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661+ ciscoeE were analyzedt fron 12 northern lhnLtoba lakes sau¡rled

1n 1967 aad L968. Iu Blg Atbalmp, C-q¡,eFon¡s relË,,þaritt was €lfsttngutsheit

fron two sfbltng specles (9, aqteqlf ancl C. þgl[) by lts vertlcal pre-

maxl3'lae, Lnclucleil lower Jaw, terete borly anct 2l+ to 36 ehort glLlrekers.

Þf.scrinlËaat functlon analyels se¡nrateét the slbllng e¡ncfes. lþe three

speelgs d,lfferedt ln thelr lateral llae scales, pectoral an{l pelvlc ra¡rer

glllrakergr glllraker length, lower Jaw, headl length, e¡re d,laneter,

Bg,çtarel ,Lçngth anel plgnentatlon, etentttLon, supraethnolð boae, anit grorrth

retgs=¡¡..1Bedtl. clepth of all spéètes, andt glllraker nr¡nber of C. artedllf'

wqre, cer¡elatecl wtth mxiur¡m lake rl.epth.

Correlatlon andl faetor anel¡rsle conflrmecl tbe lrtentfftcatlone,

Differences between the epecles fron Blg Athapap auil tbe Great Lakes and
:

L, lllpigon årê ¡nobably non-genetic. C, zegftb.têus aa<t C. retghardt nay
..

be,eeopheaotypee of çlne specles, as @y C, arteðfl aa(t g. nlertptnF-iq;

0, boyl.:,andl C. kiyt; end 9.. Jgnspnae anel C. alpe4¿e. 
.

-¡,.,,.,,';rIn:;Big Atha¡np, !.,,,+S$gs. was the nost benthfc end Ç: $ti${!
tbe noEt ¡¡elaglc. g. relgbarelt ate the greateat per ceut volume of

benthle ancl bentho-pelaglc orgaaisnar C, hoyl of planhton, and C. artedlf

of surface organlsns. All species sre autunn s¡låwners; the atypical

spannlng ttne of q.. hoyl anel 9. retgþgriti (conpareð wtth the Great takee)

Ls aseolcateel wttþ. tbelr most nsrtherly known oecurrence.
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I4orBhologf.caL andl ecologf.eal dllfferencee betweeu specfes of

coregonl.rls are fonntl' nost"easü.ly when the specfee occr¡¡r..syrn¡ntrfcally.

For tbls reasoa the clscoes of Btg Atbapp (a baqln of L' Athagnpuskow),

itÍaaltoba were Etutllerl to eluclelate tbe taxonouy of the clseoee la thls

regf.on aad thelr relatLonEblp to the clscoes of the Great ,Lahes and

t. Sfpfgon. Spectaens were collectect ta 12 lakes of the Cranberry Portage

reglon betweea JuIy 196?.anð llovember L9æ. Both tratlftlonal ¿nê

nnnerLcal taxononf.c rethortE were used to ee¡nratê two sfblfr¡g spec!.es

aacl to tctentf.fy'all'tbree 'sym¡ntrtc 'specfes 'preeeat 1n Blg Atba¡np.

IHIROET'CTÏO}T

I



$axononfg. ChaF,gçte¡F of Çor.eesnl{g,

'lfhe cberaeterE useè ln coregonLcl taxoaory shouldl be thoEe that

eupply fnform,ttoq as to the genetl.c sinllarfty of specLes and thelr

comlonent po¡nrlattons, but because of the plastfcrlty of coregonlelst

the trcril,ltlo¡al tchthyologfcal taxononlc ch¿racters are of llttle

f.nporbance (Koelz, 19?ù

Tbree facto-:re reiluce the value of uorl¡bonetry 1n coregonlcl

taxonony. Flrstly, grotth le rarely fsouetrf.c, Iarger ftsb havfng

reLatlvely smfler borly parts (HtIe, L%7). secohdtly, sexual ttlnor-

Bh{su occnrs 1n Coregonu,e arte(llf , nhose feue].es bave snaller beadls,

elê6r auit ftas, anil *¡ldter ileeper bs{lles (trtte, 193?). Ehirdly envlroa-

nental effects can¡se exteaatve fntraspeclfle varlatf.on.

Ðeep-water races of q. aftedlfl anel C. hoyi bave lees dleep boéllest

aud. longer beadls, uaadllbles, anel flne (KoeLz, Lfi$), b* t'he iteep-nater

race of 9. glg4g!9ggþ. fron t. ontsrlo has ehorter fl.as (gart, 1931)'

lfhe Èhee deep-water s¡rccf.es of cigcoes ln the Great tahes have ovate

boelleE (Koelz, 1929), but tn Swedlen Sr¡ardlsoa (19b9) Ehoweci tbat trans-

plantatlon can cbange tbe contour. 0. nlgrfplnnlF aleo h¿e an onate boôy

la very sballon sater. SbaLlss-nater races tend to have longer flns,

shorter deeqer caudlal lndunclee anct cleeper nore coqpressed bodlee (O¡¡nond

anct EarÉ, 1927r. AlL the coregonl.cls of Onþlblha Bay have larger e¡¡es

tbåa frorn else¡here ln L. Elptgon (O¡¡nond, L926)' E¡re slze changes wlth

th¡i trausparency anê ctepth of feecting (Kozlkowskâ, 1961). galt nater races

LIMRATTtsE EEqI&T
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have larger Enor¡te (Svardtsoa, 1951). The aagle of the prenaxtllae 1a

varfaõle Ln C. relgbarcti (Koelz, Ly?:g't entl C. aulr¡nFs1ls (tÍatters, LglÐ.

Idaxi}lae lengüh of g. retgb¿rd,l cltffers between the north anet eouth ¡nrte

of t. ldlcbigen (Koelz, LyZù. Ia L. Erf.e, half of the q. alpqÊe have a

pùotùr#ttne nEuÀlble aad batf bave not (Scott anct Sntth, L962). $ealte bb<ty

parts and, greater body wtdlth occur f.n fast-growlqg flsb, and growth rate

varies fron year to ¡rcar (Utte, 193?). Slze at the four lnflectlons ln

growth eontrolE tbe subsequent norphoætry (Uartt,a, f9l+9). Desplte tblE

eu¡rl.ronrentEl uoctlflcatlorr, norBhonetry bas beeu used to dlfferenttate

betweea epeclea (gerg, 19he) enct s¡rbspecles (Koelz, L9I29l. Koelz (tgZgl

aIEo useril bocly contor¡r and Jaw charecterLetlcs to elletlsguteb bet'ueen

specles

BeeLd.es affectlng norpboagtry, the rate of early itevelo¡meat le

cageble of aoillfytng merletLc charaete:E wlthln iertaln lfalts (l¡ottley,

Lg|il, t'actors proLolgtng ileveloprent are asEo*Êaterl, wtth an increaEed

number of 'oocl,y eomltee ancl of nost meristlc parts (Eubbs, Ly26). Aut¡¡m

e¡unaing ffsh bave mo:e scales tb¿n sprlag e¡nwnlrg ftEh ($r¡artlsøn, A952J.

lfr.ansplantatLoas noctfflert lateral llne scale couats by up to eleven unlts

(Snanùson , L952): Et¡e exact dl" of tenperature fn tbe noillfleatlon ie

1a questlon (q3tarfo, 1968). Scale cor¡atE h¿ve been uEetl to ittstlngulEh

between epecLes (Koe1z, Ly¿g') aaô subs¡ncles (KoqLz, Lg29; Berg, 19t18),

morphomet:y, (Kozfkowslra, 1S6I), as was ehswn by transplaatatf.on ex-

per æùts (Sr¡arelsoa, L95Ø, 1952). Po¡nrlatf.on elenstty elso a,ffects growth
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rate6 (Ette, Lg36). Altbongll recognLzl.ng thls, Wagler (rplZ) useit growtb

rate ae a taxoaonfc chs,racter.

I{uEelfn (1e82) was the first to streEs the lmportance of gll-lrakers

L-a coregoafet'ta:ronony. The fult couplê,nent of glllrakere lE not reacheËl

ua-tlL a fork length of 10O-120 m. fs attalnerit (Svardaod, L952). Gltlraker

an¡sbers renaln constaat dtr¡rtng transplantatl.on (Frefclenfelt, 1931+; tÛagler,

L%7ì, llever changtng by nore than two r¡nlts aceor''clLag to Sr¡¿¡6Eøn (l.grZl,

but aquar!.un reered g. çIu,qeÍfgqufs. (Koelz, LyAù enit Oncgf¡¡¡qg&u8 ngrka

(Uceart aad. Andlersen, 196?) ¡aA gfllraker connts noitlf,lecl by up ts for¡r

r¡¡rftE. Kozl.ko¡rska (f96f) formd that gtllraker counte varLetl between

regLons of a leker ed annual 1a,:llattoa exceeetetl two unfts. Her€'saterlal

Bas a nf.xtnrre of nstlve fleh ancl. genettcally heterogeaeous stock lutroilucefl

each year. the correlatf.on of gfltrakers wlth dtfets Le ¡rresuneel (Snardson,

1950), aadl glllrakers are responsf.ve to selectloa preasure (Srra,rtson, tphs),

thefr nr¡urber wryfue wfth late lrroetuctÍvtty (Kozlkowska, 1961) antL dtepth

(Koelz, 193f). S¡¡eefee wlth fewer gtlbakere usually have better gnowth

(snarðsou, ,Lg52), gybrûitlzatfoq. experf.rüeuts suggeet that a poltrBenlc

corplex controle gtllraherwn¡¡mbers (Svardson, L952) .

