were found exclusively in either zone

throughout the year. Certain species, however, tended to concentrate more

inonezonethantheother(TableT).InLake25S,arelativelyhigh
proportion of primarÍty littoral species j.e. C. quadranguìa, C. varicans'

E.agilis,M.a]bidus,C.vernalis,C.sphaericusandA.rectangu]a

occurred. The 'latter two species were respectively 9'3 and 30'1 times

more dense near shore and were responsib'le for most of the zonal difference'

D. sici'loides, averaging 20'9 ind L-I offshore and 10'8 ind L-l inshore

was the onìy dominant form concentrated more in the deep zone of Lake 255'

In Lake 019, significantly fewer eulittoral species' i'e' E' agilis'

M. laticornis and A. rectangula' were collected and only in low amounts'

Ðominants B. longirostris, D. siciloídes, c'b'thomasi and D' parvula were
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Figure 11. Annual mean abundance (ind t-l) ana biomass (mg
of cycìopoids, calanoíds and ciadocerans ln Ètrõ
and-deep zones of Lakes 019, 255 and gg5, April
to April t977.
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Tpu 7. gq¡.¡-ar ro EEp zoc RAT¡(E tr l€Êfl 
^iluAl 

spEctEs E{s¡û åt{D BlctAss ¡tt l¡cs 019,6 r'D 885, Apnll l9Þ{pn¡l I97'

lbundrnce 8iúòsg Abundànce
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respective]y 1.9, 1.7, L.8 and 4.7 times more numerous offshore while

only T.g. mexicanus vlas 1'3 times more abundant nearshore'

In Lake 885, popu'lations of E' agitis and C' vernalis' though low

in numbers' were found primarily near shore with abundances of diapto-

midae nauplii, g. schoedìeri, and M. albidus a'lso generalìy higher' about

2.5 times, in the shallow than in the deep zone. 9-.þ-- thomasi, D' leptopus'

and cyclopidae naup'lii were distributed relatively evenly throughout the

I ake.

Zonal variation of Índividual species biomass was generally con-

sistent with abundance. comparison of abundance and biomass' shallow to

deep ratios, however, revealed a few noteworthy exceptions' In Lake 019'

although c. thomasi was about l'.8 times more numerous offshore' its deep

zone biomass was 3.0 times greater than its shallow values' similarly'

g.parvula,withdensities4.Ttimeshigheroffshorehadg.6timesmore

biomass in the deep than shattow zone. In Lake 885, D. schoedleri,

2.2 times more abundant near shore, exhibited 3.3 times as much biomass

near than offshore'

c.SeasonalCrustaceanCommunityinLakes0lg'255and885

Total Lake ZooPlankton CommunitY

Seasonal community dynamics in Lakes 885' 255 and 0l'9 were distinctly

different(Fig.L2).InLakeSES,extremelyhighlateMaydensities'

1515 ind L-l, were over three times those found in Lakes 0l'9 and 255'

Plankton abundance declined through most of the suffrner in Lake 885' except

for a small pulse in early August, untit a minimum (60'9 ind L-1) occurred

inlateAugustcoincidentaltywithaperiodofoxygendepìetion.The

community recovered rapidly to 469.5 ind L-l by mid September' Densities

then fell graduaìly to less than 1.0 ind L-l in January and remained
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Figure 12. Seasonal changes in crustacean
abundance (ind t-l) and biomass
019, 255 and 885, February 1976

zoopl ankton- communi ty
(mg w w L-1) in Lakes
to April 1977.
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very low untit late APrif 
i

Biomass in Lake 885 increased through June and July in contrast

to declining abundance, and peaked at 41'.6 mg t-l in earìy August'

githin three weeks, levels were down to 5'2 mg L-l when the lake suffered

its ,,summerkill". By mid september, biomass attained 22'l ng L-l' re-

maining relatively high,between 8.0 - 15.8 mg L-l until January when it

declined to near zero (<'01 tg t-1)'

In Lake 255, crustacean densities during May and June were considerably

lower than in Lake 885, aìthough the sprÍng peak of 421'5 ind L-l occurred

two weeks earlier. Following a three month period with abundance between

100-200 ind L-l, numbers rose steadity to a late September maximum of

?s7.7 ind l-1. Relatively high densities, l'l'5'2 ind L-1' persisted into

January in contrast with Lake gg5. significant numbers (.7-3.+ in¿ t--1)

were also found in February and March, mainly in the littoral zone'

Densities began to rise by early April 1977 and by late April were higher

than in Lake 885.

Variations in Lake 2Ss biomass, unlike Lake 885, were generally

synchronized with abundance. The initiat peak (20'2 mg L-1) in late May'

gave way to a mid summer depression of 3-5 mg L-l followed by

generally elevated values near 8.5 mg L-1 during mid August to mid September'

considerably higher levels of biomass were found in Lake 255 than in Lake

885 during JanuarY L977 '

InLake0lg,adistinctìagintheattainmentofmaximumcommunity

abundance was noted. A peak of 705.7 ind L-l occurred in late June,

about|l..monthSbehindthatinLakes255andSs5.BymidAugust,abundance

declined to 28.4 ind L-l' even lower than densities in "summerkill"

Lake BB5, and then recovered to 55.3 ind t-l tn early September' Midwinter
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minimum numbers in Lake 019 were substantialty higher' L6'1 - 45'2

ind L-1, than densities in either Lake 885 or 255'

ThepatternofLake0lgbiomasswasbasicatlysimilartoits

abundance with a late June peak of 9.3 mg L-l, welt below maximal levels

in Lake 885 but comparable to summer minimum values in Lake 255' During

the January-March period, biomass was well above that in Lakes 885 and

255.

Thus in Lake gg5, seasonal development was heavily weighted towards

the spring-earìy summer perÍod when total numbers averaged 826'93

ind L-l or 2.9 times the seasonal average, followed by a general decline

(AppendixU).InLake255,seasonalcommunitydeve]opmentwasmore

uniform with extended periods close to the annual average of 149'6 ind L-1'

Lake 019, on the other hand, had a mid-summer bell-shaped community

abundance curve (51g.g ind L-1 June-July mean) with remaining periods of

the year well below the seasonal average (rz+.4 ind L-1).

Deep and Shattow Zone Zooplankton Communities

seasonal variation in crustacean abundance and biomass within both

zones of each lake were basically synchronized although certain differences

intimingandamplitudeweresignificant(Fig.13).InLake0lg,offshore

leve.ls of plankton density and biomass were consistent'ly higher except for

periods in the spring and late fall'

The converse was evident in Lake 255 which usually had higher shallow

than deep zone concentrations. In January, PriOr to "winterkill"' abundance

was higher in the deep zone. Biomass was also generalty higher near shore'

particularly in earìy August and mid september' During June and late

winter, total bÍomass was uniformly distributed throughout the lake'
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Fïgure 13. Seasonal changes jn crustacean
abundance (ind t-r) and biomass
shallow and deep zones of Lakes
February 1976 to Apri I 1977.

zoopì ankton, communi ty
(mg w w L-r) in the
019, 255 and 885,
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In contrast to Lakes 019 and 255, the horizontal distribution of

plankton in Lake 885 was less consistent. Higher shallol¡l zone concen-

trations in early May, were followed by greater offshore densities from

late May to earìy July. subsequentìy on most occasions ' abundances

were greater near shore. Plankton biomass, extremely rich in Lake 885'

was usually much higher near shore. Onty during the spring peak and

inrnediately following "summerkilt" in late August were deep zone biomasses

higher. Maximum near shore bi-omass' 145'g mg L-f in Lake 885 was 5

times that found offshore and much higher than values in Lakes 019 and

255 (g.3 and 20.g mg L-l respectively). The extreme variability in

Lake 885's shallow zone was a dramatic contrast to the relative stability

ofitsowndeepzoneandparticularlythoseoftheothertwo]akes.

Individual SPecies

l. Seasonal occurrence

More species were present continuously throughout the year in Lake 019

than in either of Lake 255 or 885 (Fig. 14)' Three species' c' b' thomasi'

D. siciloides and B. longirostris were always found either in the deeper

(black bars) or the shaltower (white bars) regions of Lake 019' Cyc'lopoid

nauplii, undifferentiated among cyclopoid species' were also always present'

T.g.mexicanusoccurredconsistentìyexceptforashortabsenceinspring

and 9. parvula was always present, mainly Ín the deep areas, exclusive of

a short períod in August and during March-April L977 '

0ntheotherhand,inbothLakes255andSS5,only!..Þ..thomasiwas

found al1 year, though E. agitis and c. vernalis in Lake 255 persisted

a.rmost as tong. D. siciroides in Lake 255 was first encountered in mid-l'lay

and survived until mid February 1977. Its presence was further restricted

in Lake 885 where it was sporadically seen between June and october'
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Figure 14. Seasonal occurrence of crustacean zooplankton speciesin the t_r,lr.row (white_srrips) and aeeþ (¡ract slripsj
zones of_Lakes 019,.Zbs and gg5, February 1976 toApril L971. Numbers of speciel pqr mont-h per communitytotal indicated at base of each figure. sämp'ling duriig
íce cover period indicated by sub Íine markiågs." -
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B. longirostris was found only occasionally through the summer in Lakes

255 and gg5. The number of oven¡intering species in each lake was distinct

withTspeciesB.]ongirostris,D.siciloides,C.b.thomasi,D.parvula

T.g.mexicanus,A.rectangu]a,andM.laticornis,observedinLake0l9

during March when S.0 mg O, t-t was detected in the upper 3 meters of

water. |f{ith traces of oxygen in Lake 255 during March'5 species' all

cyclopoids, C. b. thomasi, E' agilis' M' edax' C' vernalis' and C' varicans

were present in the plankton. - 
0n1y two species, both cycìopoidsn c' b'

thomasi and M. albidus, were seen in anoxic Lake 885 during the late

winter. In early August, prior to summerkill, Lake 885 was surprising'ly

diverse with 10 species. During the final stages of lake collapse in late

August,threespecies,C'b'thomasi'D'leptopusandD'schoedleri

remained in the deep zone while the above three species in addition to

E.agilis,M.albidusandC.quadrangu]apersistednearshoreindicating
that localized refugias were available for survival (Appendices N and P)'

Differences in the number of sporadic species (those present in less

than one quarter of all samples) in each lake were apparent' In Lake 885'

a high proportion of species,60% (4 copepods - c' varicans' D' siciloides'

D. oregonensis, D. nudus and 5 cladocerans - q'quadrangula' E' longirostris'

!. parvula, D. rosea, D. magna), occurred infrequently while 39% (2 copepods -

M.a.lbidus, D. leptopus and 5 cladocerans - C. sphaericus, D. schoedleri,

D.rosea,D.magna,s.crystallina)inLake0l9and?8%(2copepods-
.D. nudus, D. Oregonensis and 4 cladocerans - B' longirostris' c' lacustris'

s. vetulus, D. parvula) in Lake 255 were only occasionally found' Thus

in fact a.,core,,of 15,11 and 6 species formed the basic established

communities in Lakes 255 (g copepods, 6 cladocerans)' 019 (5 copepods'

6cladocerans)and885(5copepods,lcladoceran)'respectively'
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2. Seasonal Dynamics of the Core Species

Lake 885

0fthesixcorespeciesinhypertrophicLakeSsS,onlytwoC.Þ.

thomasi and D. schoedleri were numerically important and prominent in

community succession, the other four accounting for less than L% of the mean

total (Fig. 15).

ç..Þ..thomasibecamethenumerica.ldominantbeneathMarchiceand

did not re.linquish this posíti_on at any time. During April and May, the

community was essentially monospecific with extremety hÍgh g-' Þ' thomasi

naup]iíandcopepodiddensities.Minorcyclopoidsbeganappearingin

May but remained marginal throughout the entire study' q' schoedleri

a'tso emerged in May but achieved a maximum only in the latter part of June

as c. b. thomasi was decÏining. Nauplii, almost exclusively !'Þ' !!@j'

began increasing again during July, reached a second peak in early August and

then quickty declined. D. schoedleri flourished from July until mid

August when densities dectined dramatically prior to deoxygenation of

the l ake. Duri ng the I ate August sumrnerki I I , al'l speci es l{ere numeri cal ly

low. Postkilt, q. b. thomasi population growth was rapid' with peak

september nauplii and copepodid densities exceeding those of August'

D. schoedleri recovered almost to prekilt va'lues' Throughout the fall'

bothpopulationsdeclineduntilconcentrationswereminimalbymid-January.

Theemergenceofl..Þ.thomasifromdiapauseinAprillgTTmarkedanew

cycle of communitY growth'

community biomass, like abundance' was initially dominated by c' b'

thomasi (Fig. 16). However'

accounted for the bul k of wet

by mid-June and thereafter, l' schoedleri

weight. Overlapping of these two species

was further minimized by some spatial separation. l-. Þ. thomasi copepodids

demonstrated higher densities and biomass offshore consistent'ly from mid-
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Figure 15. seasonal.changes-in the abundance (ind L-l) of corezoopllllto! species in the shailow and aeeþ zones õt
Lake 885, February 1976 to April L977. Lake abundánce
weighted on volumetric share-of each zone (shallow
= .15 lake volume; deep = .85 lake volume).
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Figure 1.6. seasonal changes in the biomass (mg w w to-r t-l¡ of
core zooplankton species in the shallow and deep zonesof Lake 885, February 1976 to April L977. Lake'
biomass weighted on vorumetric share of each zone
(shal low = . tS lake vo'lume; deep = .95 laie võiume).
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May to mid August (Fig. 15). In contrast, g. schoedleri abundance and

biomass occurred in the shallow zone throughout the season (Fig'16)'

ThefirstzooplanktontoappearinLakeSs5wereç..Þ.thomasi

CIV-V, emerging from the mud in February' their densities reaching 83

ind L-l by March Zt (Fig. 17). By. April 27, mature gravid females

bearing up to 70 eggs clutch-l(i = 44 and 51 deep and shallow zones

respectively)hadproducedlargequantitiesofeggs(AppendixR).

Nauptius abundance peaked_at 1369 ind L-l in the shallow zone on

May 13 (deep = 1023 ind L-1) rnì''. maximal copepodid numbers ' L428 ind L-1'

occurring two weeks later ìn the deep zone (shatlow = 603 ind t-1) tn-

dicating either higher mortality near shore or migration to the deep zone'

The second cohort of mature males and females began to appear during

earìy June, maximum densities occurring on July 6 with 78'9 and 47'7 ind L-l

in the deep and shailo!,J zones respectively. Eggs were produced con-

tinuously throughout this period but in smaller amounts because of reduced

fecundity (i between 7 and 17 eggs female-l) and lower percentages of

egg bearing females. As the popuìation continued to mature and the pro-

portion of gravid females increased' totat egg production rose to a

maximumonJuìy2Tinthedeepzone.Duringthefirstthreeweeksof

August, clutch sizes increased (i = 17-25 eggs femalt-l) but with gravid

female densities falling, egg production fell to a minumum by August 17' A1-

though more eggs were produced offshore during the July-early August period'

naupìius numbers were once again higher near shore' The naupìius peaks

on August 4 were substantial (382 and ?86 ind L-l shallow and deep re-

spectively), but only meager quantities (<4 ind L-1) of CI-III were found

in early August, solely in near shore regions (no CI-III were found in the

deepregiononeightconsecutivesamplingdatesbetweenJuìy6and

August22)indicatinghighnaupìiusorcl-IIImortality.0nAugust22'
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Figure 17. Seasonal changes in the
stages of Cyclops bicus
shallow and'@2ffi
to April 1977.

abundance of life history
idatus thomasi in the

õî-GRe EB5February 1976
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one day after al'l stocked trout were asphyxiated, near shore densities

of CIV-V peaked at levels, 85.5 ind L-l, significantty higher than

those in the deep region, 1.6.3 ind L-1. Through the next several days

of anoxia CIV-V numbers slowly declined until minima of 6 ind L-l

were reached in both zones on september 1 by which time oxygen'levels

had returned to normal '

In spite of anoxia, an upswing in egg production was observed on

August 22, with the appearance- of a third cohort of reproducing adults

marked by substantial numbers of males near shore' Fecundities during

kitlandpostkiltperiodswereveryhigh,secondonlytothoseduring

thespring.Highernata]ityandìowermortalityofnaupliiinearly

September, when temperatures were fa]ling, led to a substantial autumnal

peak of CI-III. By september 16, fourth generation adults appeared and

continued to produce eggs until the last gravid females $¡ere observed on

october 14. Most copepodids, however, did not advance beyond clv-v

but entered diapause or died by December 15' A few cI-III and clv-v instars

were found, mostly in the deep zone, surviving during February and March

1g77 when only traces of oxygen (0.6 mg L-1) were detected immediately

beneath the ice layer. First indications of renewed activity occuffed

on March 24 when substantial numbers of CIV-V (12 and 6 ind l-1 in shallow

anddeepzonesrespectively)wereseenjustasoxygenconcentrations

beneath the ice improved slightly. By April 13, sexual reproduction was

underuayandalìstagest{erepresentbythelastsamplingdateonApril?6.