Al.thougb Q. wp,rtnpent ,spawas at tlre eurfaee (Wagter, LyATr, noÊt

coregenÍits ËpÈsn on a sultable subetrate at a speelffc dlepth (tr'ebrlclus,

1950). Ebê dlepth anil tlæ of epawnlng resuLt fron the lnteractlon sf

tb9¡e factors, Snar.'Élsen (f95?) useit gross tine of spawaJ.ng ag a ta¡rononlc

character; ho¡rever C. relgbpFctl of t. Mlcblgaa was fornerly a sprfng

spawaer, but lE trow an autrr¡m s¡nwàer '(snttu, 196h).
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l[te geaetlc lntegplty of a s¡recLes ls beEt elfscoveredt when lt fs

elml¡atrle wlth other Bt3ü[tar specles, brrt Svarl(leon (f9h9) repsrted thât

two ßgoodl s¡neieso lntrogreseer[ wbea a thtrd ts¡recl.eso wae fntrs{lr¡cedl

fnto the lake. He uEecl syu¡ntry as a maJor taxoaonfe erlterlon ($na,r€eoa,

rg57).

EnvlronaeutaL nodllfl.catfons m¿hes nsst chsractere u4rüûtable for
the eguatLon of alle¡ntrlc poI¡u1atl.ons, but any dlfference fn aay ebaracter

nay be of use ln the separatlen of synr¡atrle popuratfons. Even lf the

ctlfferences ar€ envlronnental, they reflect rtlfferent early d,evelopneat

resuLtlng fron élLffereat ¡nnentil re¡rroiluetlve beh¿vf.our, Such dtlfferenceg

nay be evltil,esce of syn¡utrlc epeclee, but {Frost{ Lg6r) coaeluôeel ùbet

trutrfnttr¡g, rather than any genetfc nechsrfsss, mintalned the illffereaces

betvrean tro po¡xrlatl.ons of SalveÅlauE ¡rlllr¡shbfi la L. SLurterærêr âFil

eonsequently ahe calledl the po¡ru,latloae two fon¡aè rEtber then t¡ro speeles.

$orth A¡¡erican Ciscoes

Sorth Aærfcar¿ ctscoes ¡rere ffrst classlfleet ee Arg¡æoeonqg (Ageestz,

1850) anil eubsequently as Leuetchtb¡rs (Joraea ancl Evernarn, 1911). They

were separated, fron whftefleh, Coregonue, on the basis of havtng naay long

gfllrakersr antreee ¡renaxfllae, anil ue:rfIlae esillng beneath the ¡nrpfl.

t. .autrmells, Èhe t¡pe s¡ecles of Leuclcbtbye, eonetfnee bae retroee

prenaxlllae (Haltere, Lg55). Sone tsrrro¡nan whiteflEh have auaerous long

glllrakers (nerg, 19hS) anct this conctltton has sleo arlsen tn proggpg

(uord,en, røf). lÍoEt AnerLcan workers, ltke the Enropeans, 
"oJ"o*sidler

th¿t botl¡,whf.teff.sb and, clEcoes ehor¡lil be Lnclrldeô lu the geaue Coregontrs
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(Walters, LgrS).
. .. 1

Exclulttng the Arctlc ciecoes, tubbs and, tagler (19611) recognfzed

eleven El¡eclee of cf.scoeE 1n I{. .ânerlca, dtlstingulsheit by bo<ty eoator¡:,
ì

Jan bharaeterlstf.cE, eadl glllrakere. llbelr taxonony ls baeecl on Kselzrs

(tçzgl work.

'Both C. bartlettt andt $.,à¡ùbel ere restrlcted to one lake, e.

alpenâe anÈ t.'Joüannge are enôeffito tbe Great tekes, aa<l C. htyt an¡t

9. rei.ehq,slll ouly occter Ln tne Great Lahee anil L. fllplgon. g. g4þË,

S. nlgrfpfnnlg and q. zenltblcue oceur ta the Great Lakes Ba*Ín, I![.

ontarlor L. Idþgfpeg a¡¡il extend lato the sorth-tsest lBerrltæÍee. c.

nipfgon h¿s e etntlar ra¡¡ge except tte noEt aorth-treeterty *"*t"1"" f"
fn L. Wlanlpeg. C. hoyl oceurs la the Êreat tekee ead BaJkov (fgæ)

relrcrteei ft frsn L. lClnnl¡reg, but eubsequeatly tt b¿e ast beea necsrdeê.

Schl¡eLÈzer ($S, f968) recorôeel a clsco llvtng s¡m¡ntrlcally wtth 0. a:tteÊll

Ln Cectar tahe, !úenftoþa.

there are several. other nonl.nal. s¡rccles of clecoee, br,rt at present

tbey are eonslðerert to be s¡raoa¡rns of the specf.es nentfone¡l absqe.
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I.{A1EBIAI.,S ASD ¡æIBODS

ÐEfug tp6f and 1968 tbe cLecoes $ere Êanplecl frsn twetve I'akes

ln the eranbeny Portage reglot'of aorthem Manltobê (5llo 36r $, tolo

za, w). Ehe tbree eranberrry rales dtrern tnto tbe serssn B' throagb

GraEs B.¡ rlÞereas all tlre other lakes draln fnto the tselsonR' through

the saEkatcberan R. rhe lakes (¡'tg. 1.) range ta elze from o.J sgt¡âire

ìnl.les (f,fttfe T¡lLn tr.) to 1OI.5 Equare nllee (L' Atha¡¡apuekow)' anô ln

¡na¡ctgun recordêdf*.üêpth fron 2!1 (Iet Cranberry L') to 2gtf (L' Athappus¡ow)'

Gar8eofuonofl.la¡uentgll.lnetsrreregetslmrltaneouelyoathe

botton aait at tbe eurface_. ra 1p61, the gtlI netg were ueualLy set

overolgþt aadt llfteil after twelve bor¡rs. Both gaDgs rEre coEIEsed sf,

eix nets, eacb, 5Ol long anct 8r dl,eep, arrangecl ranclon'ly" lhe etretcbetl

meoh ELzes of tbe botton geÞg weie 3å" - 3h" - 3' '2" - IÈt - Jr, anil

of, tbe s,o,.face gang 1r - 2' - 2t" - 3h" - ly - 3"' llhe flshtgg PÚo-

cedlure wae ellghtly changeê ln 1p68, wben nete were usually set ls tbe

noarufng anit }lftecl af,ter 24 hor¡re. A8aln rauÉlonly arrangeiÌ, 5gt X Bt

nets ilee useËl, but the stretcheil nesh sfzee of the botton gans frefe

rr -pï -3y -3ll+" -3" -tå|l, auawere2f -1å" -2u - 3" -3/bn -16

for the stnrf,ace gaag. occaslonally otber gangs of aete were ueecl,

taclrrillngsoæ25tcleep.Eheselectlvltyofgll}lletswagrecognlzed'but

its results lgnoreit'

EableIeholnethelakeEsan¡llect,ilatesc,fsau¡111n8,tþumberof

ga,ng8 of gl]-lnets set, the ap¡noxluate nunber of clecoes caugbtt enel the
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Fig. 1. Map showing the lakes sampled in northern Manitoba.
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nueber .of cf.scoes anal¡rzed Êad fd,entifled.

Ehe 1968 operatlons conceatrated on Blg Athallap¡ the lareest (65

sqtÐ,re nfJ.es), tleel¡est (e0ht) anrit nost eortberly baEln of L. Atba¡npuekow,

but ea,w¡r}Lng ¡ras nore lntensLve fn tbe eheltereril Eaet A¡n. Localltlee sf

Btg Atha¡ep referredl to ln the te¡rt ere Ehown 1n Ffg 1. S¡wrnlng clecoes

were caugbt on the reefs andl rocky shores of the Eaet Ars. A nore

dtêtatleit analyels of tbe Blg Atbapap cateh of cÍseoes Le glven 1a Table II.
only 9,. gg9gs!l' anit Q. hovl cer¡gbt betwee¡ LB ffiÊy andt J euly 1968, andt I
Oct. antl b l[ov. 1p68 were incluiteiL ln the nu].tlr¡arlate anal¡æes of the

Btg'Atbapp elscses.

'i lEbe'cf.acoes were examlnedt lmedlatel.y, presewedl fa l$ fornalileh¡Ëe,

andl re-exa,nfnedl a,fter traneferring to llS feopropyl alcohoJ..

,trry
lfheaever llosElble atrl meesr¡renente (Ffg. 2aì) aad coÌ¡ate were mde

tn the left iettlc, and followerl the ¡roceiture of Eubbs aact tagler (I96b).

ALl neasuremeuts, exceBt Fork Length, were nade wlth rllal cal1t¡ers

gfâðueteit to ê.O) m,

1.3ork Length: the EtraigÈt l1ne neaeuring the ilfstance from the ttp
of the.snr¡rlb to the posterf.or ttp of the ceatral canrlal
ray. ït was neasurerÈl on a rneasurfag boar.rdt graituatedl to
1m.

â- Eead.,'tength: ttp of snout to posterlor eelge of opereulaf uenbrane.

J. Eeadl Eepth: vertl.cal ittstaace from occiptrt ntrllfne to ventrel stite.

ll. Saout Lengtb: ttp of enout to anterl.or erlge of fleeb¡r nargta of orb1t.

). Upper Jaw LengÈh¡ aaterfor pol.at of ¡rrenaxlllae to posterlor enél of
naxllla.



table II. Analysls of the Bfg åtbapap Sanple of Clscoes

Tota1 Oatchl 9. relghardtl

fotaL CIatch of
9'@-c-hovt
$ss. C. a¡teitlt - C. hoyi
analyzedl

Inclrmlert 1n mrltlrarfate
teehnigues

Idlentlfle{l as

r8

o

l+b

23

tr00

o

308

r78

to

0

5ll

54

5o

4s
,
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Fig. 2a. Diagram showing Head Measurements. (Key in text.)

j\ Fig. 2b. Diagram showing Body Measurements. (Key in text; body width

omitted.)





20

6. Ey* ÐLaneter¡ greatest horlzontal dlstaace between f,leehy uarglns of
orblt.

J. Inter-orbital Wtctth: Ieaet bony wfdlth bet¡reen bony rlne of orbf.te.

8. Bod,y tltrittb: greateet tateral wtd,th.

$. Borly Depthl greatest vertfcal dtepth,

1O. Pre<loreal Leagth: tlp of Enout to structural baee of ffrst dlorsal ray.

11. Pectoral Orlgfnl tlp of snont to pectoral fla origin, neasuredl when
ftn heltl at 9@ to the bod,y.

12. Pectoral Leugth: extrene base of outermost ray to fartheet tlB of fla,
tJ. Pelvle Orlgln: tfp of ensut to ¡relvlc fln orlgfn, Eeesurect when flu

helel at p0o to the botty.

Ih. PeLvfc Length: e¡ctreme base of outernoet ray to fartheet ttp of fln.
15. Cauital Peeluac1e Deptb: the leaet vertlcal depth.

16. Oauctal Pedr¡nc1e Leagta: lnsterfor encl of anal baee to base of nfcltlle
caudlal ray.,

17. GlJ.lraker LeRgth: dfstance from tlB to baEe of tbe longest raker oa
the first arch, meaeuredl on the ventraL sfde.

;,r:" All counts were nade uncler a blnocular nfcroecope.

L8. Pectoral Fln Rays: all rays sountecl.

I$. Pelvlc Fia Raye: all rays cor¡nted.

2O. Dorsa1 X'ln Says: a1l prlnclpal raye counted, but lest two bases counted
as one. No rudLnentary raye fncluilecl.

21. Anal Fln Raya: aII prlncllnl raye countedr but last t¡ro bases counted
as one. So rudltmentary raJ-E lacludledl.

,2. î-,atetal Llne $calee¡ from gcale ln contact wlth pectoral girdle to
ecale at enil of vertebral coltrm. If Eca1es were
mfsslng, Ecale pochets were cor¡ntedl,

23. Cauilal Peeluncle Scalee: hsrlzontal eeale rows arounel the least ilepth.
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2h. ûLllrofters: the flrst gfll arch ws.s renoveil antl all glllralrera,
tncludtlpg suall ruilfrentary rakere, weûe counteô. Sone
srcbes were stalnecl ln alfzarlu anel KOE and the rakers
recouated. There was ao cltsere¡nncy.

lhree otber characters were recorôecl.

21. Prernqxitlae: le,terel proflle of premxlllae recorileel es vertical or
othenrlse.

26. Løwet.fa$l laterat ¡rroflle lncluilecl, reeorderl as equal to or Brotrudtug
beyonrl the upper Jan.

âf. Pectoral F1a Plgnentatfon: preeeat or abeeat.'

ldeasrryeuents J, 5r'1r 8, 9, l0r 13, thr 15r L6, LT aaô. couats 2O,

2l a6fl 23 were not nsde on aLl fleh ae they showecl llttle applfcatfon for

the se¡nratlon of the specles. A1L charaeters $ere reconiteil fron flsh

traneferrefl to aleohol efter presefiratfon ln formalfnr except for fork

length andt glllraher aunbere, wblch were recorcleÉl fron freEh ff.sh.

Faetor AnalyEts

Factor anaLyels, a brench of sultf.varlate etetistlcer attenpts to

dtescrfbe the couplex relatl.ons of nany varlables ln terms of tbe slnpû,er

relatJ.one of fewer hypothettcal varf.abl-es, ühe factorsr which re¡rresent

etçrposect LnfLuences underl¡ring tbe orlglnaL ilata. the prfnary afm of

factor analyels ls to seek tbe r¡ncterlylng fnfluencee f.n a set of varLables

anit thls Ls achlerreil by R-rnocle anal¡mls, whicb stanüE from the correlatlon

natrfx of, the varlables. A subelê1ary aLn fs to claeeif,y the sanrples

(tne natn a¿n Ln thls stu€ly) and thfs Eay be achievedt eltber by tbe factor

sceres caleulatedl after R-mode analysls, or by the factor toadlngs fron

e-nod,e anal¡æls, whfch etarts fron the couelatlon natrlx of the earBles.
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Factore were extractetl fron the approprfate correlattoa natrix by

the prínc1¡nl fector methoel evaLLable on the IBM 360. Ehe reeultaat

prtnciSnL factor mtrlx usually does aot perntt slmple explanatlon (Catteil,

1965e) and hae to be rotated to proeluce an f.nterpretable rsf.mple structuren

(lburstoae, 196?). Orthogousl rotatLon ¡roÉluces uncorf,elatecl factors,

obllque rstatton proclucee correlateô factors. Tbe w,rlugx rotatlon per-

fornedl proelr¡ces r¡aeorrelateÉl factors loaclerl eblefly on one verf.able. It

ls futr¡robable that the factors unåerlylns the dl,ate sre uncsrrelateél, but

ao obllgne solt¡tl-on ls avallable on the IBH 360. In the rotateil factor

uatr:lx each r¡arlable ls givea a loacllug on eacb faetor, ancl theee faetor

loaelfngs show the eorre].atlon between the r¡arlables aäô the faetors. åfber

R-nodle anaLysis, factor acores were calculateê, wltb a nean of zefo ancl a

stanrits¡d dlevlatfou of one, anel these ßeaÊure the e:rteat of lnfluence of

each factor üpon each sample.

The aeenmptLons urderlyfng the nodlel for factor analysLs are tbat

the varlabtres and factore are lLnearly reLatect, that factorE aet addltfvely

Ln respect to any varf.eble, Endl tÏ¡at there ls no lnteractlon effect betweea

variables (Gattett, L965b). Lf these asstrnptlons are vloleteil, factor

aaaL¡æ1s gfves an aptrEoxLnste solutLoa.



For csnventeacer the scfentlflc n¿ues of the apecies are ugecl

tbrougbout. fhe JustiflcatÍon .for the r¡ee of theee !¡aEeB ls gl¡ven ln

the sectlon entltled PTaxoaonlc fdentlfleatLonr.

SPåR.åÎIOH OF fBE SPBCIES OF CTSCOES IN BIG ATEAPAP

llhe DlstiactneeE of Coregonus refgbardl

REST'LTS

FtEh wfth a fork length greater than 12O Ìüra. nere fotud to have t¡ro

eiletlnct phenot¡rpes. $lneteen fnctfvlctuals, ldeutfftredt bere ae g. @9.!,
bail terete bod.les, a greenlsh colouratlon above the lateral llae, aadl,

usually, the ¡rreua:clllae were vertlcal andl the Lower Jaw was fncluclecl. 1:hey

had notleeably larger e¡res anel shorter glllrakers tbaatthe other flEh. Ia

contrast aone- of the 52 other large fish hatt an tncludeð lo¡ver Jaw or

vertLcar ¡rrenaxlllae; they bacl uore piguent and were not ùerete.

Glllraker counts for arr the Btg Atþqpap flsh (Flg. 3.) showedt thât

all the !. r,elebårdt bedt gtllraker eounts of Lees thaa lf. For¡¡ enoll

flsh also hecl counts of less than 3? and these were subsequeatly shown to
be 9. reigharctl. all stber ffeh bâ,cl gtllratser counts exceectfng J6.