Mature males were present continuously from April 27, 1976 to

october 14 in the sharìow zone and to December 15 in the deep zone (Appendices

N and P). Four male abundance peaks were observed in the shallow zone with

the first, 37.6 ind L-1, in late Aprit, the second ' 37'7 ind L-1' on July 6

foltowini a gradual increase from 2.7 ind t-l in late May' the third ' 23'5
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ind L-l, on Augu st Z-with densities declining slowly to 2.3 by September

1 and the final occurring in mid september with counts lower at 13'4

-1ìno L

In the deep zone, a slightly different pattern was observed' The

first and second male peaks corresPonded closely to those near shore'

with 29.3 ind L-l on April 27 and 57.7 ind L-l on Juìy 6' The third

near shore peak was, however, complemented by a deep zone minimum of

2.0 ind L-l on August 22. A damped third peak,10'0 ind L-1' occurred

offshore on August 26. Littte, if any, increase was noted in mid

September in contrast to the clear shore-zone pulse at the time' Thus'

in both zones, peak, male and mature female densities generally preceded

population maxima. Annual1y, male average densities were identical in

both zones with 9.2 and 9.6 ind L-l in the shallow and deep zones

respectively. lJhile males were as common offshore as females (Table 8)'

they outnumbered females in the shallow zone'

D. schoedleri development began slowly in the shallow zone with a

few immature specimens, likety hatched from resting eggs, on the first

ice free date in late April (Fig. 18). The first mature females appeared

onMay26,bearinguptoZ|eggseach(AppendixR).l.lithmoregravid

females offshore a larger egg pulse was produced in the deep zone on

June 17. Six days later, daphnid numbers peaked in both regions but now

approximately three times more matures occurred near than offshore' in-

dicating either better survival or shoreward migration' GamogenetÍc

productionofeph.ippiacommencedear.ly,onJunelT,jointlywiththe

appearance of males. Egg production declined in late June as fecundities'

which had remaíned high (i = 9-19 egg female-l) until mid June' fell to

1-2 eggs female-l. Immatures subsequently decreased to 20 ind l--1 in both

zones bY'JulY 12.
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e 8. Mature female to male
species in Lakes 019'
1977.
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Figure 18. Seasonal changes in the abundance of life history
stages of Diaptomus leptopus and
in the sha@ of
1976 to April 1977.

Daphnia schoedleri
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Daphniapopulationsdidnotdeve]opsynchronouslyinbothzones

during Juty and early August. llith water temperatures reaching theÍr

maximum of 23.5oC during the first week of July, and remaining above 20oC

untit late August, a period of intense parthogenesis began near shore

where mature female densities had risen rapidly' A'long with the abundance

of males, many ephÍppia were also produced forming surface scums near shore

for several weeks. l'larm temperatures likewise hastened developmental

rates as evidenced by closeness of embryonic and postembryonic peaks on

July 2g, the daie of maximum daphnid density,303.6 ind L-l.

In contrast,deep-zone mid-July densities of D' schoedleri were de- '

pressed. Minimum prekill densities were recorded on July 20' about the

time highest bluegreen biomass (Fig. 8) and lowest Secchi visíbilities

(Fis. 5) were detected offshore. A remarkable differentiation of inshore

and offshore habitats was observed on the same date with large quantities

ofdecayingalgalmaterialfoundontyindeepzonepìanktonsamples

(Fig.19).Asmaturefemaleabundancedidnotincreasedramaticallyoffshore

duringJutyandAugust,reducedquantitiesofeggsl.Jereproduced.Juveni]e

growth was also much slower in the deep zone with immature peaks on July

27 andAugust 17 lagging behind respective egg pulses on Juìy 13 and August

10.

Effects of.summerkitt on D. schoedleri were first observed in the

deep zone where atgal catabolism originated' From the second population

peak (101.2 ind L-1) on August 17, densities fell sharply to 18'9 ind L-l

by August 22 when oxygen was undetectable in mid lake' 0n the other hand'

numbers continued to rise in the shallow region during this period and

peaked at 213.0 ind L-l on August 22. As these increased inshore con-

centrations could not be related to recruitment from an egg pulse'
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Figure 19. Comparison of composite replicate total net plankton samples '.',',.,,
from the shallow and deep zones of Lake 885 on July 20 re- :""'
tained by a 73pm mesh net.
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irmnigration of deep zone inhabitants was the tikely source of daphnids'

Ultimate]y, letha] conditions díffused s.lowly shorewards and by

August 26, with the lake still warm and gently stirred' a ìarge segment

of the shailow zone population was decimated, densities dropping to only

7.0 ind L-l. Males t{ere scarce during anoxia' Some horizontal variation

in daphnid survival was noted throughout the summerkill period in the

shallow sampìes taken with the transparent ptexiglass tube' 0n August 22'

no living cìadocerans were visible in shallow stations I and II' whereas

red-colored D. schoedleri were swimming near station IIIS' Red daphnids

were also observed active at the surface near station ID on August 26

while yeltowish Daphnia were seen at station IIIS'

The first significant "postkill"response by D' schoed]eri was a

sizeable egg pu'lse on August 26 in the deep zone where oxygen levels

showed a slight improvement (0.1, 0.2, 06 and 0.0 mg L-l at 0' 1' 2

and 2.7 m respectively). Shaìlow zone totals were sma'ller because of

fewergravidfemales.Bothzonesexhibiteddoubledfecundityleve]sand

higher gravid to non gravid ratios over prekill values' l|lith brood sizes

averaging 5.0 eggs female-l (max. 10), second only to those of early June'

eggproductionpeakedinthedeepzoneonSeptemberlandtendayslater

near shore.

JuveniledevelopmentpeakedsimultaneouslyinbothzonesbySeptember

10 with 1.4 times higher densities near shore' Adolescent numbers declined

throughoutlateSeptemberand0ctoberuntilthelastfewdisappearedby

míd November in both zones'

l,lature daphnids were more abundant near shore after summerkil'l ' peaking

at ll1- ind L-l on September 16. only 17 ind L-1 were found offshore on

that date. As dapnid abundance began to decline in late september' male

densities reached their seasonal maximum near shore' By mid 0ctober with
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highest (40%) seasonal proportion of ephippia] females present, sub-

stantial numbers of resting eggs were produced. Although offshore adult

numbers remained relatively constant, 10-15 ind L-1' between mid September

and mid December, densities near shore appeared to increase in December

before their final collapse in January'

NoD.schoedleriwerepresentduringtheperiodofreduced(0.7.

0.g mg or r-t) oxygen ìevels in January and the anoxia of late winter'

0n April 13, several immatures (0.05 ind L-l) appeared' likety hatching

from numerous ephippia ftoating in the open water near shore' By April 26'

the lake was ice free and more juveniles (2'6 ind l-1) and a few recently

matured females(0.3 ind L-1) were found in the deep zone.

D.leptopus,commonlyfoundinsha.llowortemporaryprairieponds

(Sawchyn and Hammer 1968), was the onìy calanoid of significance in

Lake 885 (Fig. 18). D. leptopus existed from late April to mjd December

LgT6,aratherextendedperiodincomparisontotheshortercyclesusually

found in congeneric species associations (Hammer and sawchyn 1968)'

seasonal development was basically similar in both zones' Nauplii' from

oven¡interingeggs'appearedonAprillTwÍththefirstcohortofsperma-

tophore-laiden females producing subitaneous eggs by June 10' Large

clutch sizes, averaging 41-62 e99s, between June 10 and Juty 13' resulted

inmaximumcopepodiddensitiesbymidJuly,coincidentwithrelative

minimums of D. schoedleri in either zone' An abundant supply of males

was present throughout the entire season with sex ratios usually 1 to 1

(Tab]e8).AbriefegglayingnearAugust4,whenfecunditieshadfallen

to24-30eggsfemale,gaveasecondcopepodidpulse'moreobviousnear

shore, in mid August. l,lith high temperatures (>20oC)' prevailíng tran-

sition from CI-III to clv-v was brief, likety even less than the three
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days reported by o'Brien et al' (1973) for D' leptopus at 15oC and

consequently the younger cI-III instars were missed in sampling' As

oxygenleve]sdeclined,D.leptopuscopepodsbegantoevacuatethedeep

zone on August I0 and move towards shore where densities ìncreased'

By August 26, only a few individuals, exclusively adults' remained' the

nauplii peaks on August 1.7 apparently failing to develop further' Egg

production resumed at that time, however, with slightly larger clutch

sizes, 36-b5 female-l. By late September, a final cohort of CIV-V and

adu'lts appeared. From 0ctober to December, with chlorophytes and crypto-

phytes dominating the phytoplankton (Sriswantach 1978)' fecundity levels

rose (56-88 eggs female-1) and substantial numbers of overwintering eggs

were Produced.

The]imnoplanktonicinsectlarvaeChaoborussp.andtheamphipod

Gammarus lacustris, two invertebrate predators known to feed on zooplankton

(Anderson and Raasvetdt 1974), were found in Lake 885 during the study

(Fig.20).Atthoughoccasionallythere!,Jassomespatialoverlapofthese

species, chaoborus was genera'tly more abundant in the deep zone partícularly

during periods of winter and summer anoxis' Absent from late June through

July, chaoborus densities began to increase with the onset of deoxygenation

ìn the deep zone in early August and then persisted through the remaining

fish-free Period of the study'

Gammarus,ontheotherhand,wasmoreabundantnearshore'particularly

from late May to mid June and then from late August until mid october'

offshore, it was relatively common only during the vernal heating phase

of 1976. Although not observed in plankton samples from February to late

March 1977, gammarids were present iust beneath the ice in shallow zone

stations, many being brought up through the sampling hoìes in uorushinq water'
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Figure 20. Seasonal changes in the abundance (in¿ t-l) of
Geqqqfgq l¡qqstris and Chaoborus sp. in the shallow
ãnd-Teep zonel onlakesTl9, E air¿ SgS February
1976 to April 1977.
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Lake 255

In Lake 255, the annual cycle of C' b' thomasi' the numerical domjnant'

involved two main periods of development, a strong spring pulse and uniform'

moderate densities from october to January (Fig' 2L)' Minima coincided

with warmest water temperatures during July and lowest oxygen concentrations

through February and March. Abundance was consistently higher in the shal'low

than deep zone during the spring but lower nearshore' except in December

throughout the remainder of the cycle. More clv-v Were present near shore

by tate March 1977 than March 1976 indicating annual variation in over-

winter survival and onset of spring emergence'

The seasonal pattern of biomass (Fig. 22) basicalty agreed with that

of densitY.

Foltowing emergence as CIV-V in March, c. b. thomasi copepodids matured

and were producing large numbers of eggs by April 26 (Figs' 23a and b)'

Maximumannualmeanfecundities,from65toS0eggsperfemale'werere-

corded from April 26 to May 12. The last few ovigerous females of the

springcohortwereseenonMay25withclutchesof40eggs.

During late April, nauplii concentrated near shore (420 ind L-1) and

after roughly 12 days, with mean temperatures between 10'8 and 13'goc'

developed into a large pulse (290 ind L-1) of CI-III on May 12' Through

mid May with take temperatures surpassing 15oC' transformation from CI-III

to cIV-V occurred in approximately two weeks' Final development to cIV-V

during early June took place within nine days at 20oC'

The second cohort of adults appearing in late May was small with

ovigerous females bearÍng only 13 to 16 eggs per clutch (see aìso Appendices

JandL).Reproductionwasbrief,endingbyJunelTnearshore

andfivedayslateroffshore.Subsequentcopepodidputsesoccurring
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Figure 21. Seasonal
cycl opoi d
Lake 255,
abundance
( shal I ow

changes in the abundance (ind L-l) of core
species in the shallow and deep zones of
February 1976 to Apri I 1977 . Lake
weighted on volumetric share of each zone

= .?0 lake volume; deep = .80 lake volume).
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Figure 22, Seasonal changes in the bÍomass (mg w w tO-t t--1¡ ot
core cyclopoid and calanoid species in the sha'llow and
deep zones of Lake 255, February 1976 to April 1977.
Lake biomass weighted on volumetric share of each
zone (shallow = .20 lake volume; deep = .80 lake
vol ume) .
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Figure 23a. Seasona'l changes in the abundance (ind L-l) of life
history stages of core cyc'lopoid specíes in the
shallow and deep zones of Lake 255, February 1976
to April 1977.
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Figure 23b. Seasonal
hi story
shal I ow
to Apriì

changes in the
stages of core
and deep zones

L977 .

abundance (ind t-l) ot lire
cyclopoid species in the
of Lake 255, February 1976
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in late June were less than 4% of respective spring peaks' MÍnimal

summer copepodid densities of approximately 2 ind L-1' were observed in

late July when the lake, al 2L-22oC, was fully saturated with oxygen at

al1 depths (Fi9. 6).

In late July, a third small cohort of adults resumed reproduction

in the deep zoneþravid females were seldom seen in the shallow zone

following the initial spring. pulse). copepodids I-III reappeared offshore

on August 17 and matured through late August and mid september to form a

fourth adult generation with females carryì ng 22 to 27 eggs' In spite

of lowered egg production, proportionally higher nauplial and copepodid

densities indicated improving survival during fall as compared to spring'

By mid gctober, with water at 4oC, immature densities stabilized at

approximately 85 ind L-l offshore with a consistent 60/40 CI-III to CIV-V

ratio maintained until mjd December when nauplii disappeared' By February

16, when little oxygen remained, â11 CI-III had advanced to CIV-V which

then left the water column to diapause in the sedjments (Fig' 23a)'

In the shattow zone, fall egg production was minìmal with only a few

mature females present during September' consequently' cI-III densities

throughfallandearlywinteraveragedles-sthanone-halfthoseinthe

deep zone. Increases of clv-v in November and December may have been

related to interzonal mjgrations. These increases were observed for most

speciesinLake255;fore'9'M'edax'!'vernali-s'C'varicans'A'

denticornis and D. siciloides. In late December' clv-v densities declined

astheymovedfromtheshallowzonewatercolumnintoeitherdjapauseor

the deep zone. Low numbers of CIV-V and mature fema'les persisted through

late February and early March, but approximately five times more copepodids

werepresentnear.thanoffshoreindicatingsomeenvironmentaladvantage

intheslraltowzone.Emergencefromdiapausewasearliernearshorewjth
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11.6 CIV-V fLppearing on March 24 but only 0.7 CIV-V t-l in the

deep zone where oKygen levels v,,ere stitì depressed' By mid April L977 '

cIv-V peaks in both zones were higher than the corresponding ones in

1976. 0n Apri 1 26, 95% of copepodids were mature with females bearing

many eggs (64-68 eggs femal.-1). Very high nauplii densities' 663 and 3l'7

l-1 rn the shallow and deep zones respectively, were recorded.

E.Þ.thomasiadultma]eswerecommoninLake255,occurringinTl%

and 53% of all deep and shallow zone samples' respectively' Mature females

were found in 65 and 66%, respectively' of all deep and sha'llow samples'

0n an annual basis, female/male abundance ratios were 1'37 in the deep

and 1..09 in the shallow zones of Lake 255 (Table 8)'

TheseasonaloccurrencesofthefiveothercorecyclopoidSwere

principalty confined to summer when c. b. thomasi densities were mjnimal

atthough c. vernalis was relatively abundant during the fall increase of

c.b.thomasi(Figs.2land22).M.edaxexistedthroughouttheentire:
c. b. thomasi minimum in relatively consis!êfìtr low numbers' E' agiìis'
Z

t,1. alblçþg and C. varicans occurred mainly in late August and September,

preceeding the fall rise of !.' Þ' thomasi'

M.edaxemergedasCIV-Vandadultsfromwinterdiapause,severa]

weeks after ç.. Þ. thomasi climbing to a peak by late April (Fig 23a and b)'

Notunti]midMay,however'wereovigerousM.edaxfema]esfirstseen

offshore, some three weeks after commencement of ç-' Þ' thomasi egg production'

Consequently, M. edax copepodid recruitment was de]ayed, the spring cohort

peaking offshore finally in late June. Near shore' only a few females were

present during late Aprit - early I'lay'

!1. edax produced eggs continuously trom mid May to mid August (Fig' 23b)'

52-54 €99s, while fecundities
May females were most fecund' each with
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averaged between 26 and 36 eggs female-l during the remainder of re'

production. Abundant ovigerous females in 'late July, led to copepodid

peaks in late August. M. edax densities declined in october as waters

cooled and C. b. thomasi regained dominance'

Incontrasttoç..Þ.thomasi,M.edaxadultsusuallyrepresented

a prominent fraction of the population, particularly during the fall

decline indicating their overwintering, additionalty with CIV-V stages'

in diapause (Elgmork 1967). onty a few clv-v stages were observed through

winter anoxia compared to the relative abundance of ç-' Þ' thomasi '

Adults and CIV-V reappeared simultaneously on April 24' L977 to initjate

a new cycle.