Otber dltfferences between C. retgba,rtlf anel tbe remalnlng ff etr are

treateil under the appropriate headlngs.

Evidlence for T¡ro Slbllng Specles ln Blg Athåpap

Áf,ter fts separetloa of C. relghgriE, there was evldenee of two

sibltng specles preeent tn Big Athåpap.
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Fig. 3. Distribution of Gillraker Counts in Big Athapap, for 1967 and 1968.
('2," rei@!rdi shaded).
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Hhen the gllÌraker counts of 315 flsh were coasfelered, tbe dlls-

tribgtlons fsr both a6e I end olrter flsh were sllghtLy binoelalr but the

Lateral Llne scale counts of 236 fLsb were ntore ûornâIly tttstributedl. Aa

fnetex was forred by addlng together the glllraker aatl lateral llne scale

connts for each of the 236 flsh. Attbough tbe tn<lex el.fdl not dlffer

stattstlcally fron a nor:nal dllstrfbutlon, cleviatl.o¡ fron the sornal dle-

trlbutton waE shown by ¡rlotttng the cr¡ntrlatLve freguency per ceat on

arlth¡rctlc X¡robabLlity paper (81g. t+'). In a aormal Alstributlon, tbe

potats fsrm a stralght rtne (Earris, 1968)'

Besidee the gfllraker anil rateral rlne scale coli+tsr e¡re dlaËüer,

the lswer Jaw, lnctorel plgnentatlon, anô uatt¡rlty at age I suggeste€l tbâ,t

the cLeeoes rùere not a honogeneous poBulatLon. Each cþaracter wae cllvùileel

iato two character states. The Lo*er Jaw was cùaeelftedl as protruillag

beyor,ril or equal to the uqper Jaw¡ ¡rectoral p$gnentatfon was efther preseat

or absesti age I flsh were eftber satnre or Lunature. The ap¡xoxlnate

nld-¡rofnts sf their range ¡¡ere usecl to d.fvlile glllreker counte for age I

(hO.!) and olcter ffsh (ht+.!) and lateral lfne scales (?0.5) lnto two

cbs,rEcter states. E¡re cLieneter was cllvltteËl lato large or small by the

regressf.on llae y = O.9l+ - O.O!x, which,ryaE the t!.ac of best flt for eye

rllaneter on fork leugtb for the 2J6 ffen. Ì,Ê tests, wlth Tateet correctfon

(Sneilecor andL Cochrau, t967) were uEedl to test whether the cbaracter etateE

of one character were lnôepencleat of the character states of anoth,er

character. This ¡ras dose for all palrs of cbaracters.
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Fig. 4. Probability Plot of Index (Gillrakers plus Lateral Line Scales)

for 236 Ciscoes (2,. artedii plus £. hoyt) caught in Big

Athapap in 1968.
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Ífhe rest¡lte of 153 age I flsh caugbt between 18 Uay andt ? July

f968 (Ea¡Ie III) showedt thåt, with the exceptfon of Jaw length wtth g111-

rakers andl eye dlaneter, the character etates of each cbaracter were aot

initepenêent of the eharecter statee of other cbaracters. It waB then

possfble to aEsociate the charecter states lnto two grouPs: S' arteðff

grorpt:,hact high gll,lr.aker anil laterel lfne sc¿le couatEr small eyesr
(

innaculg.te pectoral fins, lmaturlty at age I, andl egrral Jaws¡ Q. hoyl

group had low glllraker aatl leteral lfne scale counts, large e¡res, Blg-

mentedl peetoral flns, mturlty et age I, anQi.rlrotruellug lower Jawe ' ]ftth

the ercceptlsn of øaturlty, a sllailar associatloa of chÊracter stetes

occt¡rredl ln the 2! other fish caught in the sane perl.ocl.

The uorpho1ogy of th* 54 ffsh caught on the reefs ln October an<[

early Sovenber corresponcletl to that of the 9. artestt 83o1¡Pr wlth the

exeeptÍon of the targe e¡æs of age 0 ffsh an¿t the natr¡rtty of age I ff.eh.

Separatlon of the [bo Slbltng 9g9eiee

$o entlrely obJectfve uethort wae for¡ntl for eeparatlng tbe two

specles. AII of the 5!l tfsh ceugbt in the autr¡mn were placeel lnto the

g. arleôfi groïdpr as tbey all reeeunbletù thls grotlp more closely than the

[. hgyt grogpr but eeparatlon of the others w&a basect solely on morpho-

logÍca1 girounclg

Oaly 2lr$ of the 153 age I ffeh bact all six chsraeter states of one

group; 36.4% hacl flve, añ,2@ had for¡r. Tbe renalntler nere Laternecllate.

.A.s tbeÏ| valuee for lrrlependtence were Io¡rest for tbe lower Jaw, sub-

sequently tbfs character Yras Lgnoreil, enebllng seltayatlon of all of the



Table rrr. Dependenc" (I(2, y.c.) of character states ra Big Atha¡np
C. artedlft anit e-, hoyt

Ch¿racter rakers !f"g lty Ðieneter ptgnent_
ê¡a1 ^-

LateraL tlne Seales 2O.A**

l$aturlty

Eye Ðlaueter

PectoraL Pfguentatfoa 8.8i**

toner Jar

21.9x*

9.Ox¡t

28

**Sfentffcant at O.01

50.9*tÉ

29.8'tÊ*

fh.lr*x

3.1 n.E. 6.9r,+

?.L.6x*

IP.txx

lb.oe*

15.3**

0.f n.s. $.2**
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fntermeêfates. Separatlon of the 25 oldter flsh was slntl-ar. The C. artetllf

group theu containeil the 5!r.autunn fish, 6h "g. I ancl trI oldler flsh; the

Q. hoyt group 89 age I anit th olil,er ftsh.

Rrcde factsr ãaelJrsts wae r¡ndertaken on the 1?8 Elrlng anil sunmer

fleh analyzecl above ln tbe hope of obtalalng a slngle factsr that wouldl

eaable corupLete obJectlve eeparatf.on of the two groups. The twelve varl-

ables uEed were fork Length, heail lengthr snout lengthr eye dlf.enetert

pectoral orl.gf.a, pectoral length, pectoral plgnentatlen (coded: present = 1,

abseat ' 2\, conclttlon of the loaer Jar (codleetl ¡rrot'nrdlng . 1, eqtral " 2),

glllraher+ lateral, lfne ecales¡i:pectorel rays and pelvlc ra¡rs. the raw

d.ata was Log-transfornetl before use. lhe seven resultant factors were

ielentlfiecl ¡rrlnarfly as slze, gltlrekers, lateral llne scales, ¡rectoral

rays, pelvlc rays, pectoral Blgnrcutatlon andl lower Jaw contlf.tlon. t¡ro

groups of flsh coaleEgeet wben scores for each factor were plotted agaÍast

tbe scsres of eacb other faetor, 3ø were assigned to a group witb

clffficulty.

Elghty per cent of the flsh were placed lnto the sane group by

both the character state anct faetor anatytlc nethocls. llhe remlneler were

re-exantneð endL placect lnto tbe group wtth whlch they aBBeareil to be nost

slnLrar. llhe c. artettfl groÌrp tben contalne€l tbe 5l+ autr¡¡nn fish, 68 age I

and 12 olcter flEhi the C. þ9g! SrouP 85 aee I anct IJ oldter flsh.

The grouplng arrlved at as élescrlbed above was refLnetl by a dlls-

crLmfnant functlon analysls avallable on the IBM 360. fbe same varLables

were nsecl as for factor analysis, antt the sane ffsh except that' only )0
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of the autr¡nn fLsh were lncludect. the progranne gave the probabllitles of

groirÞ incluston for Q. artecliL on the flrst ft¡nctfon anel for [. hoyt on the

secor*L. ,lfbe uaxfnr¡n dffference between the two grolrps occurredl after

reLters,tl-on 1n wblcb LOS of the fieh were reclasslfleat (alone the cbaracter

state nethodl woulil beve mtsclasslfie¿l Lfi, arrd. factor analysis LØ).

Q. artedll thea contelnetl b5 autr¡m flsh, 73 aee f anil 13 oldter fiEh;

g. ÞeI! ! autum flsh, ?9 age I ancl 12 ofuler ffsh, there r¡as one age r

fnùçrectlate flsb (trtg. 5.).

Plactng the lnternedtate tn either group qtldl not alter the analysls,

raielgg tbe possfblLtty thÊt tt ney be an hybrld. It resenblecl C. arbecllf

nore closely ln thee cbaracters (equa1 Jaw, snout antt pectoral fln length),

g,. hoyl ln tso (¡nlvic rays anit ptgnentedl ¡ectoral fln) aatl wae lnter-

mecH.ate 1a tbe other seven cbs,racters.

Tbree nenbers of the !. artedtif troup were nst coalesøeal wtth that

g1.oup. Hhen they were placedl lnto the q. þg¿L group, the aunlysls clearly

showe€t that they belongedl in the 9. artedlt groìlpr altbot¡gh at¡r¡rlcal.

Exanlnatlon gbo¡red that they resembled C. 34$¡¡!!! ln four or ffve characterst

g. Þg¿l ln two or tbree, anel were inter^nedlfate ln four or flve characters.

Morphoætrlc Dl.ffercnces Between the llhree Specles

After the three specles harl beeu separatecl, etatlsttcal <tlffer€nces

between then were exaniaedl. fhe d.lfferenceg are slgnlflcant at pc0.Ol

unleEg othewlse statecl.

ÞfeaEtrremente from % 9-. hoyl aacl I3l [. artedlt se¡øratetl by the

ctlscrfïÊlnant fi¡ncttsn analysls, anct from t3 g' retebaril'l were ueed to
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Fig. 5. Histogram of Probabilities from the Discriminant Function

Analysis of Q. artedii and£.• .!!2z!., Big Atbapap 1968.

(Autumn fish shaded).
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calculate regfesslon Llnee by the least squareg nethoô. Slgnfflcaot

dlfferences between the tbree apeciee were only found, for heail length ou

fork, leagthr eye tllaueter on bead length, antl rnctoral leagth on fork

length.

C. refgherrill bad the Largest hearl anct g. !gÉ tbe seâlleÊt (Fæ. 6.).
lÍhe êlfferences between q. hoyt antl Èhe others were slgnlffcant.

Because of the ilffference 1n relatlve head lengtb, eye dllauoeter

was pLottecl agalnst heacl lengËh. C. reteharcll haet eLgniflcantly larger

e¡rcs than tbe other s¡ncles (¡'fe. 7.), and g. þgt! hait targer eyes than

C. arte9.fl, but thts was aot signiflcant.

lhe only other sfgntfteant cl,ffference for¡adl wae the longer flns of

C. artedlff la eomparleon to those of q. hoyf (Ffg.6.). TÌ¡ere !úaÊ Bo

evl.d,ence of sexual êlnorphlsm ln pectoral fln length, or any other

Beagurengnt.

Herlstic Differences Between lhe Three Specles

Means, l$ confidence lfnlts, enrl fnters¡recfftc F antl t valuee for

Leterel llne scales, pectoral anil ¡nlvlc "ays 
a:re shonn la llab1e IlI. tfhea

F r¡alnes were slgnlffcaat, Cocbrants uodltftecl t-test was useel.

Lateral llne scale cor¡nts of the ttrree s¡ncles dlfferecl stgnlfl-
cantly (3'ig. 8.). !. arteeLft ctifferect from tbe others at p<O,Ot, ¡rbereas

g. þgJÉ.ancl C. rgighåräf eltfferecl only at p< O.05. The nuuber of lateraL

lf.ae eca1eE of ege I 9. gËlg}Ë variect sfgnfflcantly between localltles

of Btg Atbapap. Bhose caugbt at the Etuface of the East and Hest .Arns

hait a aÊsrr dsunt of 73.1t. seales, whereas those cawbt at the er¡rface of
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Fig. 6. Fitted Regression Lines for Head Length and Pectoral

Length on Fork Length for the Three Species, Big Athapap,

1968.
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Fig. 7. Fitted Regression Lines for Eye Diameter and Gi11raker

Length on Head Length for the Three Species, Big Atbapap,

1968.
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Íable IV. Interspeclflc Ðlfferetrces Lu Leteral tlne Scalee, Pectoral and Pelvlc Bgys, aael Glllreker
Couats 1n Blg ^Atbapap

ArtecÌll Eoyl Retgbarrdll ArteôIl & ArtetÌli & Eoyl &
rt5ø c.L. xü5si.g.t. 1 t56 c.L. soyl RelehÐrdtt Retsbaldf

*Slgnlflcaat at O.O5
*xStgniflcant at 0.Ol

(¡,
\JI



36

Fig. 8. Histograms of the Latera:!. Line Scale Counts for the

Three Species, Big Athapap, 1968.
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the MaLn Eody h¿d ?L.2 scaleE. FLsh caught on the botton of the Eaet

an¿l West Ar.ms had fO.2 scales, but thts dtfcl not <l.lffer eignlficantLy fron

those caught at tbe eurface of the Maln Bocly. For both g. arteilii ancl

g. bg$, older flEh hail nrore scales (i r 7t+.09 ana 68-90 respectlvely)

than the youqgerr but thls was not sfgnlflcant

$eale rows aronncl the caudtal ped.uncle ¡vere counteelr but the cotrnte

were incsnEletent because of the loss of ecales antl the søIl elze of the

fLeh. 9. hoyl aXrpeareril to have fener scale ro¡rs tbsn 9. gE!991!'

C, arteeÉt auð 9. !gE! elso clifferect sfgalftcantly fn the aumber of

gnctoral ancl l¡elvlc ffn ra¡æ. [, refsherdl cltffered elgatflcentl-y fron

9. ggþ!!! tn tbe ntrmber of pectoral rayrE (B'O.O5)'

Sone flsh of each specles were n-rayetl anil thelr vertebrae counteel-

lfhere ÌÍas no absoLute dtlfference between the tbree specles. X'our C '

feigherôt hail 58 vertebrae anel one lglaù 57. There appearecl to be a cllf-

f,ereace bet¡¡een ¡rear classeg of C. boyl fn the nr¡rber of vertebrae. Four

a,ge I fish bact 56 to 58 vertebree, and three age II flsh badt ,9 t'o 6l-.

Í'our age f .0. @Ë håd 57 to 6O vertebrae as clitl Ëerên olcler fish.

Means, jfi eonff.clence ltnlts, 3' and t values are glven fn Table IV.

She d.tsttnctÍve glllraker countE on the first arch of the 23 C'

reLgbareli uer.e given above (f$. 3.). There wa,s a slgnlflcant illfference

bet¡ryeen gfll:raker counts on the flrst arch of ,.0. g4þ!!! ancl Q. þg! for

both age I anr1 slel,er ffsh (3rü. 9.). I'or both speclee the clffference

betweea age I antt olel,er fLsh ¡ras alEo signlflcant. The rillfferences
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Fig. 9. Histograms of Gi11raker Counts for Q.. artedii and Q.. hoyi,

Big Athapap, 1968.
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rresulte€l f,ron an extra gillra,ker on bsth upper aad loner ll¡ùs of the

gLllarch. There was ao slgnificant dlffferçnce between age I C. arôecÌti

anil sleler g. þgI!. tshere w&Ê no eviclence of slgniffcant latras¡eclflc

vanrf.atl.on ln 6lLlraker couats of ftsh taken at the eu¡face andl botton,

nor fron dllffereat localltles wtthln Btg Atha¡up.

Á,11 three slecles haril more glllrakerE oa the eecond arcb than on

the ffrst, ancl other a¡ches bad progresslnely fener anct shorter gillrrakÞs.

Rntl,tueatary glLlrakerÉ Here present oa all arches (except the fffth).
Althor¡Sh they were rutLLreatary on the flrst areh, they becane progresslvely

fewer but louger on the other arches. C. relgbardl hsrl fewer primry and

rudinentary gflhra,kers oa a1l arches than ttfcl C. a¡rteêli and Q. Þ9g!,. For

the latter two speeles there was ao absolute ellffereace ln ¡rrtmry anel

millæntary glllraker counts oÊ aay arch.

ïbe length of the lolgest glllrake:,rr: on the ffrst arch was plottedl

egalnst heatl length, arltl regreesiou Ll.nes were caleulatecl by the leaet

squares uethoil fsr ell three specfes. GLllrakers were nuch shorter ln

Q. refghardtl anil ittdt not overlap 1n tengtb wlth C. artedfl andl Q. bgt¡,.

Ehere ÏraË n'o elgnlflcaat tllffer.eace ln gtllratser leugth betweea [. ar"beilll

anet g. hoyl{Frg.7.).

SoBe Osteologlcal Dlfferences Bet$een the llhree Speclee

After stalalng ln allzarln anel I{aOE, the skulls of t¡ro speclrens

of each s¡ncies (a11 < 13O nn. F.t.) were e:raniaedl for lnterepeclfle

ctlfferences ln the occumence of teeth andl the shape of the supraetb¡rofdl.
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feeth occurred ln all specfee but were rnost nunÊroue La Q. relghardl.

It hâð for¡r teeth on each prema>rflla, two to flve pralatlue teeth, end one

specLnen had one vonerl.ae tooth. g. lg$L'i.I¡renaxlllae were slmllar, but

the vonerine was toothJ.ess ancl only one tooth was founel on eacb Xnlatlne.

Only one !. artectlt hacl teeth, one ¡nenaxillary and oue palatlne tostb.

Ehe strnpe of tbe supmethmofcl verleel between speeles ancl betneen

the e¡recfæns of eaeh specfes (Ffg. 1O.).