M. edax seasonal biomass (Fig. 22) deviated from its abundance' The

offshore biomass peak in April was disproportionately large whereas no

late August maximum was obvious. These differences were related to seasonal

variation in animal size (between mid June and early september M' edax

mature females decreased in size L5-20%) and population structure'

Eucyc]opsagilisoccurredmainlyinthesha]towzoneofLake255

where it dominated July - early August cyc'lopoid densities (Fig' 2!)'

It first appeared near shore on May 12 as CI-III and females carrying 35

-1
eggs clutch -, the seasonal maximum (Figs ' 23a and b)' Folìowing the main

egg hatch in mid June, reproduction was continuous, but diminished with

clutches between 15-25 ê99S' until termination in late September' Copepodid

pulses in June and September consisted primarily of immatures but adults

predominatedasdensitiesfel.linlateautumn.BymidDecember,the

population was exclusively mature. Males were generally abundant until

JanuarylgTT,theirmeanannualconcentrationsapproximatelyonehalfthose

of females (Table 8).
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Although variatìon of E. agilis biomass (Fig. 22) corresponded

with density during the summer, fall and winter biomass was relatively

higher since adults were more prominent later in the cycle' shallow zone

biomass averaged 11.7 times higher than that of the deep zone (Table 7)'

cyclops vernalis was the second cyclopoid preferring the near shore

habítat, being found only sporadically in the deep zone (Fig' ?1)'

Aìthough present on 28 out of 31 sampling dates, numbers were usual]y low

and concentrated in three main pu'lses, late Ju'ly, late August and mid

october. It first appeared on April 24 as females bearing high numbers of

eggs, 80-138 per cìutch, almost twice as many as co-occurríng !-'Þ' thomasi

(Fig. 23a). However, with c. vernalis female densities considerably lower

(1/30) than those of 9. b. thomasi total egg production (Fig' 24b) was

smaller resulting in 35 times fewer spring cI-III' tt|ith temperatures

risingandc.b.thomasidecliningthroughJune,c'vernalisbeganÍncreasíng

towards its first peak on July 26 along with E' agilis' Densities of both

species fell during early August but their cycles then lost synchrony' the

early September C. vernalis minimum contrasting with the E' agilis peak'

The autumn maximum and early winter decline of c' vernalis consisted

mainly of immature copepodids which persisted into January' unlike the pattern

for E. agilis. whereas E. agilis adults continued through the ice period'

9. vernalis adults disappeared by late February prior to the reappearance

of CIV-V stages in late March L977 '

c. vernalis seasonal biomass (Fig. 22) was basica'lly a reflectìon of

numericaì change.

The two final cyclopoids, Macrocyclops albidus and cyclops varicans'

both found primarily near shore, were aestival species peaking in september

short'ly after highest summer temperatures (Figs. 2l and 22\' l'|hile
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t4. albidus achieved only 6.9 ind l--1 tn its falì maximum' C' varicans

with 4g.2 ind L-l was the dominant cyclopoid during september'

ThecycleofM.albiduswassimjlartothatofE.agilis,both

poputations originating in the spring from adults (Fig' 23b)' Hov'lever'

white E. agilis mature females were active in the plankton throughout

winter, M. albidus adults appeared to diapause from March to'late April

(Eìgmork1967).Inaddition'seasonalpulsesofM.a]bidusandE.agiìis

were synchronized. M. albidus egg production was confined to three

perìods, an initia] mid May pulse, a second from June 28 to July 13 and

finally in mid August. Although females were present more frequently'

males outnumbered females by two to one in the shallow zone'

c. varicans was initial'ly seen on March 21 in the deep zone as clv-v

with first cohort females maturing by April 30 and producing eggs by

May12(Fig.23b).Gravidfemales'neverfoundoffshore,andother

matures were then absent near shore from May until tate July' only a few

juveni'le copepodids occurring during this period' h|ith the appearance

of a second cohort of males in late July-early August' reproduction resumed

andaprominentcopepodidpeakdevelopedinSeptember.Eggproduction

ceased by late september and the last copepodids, stage clv-v, which

entereddiapausetooverwinter'!'lereseenonDecember16'

Seasona]changesinM.albidusandC.varicansbiomass(Fig.22)were

basically similar to those of abundance'

TheseasonaldevelopmentofthemaincalanoidsinLake255,Acantho.

diaptomus denticornis, Diaptomus leptopus and Diaptomus siciloides generally

spanned shorter periods than that of cyclopoids' particularly D' leptopus

which was recorded only from late May to mid November (Figs' 24 and 22\'

Significant size differences likely allowed for the co-existence of these



109

Figure 24. Seasonal changes in the
calanoid and cladoceran
deep zones of Lake 255,
Lake abundance weighted
zone (shal'low = .ZO lake
voì ume ) .

abundance (ind L-l) of core
species in the shallõw ãñd-
February 1976 to Apriì 1977.
on volumetric share of each
voìume; deep = .80 lake
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species in Lake 255. Èlature D. siciìoides females ranged from '98 to

1.39 rnm, A. denticornis from ]'.41 to ]..83 mm, and D. ]eptopus between 2.0]'

and 2.32 rnm in length. Additionatly, since each species belonged to a

separate subgeneric group, A. (Acanthodiaptomus) denticornis' D'

(Leptodiaptomus) siciloides, and !. (Aglaodiaptomus) leptopus' different

morphological traits permitted them to utilize different food particle

sizes(Cole 1961). 0f the three, D. leptopus showed the greatest pre-

ference for the shatlow zone with 2.3 and 2'9 times greater density and

biomass, respectively, near than offshore. !-. siciloides, in contrast'

was twice as abundant ìn the deep as in the shallow zone' A' denticornis

was distributed relatively uniform'ly throughout the lake with perhaps a

slight shoreward tendencY'

D. siciloides nauplii, hatching from overwintering eggs appeared in

late April and by May 12, CI-III were present in both zones (Fig' ?5)'

ilithin two weeks, e99 production began, persisting untit mid December

offshore and mid January near shore. Like all species under study' D'

siciloides spring clutches were the year's largest, averaging between 24

to 27 eggs per female. over the summer' a graduaì decline in brood size

was noted with smallest clutches,2 to 3 eggs, duríng the period from mid

July to late August. The finaì gravid females seen in winter each carried

14 to 16 eggs. Totat egg production in both zones was comparab'le and

moderatefromlateMaytolateJunewithsimilarhighproportionsofgravid

females (40% of matures) present. During mid July, production declined

lakewide with less than 15% of females carryÍng eggs' During the re-

mainder of the year, egg production offshore, with 45-50% of females gravid'

surpassed that near shore where only 12% carried eggs' Eggs produced

after September 17 in the shallow and october 14 in the deep zones were

likely of the ovenrlintering variety'
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Figure 25. seasonal changes in the abundance (ind L-1) of tife
history stages of core calanoid species in the shallow
and deep zones of Lake 255, February 1.976 to April
L977 .
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SubitaneouseggproductionbyD.siciloidesledtothreemain

offshore pulses of nauplii, on June 13' on July 26 and in early

September. whereas nauplius instar duration was roughly two weeks in

early May, transformation to CI-III took p'lace within five days in mid

June and slightly longer, S days, in both July-August and september'

These instar durations agreed very closely with values presented by Comita

(1972) for D. siciloÍdes nauplii in severson Lake' Better nauplii sur-

vival in the fall than in summer was indicated by higher cI-IIl/nauplii

ratios (.7 versus .3 respectively)'

shallow zone nauplius production in June til,as comparable to that off-

shore and resulted in similar densities of cI-III' During August and

september, however, reduced egg production led to lower concentrations

of CI-III.

D. siciloides copepodids exhibited three offshore puìses during

open water which were correlated with the main nauplius peaks' The aduìt

peak in December couìd not be expìained through recruitment' Copepodid

densities were fairìy consistent ranging between 23'0 and 4l'1 ind L-l

during summer and fa'll. Hhite maturation proceeded rapidly during mid

summer, longer instar duration was observed during the fall' in agreement

with Comita (1972).

Nearshore,CI-Ill,benefittingfromwatertemperatures'peakedon

June 17, a week earlier than the population offshore' Proportionally

fewer CIV-V and adults were seen near shore in June' Densities of immatures

remained relativeìy stabt€, l-5 ind L-l, from mid July until mid

gctober. The high peaks of 31.7 and 35.3 total ind t-l in August likely

involved shoreward migratÍon by deep zone adults' subsequent adult densi-

ties were consistently 7-12 ind L-l until December when offshore

adults migrated shorewards'
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D. siciloides males were the last mature stages seen swimming off-

shore in February L977. Annual female to ma'le density ratios were 1'35

andl.lginthesha]lowanddeepzonesrespectively(Table8).

A. denticornis, a species in llestern canada usually associated with

sma]1, densely popu]ated lakes and ponds having diverse communities

(Anderson lg74)' was much less abundant(x'05)Ü¡an D' siciloides' account'ing

for only 0.9% of mean annual crustacean abundance. Pennak (1957) reported

the same relationship between dominant and subdomjnant calanoids' A'

denticornis biomass was, however, only x.l smaller than that of

D. siciloides (Figs. 22 and 24)'

ImmaturecopepodidsofA.denticorniswerepresentonMay25,two

weeks later than D. siciloides (Fig. 25). By May 31, females were carrying

25 to 36 eggs, with clutch sizes Ìncreasíng to 50 eggs during the next

three weeks. By late June, fecundities declined in both zones' reaching

10 eggs per female from mid July to the second week of August' The final

summer gravids seen August 22 in the deep and september 9 in the shaìlow

zone each carried 20 eggs on average. Fo'lìowing a three month lapse' e99

production resumed briefly in mid December in both zones with females

carrying 22 eggs.

Maxima]eggproductionduringthefirsthalfofJuneledtocopepodid

peaks of 6-8 ind L-l in late June. These densities were approximately

double those found in a temporary pond by Donald (1971) for A' denticornis

though common temporal dynamics were generally shared by both populations'

DensitÍes stabilized offshore at 3-5 ind L-lduring Juìy and near 2 ind L-l

in the shaìlow zone after declining in early July' Males usually formed

more than 50% of the adult population throughout this period. Despite

some reproduction, immature copepodids were scarce after July' the maiority
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of eggs being produced probably for oven¡intering' The last copepodids

seen were shallor.l zone females in February 1977. Over the year, male

to female ratios were 3:2 near shore but 2:3 offshore (Table 8)'

D.leptopus'appearedinitiallyasCIV-VonMay26(Fig.zs|Mature

females, first seen on May 31. were producing eggs offshore by June 8 and

near shore by June 17, one week behind A. denticornis and two weeks

behind D. sici'loides. June brood counts were high averaging between

54-7?'eggsperc]utch.Minimalfecundities,20.30eggsperfemale,

occurred from mid July to mid August. Gravid females then disappeared

fromtheshatlowzoneuntillateSeptemberbutremainedoffshorewith

clutches averagìng 45 ê99s, until mid october when maximum broods' 88 eggs

per clutch,were noted. Three peaks of total egg production were visible

near shore, June 22, August 3 and oCtOber 14 while two were observed off-

shore, JulY 6 and August 22'

copepodid abundance offshore peaked between June 28 and July 6'

D.'leptopus existed prímarily as adults for the remainder of the cycle

whích terminated in November'

In the shallow region, maximum total copepodid density' 5'2 ind L-l '

was reached on July 10, about two weeks later but significantìy higher

than offshore. Following a gradual decrease of adults to.14 ind L-1 on

August2?,asmallthirdgenerationofimmaturesdeve.|opedinSeptember

producing a fall adult peak. After the final clutches of overwintering

eggswereproducedinOctoberadultsdjedduringNovember.Maturema.les

were always present at densities rivalling those of females (Table 8)'

The durations of cladoceran occurrence in Lake 255 varied from siX

months for c. quadrangula to eight months for D' rosea (Figs' 24 and 26)'

In general, they were shorter than cyctopoid but similar to calanoid

occurrences.Althoughcladoceransuccessionwasevident'sometemporal
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Figure 26. Seasonal changes in the biomass (mg w w
of core cladoceran species in the shallow
of Lake 255, February 1976 to April L977.
weíghted on volumetric share of each zone
'lake volume; deep = .80 lake volume).

ro-1 l,-1)
and deep zones
Lake biomass

( shal I ow = .20
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overlappíng of species occurred. D. schoedleri was first to appear in

tate April, and dominated the May-June cladoceran conrnunity' A'

rectangula and D. leuchtenbergianum followed on May 25 but remained

marginal until september when they proliferated, particularly the former

in the shallow zone. Next to appear was D. rosea, remainíng low through

mid summer and peaking in september. !-.sphaericus also began to emerge

attheendofMayandtogetherwithD.schoed.leriwerethemainc]adocerans

in Juty. C. spahericus, however, did not reach prominence until 0ctober -

November in the shallow region. !. quadrangula was the final cladoceran

emergÍng in mid June. Fotlowing the D' schoedleri peak of early August'

rising densities of the other cladocerans resulted in a period of maximal

overlap from late August to early september. By late September' all

species except c. sphaericus were waniñ9, D. leuchtenbergianum the first

to disappear in 0ctober followed by D.schoedleri and C' quadrangula in

November.D.roseawaslastseeninmidDecemberwhileC.sphaericusand

A. rectangula persisted into January'

The pattern of seasonal bíomass of smalìer cladocerans C' sphaericus

A. rectangula and c. quadrangula, generally foìlowed their abundance (Fig' 26)'

Daphnid seasonal biomass on the other hand, deviated somewhat from abun-

dance. tlhìle offshore densities of D. rchoedleri had a ninefold range

(54.3 - 5.7 ind L-1) during June, biomass showed a corresponding thirteen-

fold variation (17.58 - 1.36 mg L-l) mainly because of substantial numbers

of very ìarge (i = 2.67 mm) mature females present on May 31' Simi'larly'

in July and september when adults formed a sizeable fraction of the

population offshore, D. schoed'leri biomass peaks were relatively larger

than the corresponding density maxima. D' rosea offshore biomass increased

six fold through August and September as the poputation matured in con-

trast to its doubted abundance during this period'
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Immature D. schoed'leri, recently hatched from ephiPPia, appeared

in Lake 255 in late April (Fig. 27). 0n May 25, females carried 11-12

eggseach.Broodsizesdroppedquickly,byJuneSaveragingl.0-1.5

eggs. These fecundities were maintained until reproductÍon ceased in

mid gctober except for a brief increase to 3.0 eggs per female in ear'ly

Juìy.

Foureggpulseswereobservedinthedeepzone,lateMay,earìyJu]y'

in mid August and in late september. Ephippial eggs formed a large

fraction of the first and last pulse with fewer produced during the

summer. In the shaltow zone, €99 production was basically similar with

the exception of much fewer ephippiat eggs being produced during the

first three Pulses.

gffshore, maximum daphnid abundance, 66.6 índ L-l occurred by ìate

May with numbers declining through June. Adult densities steadied near

5 ind L-l through most of June and into July' Totaì densities averaged

approximately 20 ind L-l from July to September with adults abundant during

August. Juvenile and mature daphnids finally disappeared by late october

and late November resPectiveìY'

Near shor€, D. SChOedleri seasonal densjties were generally similar

to those offshore except for the maximum, 103'3 ind L-1' which occurred in

early August.

D. schoedleri males were encountered more commonly offshore' in

association with ephippial production. Densities were highest, 4-5 ind L-1,

during the spring population peaks. Mates were possibly overlooked in

deep zone July samples and shal'low zone faìl samples when ephippia were

present. Annual ma]e abundance was between 5'4% (shallow) and Z'6% (deep)

of female abundance (Tabte 8)'
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Figure 27. seasonal changes in the abundance (ind L-1) of life
history stages of core cladoceran ipecies in the shallow
and deep zones of Lake 255, February tgZO to April
1977 .
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D.rosea,althoughpresentinallthree]akes't'lasabundantonìy

ìn Lake 255. It was essentially a late summer-fal1 species that com-

plimented the spring-early summer pattern of D' schoedleri (Fig' 24\'

young immatures from ephippia were present offshore in mid June with a

few gravids occurring on June 22 (Fis.27). A single particularly large

(1.76 mm) female, carrying 9 eggs' was observed on Juìy 6. From this

low level of reproduction, a small pulse of inunatures developed in early

July.