Otber $orphologlcal Dlfferences Bet¡seen tbe Tbree SpecfeE

!flI[e lo¡uer Jan r*as obvlously lnclr¡iteit fn 18 !. reigt¡ardl, and equal-

ts the ìrpper Jaw ln the other fl.ve. îbe Jaws we?e egua7- fn lS of the 131

g. arteêll, but f.n only 5Ø of the !69. hoyi (p.O.05, t ¿ 2.n).

Q. relgharcll hacÌ lmaculate pectoral flne' Fsr the other two

specfes the proportfon wlth pfgnented ¡nctoral flns was hlgher ln the

olcler fish. For g. arteall 5gþ of age I and 88$ of olcter flsh were

Bfgnentedt (p<0.O1, t = 3.88). For 8. hoyt the proportfonE were 8l+$ andt

lOS respectlvely, antl tbls was not signtffcant (t = 0.5). The dlffferencee

between the speclea were signlflcant fer age I (p < 0,01, t = 6,3) but not

for olðer ffsh (t o o.hh).

0rowbh Rptes of lhe tbree Specles

tlhen posslble scales Here renoveel frou betseen the dlorEal ffn anct

lateral lf.ae, and reacl uniter a nlcroproJector, Each annulug (two or nore

auastouoslng circull) wes counted. All flsh were aged tnlce, andl illscrepant

eeales were re-{rearil urôtll consistent reEults were obtafneel.
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Fig. 10. The Supraethmoid Bones of the Three Species.
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Growth rates of the three specf.es ctiffereit, but statlstlcat
evalustlon was hlnclered, as onry @ flsh were older than age r. p! were

age II, aadl of the renainlng Jf, 2J uere caught ia the autum. fhe growth

rates are shown ln Fig. 11.

The three s¡ncles ellcl not dlffer 1a slze at age I. The sunmer

catch was cHvlcledl lnto four. tlne perfocls. Again there waË no ttfffereace

bet¡reen specles, but flsh carrgbt fron Ip to 29 May 1968 nere efgalfi-

cently enaller tban those caugtrt fr¡ later perlocla.

At age IIr Ë re1gqpqdf nae slgnlflcantly snaller thsn the other

two specles, whlcb were efnllar ln slze, Subsegueat g. EglgþggÈl age

cLasses dldl not overlap those of tbe other specfes. The largest 0.

reåg,u¡r9l ryae r9O m. F.L. at age VIe

Ê. artedlff aad 0. þgg! were sintlar'la slze at age III, but

appeareê to cltffer at age TV. 0f the sunner age IV fish, the one C.

arteÈ1f had a F.t, of 18O m., wlrereas the two [. þg¡!were 1p6 nn. andÌ

2CI8 m.3.L. Inclrrd,lng both spring ancl autum flsh the nlne C. artectll

averaged 191"6 ram. F.t. ancl the tbree C.3gI! 2@.3 Err. F.L. (t = f.?3 n.s.).
' 'I$o'olcler 9. boyl were caught. A totql of five age V !, artedll

ave-r.agect 2ú,\ ¡nn. F.L. fbe largest g. artedlll had a }JL w. F.L. at

age VII.

fhe 1968 year claes of C. artectll was caught that autunn averaglng

Bp.l+ m. F.L.

Sexual a&d Ë¡Þtlal dllfferelxces 1n growth rate wlthln each specles

were not slgulflcent at age I. they were not testeel for olcler fleh.



Fig. 11. 1968 Growth Rates of the Three Species in Big Athapap

(£.. artedii 0 , £..~ • , £.. reighardi • ;

only meaneand range given for age I fish).
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Blaturity ancl Reproðuctlon fn the Thr.ee Specles

X'oll.owfug Sch¡reltzer (FXS, 1968), fÍeh cangbt before Ar¡gueü were

classffledl ae mture if thefr gonads were thlcker thaa the ovLeluct or

!{otffian Duct. Sex was eteternf,nedl from the ap¡æarance of the goaacls,

thor¡gh thLE was not ahrays poselble for lnnature ffeb. the conelltlon of

the gonsÀs suggestecL that all ttrree specfes were autr:mn spawners, and

thls ¡*as conffimedl for 8. hoyt andl 0. artectlt when rlpe epecLrueas of both

spee'5.es uere caught on tbe reefs la late October f968.

Ât age I nost g. Þ9¿! were natt¡re and nost C. arteellt ¡vere fmture
(fatfe V), slithtn each specles there waÊ no slgufficant change ln the

proporSLon of nattre fish from S{ay to July 1968, but tbe slgnlflcance of

tbe ellfference bet¡reen the epecies consf.stently iteereaeecl ae tlne pro-

gresseil, By JuIy there was no tllfferencer but the sam¡rle of Q. arEdif

was süElI. Except for age O C. artectll and one fue If Q. artedill anet

g. ÞgIIr aLL sther ff-sh, facludlng C, retgharctl, were nature. The tnter-

ueelfate fisb. was l¡nnature at age Ï.

Ðrrring the eutu¡nn, fleh îcere Eampledt la tbe reefs. Most were

rl¡re 0. ggþgÈ!år though Eoall lruatr¡¡:'e 9. g4þÈ1! rÍere aleo present.

Speat 9. g!g$!! were flret eeugþt on 29 0ctober 1968' Five Q' Þgü! nere

also taken oa the reefs at the sane tlne anil in the eane p1aee. 0f these

one r¡as Lmature, one was a strrcnt feæ1e, and three were ualee wltb Rl.lt.

Seltl¡er epecles d,evelopeil el,ewnfug tubercl-es' fnfpe 9. Egåg@!! were

caught iön the botton fn 9O' of water L'n October f969] .



Table V. !&tr,ulty of Age I !' art,edlt anel Q. ÞgIå fn Ble Athapap L968.

I{ay

)La

Jt¡ne 1-15

ìre.

.rune t6-30

aa

JuIy

lfotal

C. artedlll
Hattrre Imature

325
2.0 n.s

716
O.O Ìt.9.

6rz
O.t n.s.

4,

f, ü.c.

*Stgnlficant at O.Ol
**stgnlftcant at O.OL

26.7xx

2ø

L1.7**

C. hoyl
!úrture Imture

18

6.N,

55

2

0.2 n.s

2

O.6 a:'e.

7

l.l n.s.

I

11

r6

0.8 n.E.

52.1x*

2I

1l+

69
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Esrlsonùal ÐlstrLbntf.sn of the Three Specles

g. arteÉl1f anel 9. !gg! were found all over Bts Athapap, but were

xËore ffmersus La the sbâIlor¡er water. Flsh olcter than age II were caught

only 1n the }ilaln Bocly. C' reigher¿li was restrlctect to the Mein Borty.

Yertlqa! Dtgtrlbutlon o{the Three Seecles

Flg¡lres for the vertLcal distrlbr¡tfon of the tbree e¡ncles caught

fron I8 ffay to ? Jr¡Ly 1p68 are glven iu TabJ.e VIa,

Q. relebar<ll was caugbt only ln bottom sets, audl 18 of the 23 ftsh
were caught below lOOt.

9. artedltt was caught nalnly at tt¡e surface. fhe proportlon caught

Ln srrfaee and botton sets dtld not vary sfth water clepth.

lbe nropsrtlon of 0. hoyt in surface anel bottom eets dlftl vary

nitbwatar dlepth. In water of less tban )ot, they were carrght nafnry óa

the botton, whereas fn water over l00r dteep they nerc caught prectomtnantly

at the su¡fss.6. The dffference ¡ras slgnlflcant (p<o.or). At inter-
necllate clepther g. bgg!, was evenly dtstrtbuteil betweea Eurface and botton

sets, ôlff,ering (p.0.o5),from both sbalrower anct deeper water,

rn water cleeper than logr, where [. refgharctå was caught on tbe

bottom, there was rlo ellfference ln the vertical dlletrlbuÈf.oa of C, artedlf
antl [. hoÏl. Betueen 50] and l@t the ctlfferenee ln cttEtrlbutfon bet¡veen

the tno EÏ¡ecfes rae sLgnfficant (p.O,05), ancl fn ebaLloner nater was aLso

sfgnlficant (¡r < O.Ol).

llhencnerþossible, the ftsh Here recorcted as betng ln tbe top,

nfclctte or botton portlon of the nets. fn both surqface aacl botton sets
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Table VIa. VerAlcel Dtstributlon of the Tbree Specles 1n Blg Athalnp, L96A.

.al|.c.
uater Depth at g. artedfl (arteåll q. ÞgEL Q' rerehårlûf
Sample Slte getton Surface Sc hoyf) Botton Surface Bottom Surface

of - 50?

50, - t@t

100t - 1501

v2e I f,.C.
(or-5ot) e (59'-roo') o.h a.s,

(5or-toot) a (ræ'-t5o') o.9 n.e.

(or-5ol) a (root-15ot) o.2 n.s.