Near shore,immatures were fÍrst observed in late June' The first

shallow zone eggs were not seen until Ju'ly L3'

l,lost eggs were produced in the shallow zone during August and

September when h'i9h densities of mature females occurred' Average brood

sizes were between 1.3 - 2.6 eggs on July 26, comparable to those of

D. schoedleri at the time, and remained close to 1'5 eggs per female until

September 24 when parthogenesis ceased'

D. rosea iuveniles increased rapidly in early August, particularly

near shore, concu*ently with diminishing numbers of cycìopoids. Immature

densities were basically similar in both zones in fall' although adu'lts

were always significantly more abundant near than offshore' indicating

higher survival rates in the heavily vegetated shallow areas' Maximum

adult densities,46.0 ind L-l,wêrê recorded on September l'7 near shore'

By october 15, the entire shorezone population consísted of adults' Sexual

reproduction peaked on that date in both zones with greatest amounts of

ephippiaproducednearshore.Theìastephippíalfemaleswereseenin

mid December.

D. rosea males appeared near shore in August but not until the fall

daphnid peak did they become abundant' reaching 12'9

L7. They were not present in the plankton after mid

ind L-l on SePtember

November. Annua'l lY '
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male-female ratios were approximately .32 near shore and '77 offshore'

substantial]y higher than respective D. schoedleri values (Tabte 8)'

0f the four remaining core cladocerans, C' quadrangula' C'sphaericus

and A. rectangula (Figs.24 and 26) were closely associated with the near

shore habitat. D. leuchtenbergianum, the least abundant core cladoceran'

showed a slight preference for the deep zone'

A.rectangulaandD.leuchtenbergianum,aìthoughappearinginitia]ly

in late May, occurred in very low numbers through much of the summer'

Development of these species v',as typically aestival with maximum September

population densities following warm water temperatures in August' The

23l.6A. rectangula L-l shatlow zone peak on September 24 was the second

hÍghest crustacean species density recorded in Lake 255' In fact' A'

rectangula had the highest annual average densi ty,25'5 ind L-l of alt

cladoceransinLake255.0nmostoccasions'gravidA.rectangulafemales,

including those caffying darkened oven¡intering eggs, formed a substantial

fraction of the mature shorezone population' Males appeared on september 9

as population densìties were rising and peaked at 18'5 L-l in mid gctober'

over the season, male densities were rough'ly 7% those of females' a'

rectangu'la females were the last cladocerans seen carrying eggs' on January

L6, 1977.

c.sphaericus,thesmallestcladoceraninLake255'occurredfrOmlate

May to mid-January wÍth two pulses, a brief one in latter July and the main

one extending from late August to mid NovemUer (Fig' 24)' Gravid femaìes

were initially seen on June 17 with reproduction contínuing untir December 16'

Males appeared on September 9 when population counts were high to mark the

beginningofoverwinteringeggproduction.Thus,reproductionduring

spring-summer was exclusively asexual and was supplemented by sexual activity

duri ng th'e maior fal l Pul se '
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Figure 28. Seasonal changes in the
cyclopoid and calanoid
deep zones of Lake 019,
Lake abundance weíghted
zone (shallow = .06 lake
vol ume) .

abundance (ind L-1) of core
species in the shallow and
February 1976 to Apri I 1977 .
on vo]umetric share of each
volume; deep = .94 lake
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Figure 29. Seasonal changes in the abundance (ind L-l) of core
cladoceran species in the shalìow and deep zones of
Lake 019, February 1976 to Apri'l 1977. Lake abundance
weighted on volumetric share of each zone (sha'llow =
.06 lake volume; deep = .94 lake volume).
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ceriodaphnia quadrangu'la, the smallest Daphnidae in Lake 255' occurred

principatly during August although ìow numbers were found earlier in

Juty (Fig. 24\. Ephippial females were first observed Ín mjd August

and remained untir ratter November. Mares were prevarent in early september'

as in other minor cladoceran species, following the main population pulse

in August.

chaoborus appeared in the deep zone of Lake 255 only during late

winter anoxia and briefty in June in both zones at row densities (Fig. 20)'

Garnrnarus, on the other hand, was much more prevalent particularly in the

shallow zone among the vegetation. It was noted on the first sampling

of the deep zone in February and became relatively abundant in mid May'

attaining .7 ind L-l. Thereafter, offshore densities remained below '4

ind L-1. Closer to shore, Ganunarus was present continuously throughout

the period May 12 to December 16 and disptayed three abundance peaks'

the first in mid June at 1'1 ind L-1' the second a seasonal maximum of

3.2 Índ L-1 on Juty 26 and finatly in September when densities ranged

between .6 and .9 ind L-1. It also occurred throughout the winter at

densities between 0.4 and '3 ind L-1'

Lake 019

In contrast to Lakes 885 and 255, Lake 019 did not exhíbit complete

winter oxygen depìetion mainly because of its larger size' 31'7 ha' and

greaterdepth,Zmax=6.3m.Thisbasicenvironmentaldifferencewas

reflected in the deveìopment of two dominant species, c. b. thomasi and

D. siciloides whose life cycles extended through winter without maior

di sruPti on.

Some

pattern of

among the

degree of species succession was evident

Lake 019 crustacean abundance (Fi g 72' 28

in the unimodaì seasonal

and 29). CYc'loPoids were

C. b. thomasi againinitial plankters to emerge in Lake 019'
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dominated the spring community, peaking at 36'1 ind L-l on May 27 in

the shallow zone, much below levels in Lakes 255 and 885' The appearance

of ç.. vernalis and E. agilis was considerably advanced in Lake 019' in

comparison to Lake 255. By late May, calanoids and most cladocerans

werebeginningaphaseofrapidgrowth.q.parvulat{asthefirst

herbivore to gain prominence on June 2 at 122'5 ind l-1 tn the deep zone

where it was always more abundant. It quickly declined' however' and

was succeeded by sharply increasing densities of D' siciloides nauplii

during the second week of June. The subsequent rise in D' siciloides

copepodids through mid June was accompanied by a second !' parvula

pu.lse with both reaching maximums on June 23. At the same time, with

g..Þ.thomasi densitìes depressed. I. p. mexicanus developed a small initial

pulse in the shailow zone. g.. longirostris, displaying extremely rapid

growth, was next to peak offshore on June 28' Concurrently' cyclopoid

nauplii exhibited the second wave of a diacmic pattern characteristic of

several other species in Lake 019. The ear'ly July c. b. thomasi maximum

coincided with relative minÍma of D. siciloides, B' longirostris and

dectining D. parvula values. July 5 also saw c' lacustris achieve its

highest seasonal densities offshore. Maximum water temperatures in early

Julywerecoincidentwithdecliningl..Þ..thomasiconcentrations.

B. longirostris, however, recovered for a brief period between July 12 and

19 and was followed by a second D. siciloides maximum on July 26' Two

species, D. parvula and D. siciloides appeared to develop a small third

generation, the former in late July and the latter beginning in late

August as nauplii. tlith most species development decreasing through

AugusfT.g.mexicanusgraduallyreplaceda]lothercyclopoidsandachieved

its highest abundance by late september. During october and November'

E-.Þ.thomasidensitiesbegantoincreaseasT.g.mexicanusdecreased.
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By mid January ç-. Þ. thomasi copepodids had accumulated in substantial

numbers beneath the ice with reproduction by adults leading to a cyclopoid

nauplia'l peak in late March. As these nauplii declined in April, D' s'icilojdes

nauplii began another calanoid cycle'

Macrothrix laticornis, Alona rectangula and Diaphanosoma leuchten-

bergíanum occurred only in very low numbers. D' leuchtenbergianum de-

veloped mainly in Juty while A. rectangula exhibited a slight maximum in

September-0ctober.

In general, Seasonal changes in species biomass were similar to those

of abundance (Figs. 30 and 31). However, the fa'll-winter biomass of

D.sici]oidesandC.b.thomasiwasproportionallygreaterthantheir

corresponding density because of larger fractions of matures' In addition

to the.ir temporal separation, the dominant cyclopoids in Lake 019 were of

varying size. !.Þ. thomasi mature females ranged from '85 - 1'3 mm while

T.g.mexicanuswasmuchsmalìerat.58-.66run.Thesolecalanoid'

Ð. siciloides' measured from '93 to 1'30 mm over the season' Cladoceran

sizes were also well separated with B. longirostris from '23 - '47 mm'

c. lacustris from .43 - .g3 mm and l. parvula from.68 to 1.28 nun.

Development of c.b. thomasi was relatively comparable in both zones

of Lake 019 through spring and summer but differed during winter (FiS' 32)'

In addition to Ímmature instars, mature males and females were present in

the deep zone on the first sampling date' Reproduction' however' did not

begínuntitmidMaywhenlargeclutches,65-T3eggsperfemale,resulted

in substantial egg and nauplial pulses in both zones' Brood sizes decìined

through June to 2?-28 eggs per female and by mid July reproduction ceased'

Egg production was noticeably stronger offshore during June' contrjbuting

to a larger cycìopoid nauplii puìse towards the end of the month' Re-

production occurred briefly in mid 0ctober and then resumed in January'
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Figure 30. Seasonal-changes in the biomass (mg w w 10-1 l--1) or
core cyc'lopoid and calanoíd species in the shallow and
deep zones of Lake 019, February 1976 to April 1977.
Lake biomass weighted on volumetric share of each zone
(shallow = .06 tãke volume; deep = .94 lake volume).
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Figure 31. Seasonal changes in the biomass (mg w w 10
core cladoceran species in the shallow and
of Lake 019, February 1976 to April L977.
weighted on volumetric share of each zone
.06 take volume; deep = .94 lake volume).
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Figure 32. seasonaì changes in the abundance (ind L-1) of life
history stages of core cycìopoÍd sfecies tn tfre
shallow_and_deep zones of Lake 019, February I976
to April 1977. For cycrops verna'ris and Euðvcloosagilis only total copepodr-îs pFesenfed.
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exclusively offshore, with fecundities consistently high, between 60-80

eggs per female, until its conclusion in mid April L977 ' By mid March'

-1
38.0 nauplii L'had accumulated in the deep zone. some shoreward

migration was evident as shallow zone nauplius densities rose' in the

absence of significant egg production' to 45'0 ind L-l by mid April '

In both zones, the initial C. b. thomasi copepodid pulses in late

May - early June consísted primarily of immatures. !'lith maturation'

copepodid numbers declined to less than 10 ind l-1 uy June 23 when 50%

of the deep zone population consisted of adults' From the nauplii cohorts

of late June, second copepodid pulses developed in early July' but adults

never formed more than I0% of the populations at any time' By ear'ly

August, most immature instars had disappeared from both zones' Low

numbers of CIV-V and adults, mainly maìes, persisted for the next six weeks

until september 24 when rising densities of cI-III and clv-v signalled

a resumption of reproduction. A few females matured and were producing

eggs offshore by mid october. Through winter, all copepodid stages were

substantially more abundant offshore than near shore with high proportions

of adults present. By April 26, the first ice-free sampling date' copepodid

densities were comparable in both zones with 19'2 ind L-l near shore'

Lower offshore copepodid densities during late winter 1976 as compared to

1977 refrected the reduced oxygen tensions in the former year (Fig. 6).

T. g. mexicanus was basically a late summer-fall replacement for ç-' !-'

thomasi. It initialty occurred, however, from February to April 1976 as

mature females which were completing the previous year's cycle. The species

was absent during May but reappeared on June 2 as immatures, mainly cI-III'

initiarìy accumulating in the slightìy warmer inshore waters. A week later'

mature males and gravid females occurred offshore. ||lith significantly

higher (5-10x) densities of gravids near shore, a substantial egg pulse
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first developed in the shallow zone. Average clutch sizes during this

period were the year's highest, varying between 23-4? eggs female-1'

but stabilized between 12-18 eggs for the remainder of the reproductive

cycleendinginearlySeptember.Althoughtota]eggproductionwas

higher offshore by mid June, developing copepodids tended to congregate

near shore (13.2 ind L-l) where fewer 9.b. thomasi çIV-V and adult stages

were present. tlith T.p. mexicanus fecundities declining in late June'

cI-III recruitment fell and total copepodid densities were minimal by

Juìy 19. tlith lakewide depletion of c.b. thomasi towards the end of

July, T.g. mexicanus began to increase. significantly higher gravid female

densities offshore from latter July to mid August resulted in a larger

deep zone egg puìse during that period. Nonetheless, copepodid numbers

were comparable in both zones in early September, about 25 ind L-1' with

adu'lts forming an important fraction. By mid october' more than 90% of

copepodids were adults in contrast to the much lower fraction of c'Þ'

thomasi adurts and by mid November, as densities decrined, the population

was completely mature. From December to late March' significantly higher

T.o. mexicanus concentrations were consistently found near shore' A few
_L

mature females were seen near shore on the last sampting date at the end

of April.

The two less commmon cyclopoids in Lake 019, C' vernalis and E' agilis

were found predominantly during May and June (Fig. 32). Both species

were producing eggs under deep zone ice in March and April 1976' E-'agilis

continued to reproduce near shore until early June with a few final brief

efforts in July. The main reproductive period of c' vernalis occurred in

the second half of June in both zones'

ThedominantspeciesinLake0lg,D.siciloides,attainedthehighest

abundance of any calanoÍd under study with an offshore peak on July 26
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Figure 33. Seasonal changes in the abundance (ind L-l) of'life
history stages of ?!aptomus sÍciloides and Daphnia
parvula in the sha@f LaR'ãTII
February 1976 to April 1977.
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of

D.

zoz.g copepodids L-l (Fig. 33). The annual average densi.ty of

sicitoides was 29.6 ind L-l-

Reproduction of D. siciloides was continuous throughout the year'

except during mid February 1976 and early March 1977 (tig. 33 and

Appendix T).

Largest clutches,averaging 20.5 eggs (range 15.4 to 26.Q\,were ob-

served between May 12 and June 23. During the fall and early winter

average broods were relatively high at 12.5 eggs (range 8.8 - 14'8)'

Totat egg production was greater offshore than near shore, particularly

during July, as a result of twice higher gravid female densities in the

deep zone.

D. sicitoides nauplii exhíbited three pulses. The small quantities

of naupìii in mid May originated ei.ther from reproducing adults or over-

wintering eggs. Highest nauplius densitV, 
.|70 ind L-], occurred near shore

on June 19 wi th 126.2 ìnd L-l in the deep zone a week later. After de-

clining to a minimum of 5.0 ind L-l on July 5, inshore nauplii rose to

S4.9 ind L-1 by July 12. The comespondi.ng offshore maximum, 71.6 ind L-l,

took place in late Juìy. The final nauplius pulse occurred offshore in

late August and near shore in mid september before disappearing in mid

0ctober.