6

o

2

5L

12

7

xstgnlfleant at O.OJ
ærslgafficant at O.01

Íteb1e vï.b. poE1tlon of Captr.rre 1n the G1llnet for !. artectll and 0. hoyi tn Btg
äthapap, 1968.

58.ãxx

5 'of'+

0.6 n..s.

hl 9

67
119

Botton Set

Surface Set

Total

3

2

18

6.y

5."1*

36.lxx

o

o

o

*Slgniflcant at O.Ol

I

I
9

6

23

29

1.2 n.s.

I'ì8 n.s.

3.9*

I?

10

27

2L

t1

32
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one-quarter of !. arteclll. ancl one-baLf of C. Eg¿!. occur.retl ln the bottou

part of the net. When dlata fron surface ancl botton seüs were pooLed,

this was stgalficent (p<0.05) (tatte VIb).

Ehe fate¡netllate flEh was caught fn the top portfon of a gr¡rface

set Ln 30t of water.

In suda&ïy, wbeuever they occrrrred, C. arterlll tHsplayecl. a pno-

pensfty for upper watere ancl 9. ho¡¡Lfor lower.

Feeclf¡g fLthe Three Specles

Stomachs were removecl fron the fish whlle fresh, andl thefr cou-

tents presernretl fs 74 tsopropyl alcohol. llhe contents were slzeét by

paeslng throwb a eerLes of screens of neehes of sfze 0.&, O.?1, O.5,

Q.35t ø.25, an([ O.I2l m. lhe efzed contents were lclentfflect to the
'Ioweet taxononLc category posslble, u,sually genus, u6fng pennak (1953)

anriL l¡lartil aacl Stht¡rpfe (f966). Iuagoe¡r Here fctentffted to orcler. Ehe

contents of eaeh etsnach rÊre recordledl ae lts approxln¿te per eent vob.¡me

fsr each taxon ln each elze group. Tbe per cent voltrne was aleo eetl.nate¿t

for some stonacbs by volune dllsplaceneat.

Feoel organÍsns lrere groul]edl lnto forr categortee:

Eenthoe¡ Ptslcltu¡l¡ Eya1lella, Egglgggþ¡ Dfptera larvae.

Bentho-pelagfct l4isls¡ Orilonata anct Plecoptera a¡rnphs, insect pupae.

P1anlçton; Claclocere¡ Cyclope, Calanolclea.

Surface¡ adult Insecta, Araueae.

Tbe proportlon of fooit tn the for¡r categorles cl,lffered elgnlfleantly

between the tbree epecfes (ptg. 12.) for the perforl frou 18 May to ? JuIy

Lg68. Q. retgbardl fect alnost exclustvely on bentho-pelaglc anal þenthlc



Fig. 12. The estimated Per Cent Volume of Food Organisms in the Three

Species, Big Athapap 18 May to 7 July 1968 .

(Benthos • j Bentho-pelagic ~

Surface 1~~tI.J ).
j Plankton ~ j
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o ganLsns, of whlcb Mysls fûrnect one-half. Plankton was the ualn fooqt of

C. hoyf, whlch also feil oa equal proportlous of beatho-I¡eleglc ancl surface

orgauf.sus. 9.. artedtlL fect preilomfnantly on surface food, wlth the re-

nat¡rder belng uainly planhton.

For 9. artecl,ll, there was a slgnlflcant dlfference between stoøÐeh

contents of flsh caught at the top ancl on the botton, but only flve were

caught on the botton wlth foodt ln thelr stonachs. One hact eaten benthos,

oae an ineect apÞhr one plankton, ancl one & ¡¡lxture of ¡llankton aad

adtult lnsects. The contents of one stonach were unldentlftable' Fish

car€ht at the strrface fed on plankton aadl surface food; tn !{ay plaakton

predloniuated, ln June anel JuLy aclult fuleects; tbls flifference wes slgnifl-

canrt.

fhere was also a slgntflcant cllfference ln the etoaach contents

of swface aad bottou caught C. þ9¿!. Flsh caugbt at the surface fed

nafnly on 1¡lankton, but eeveral ate atlult fnsects. For flsh caught on

tÏ¡e bottou, there was a sfgnfflcant illfference ln stomeh contents between

lilay anet June or Ju1-y eaught flsh. In ÞIay plankton ¡nredlonlnatedl wlth sorue

benthos; ln June anil JuIy there was an equal volume of bentho-pelaglc ancl

planktonfc organÍ.sus wlth eome adult lnsecte anel a lLttle benthos.

tdhen spatlal andt tenporal Ëlffferences were íegetedl ln tbe con¡nriion

of the feecllng of q.. grtedtft aa<I 9. boylr tbe only stgnfflcaat clLfference

occurreil ln the sr¡rface sets of June anel "lu1y (Ffg. 13.)' In these

p. grbedti fetl Breåonlnantly on errface fooËl, ancl C. hoyl on plankton.

This ¡rae the only tlne anct place where both epecies were caugbt la relatlvely
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Fig. 13. Temporal and Spatial Differences in the estimated Per Cent

Volume of Food Organisms for £.. artedii and ~.!'!2l.!., Big

Athapap, 1968. (Key as in Fig. 12.)
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Iarge numbers

Ehere was no cltfferenee between C. arted!! anct Q. þgg! tn the

composltf.on of tbe organlsns ln the fotrr categorles, but Q. relghartlf

was the only specles that ate uolluscs and &8. f¡llthla each category

there $*s tro f.nterspectfic ctlfferenee fn the sfze ef food. Nor was there

any ehange ln feedllug wlth lncreasecl X'.L. lhe proportlon of enpty etomachs

(about f2$) was the sane for eacb s¡ecies fn both top anct botton eets.

The internedtiate feril on actult lnsecte.

GllLraEgrs ancl I'eedtag ln the lthree Speclee

g. æ1ÊgËÊ! badl feweet glllrakers aÍ¡il feel on beathlc and bentho-

pelaglc organf.sns, ad dllcl not eat planltton. 9. hoyf hael fewer glllrakers

than e . €!g!!!, aadt itiffereel from tbe latter tn feetllng on nore plenkton.

Îfhe glllraker ranges for Q. artedfl anel [. þgË. 1n Big Atbapap were

eltvldledl loto lower anil upper h¿lves to see ff any etffferences ln feettlng

were attribrrtable to glllraker nt¡mber. trhe tttfferencêB were not signlfl-

cant, but the ttro Q. arteclll tbat fe<l on benthos and on lnsect nyaph bael

glllraker counts of l+0 ana l+2. Also lndtlvletr¡a1e ln the lo¡rer half of

the 9. arteclll glllraker range fed on less plankton and 4ore errrface food

than tboEe of the upper half . For C, þgg! indivilituale ¡r1th a lower g111-

raker count ate more benthlc and bentho-peJ.agic organtsnsr nore plankton

anð lese surface fooit tban thoEe wlth a blgher glllraker col¡Et.
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T.åXOi.EOffiIg TDEITTTFICAfIOIT OF ÍgE CISCOES TI{ BIG ATSAPAP

Iclentlffcatlon of Èhe Soecies bv Eaxononlg Kevs

Using the keys to N. Anerlcan coregouLcls (Koelz, L929¡ El'nks, lg57¡

Eubbs andl tagler, 196ll), two Blg Atha¡np speclee were alwaye tdteatlflett

eB g. qrtedfl and g. EgIl, and when Q. retgharatl was luclrrdlecl fn the keys,

tl,re third specf.eE was lileatlfiedl, as thls- Iu other keys the tblrd stræcles

rsaÊ closeet ts elther [. Johannae or C. zealthlcue. It dllffered fro¡n the

former 1n ever¡rtlrlng except glllraker counts, andl fron the latter fn havlng

fewer gfllrakers aact scåùee and sltgbtly dlffferent norphonetry.

All three specles ln Bfg AtÌ¡apap were at¡qplcal ln r¡arf.ot¡s char-

acters. A1I l¡¿d fewer scalee; anil both C. artedlil and 9. rElghÊrdl hetl

Iarger eyes tban tbe Great Lakes anel L. I{tptgon populatlons sf these specfes.

g. gg¡g34! also differe,tl Íu tbe fewer glllrakers and autum s¡rawnfngt

for tt resepbled the eprlng spawnfng Q. r' refgharttl uore cLoeely than the

autum s¡¡annlng 9. !. cl¡monéLl. The greenleh colouratlon f s ty¡rlcal of

S. reiehn,rìtt.:l C. holrl wae also aty¡rlca1 1a betng an eutum spaernert

havlag Eu¿Ller e¡res and shorter flns than the Great Lalces antl L. Niplgon

g. !g¡É.. ffot all- lnrllvldluals had a protrucltng mnålble ancl there was

ltttle evf.elence for the preseace of a symphyseal kaob.