D. siciloides was relatively comparab'le in both zones with three

CI-III pulses, corresponding to respective nauplius peaks, visible' The

final pu'lse was considerably reduced. Gradual maturation and accumulation of

later instars resuìted in maximum copepodid densities, offshore on July 26'

Near shore,slightìy lower peak densities, !77.5 ind L-l, and a reduced

proportion of adults were observed in mid July. Abundances declined rapidìy

through earìy August and by months end, only a few adults remained in the

lake. The small third pulse of cI-III appearing in early September'
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eventually led to very consistent adu'lt numbers throughout winter'

In conrnon with all other copepoda in Lake 019, males of D. siciloides

were more numerous than females, particularly in the deep zone (Tab'le 8)'

0f all specÍes in Lake 019, D. parvu'la displayed the greatest in-

trazona'l differences, averaging 4.7 times higher densities and 9'6 times

higher biomass levels offshore than inshore (Tabte 7)' In both zones'

however, growth was basically similar with two main periods, the first

in late May - earìy June and the second in latter June' Several over-

wintering mature females' a few carrying single eggs were found offshore

in February and March 1976. Soon after ice-out in late April, immatures'

perhaps hatched from ephiPPia, l'lere present in both zones' By mid May'

gravid females were present in the deep zone carrying up to 11 eggs (mean

6.8), the seasonal maximum. Fecundities were high offshore during the

remainder of May gradualty faìting to between 1 and 2 eggs per female

in late July when reproduction became sporadic. Brood sizes were signi-

ficantly(95% C.I.) lo$,er near shore during the only shallow zone re-

productive period, May L2 to July 12, averaging about 2.0 eggs per

female. parthenogenesis resumed offshore briefly in earìy August and

then finalìy for approximately one month from mid September to mjd

october when broods averaged from 3.5 to 5.9 eggs. Ephippia'l females

'were abundant (3.8 ind L-1) offshore June 2, disappeared by Juty 5 and

reoccurred in low numbers from 0ctober 15 to December 17' Near shore'

occurrences of ephippial females v,rere símilar but abundances much lower'

l.lith adults and gravid female fractions increasing in late l4ay, total egg

production reached a peak offshore on June 2. 0n the same date, total

female and male abundance maximized at l2?.5 and 46.3 ind L-l, respectively'

In the shallow zone, corresponding peak values were 14.2 and 6'6 ind L-1'

'ffshore'.densities 
fell sharply within a week but recovered to 80.7 ind L-1
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by June 23. Adults formed an average of 6?% (47-75/" range) of the deep

zone population from the latter part of June to mid Juìy while in the

shallow zone, by contrast, immatures constituted the maior portion'

gl% (range 49-100%), of the population, during this period. Males

disappeared from the deep zone on July 12 (June 28 near shore) and were

not seen until late September when they became involved in ephippial

production during october and November (Appendices F and H)' Tota'l

densities offshore were very low throughout August with a complete

absence on August 26. Daphnids were generally not found in the shallow

zone from mid July until late September. some specimens occurred in

the fall, mainly offshore, but numbers were always less than 2'5 ind L-1'

Immatures were last seen offshore on November l'9, ephippial females on

December 17, gravids on January 18 and females without eggs on March l'0'

Mature females left the shorezone on January 18'

seasonal development of B. longirostris, the other major cladoceran

in Lake 019, was centered within June and July during which time it

occurred in higher concentrations offshore (Fig. 29). Gravid females were

first detected offshore in February carrying 1.2 eggs and by mid May broods

were averaging 4.6 eggs, the seasonal maximum (Appendix T)' Fecundities

gradually decreased to 1.1 eggs by July 26 when summer reproductìon ceased'

Egg densities peaked initially in mid June at 74 eggs L-l and even higher

at 107.5 eggs t--1 in mid Juìy. Shallow zone fecundities were insignifi-

cantly'lower during the comparable period April 29 to Juty 26 but total

densities were 47% of that offshore because of reduced gravid female

abundance. Coryesponding near shore peaks were 30'3 egg L-l on June 16

and 84.0 L-l on July 12. Reproduction recormenced in November' exclusively

in the deep zone, but with broods of usually onty one egg and gravid
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densities low, total production was minimal. It did, however' persist

through winter until ice-out in late April L977 '

Males were not very abundant and occurred primarily offshore during

June and early Juìy. Highest quantities, ?.2 and 1.5 ind L-1' were

associated with population maxima in the deep zone on June 28 and in the

shallow zone in early July respectively. Additionally, a few males were

found offshore in mid December'

The occurrence of c. lacustris was a'lso mainly concentrated in June

and July (Fig. 29). It was more uniformly spread throughout the lake than

l. parvula, its average shallow densities almost 70% those offshore'

During its reproductive period from June 9 to August 3, fecundities were

similar in both zones with highest egg counts occurring in the earlier

stages of its cyc'le (Appendix T). Ma]es were found associated with

ephippiat females in late June - early Juty and finatly in mid october'

the tast occasion on which the species was present.

The core species with the shortest appearance in Lake 019' D' leuchten-

bergianum, was found primarily in the deep zone during July (Fig. 29)'

Mature females, ranging in size from.80 to 1'25 mm, carried 1 to I eggs

onìy for a short duration in latter July aìthough a few gravids were seen

closer to shore in late June (Appendix T)' No males were detected even

in a re-examination of samPìes'

A. rectangu'la and M. laticornís were principally situated in the

shallow regions of Lake 019 (Fig. 29), their mean densities approximately

21 and 16 times higher respectively, near shore than offshore' Alona

was first found offshore in February and Macrothrix in late April but

both were absent in the deeper zone on most remaining occasions' Highest

Alona densities,4.6 ind L-l, were observed inshore on September 24,

making it the most abundant fall cladoceran. under ice cover, densities
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By late Apriì Lg77, development once again resumed'
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Alona disaPPeared.

Highest Macrothrix densities, 5.0 ind L-l' occu*ed in late May near

shore. Through June and July it rose and felt in unison with Alona

(Fig. 29). As with A'lona, Macrothrix disappeared in late March but

reappeared in late APril.

Gammarus was almost completely absent from Lake 019 being found only

on two occasions near shore, June 2 at .01 ind L-l and February 'l'8, Lg77

at .02 ind L-l and once offshore on March lO, lg77 at '004 ind L-1

(Fig. 20).

0n the other hand, chaoborus was relatively comfnon in Lake 019' It

was confined to the deep zone' except for three brief occurrences near

shore, July 5 and 26 and August 19. Found in low numbers after ice-out

in late April, it eventually left the plankton in late May to reappear in

late June. Its presence was continuous unti'l late August with peak de'

velopment of .7 ind L-1 on July 19. Fall and winter densities were very

low, usua'ltY tess than 0.1 ind L-l'

Variation of animal sÍze and fecundity

Seasonal changes in body length of gravid females and their fecundity

were consÍstent for most species. In general, all ovigerous females were

ìarger and carried more eggs during cool water periods in spring and fall

than mid summer (Figs. 34, 35 and 36). Some among lake variation in size and

fecundity was noted. L.Þ.. thomasi females were somewhat ìarger in Lake 019

from late May to early July and mid January to mid April (annual mean 1'18

mm, range .91 - 1.34 mm) than in Lake 255 (mean 1.04 mm, range '81 - 1'23 mm)

or 885 (mean .96 mm, range '80 - 1'08 mm) (Fig' 34)' C'b' thomasi was

largest in Lake ?55 in mid May as well as during July and August' Highest
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Figure 34. seasona'l changes in the length (tip of cepha'lothorax to
base of caudal setae, mn) and fecundity (eggs female-l)
of Cycìops bicuspidatqs thomasi females in-[akes 019
25s and-895,-m-mT976-Tô-n¡Fft L977. Data poinrs re-
present means of measurements of 20 randomly selected deep
zone gravid females.
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Figure 35. seasonal changes in the ìength (tip of cephalothorax
to case-of caudal setae, mm) and fecundity (eggs
femal.-1) of Diaptomus iiciioides females-in [ãtes
019 (Î'larch 1976-ÏoTÞFiT-1tr77) and 255 (May 1976 ro
December 1976). Data points represent means of
measurements of 20 randomly se'lected deep zone gravid
femal es.
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Figure 36. Seasona'l changes in the length (tip of helmet to base
of shelì spíne, rm) of ovigerous ( ) and
ephippial (--=----) Daphnia schoedleri and fecundity
(.ggt female-I) of ovïleroG@ (..:.)
in the shalìow and deep zonesifG-kesTBS-filand
255 (o), May 1976 to December 1976. Data poiñts
represent means of measurements of Z0 randomly selected
mature females.
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fecundities were also usuatty found in Lake 019 except for early May

in Lake 255 while lowest brood counts were found in Lake 885'

D. sici'loides sizes in lakes 019 and 255, while not significantly

different during summer, were larger in Lake 01,9 from September to

November (Fig. 35) as wetl as in June'

D. schoedleri females were larger in Lake 885 than Lake 255 through-

out the season except for rate May individuals (Fig. 36). whereas

female sizes in Lake 255 declined through June from a May maximum' those

in Lake gg5 increased during June and fell later in July and August. l'lhile

sizes stabilized near 2.00 nun through summer and fall in Lake 255' they

increased steadily after mid August in Lake 885'

Ephippial females were also genera'lly larger in Lake 885 than Lake

255. trlhile ephippial and ovigerous female sizes in Lake 255 were comparable'

in Lake 885 ephippial females were usualìy smaller than egg bearing specimens'

No spatial variation in daphnid size was visible in Lake 255 but in Lake

g85 targer individuals tended to accumulate nearshore during mid summer'

Average brood counts were highest in spring in both lakes and lowest

during mid summer. Fotlowing summerkill in Lake 885, fecundities in-

creased. [lJhile counts were usualty similar in both zones of Lake 255'

fecundities were higher in the deep zone of Lake 885 during the summer'

D.parvulainLake0]'9'sdeepzoneexhibitedamidsummerdepression

of size and fecundity (Fig.37). Ephippial female sizes in the fall were

comparable with earlier parthogenetic females. Representative shallow

zone data was not availabte because of low 9. parvula densities'
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Figure 37. Seasonal changes in the length (t'¡p of heìmet to base
of shell spine, rm) of ovigerous ( 

- 

) and
ephippíal ( ;:--- ) Daphnia parvula and fecundity
(eggs femal"-l) of oviçrous qm-pg¡yuÞ femalês
in the deep zone of Lake 019,Wo December
t976. Data points represent means of measurements of
20 randomìy seìected mature females.
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DISCUSSION

This study provided a detailed description of three zooplankton

communities revealíng significant quaìitative and quantitative

differences. To evaluate these differences' the chemical and primary

production data of srisuwantach (1978), the fish population data of

Tavarutmaneegul (1978) and the results of Kling (unpublished) were used

together with data collected by the author. This additional information

simpìified assessing the relative productivities of these'lakes which

represented a rather narrow range of eutrophy'

Morphologicaì and Limnoìogical Variations

AlthoughLakes0lg,255andSS5weresituatedwithinal'5kmradius'

their thermal and chemical characteristics differed as a result of mor-

phoìogy and surroundÍng terrain. The degree to which vegetation enclosed

the shorelines of Lakes 885 and 255 affected theír mixing regimes as well

as the amount of nutrients reaching them (Fig. 2b,c). For small, shallow

Lake 255, exposure to prevaiting southerly winds (Fisheries and Environment

canada) insured continuous complete circu'lation, indicated by the vertical

homogeneity of seasonal temperature, oxygen and nutrient profí1es (Fi9' 4'

6; Tab'l e 2).

Small Lake 885, in contrast almost completely encircled by trees

periodicaììy stratified during summer teading to relativeìy steep thermal

and chemical gradients (Figs. 4c; Table 2). Stagnation during a hot

dry spelt in late August ultimately resulted in complete oxygen depletion

(Fig. 6). The importance of this shelter belt was shown in l'978 when'

following removaì of trees from a large extent of Lake 885 shoreline'

sumrnerkill did not occur and trout were harvested from the lake (G' Curry
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pers. comm). In Lake 019, the longer fetch was responsible for mixing

the upper 4-5 meter layer but was not enough to circulate bottom layers

which remained cooler and anoxic through much of summer (Figs ' 2a'4'6)'

Amount of exposure also influenced the accumulations of snow and ice'

Prevailing northwesterly winds teft highly exposed Lake 019 with thinnest

snow but thickest ice during both winters' The narrow belt of trees on

the western flank of Lake 885 offered only light wind protection giving a

thicker snow mantle. Densely wooded north and west shore areas on Lake 255

aìlowed greater deposition of snow and a thinner ice cover' As a result

Lake 255 opened and warmed most rapidly in spring. Heating of Lake 255

was also promoted by deeper penetration of light, as indicated by Secchi

(Fig. 5) and light transmittance readings (Srisuwantach 1978) and greater

absorption on submerged surfaces. Low water transparencies in Lake 885'

particularly during heavy surface blooms, reduced light penetration and

limited heating to upper strata. Density stabilizatÍon and minima'l mixing

resulted in bottom temperatures cooler than in Lake 255 (Fig. 4c)' Thus

in fact summer stratification in small Lake 885 more closely resembled that

in deeper Lake 019 than in shallow Lake 255'

Although srisuwantach (1978) termed all three lakes eutrophic, Lake 885

was clearìy most productive, or hypertrophic, with lower Secchi visibility

(Fig. 5), much higher chlorophyll-a and nutrient concentrations (Fig' 1'

Tables 2,3), higher primary production and predominance of blue greens

(Table 3). Despite the location of the lakes within a grey-black soil

zone, Lakes gg5 and 01g were underlain by medium textured soirs deveìoped

on moderately calcareous boulder-ti ll material (Erickson association)

while Lake 255 was ìocated on fine textured clay and sandy loams developed

on lacustrine sediments (Qnanole association, Sunde and Barica 1975)'

As the lakes were landlocked, allochthomous nutrients entered via surface



158

runoff, groundwater flow and/or soil erosion' Thus Lake 885' surrounded by

cultivated, fertitized fields and adioined by a farmstead' likely received

considerable quantities of nutrients by seepage through a moderately

coarse under burden. tlutrient inputs into Lake 255, on the Other hand'

were likely reduced by filtration through densely wooded shore areas

and finely textured clays. Direct agricultural sources to Lake 255

were also lacking. Runoff and seepage from croplants, a barnyard and

a domestic septic field contributed to the nutrient load of Lake 019'

Differences in seasonal oxygen concentrations, white influenced

by mixing, were also related to lake trophy and morphoìogy' In hyper-

trophic Lake 885, summer anoxia was related to the collapse of an

Aphanizomenon bloom, fo]lowed by circulation of depleted bottom waters

during a period of cooler, windy weather. Papst et al. (1980) found in-

stantaneous oxygen demands of near bottom anoxic layers in Lake 885 tO

be as high as ?4.8 ng. L-1. During winter, the severity of oxygen de-

p'letion and the accumulation of degradation by products were also related

to lake trophy and morpho'logy. Mathias and Barica (1980) found an inverse

relationship between winter oxygen depletion rate and mean depth in

prairie, southeastern ontario, Arctic and ELA lakes' Lake trophíc status

also influenced winter oxygen dep'letion with sediments of eutrophic lakes

consuming oxygen about 3 times faster (0.23 g.m-2.d-1) than those of

oligotrophic lakes (0.08 g.m-2.d-1) atthough water column respiration

was similar ìn both groups. srisuwantach (1978) observed that Erickson

lakes with maximum depths greater than 4'2 m rarely winter killed' There-

fore, Lake 019 (Z'.* = 6.8m) stitl contained approximately 5.0 mg 0,.-'

in its upper 3 meters in mid March 1977, while smaller shallower Lakes 255

and 885 had lower levels of oxygen in late winter (Fig' 6)' 0f these two'

Lake gg5 exhibited lower winter oxygen concentrations. By mid December'
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for example, Lake 885, at 1.0 m, was onìy 17% saturated with oxygen

while Lake 255 was much higher at 75%. In addition, the presence of

hydrogen sulfide was initially noticed in mid December in Lake 885 but

not until mid l-larch Lg77 in Lake 255. The extremely high concentrations of

ammonÍa detected in Lake 885,2274-2430 Ug L-1, in mid February 1977 and

corresponding tower values in Lake 019, 418-422 vg L-l, and Lake 255,

330-346 ug L-l, were positvely correlated with alga'l standing crops and

production during the preceeding summer (Srisuwantach' 1978)' As the pH

remained above 8.0 throughout winter ìn 885, much of the HrS would have

been in the highly toxic undissociated form (Schindler and comita 1972)'

Simitarìy, some of the NH' at these elevated pH levels, would occur as

toxic NH40H. These compounds can be as important to crustacean survival

as the ìevel of oxygen depletion (Wierzbicka 1962, Elgmork 1973)'

periodic summer anoxic in Lake 885 may have possÍbly contributed to

hypertrophy through regeneration of inorganic nutrients (Mortimer 1941'

lg42; Hutchinson 1967; Richardson 1975). schindler and comita (1972)

described the same mechanism maìntaining a large phytoplankton population

in Severson Lake.

Differences in phytoplankton' macrophytesrfish and invertebrate

predators _ other e.rements which appeared to inftuence zooprankton dynamics -

were also related to ìake trophy and morphology' Srisuwantach (1978)

concluded that blue greens were dominant, on an annual basis' in Lakes 885

and 019 with cryptomonads important in Lake 255 (Appendix E)' However' in

fact, during the main algal biomass peaks, Lake 019 was dominated by diatoms

in late May and diatoms ptus dinoflagellates in August-september' similarly'

bìue greens v,rere prevalent during the August-September biomass pulse in

Lake 255. The mid summer Aphanizomenon bloom in Lake 885 was a response
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to excessive nutrients and a low N:P ratio (4:1). Dominance of blue-

greens is considered an indication of eutrophy (feiling 1955i Rawson

1956). Higher N:P ratios of l?:1 and 41:1 in Lakes 255 and 019 respectively

(Srisuwantach 1978), promoted diverse atgat cultures (Scfrindler 1977) al-

though biomass levelS were reduced in these lakes' For example' alga]

biomass in Lake 255 was generally one order of magnitude lower than in

Lake 885 (Fig. 8).

Extensive growth of submerged macrophytes in Lake 255, harbouring

' 
',orn nf littoral I ----:es' t{as associated with

the highest number of littoral crustacean speclr

ìake morphometry and trophy. Abundant daphnids may have also contrÍbuted

to macrophyte development. l¡llith only minimal predation pressure by stocked

trout, large D. schoedleri survlved (Brooks and Dodson 1965)' reaching

sufficÍent densities by tate May (Fig. 27') to reduce algal biomass (Fig' 8)

resulting in higher secchi visibility (Fig. 5). The same explanation for

the clarífication of several lakes and ponds was given by Shapiro'(1980)'

A proliferation of macrophytes followed, decreasing nutrient availability

to phytoplankton and algat biomass declined further during June' During

the second part of summer macrophyte growth s'lowed and algal biomass in-

creased. schindler and comi ta (1972) described a simi'lar chain of events

inLakeSeversonfollowÍngwinterkill.Eliminationoffishwíthacor-

responding increase in daphnids ultimately led to an "o'ligotrophication"

of the lake marked by increased macrophyte production' The relative lack

of macrophytes in Lake 885 was primarily related to reduced tight pene-

tration caused by dense algal blooms. Lake 885's bathymetry, similar to

thatofLake255'wasnotdirectlyresponsibleformeagreptantdeve]opment.

In Lake 019, water transparency and bathymetry likely influenced the quantity

and quality of macrophytes. Transparency and vegetative development were

bothmoderate,relativetoLakeSs5and255.Thepredominanceofemergent
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Scirpus and a generaì reduction in submergents, reflecting lower trans-

parencies, contributed to reduced shorezone habitat diversity in Lake

019. Consequently, lower numbers of littoral crustacean species

were found in Lake 0l'9 than in Lake 255'

onty in Lake 019 were fish abte to survive over wínter' crude

estímates of Pimephales prome'las and Cu'laea inconstants minimum total

abundance, 43,000 to 86,000 fish ha-l, were well above levels known to

initiate changes in nursery pond zooplankton (Grygierek 1965)'

Tavarutmaneegul (1978) es'timated native Culaea inconstans densities in

non winterkilì Erickson Lake 200 at 80,000 fish ha-l with a biomass of

approximate'ly 8.0 g r-2. He a'lso described consumption of cladocerans

by sticklebacks severe enough to depress the growth rate of competing

stocked trout fingerlings.

In Lakes 255 and gg5, annual winter oxygen depletion acting synergis-

tica'lly with HZS and NHO0H likely prevented wÍnter survival of fish' In-

tensive fishing during 1976 did not uncover either sticklebacks or minnows

(Tavarutmaneegul 1978). stocking programs since l'968 have not revealed

oven¡intering fish in either take (G. Curry pers. comm)' The densities

of rainbow trout stocked in these 'lakes, approximatety 1500 fingerlings

ha-l, had little effect on fish growth or survival (Lawler et al' 1974)'

The abundance of invertebrate predators was clearly related to lake

trophy and morphology. In Lake 019, Gammarus was cropped almost to ex-

tinction by dense schools of overwintering minnows and sticklebacks (Fig'20)'

chaoborus, however, attained maximum densities in the anoxic refuge of

the deep zone during Juty. In winter kilted Lakes 885 and 255 without

native fÍsh, Garnmarus was much more abundant. Higher gammarid densities

in Lake 255 were favoured by the dense vegetation for concealment from trout
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Figure 38. Five parameters of the three study lakes compared with
other North American lakes. Ranges (}---{) and/or
means (-¡:) of midsummer val ués presentéd; epi I Ímnion
va'lues used for chemical parameters. ELA stands for
Experimentaì Lakes Area, northwestern Ontario. Dotted'
vertical lines represent approximate trophic boundaries
from.Dobson et a'l . (L974) (modified from Archibald,
Le77).
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Table 9. comparison of crustacean abundance in the Erickson study lakes during surrmer 1976 with several

Canadian and Polish lakes'

Lake

Upl nek

Él ecet

Smolak

ELA I22

ELA 132

tlest Hal fwaY

Pygmy

Hogans Pond

Baullne Long Pond

019

255

Country

Poland Patalas and Patalas ' 10'0
( tssa¡

Poland Prtalas and Patalas 23'3
( 1e68)

Poland Patalas and Patalas 5'3
( 1e68)

Source

Canada Schlndler and t{ovén l2'2 l2'8
(1e71)

Canada Schlndler and Novén
( 1e71 )

Canada Archlbatd (1977)
(Yukon )

Canada Archlbald (1977)
(Yukon )

canada Davls (tglz)
(Nfr d. )

Canada Davls ( 1973)
(Nfr d. )

Canada Present studY

Canada Present studY

Area
(ha )

Max
Depth

(m)

885 Canada Present studY

Mean
Depth

(m)

a Converted to wet weight assuming dry wei
b Estìmated from Schinðler and Novén (1971

5.0

8.4

5.1

c Includes rotifers.
d Estimated from Davls (1972).
e Estlmated from Davls (1973).

2.0

3.4

2.4

7.2

3.37.2

90

Lake TYPe

pond/eutroPhl c

dyst/eutrophl c

dystrophl c

o1 I gotrophl c

o1 I gotrophl c

o'llgotrophlc

ol I gotroPhl c

mesotroPhl c

chthoni o-
oligotrophlc

eutroph I c

eutrophi c

hypertrophi c

8.4

4.7

50 18.0

60.1 L2.4

t9.7 9.0

28.7 6.8

4.1 2.7

2.4 2.9

Method
of

Col I ect{ on

5 llter trap

5 llter trap 187

5 llter traP

29 llter trap

29 llter trap

26 llter Schlndler-
Patalas trap

26 llter Schlndler-
Patal as traP

l0 llter JudaY traP

10 llter JudaY traP

modlfled Pennak tube

modlfled Pennak tube

modlfted Pennak tube

t = 0.06 wet weight.

5.0

3.7

3.4

1.6

t,7

Crustacea
Hav-0ctober JulY-August

lnd/L mg/L lnd/L mg/L

305 4.4 70

2.455

0. 857

1.204

2 .60â

68

344

l0l 1.587

120 1.294

52b

47b

78.0 3.6lc

39.0 1.66c

25d

66e

5.542

214

198

531

2.902

7. 161

17.4 l8

319

135

214

4.575

6.869

24. 169

OlÞ
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(Hotmstrom 1973). Chaoborus was least abundant in Lake 255 where oxygen

was aìways p'lentiful near bottom throughout sufrmer. It never formed more

than 1% of trout diets. In Lake 885, Chaoborus survived winter anoxia but

without the protection of submergent vegetation, they were preyed upon

heaviìy during May comprising 90% by weíght of trout food items' They sub-

sequently remained marginal in the lake until the release of predation

pressure by August summerkill. Anderson and Raasveldt (1974) found

Ganrnarus and Chaoborul to greatly influence the abundance and species

composition of crustacean corlÙnunities. In the study ìakes, Chaoborus

was collected during day time, indÍcating that it was permanently, rather

than nightly, pìanktonic (Carter and Kwik 1977)'

tJhen viewed perspectiveìy, prairie pothole lakes are thus extremely

rich and productive (Fig.38 modified from Archibald L977)' Mid summer

mean values of ch'lorophyll-a, total phosphorus and secchi visibility define

Lake 885 as extremely eutrophic or hypertrophic,Lal<e 019 as eutrophic

and Lake 255 as meso-eutrophic. This classification relates to open water

regions rather and the lower trophy of Lake 255 is compensated by its rich

macrophyte development. Lakes 019 and 255 are moderately sa]ine while

Ag5 is saline according to the criteria of Rawson and Moore (1944). However,

because of the relative shaìtowness of the study lakes' their mean summer

zooplankton biomass va'lues, PêF unit area, fall within the same range

as oligotrophic Yukon takes. By considering instead, crustacean abundance

per litre (Table 9), zooplankton densities within the Erickson lakes are

among the highest recorded in the ìiterature, being similar to eutrophic

ponds in poland (pata'las and patalas 1968). Thus morphology and trophy

directly influencing oxygen concentrations among other limnological para-

meters, played key roles in affecting biologicat productivity within



166

Lakes 019, 255 and 885

Annua'l community Abundance, Biomass and species composition

Zooplankton abundance biomass and species composition were affected

by a variety of factors of which morphoìogy and trophy were most important'

Greatest mean annuaì amounts of pìankton per litre and per square centi-

meter occurred in shallow hypertrophic Lake 885 while lowest crustacean

abundance and biomass per..2 n.r. found in meso-eutrophic Lake 255

(faU]e 6). Lake 019's abundance per.*2 
"u, 

comparable to Lake because

atthough Lake 019 was less eutrophic, the zone availab]e to pìankton

was roughìy twice as deep. Recalculating Lake 019 densities on the basis

of the oxygenated strata only would raise abundances per litre above

those in Lake 255. Substantially ìower biomass in Lake 0l'9 was the product

of lower trophy, relative to Lake 885, and intense fish predation' Ex-

tremely abundant overvlintering planktivores infjuenced crustacean biomass

by selectively eliminating large daphnids. Although only a few immature

D. schoedleri and D. magna were present in the plankton, numerous ephippia

of both species were identified in samples containing sediment. signifi-

cantly smaller P. p-arvula (.8 nun) succeeded these larger species (>2'4 mm)

thus effecting a ìower total biomass. similar relative decreases in

daphnid abundance under intense fish predation were observed by Grygierek

(1962) Brooks and Dodson (1965), Galbraith ogæ), Brooks (1968)'

Shapiro et al. (1975), Anderssmet al. (1975) and Shapiro (1980)' 0n the

other hand, Kaiak and Zawisza (1973) saw no short-term changes in biomass

with replacement of larger by smaller, more numerous filtrators in ponds

stocked with two-year-old carp. Archibald (1977) reported changes in

pìankton composition but not biomass by planktivores in oligotrophic Yukon

lakes. Lower annual biomass in Lake 019 was also associated with the
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predominance of other small species such as B. longirostris, and

T.g. mexicanus. The high abundance of these smaller crustaceans was

likely related to the virtual elimination of their predators, Gamrnarus'

(Anderson and Raasvetdt 1974) by fish and their reduced vulnerability

to fish predation. In Lakes 255 and 885, where Gammarus was abundant

(Fig. 20), q. longirostris was scarce and T.g. mexicanus was absent'

M. edax and C. vernalis, found in Lake 255, also also considered to have

a profound effect on Bosmina populations (Kerfoot 1977). Gliwicz et al.

(1g7g) found Mesocyclops leuckarti eliminatÍng ìarge portions of zoop'lankton

biomass in the spring and considered Leptodora kindtii and Chaoborus flavicans

more important predators than fish.

Zooplankton biomass p.r.r2 in mesotrophic Lake 255 was, despite its

lower abundance, only slightly lower than in Lake 019 mainly because of large

D. schoedleri and other medium sized species tike D. rosea' M. a'lbidus'

D. leptopus, M. edax and A. denticornis which prevailed as a result oflow

fish predation (Hrbacek 1962; Brooks 1968). !-. schoedleri was also the

main contributor to annual biomass in Lake 885. Coveney et al. (1977\

reported a similar mean annual fresh weight biomass of 9.0 mg t-l (range 3-

29 ng L-l¡ f"om eutrophic Lake Bysion where three species of Daphnia -

pulex, magna and longispina as well as Eudiaptomus graciloides dominated.

Rawson (1942) observed a positive correlation between zooplankton

abundance and total disso]ved solids as did Archíbald (1977). Patalas (1972)

found crustacean abundance related to chlorophyll-a as well as total phos-

phorus. Loadman (1980) suggested abundance was governed by primary pro-

ductivity in four small lakes near t.linnipeg, Manitoba. Annual crustacean

abundance in her most eutrophic Lake 1, 151 ind L-l was similar to Lake 019;

however, annual chlorophyll-a, 5.2 Ug L-l, was much below that of Lake 019

with ZZ.0 ug l--1 (Srisuwantach 1978). The large accumulations of algal
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biomass in Lake 019 (Fig. 8) may be expìained by the dominance (82%) of

B. longirostrus which could not utilize the larger aìgal celìs' In Lake 1'

where summer cladoceran densities were ?5% of levels in Lake 019' larger

g. galeata mendotae, !. parvula and c. lacustris predominated over

B. longirostris.

Litynski (1925), Bowkiewicz (1938) and Marga'lef (1968) cited in

Gliwi cz (tgll)Proposed that zooplankton species numbers as well as diversity

decreased with increasing trophy. Although the Erickson lakes represented

onty the most productive end of the trophic spectrum, they conformed to

this relationship, Lake 255 annualìy containing the highest number of

species and Lake 885 the lowest (Table 6). Comparison of deep zone com-

munities only, to mÍnimize the bias of macrophytes' revealed the same

trend though differences between Lakes 255 and 019 were not as wide (Table 7)'

The number of species sharing at least L% of community annual mean abun-

dance and biomass followed the same pattern with 7, 5 and 2 species in

Lakes 255, 019 and 885 respectively. Patalas and Patalas (1966) found

crustacean species numbers decreasing with increasing trophy in Polish

lakes. Decreased plankton diversity resuìting from nutrient enrichment

was found in Marion Lake by Dickman (1968). Roff and Kwiatkowski (1977)

suggested that reduced zooplankton diversity in acidic ontario lakes may

have been related to the presence of blue-green algae. 0f the two abundant

species in Lake 885, C. b. thomasi is known to be eurytopic and ubiquitous'

its distribution apparentty limited by competition or predation' not by

chemical factors (Reed 1958, Anderson L974i Carter et al. 1980). It per-

sisted as the sole crustacean species in aneutrophic arm of schist Lake'

Man. receiving mine tailings (salki unpub.). D. schoedleri, is common to

temporary ponds and winterkill lakes in western North America (Lei and clifford

lg74). Perhaps the abitity of larger daphnids to synthesize haemoglobin for
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adequate respiration of developing embryos durÍng periods of reduced

oxygen tensions (Fox et al. 195], Pennak 1978), imparts a competitive

advantage. Similar communities were described by George (fgZ$) tn

Eglwys Nynydd, a shallow eutrophic l,lelsh reservoir where cyclops vicinus

and Daphnia hyalina co-existed and by Adaìsteinsson (1979) in eutrophic

Lake Myvatin inhabited by Cyclops abyssorum and Daphnia longispjna'

Low diversity, as in Lake 885, was considered by Margalef (1968)

and other characteristic of unstab'le environments. The absence of

Chydoridae (9. sphaericus and A. rectangula) in Lake 885, in contrast to

their abundance in Lake 255, was another indication of the relative in-

stability of the former Lake. As Makrushin (fgZt) explaíned the Macro-

thricidae, chydoridae and Bosminidae- form primitive ephippia which are

discarded only after a second moult, a disadvantage in highly variable

situations tike Lake 885. Daphnidae,on the other hand, form true ephippia

which develop rapidly and are released inunediately upon the first moult

thus accounting for their dominance in ponds and small lakes noted for

their instability. In agreement with Dickman (1968), Lake 885's low

diversity was associated wíth high crustacean abundance and biomass.

A basic group of ten species were common to al'l three lakes (faUle 0)

and they contributed from 85 to 99% of community abundance and biomass.

0f the eight species common in Loadmans'(1990) prairie lakes, all but

Daphnia galeata mendo_tae were represented in the basic Erickson group'

0f the 27 species identified by Patalas (tgzt) in shield ìakes of the

Experimental Lakes Area, northwestern Qntario (ELA), only l'1 were found in

the present study. Five of these, C.Þ. thomasi, C' vernalis, D' leptopus'

D. schoedleri and B. longÍrostris were included in the basic Erickson

group. !.. schoedleri, however occurred in onty two smalt ELA lakes both

with extiemely high, for this region (2L.0 and 250 ug L-1) chlorophytl-a
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values. q. leptopus was found only in small ELA takes while C. vernalis

showed a tendency to smaller shallower lakes. Patalas (1964) also found

D. ìeptopus conmon in shatlow ìakes and ponds in Colorado. One obvíous

distinction between shietd and prairie lakes was the lack in ELA of

D. siciloides. This species is usually associated with eutrophic (Comita

l.972,Torke 1974), saline pìains lakes (Reed and 0live 1958)' It was not

detected in 696 lakes in gtaciated eastern North America by Carter et al.

(1980). 0f the 40 crustacean species occurring in the latter lakes, only

E. Þ. thomasi, C. vernalis, D. leptopus, D. rosea, D. parv-ula and B' ]9igi-

rostris were found in prairie lakes. 0f these six, C. b. thomasi,C. vernalis

and B. longirostris were widely distributed and tolerated all extremes

of lake morphometry temperature and water chemistry. Also, D' leptopus

was associated with smalìer but deeper lakes and D. parvula was usually

found in small shailower lakes. Although D. rosea was considered essentially

a shallow watsform by Brooks (1957), Carter found it only in lakes of

maximum dePth 18 m or greater.

The relative annual abundance of cyclopoids (Fig. 9) appeared to be

related to the severity of winter oxygen depletion with highest propor-

tions in Lake gg5 and lowest in Lake 019. This trend primarily reflected

relative densities of !.. Þ. thomasi which accounted for 99'8, 88'9 and

56.4% of annual cyclopoid abundance in Lakes 885, 255 and 019 respectively'

The remaining species of the cyclopoid group did not exhibit this trend'

Also despite these large differences in abundance, relative cyclopoid

biomass was simìlar in all three lakes'

certain cyclopoids, including L. Þ. thomasi.are recognized for their

wide physiological tolerance (Hutchinson 1967, Anderson 1974)' Elgmork

(1973) reported Cyclops scutifer, Mesocyclops oithonojdes and l4esocyclops

t,
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leukarti passing through anaerobic layers containing Hts to enter the

sediments. cyclops varicans and other cyclopoids tolerate anoxia on

or Ín the benthos by building up an oxygen debt which they recover during

nightly migrations to oxygenated water layers (chaston' 1969).

The proportion of calanoid abundance and biomass were inversely

related to the frequency and intensity of oxygen deptetion (Fig' 9)'

Qthers, such as Gannon (1972), Patalas (L97?) and McNaught (1975) have

associated decreasing proportions of calanoids with increasing eutrophica-

tion in large lakes. Smaìler Lakes 255 and 885 a'lso followed this trend

but in Lake 019 calanoid percentages were higher than expected. Calanoids'

as a group, generaììy prefer deeper lakes (Patatas 1971). Loadman (1980)

described a positive relationship between D. siciloideå abundance and mean

depth. probably the 24oC cooler mean summer temperatures in the lower

region of Lake 019's oxygenated layer were more suitable to D. sici'loides

than warmer Lake 255. overwínter survivaì of mature D. siciloÍdes ìn Lake 019

also contributed to higher calanoid fractions than in winterkilled Lake 255.

0'brien (pers. comm.) found calanoids less vulnerable than cladocerans

to fish predation. Perhaps in Lake 019, the dominance of D' siciloÍdes

was also partially a response to intense planktivory.

The relative annual abundance of cladocerans also varied inversely

with the frequency and severity of anoxia (Fig. 9). In Lake 019' high

cladoceran abundance h,as associated with numerous B. longirostris while

in Lakes 255 and 885 larger species such as D. schoedleri presided in

lower densities. These species variations were related to the relative

densities of planktivores and invertebrate predators. In Lake 885' summer

anoxia reduced cladoceran densities even further than in Lake 255'

Retative annual cladoceran biomass displayed a positive relationship

with oxygen depletion, â lower fraction occurring in non depleted Lake 019
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and larger percentages in winterkilled Lake 255 and 885. Species

responses to fish predation likewise influenced this trend' Higher

cladoceran biomass in Lake 885 than in Lake 255 was associated with the

solitary presence of D. schoedleri. The success of this filtrator may

have been related to its large size with higher filtration efficiencies

(Burns 1968) and reduced susceptibility to cyclopoid predation (Lampert

and Schober 1978). It can also utilize bacteria associated with phyto-

plankton degradation (Peterson et al. 1978; Daborn et al' 1978)' The

intestines of preserved daphnids were filled with decaying

algae and detritus during Aphanizomenon blooms'

Horizontal variation of annual zooplankton community abundance and

biomass was influenced by a variety of factors (Fig'10)' In Lake 255'

higher total densities nearshore were associated wÍth the diverse habitat

created by abundant macrophytes. Smyty (1952) and Straskraba (1965)

cÍted Ín Pittinger (1978) hetd that abundance of littoral zooplankton

was directly dependent on macrofloral density- As Lake 255 was continuously

mixed and the verticaì distribution of plankton was probably random' con-

centrations were not tikety affected by depth' In Lake 019' offshore

plankton concentrations were higher despite inclusion of anoxic bottom

layers in calcu'lations. As mixing usually reached 4-5 m, lower crustacean

densities nearshore were related to high fÍsh densities' Moderate

macrophyte development in Lake 019 was not solely responsible for lowered

nearshore crustacean abundance. 0n the other hand, the uniform distribution

of plankton abundance in Lake g85 reflected its poorìy developed macrophytes'

These similar crustacean totals, however, masked opposing spatial pre-

ferences by g.. b. thomasi (offshore) and D. schoedleri (nearshore, Table 7)

as well as seasonal variation in zonal abundance.
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The spatial variation of annual biomass t{as governed by factors

influencing zooplankton abundance and composition (Fig. l0)' In Lake 019'

higher abundance and advanced population maturity of l. parvula, associated

with reduced pìanktivory, contributed to greater deep zone biomass (Table 7).

In contrast, Smaller and less vulernable T. P. mexicanus was more abundant

near shore. Additionally, it achieved a more advanced popu'lation age

structure than ìarger ç.. Þ. thomasi which consisted of more mature in-

dividuals only during winter when fish grazing was slowed by temperature'

g.. Þ. thomasi, more common in deeper ELA lakes (Patalas 1971), and

E. longirostris preferred the deeper zone of Lake 019. cooler temperatures

in deeper layers of Lake 019, likeìy encouraged greater accumulations of

D. siciìoides offshore but greater maturity aìso indicated reduced pre-

dation. By comparison, D. siciloides maturity in Lake 255, where fish

predation was minimal was always proportional'ly higher than in Lake 019'

The offshore zone of Lake 019 lacked two of the ten common species'

M. albidus and D. leptopus, known to generally prefer shal'low waters

(Rylov. 1963, Hammer and Sawchyn 1968, Pennak 1978)'

In Lake 255, a smaller zonaì variation in biomass was related to

fewer but larger D. siciloides offshore and more numerous but sma'ller

forms near shore(e.g. C. sphaericus, A.rectangula and 9' quadranguìa)

(Table 7). The rich supply of epiphytes on near shore submergent surface

likely favoured smalJer cladocerans (Fryer 1968 cited in Downing 1980)'

0f the two daphnids in Lake 255, smal]er D. rosea clearìy preferred the

shal I o!,r zone whi I e Q. schoedl eri was more uni formly di stri buted. It i s

generally recognized that larger copepods and cìadocerans are usual'ly capable

of grazing a wider size range of food partÍcles (McQueen 1970; Berman and

Richman L974; Bogdan and McNaught 1975; Gliwicz 1977)' Higher biomass

of D. siciloÍdes offshore was ìikely associated with its preference for
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relativeìy deeper water.

In Lake 885, substantialìy higher shallow zone biomass was related to

significant'ly more abundant, larger and older D.schoedleri near shore. Causes

of this distribution were not obvious but the presence of deoxygenated deeper

layers in the offshore zone may have been partially responsible for lower per

litre concentrations offshore. A cyclopoid-daphnid interaction (Lampert and

Schober 1978) also possibly contributed to these differences. The frequent

occurrence of several C. b. thomasi copepodids in the brood chambers of'large

D. schoedleri hinted of a close relationship between these species. This

phenomenon was not observed in Lake 255 and Lake 0.l9 daphnids. Whether or not a

preservation artifact (Comita 1972, Ednondson'1974) or some form of parasitism

was involved could only be determined by examining live material.

Seasonal Dynamics of Crustacean Zoop'lankton Communities

Seasonal changes in community abundance, biomass and species composition

were influenced by varations in water temperature, dissolved oxygen and chemical

concentrations, phytoplankton and predation. Detritus was also likely of some

importance to zooplankton development but was not examined in this study. In

spring, the initial rate of community development was primari'ly a function of

water temperature (Fig. 12). Lake 255, warming most rapidly' was first to

reach peak abundance in mid May, followed by slightly cooler Lake 885 in

ìate May and coolest Lake 019 attaining an initial plateau in early June.

The magnitude of this spring deveìopment, dominated in all three lakes by

cyclopoids, mainly C. b. thomasi was basically reìated to the severity of

winter oxygen depletion. In Lake 885, with substantial nutrient regeneration

(Srisuwantach 1978), high algal biomass developed during March and April

(fig. 8). The large cohort of emerging CIV-V, likely utilizing protozoans

and bacteria (Monakov and Sorokin 1972 cited in Adatsteinsson 1979), matured

and rapidly increased. Fewer gammarids plus delayed and restricted de-
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velopment of other cyclopoids as a result of winter anoxia, HrS and

NH40H, a'lso possibly favoured extreme C. Þ. thomasi densities'

In moderateìy dep'leted Lake 255, a substantially smaller cohort

of CIV-V emerged. Algal biomass under ice was lower but protozoan biomass

h,as higher than in Lake 885. Relatively high densities of fìve other co-

' occurring cyclopoids, and higher gammarid densities, associated wíth milder

winterkilì, may have affected lower C. b. thomasi concentrations.

In Lake 019, several mature C. b. thomasi overwintered and were the

main source of spring development rather than existing CIV-V. Spring algal

biomass, similar to Lake 885 and abundant protozoans, did not positively

effect C. b. thomasi. Relatively hÍ9h densities of potentially predacious

C. veruqlj!and E. agilis may have contributed to restricted C' b' thomasi

densities. Loadman (1980) also found cycìopoids dominant in spring with

a maximum of 544!.þ. thomasi l--1 in Lake 1 compared to 68 ind L-l in

Lake 019. At the same time, C. vernalis and M. edax were virtually absent

in Loadman's lake, predominating only when c. b. thomasi was scarce.

patalas (lg71) found C. vernalis abundant in the Great Lakes onìy when

E. Þ. thomasi wôS not. It is difficult to precisely determi.ne the nature

of these cyclopoid ínteractions. Anderson (1970c) suggested that pre-

daceous species, both cyc'lopoid and diaptomid, are potential predators

on each other, where the role of predator or prey is determined by the

relative size or instar of each species. In the Erickson lakes, E. agilis'

c. vernalis, M. edax and M. aìbidus were all larger than c. b. thomasi.

Another suggestion of cycìopoid interaction was provided by variation

in the start of egg production. In Lake 885, numerous C' b' thomasi

gravíd females were fírst noted on April 27. Qnly a few C. vernalis females

caffied eggs at the time. Half as many gravid !.. Þ. thomasi females

appeared ìimultaneously in Lake 255 accompanied by considerably more ovi-
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gerous C. vernalis fema'les and several M. e¿ax adults' In Lake 019'

C. vernalis and E. agilis were producing eggs earìier in March while low

numbers of gravid ç.. Þ. thomasi femaìes v,'ere not seen untiì mid May'

In response to warmíng temperatures' community abundance and com-

position began to change. Maximum C. b. thomasi egg production in each

lake occurred between 12-14oC, t.tptratures achieved approximately in early

and mid May and early June in Lakes 255, 885 and 019 respectively' Sub-

sequent respective total copepodid densities peaked about two weeks ìater in

mid and late May and mid June, the timing of this sequence influenced by

several factors including temperature, competition and predation'

tJith the shift to cIadocerans B. Iongirostris and D. parvula and to

D. sicitoides, Lake 019 community abundance and biomass increased through

June and into July. At that time, maximum diversity, 13 species' was

also reached. Despite increasing numbers of herbivores, algal biomass rose

during this period and phytoplankton - zooplankton biomass ratios (P/z),

a rough measure of the grazing intensity of filtrators (Ruttner 1938 cited

in Adalsteinsson LgTg) averaged 1.0. Presumably smaller algae þrere eaten

white larger forms accumulated.

In Lake 255 during the same period, lowest zooplankton community

abundance and biomass was associated with híghest diversity, 18 species,

prÍncipally including D. siciloides, the dominant mid summer species'

D. schoedleri and several cyctopoids of which M. edax was most important'

Summer substitution of the genus Cyclops by Mesocyclops is well documented

(Hutctrinson 1967). Lowest algal biomass in Lake 255 during June - July'

resulting in an average P/7 = .28, indicated heavy grazing pressure by

dominant D. siciloides.

In Lake 885, although community abundance declined, through June and

Ju'ly, and diversity was moderate with 10 species, C' b' thomasi remained
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the dominant species with E. agilis, C. vernalis, M. albidus, present only

in very low numbers. Garnmarus was also reìatively scarce during mid

surffner. The continued prevalence of C. b. thomasi, in spite of high

summer temperatures, indicated that its abundance was determined by a

complex of factors including invertebrate predatíon, considered by

Anderson (1974) as most crucial to its dispersaì. l'lhereas D. schoedleri

accounted for only 14% of community abundance during this period it was

responsible for more than 80% of the total biomass. l.lith algal biomass

fluctuating two orders of magnitude durÍng June and July, P/7 varied from

a low value of.03 in mid June to a high of 11.45 in mid July. Kaiak and

Hilbricht Ilkowska (1972\ cited in Adalsteinsson (1978), reported P/7

ratios ranging from 0.3 for oligotrophic Lake Krugloe to 7.1 for the

Rybinsk reservoir. The striking low values in Lake 885 were associated with

intense daphnid grazing on relatively abundant chlorophytes and cryptophytes

(Appendix E) producing a clarification of the water column in latter June.

A similar change was observed by Daborn et al. (1978) who calculated that

932 D. pu]ex l--1 in sewage oxidation ponds without predators could filter

all phytoplankton within 24 hours. As Lake 885 stratified in early Juìy

and nitrogen became deficient (Srisuwantach 1978), large Aphanizomenon

accumulations, of little direct food value to D. schoedleri (Sorokín 1968;

Edmondson 1974; Andersson et al. 1975), resulted in the high P/Z values

of mid Juìy.

During August, total abundance and biomass declined in both Lakes 885

and 019 but for different reasons. In Lake 885, D. schoedleri was severely

affected by decreasing oxygen concentrations evidenced by the large drop

in total biomass (Fig. lZ). Also a maior evacuation from and cessation of

egg production within the deoxygenated offshore zone was noted. Abundance

declined from over 200 to less than 10 ind L-l during late August anoxia
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(Fig. 18). Daborn et al. (tSZe¡ noted a similar decline of l'pulex

when aeration of se!,rage ponds was discontinued. tlith algae biomass

decreasing an order of magnitude during August, P/7 also dropped from

80.0 to !2.0, stitl high and indicating littte direct daphnid grazing'

E. Þ. thomasi, unlike D. schoed'leri, remained offshore and pro-

duced eggs throughout anoxia. Relativeìy low copepodid densities in

Lake 885 during August were, as in Lakes 255 and 019, a normal cyclical

feature of C. b. thomasi rather than a response to anoxia' Simi'lar

patterns for this species r,,ere found by Loadman (1980). However' high

naup'ìii mortality occurred in Lake 885 during August in contrast to their

sustained survival in Lake 255, OLg and Fort l¡lhite lakes. Perhaps either

a lack of proper food, toxic algal exudates (Gentile and Maloney 1968'

pennak 1973) or canabatism by CIV-V and adults (Anderson 1970b) deterred

nauplii survival durÍng this period. Although species diversity was

moderate through the first half of August, only three species, 9' b' thomasi '

D. schoedleri and D. leptopus persisted without interruption through summer-

kitl (Fig. 14).

In Lake 019 during late July and August, rapidly declining total

densities, primarily of B. longirostris and D. sici'loides were not assocÍated

with any significant, sharp perturbations in water temperature, transparency'

dissolved oxygen or nutrient concentration. community diversity remained

fair]y high with 72 species, their occurrences uninterrupted. As crus-

tacean biomass descreased substantially, algal biomass increased slightly

with P/Z climbing from 1.5 in late July to 30.3 by mid August' No sig-

nificant changes in phytoplankton composition were apparent during this

period (Srisuwantach 1978). Rather, the decline of both grazers'

B. longirostris and D. siciloides, was a function of invertebrate predation'
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Despite moderate and consistant fecundities, B. ìongirostris densities

dropped, particularly the proportions of ovigerous females' Similarly

D. sicitoides produced substantial amounts of eggs and nauplii through

July and August, but transformation to cI-III was relatively unsuccessful

(Fig. 33). In Lake 255 by comparison, further advancement of D' siciloides

nauplii during August was much more successful (Fig' 25)' Favourable

growth of D. siciloides was also noted by comita (1972) and Loadman (1980)'

The hígh morta'lity of Bosmina and diaptomid nauplii was most likely re-

ìated to predatory Chaoborus resident offshore in Lake 019 (Fig' 20)'

Federenko (1975) determined B. ìongirostris to be the maior prey of

C. americanus and C. trivittatus larva'l instars II to IV' An absence of

B. longirostris in two fishless lakes containing high amounts of chaoborus

r,ras reported by von Ende (1979). Anderson and Raasvetdt (L974) identified

diaptomid nauplii as common prey of chaoborus instar IV. Chaoborus may

have also contributed to the paucity of B. longirostris in Lake 885.

In Lake 255, AuguSt increases in total abundance and bÍomass, mainly

related to cladocerans D. rosea, !. quadrangu'la, c. sphaericus, A. rectangula

and a second pulse of D. schoederli, contrasted with Lake 885 declines'

High diversi ty, L6.I7 species, persisted through August and into September'

Although algal biomass reached its sunmer maximum during Augustthe low

average P/7 = .30 suggested continued grazing pressure.

The increases in Lakes 885 conununity diversity, abundance and biomass

immediately fo]lowing summerkill were responses to rapid'ly improving

oxygen conditions initíated by cooler, windy, wet weather' The dramatic

rise in c. b. thomqs'!_ and D. schoedleri iuvenile densitíes in September were

related to the significantly larger broods carríed by surviving females as

well as reduced nauplial and immature daphnid mortality. A postkill in-

crease in protozoan and algae biomass (Fig. 8) may have contributed to
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ìmproved recruìtment. Summerkill in Lake 885 was obviously not as

catastrophic as that observed by Dunn (1970) in a tropical pond where

crustaceans finally reappeared after 18 days. Because of adult survival

in refugia throughout the lake, repopulation of Lake 885 was not primarily

dependent on resistant stages as in rotenone treated lakes (Anderson

1970a).

In September, the replacement of ç-. Þ. thomasi bv l.P. mexicanus

in Lake 019 was possibly related to fish predation. In the absence of

intense ptanktivoryin Lakes 885 and 255, C. b. thomasi developed a fall

peak. T. p. mexicanus was absent from all four of Loadman's (1980)

lakes where fish grazing was minimal.

In Lake 255, the late September abundance maximum was basically re-

lated to an increase of g. b. thomasi although several species inc]uding

E. agilis, M. albidus and C. varicans among cyclopoids and several clado-

cerans D. rosea, C. sphaericus and A. rectangula also became abundant. In

all, 17 species occurred during this period. Community succession during

the fall was related to decreasing water temperature and changíng phyto-

plankton composition. D. schoedleri, predominant during July and August

when cyanophytes were abundant, was displaced by D. rosea in the fall when

smaller flagellated algae prevai'led (Appendix E). Examining a similar

interactíon between Daphnia pulex and Ceriodaphnia reticulata,Lynch (1SZS¡

concluded that factors such as seasonal temperatures, cladoceran age

structure and positive enhancement of atgal resources by each co-exploiter

were involved. For example, shifts in the competitÍve ability of daphnid

species were related to the effect of declining water temperature on

maximum feeding efficiencies. Lynch also held evidence of the maintenance

of Aphanizomenon blooms in Minnesota ponds by daphnid grazing of algal
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competitors. Donald (1971) described the succession of D' magna by

D. rosea in a temporary pond in A]berta. Frank (tgsl) demonstrated

a competitive exclusion of D. magna by D. pulicaria, the latter species

inducing a shift from parthenogenesis to male and ephippial production

in the former. However, he couìd not rule out oxygen and food as limiting

factors.

The general decline of crustacean abundance and biomass in each ìake

during late fall and winter Lg76-77 reflected the slowing of physiological

activity in cooler temperatures. Abundance and duration of each com-

munity was governed by the rate of oxygen depletion. Earliest crustacean

depletion occurred by ,January in Lake 885 where oxygen, disappeared most

rapidly, likely a consequence of Lake 885's lower fall oxygen content

and largest decomposing algaì biomass. A month later, Lake 255's com-

munity was substantially depressed. In contrast, crustaceans consistantly

increased in Lake 019 through winter in the presence of sufficient oxygen.

Slightly uJarmer temperatures may have also enhanced growth' Lowest

abundance during mid to ìate winter in Lake 885 was associated with the

largest oxygen deficit and highest HrS and NH4tl concentrations' Hi ghest

moderate
abundance and biomass persisted in non winterkilled Lake 019 while

abundances occurred in Lake 255-

The totat number of species surviving through winter reflected the

severity of anoxia in each lake. In I'larch, only two species were found

in Lake 885, five in Lake 255 and as many as seven in Lake 019'

From fall until ice out 1977, cyclopoids, primarity c. b. thomasi

numerically dominated each community. tlith a few exceptions they also

dominated biomass. gnìy Ín Lake 019 were calanoids, represented by

D. siciloides, able to over-winter actively. In addition, 3 cladocerans

9. parvula, A. rectangula and M. laticornis were present until mid March
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in Lake 019

mid JanuarY

Lake 885.

whereas c. sphaericus and A. rectangula endured onìy until

in Lake 255. No cladocerans existed beyond December in

As in \976, the rate of community spring development in L977

was dependent on the date of ice out and water temperatures with most

rapid heating contributing to advanced growth Ín Lake 255.

Selected Seasonal Aspects of l'laior Species

perhaps one of the most interesting facts reveaìed by this study

was the remarkable adaptability of certain zooplankton species to parti-

cular trophic, morphoìog'ic and biotic constraints. Apart from obvious

distinctions in amplitude, periodicity and age structure, the seasonal

dynamics of ç-. Þ. thomasi in each lake were marked by differences in

reproduction and diapause. Qnty in Lake 019, where oxygen was available

during winter, did C. b. thomasi reproduce continuously under ice'

Reproduction did not occur in Lakes 885 and 255 during winter. Instead,

reproduction was sustained in Lake 885 throughout the entire ice-free

period but was interrupted for one month (late June to late July) in Lake

255. 0n the other hand, during the open water season Lake 019 egg pro-

duction occurred only from mid May to mid July'

In addition to this reproductive fìexibiìity, ç.. Þ.. thomasi exhibited

the ability to overwinter primarily either as díapausing clv-v or actively

swinrning copepodids depending on environmental condÍtions. In Lakes 885

and 255, fall and early winter L. Þ. thomasi did not advance beyond clv-v

prior to their dísappearance from the plankton in January and February

1977 respectiveìy. copepodids IV-v were also the first instars to re-

appear in late winter in both lakes. In Lake 019, on the other hand' a

significant portion of the population matured and reproduced with a'll
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developmental stages present during winter, perhaps in response to

warmer winter temperatures and higher oxygen levels. Thus, !.' Þ' thomasi

in Lakes 255 and 885 appeared to depart from the planktonic overwintering

patterns of C. b. thomasi reported by Elgmork (1967)'

More recently, Elgmork et al. (1978) proposed that cyclopoid dia-

pause may be related to lake morphology, those species not displaying

diapause occurring in ìargest and deepest lakes. This appeared to be

the case of c. b. thomasi in Lake 019, the deepest study lake. Loadman

(1980) also found overwintering' reproducing !.- Þ-. thomasi populations

in adequatety oxygenated Fort l,lhite lakes. All of the above findings

support the contention of wierzbicka (L962) that the initiation of dia-

pause is controlled by oxygen concentration.

No convincing evidence of summer diapause by C. b. thomasi was found

in the Erickson lakes. Substantial densities of !.. Þ. thomasi adults and

CIV-V were observed throughout the entire summer in Lake 885 despite

summer anoxia. In Lakes 019 and 255, although lower summer ç-'Þ-'thomasi

abundances made it more difficult to draw conclusions regarding the

possibte initiation of diapause, no emergences of CIV-V were observed in

late summer or faìl to indicate a termination of diapause. ç-. b. thomasi

has generally been considered a "summer resting" cyclopoid (E'lgmork 1967)'

Apparentlv, in eutrophÍc, shallower prairie lakes subiect to winter anoxia,

this species a'lters its period of dormancy'

Ni 1 ssen (tgll ) and El gmork et a'l . ( 1978) , fi ndi ng no regu'lari ty i n

the control of diapause by abiotic factors' suggested biotic (fish and

invertebrate predation) reguìation. Diapause in the sediments could be

regarded as a means of reducing or eliminating exposure of larger sus-

ceptible instars to predation. Despite numerous fish and Chaoborus pre-

dators in Lake 019, c. b. thomasi did not apparently diapause to avoid
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predation.

The life cycle of D. schoed'leri, not featuring a summer resting

phase, revealed the effects of summer anoxia in Lake 885' t'lhereas

daphnid densities fell on order of magnitude during latter August in

Lake 885, in Lake 258 they remained relatively constant near 25 jnd

L-1 through this period. !.. schoedlerí population age structures and

reproductive patterns were also dissimilar in these lakes. l.lhile mature

to immature abundance ratios v,Jere relatively stable, from '8 to 1"2'

between August 17 to September 9 in Lake 255, those in Lake 885 con-

currently fluctuated widely from .2 to 18.2. The changing ratios in

Lake 885 indicated high immature mortality during anoxia and high juvenile

recruitment following anoxia. whereas egg production rernained consistent

during August in Lake 255, a sharp, mid August drop was observed in Lake

885. Through July and August, numerous ephippia were continuously pro-

duced in Lake 885 (Fig. 27)but very few in Lake 255' The high incidence

and abundance of D. schoedleri males and ephippia'l females in Lake 885

was a departure from normal daphnid development perhaps related to the

omnipresent threat of alga'l colìapse and anoxia. The appearance of males

is usually restricted to shorter periods late in spring reproduction'

pennak (1978) suggests a probable comp'lex of factors responsible for male

daphnid development including (1) crowding (2) reductíon of avaílable food

(3) water temperatures of 14oC to 170C, and (4) light intensity. Seasonal

maximum male densities, 13.0 ind L-l, o.curred in Lake 885 on September

16, coincidentalty with a fall daphnid peak. High male densities were also

associated with population pu]ses on June 29, July 10 and August 2. Mid

summer ephippiat female densities were higher during periods of increased

algat biomass in Lake 885. In fall, ephippial densities remained high

despite declÍning algal biomass and increasing to transparency. Declining
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light ìntensity, as Pennak (1978) suggested was possibly infìuencing

bisexual reProduction in autumn.

g. siciloides in Lakes 019 and 255 reflected the environmenta'l

differences between these lakes. Although mean annual densities were

similar in both lakes, the pattern of uniformly low abundance in Lake 255

(Fig. 24) contrasted with the very high míd summer pulse in Lake 019

(Fig. 28). Higher maxÍmum abundance in Lake 019 was associated with

eutrophy while brevity of the pulse was influenced by chaoborus predation

on nauplÍi recruits. In Lake 255, lower trophy contributed to lower

D. sicitoides densitìes. seasonal D. siciloides abundance in Lake 255

was comparable to that found by Loadman (1980) but the apparent develop-

ment of five generations in Lake 255 was closer to Comita's (L972)

findíngs for Severson Lake.

D. siciloides egg production was continuous in non winterkilled Lake

019 except for a brief period on March t977. In winterkilled Lake 255'

gravid females were observed for a shorter period, between May 25 and

DecemberL6,LgT6.QuantitiesofsubÍtaneouseggs,producedinboth

lakes between late May and early September' averaged 14.8 and 13.3 eggs

l--1 in Lakes 019 and 255 respectively., However, substantially greater

amounts of eggs were produced after September in Lake 255 (55.7 eggs L-l

mean, Sept. 9 to Dec. 16) than in Lake 019 (1.4 eggs L-l mean Sept' 9 to

March 25, Lg77). In Lake 255, most if not all of these were resting 'eggs

produced before anoxia. In Lake 019 during winter, the maiority of eggs

carried by females were also like'ly resting eggs as naup'lii were absent

despi te rel ati ve'ly hi gh I eve'l s of oxygen '
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SUMI4ARY

Trophy and morphometry influenced oxygen conditions and were

the main factors regulating biologicaì production in Lakes 019' 255 and

885.

Local terrain strongly influenced lake tropliy, stratification' snow

depth and hydrology, consequently affecting thermal, oxygen and nutrient

regimes. Annual zooplankton community abundance and biomass were correlated

with lake productivity, although planktivorous fish had a considerable

ìmpact on crustacean bÍomass in Lake 019. Community diversity was in-

versely related to trophy white species composition was basicaìly typicaì

of sha'l 'low I akes. In Lake 019, however' communi ty composi tion was al so

altered by severe fish predation. l,lith increasing frequency and severity

of anoxia among lakes, cyclopoids assumed greater importance but calanoid

and cladoceran relative densities decreased. Relative bíomass of

cladocerans,however'waslargestinhypertrophicLakeSB5andsmallest

in eutrophic Lake 019. Differing horizontal variation of ptankton in each

lake was associated with macrophyte development, fish predation and

morphol ogY.

The seasonal patterns of community abundance and species succession

varied in each lake and were regulated by water temperature, dissoJved

oxygen, chemistry, phytoplankton and predation. spring densities of

l-. Þ. thomasi were influenced by the severity of winter anoxia and the

intensity of invertebrate predation. No evÍdence of summer diapause by

L. Þ.. thomasi was found in the Erickson lakes' Suruner anoxia in Lake 885

inf'licted heavy mortality on all D. schoedleri stages but naupìii were the
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only C. b. thomasi instars to be severely affected. Polycycìic pro-

duction of ephiPpia by 9. schoedleri in Lake 885 was a response to the

continual threat of algal collapse and anoxia'

Fewest species were present in severely winterkilled Lake 885 while

the winter conrnunity of oxygenated Lake 019 was most diverse' l'linter

diapause by c.b. thomasi was observed in both winterkilled lakes but

not in Lake 019. L. Þ. thomasi and D. siciloides reproduction was con-

tinuous through wÍnter in non winterkílled Lake 019. The pattern of

ç.. Þ. thomasi summer reproduction varied in each lake'

Aìthough differences in trophy and morphology among the lakes were

rather small, they led to large differences in oxygen conditions and had

a significant effect on crustacean plankton community composition and

abundance and particularly seasonal population dynamics.
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Appendix A. Secchi disc visibiìity (m) at shallow and dqqP zone stations 201

ô¡'t-ate 019 during the open water seasons of 1976 and 1977. Zone means on

date, deep zone s[ation means during the period 28.6 to 24.9 and shallow
zone station means during the period Zg.6 to 9.9 provided.
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Appendix B. Secchi disc visibitity (m) at shalìow and ggqp zone stations
of Lake 255 auriñg tñe-õpen water Éeàsóns of 1976 and 1977. Readinqs to lake
bottom indicated as B. Zone means on each date provided. - 202
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Appenoìx L. )eccnì slss vl5fult.LJ \ltr/ s" Ì"1 '
fãlã ees during the open water seuioñs of 1976 and 1977. Readings to.lake bottom

indicated as B. Zone meant on .áãtr date and deep zone station means during the

period 6.7 to 23.9 Provided.
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Appendix D. Precipitation (mm) receipts in the vicinities of
255 (tlasagaming AES station) and 885 (Strathclair AES station)
December 1976. Data from Environment Canada 1976.
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Appendix G. Seasonal biomass (mg wet weight t--l¡ of the life history stages o-f crustacean zooplankton species. in the
.hliilow (z ì.5nr) zone-of Lake 0lÕ, April î976 to-April 1977. Biomass values from corresponding abundances and cold
t'Zàoócl'õr-wãrrír (z2ooc) period máan'lengths convei^ted to weight using formulae of Klekowski and Shushkina (1966 in
È¿mon¿son ì971). Total numbers and biomass generated during cold, warm or entire study periods presented at right.
0ther explanations as in Appendix F.
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Appendix I. Seasonal biomass ( mg wet weightt-1¡of the life history stages of crustacean zooplankton-species
iir'tne deep (z > 1.5 m) zone of Lake 019, February 1976 to Apri'l t977. Other exp'lanations as in Appendices G andH.
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Appendix J. Seasonal abundance (ind !-l)_qt the life history stages of crustacean zoopìankton species in the shallow (zzl.5m)Appendix J. Seasonal abundance (ind !-l)_qt the life history stages of crustacean zooplankton species in the shallow (z:1.5
zôire of Lake 255, April t976 to April 1977. Numbers represent means of counts of two composite samples each consisting of 5

iubsamples taken in'the shallor^,.zone. !eiglrted shallow total abundance obtained from.community totals (exc.ì.uding harpacti-
coids,' chaobo ndix F.
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of the life history stages of crustacean zooplankton species in the deep (z>.l.5m)
1977. Numbers represent means of counts of two composite samp'les each consisting

lu$ing harpact-d frofr comr¡unity tota-ls (eXçlud'i
r êxnlanatlons as 1n /{DDendlx l.tleiqhted deep total abundance obtained fron comrJrunity tota-ls (eI
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Appendix L. Seasonal abundance (lnO ¡--l)
zone of Lake 255, February 1976 to April
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Appendix R. Seasonal mean total_qSg_and ephippia abundance-(99gt ¡1)fol the.major zooplalklo¡
shäilow and deep zones of Lake BB5;-Febr.uary 1976 to April 1977. Mean fecundit'ies (egg. c'lutch
egg counts of 2b ovigerous females on each iampling date. S = ovigerous fema'lesj? = ephippial
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Appendix V. Seasonal changes in the relative importance of major
food organisms (wet weight) identified in trout stomachs. The
number of stomachs examined and the number of empty stornachs in
parenthesis is indicated on the top of each bar (after Tavarutmaneegu'l
1e78).

PERCENTAGE OF DIET
(BY WEIGHT) LAKE 255

PERCENTAGE OF DIET
(BY WEIGHT) LAKE 885
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