Sr¡pprical fa¡roaomy: fatiEloalc IôentlflcPtlon by Correlat,fon

Koelz (LgAg) founcl eleven characters of uost use in separating

the specfes of the Great Lakes antl L. Nlplgou. The cbaractevs Here eye

¿iareter, snout lengtb, snel na¡<fIla length (a11 As ratlos ,in hescl fength),
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headl lengÈh ancL boity ctepth (fn standardt fength); pectoraf leaeÈb (1n

pectoral-pelvlc dlstence); pelvlc tengtb (tn pelvic-ane1 tllstaace); bgdy

contor.u (codleêtl elllptfcal = l¡ ovate = 2)¡ lower Jatr (coiledt: protructiag

s 1, equal = 2, facluilèð = 3)i gtllraker antl lateraL llne ecale couatð.

lfhe averege r¡alues for eech of these charaçters wÊB eetlnatedl for the

Great takes anit the t. Nlplgon popu.latlons, anô calculateel for tbe Blg

.Athalnp ¡ropulatlons. She effect of alLonetrlc growth was lgnoretl. A

J.og tranefornation wes appLLetl to the dlata before r¡se.

Csrr.elatlon coefff.cients were calcull,ate<t fron the äata for all

paf.rs of poBulattons. The BiS Athapap 9. gE!9911 ¡rae nost sintlar to

the sane slrecleE ln t. Nipfgon, anct the Btg Atba¡np 0. hsyt most closely

reEenbledt g. þgI! of t. Euron. The Bte Atha¡tap 9.. Eg!g@!L waE uost

etnllar to the ty¡re populatlon ln L. !{lchlgaa. A Bhenogran (Flg. Lh.),

esnstrueterl by the avergge l1nk¿ge oelghtedL r¡arlable group æthod (Somf

and Sneath, L%3) fron the correlatfon coefflcients, showe€l that tbe

êreat Lakes anct t. I{lpfgon populatlons of !. retghårdi and C. zeaithfcus

clustererit at a hlgher level than tbet at whieh the Blg At'båpap po¡mLatlon

entereð the cluster. Thê Blg Athapap 9. gI!9$! cLr¡sterect wttb the t.

t{lpfgoa C, gË!g$Ë before they both Jolnetl, the ctuster of other C. arteclll,

aact the Ble AËhÊpap g. hovt cluEterecl with the Great' LakeE anil L. i{iplgon

g. ggu!.

qupertcs,l TaJronoffir; Factor .A,nalysle and Taxonotle Ïflentlfleatlon

lhe Ea¡re eleta nere useel f.n factor anelysls ae in the correlatlon

of the Big Athapsp, Great Iskes and L. $lptgon clscoee (see above).
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Fig. 14. Phenogram of Great Lakes, L. Nipigon and Big Athapap Ciscoes.
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Q-naoele ana1ysls, etartlng from the correlatlon mtrlx of the

sanples, gåve one factor wtth flve grouplngs of populatl.one cørrespondlng

to an or¡ate or el.ItBtical body wfth a trrotrutllng, egual or lncluilecl

paadtlble (tnere 1s no ovate boety wltLr an lnclucteA manafÑe).

E-node analysÍe, uhieh starts fron the correlEtl-on natrix of the

varLablq, wae algo usecl. Í'actor scores calcuLateê frou the rstatedl factor

matrfx (faUfe VII) were used to conflrn the id.entlficatton of the three

Blg Athapêp populatfone. Of the seyen factors extracted ln the analysfs,

fs,ctors II, lII anet Iï were of llttle use f.a lctentffylng eÉy speefes.

Plots of factor Ecores for factor I agalnst V and faetsr V agalnst VII

are ehown (Ftg. 15.). TheEe confLrnecl thÊt the Atbapap po¡nrlations

resenble 9. 9g!g[!!, g. hoyt atrd g retgþ¿reti nost closely.

Ebe R-¡aoate analysis gave fnforætl.on as to the laterrelatloaahips

of the eleven cbaracters, lfhe factor loadllngs for each factor (faUte Vtt)

lnðicate the correlatlon of varlaÞtee anttr factors.

Factor I was a bodly csatour factor, è1so loatledl on fln length antt

heart length. An ovate borty was aesocfatert wfth longer rlns and head. It

showëê lnterspectftc cllffereaces, br¡t nhea the s¡ecles were arrEageql ln

oriler of thefr factor scores, thls arrangenent correeponclecl to tbe

vertieal dlstribution of the s¡ecles. An ovate bodty was associateð with

a greater clepth of occurreace.

Faetor II was the lateral""llne Ecale factor. llhe ne¡ct htgbest

Ioadlug eccr¡meel on boity contour, aa ovate body havtng more scales.

Scales are kaonn to be eavlionmentally affectect. The factor scores ûör



labre vrr. Factor Anatysfs of Êreat Lahesr.L. Nlplesn and Btg Atbe¡np
Cfecoes: Rotatecl Factor Matrix (xfOO).

Character

Lateral tlne

Glllrakers

Eye Ðlameter

Snsut teugth

trûaallla Lengtb

Eeadl Length

Fectoral Ftn Length

Pelvtc Fln tengtb

Bocly Ðepth

Body Coatour

Lower Ja¡r

Factor

11 Lg

6 -11+

-13 -16

-29 - It

7

26

,7

-r3

-8t+

-15

5

-8

-9¡+

6

€t

-8¡l

-l+

-33 -30

-r8 rB

12 -L6

11

25726

16 26 rg

2 -11 36

95 5 -13

-93

16

-L8

-57

-6

-2

27

-3

-rtr

-r9

-36

r3

9

-9

-11

-1ll

-2

17



Fig. 15. Plots of Factor Scores (I and VII; V and VII) showing

identification of the Big Athapap ciscoes (Great Lakes &

L. Nipigon 0 , Big Athapap • ; Al-Alpenae, A-Artedii,

H-Hoyi, J-Johannae, K-Kiyi, N-Nigripinnis, Np-Nipigon,

R-Reigbardi, Z-Zenith1cus).
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thts factor showeê slgnlffcant ttrlfferences between average scores f,or

each l,ake.

Factor III hB€I htghest loacllngs on naxtlla, enout and heaql length.,

ancl then oa fin lengths. The roaeltng on eye dfaueter was-low. Larger

na¡r1llae were aEsoclated wlth fewer glllrakers. BeEirlee slrowfng lnter-

specfflc cllffereacesr !ûa,y Bpat{ners iract low scores ancl tlarch slnwners bfgh

Ecores. L.Ontarlo q. klyt hacl a lower sco?e tban other c. klyüand g. Ë.

refgbaritl a Io¡ser score than g. L. ctyuonetii !. hoyl bad the hlghest seore,

br¡t autum s¡nwning C. hoyt of Atha¡np bad a low score. Ia actdtltlon cleep

nater epecles hart higher scores than shetlow water specles.

Sactor IV was lte boely eleptb factor. Deeper boêfes $ere assocfatedl

wlth longer beads.

Factor If wae the gfllraker faetsr. Fewer glllrakers were assocÍ.ated

wftba l-ouger snout ancl shorter pectorat ffns. It showeê tnterspectffc

<lf.fferences.

Factor VI vras the e¡re rillaneter factor. targe eyes were aseoclated

with longer pelvlc fLns ancl head, but wtth a shorter 6nout.

Factsr ïl"II nas the Iswer Jaw factor; Ionger lower Jawe were

aeeocÍateet wlth longer pelvic flns. It sho¡recl sone Lnters¡reclfic ittf -

ferences.

Ae cllfferences tn bocly contour antl bocly depth are prlnarfly

asgocfatedl wtth environrental cllffereacea, the Bopulations were corüelatecl

without these varlabLes. All tluee Btg Athapap specles were iclentlfiedl

ae before, except that g. ho¡rl was now Bore elnllar to tbe L, l{fchlgan
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populatlon, andl 9. arteÈll to the t. Cntarlo po¡nr.latlon.

Iu ¿dlflltlon lt nas founfl that, Bhenot¡rylcal-Iy, C. relghÊrrll was

nost efm1.lar to C. zenLthLcug, aael vlce versa; C. þgI! to [. þ!¡!, anct

vice verEa; ancl 9. ggþ$!! to 9. nlgrlplnnls, ancl vlce versa. C. nlplgou

was Eost slmllar to 9. +tgr*plnalq. 9., ûghannae resenbled Q. alpenae

uost closely, but C. alpenae was most elullar to 9. ktÉ (fable VIII).

TNTEA-T.ABE VSRTAEIOiI O¡' rEU îHREE STECTES TT{ gOBTffiRT{ HITFITOBA

In the lakee of northern Manltoba th¿t were samlrleril, both !. arteelll

ancl C. boyf hail two lntergrailf.ng pbenotypes. One Bheaotype was a deeB

bodly wttb a Etrort thick caurlal pediuncle ancl much plgnentetlon. The other

pbeaoty¡le, whlch sta6 assoclateel wlth a süalLer ua¡rlnum fork length, was

a slim boct¡r¡ e longer thlnner caudal lrcctunc1e anê less gigmentatfon. It
was found thst tbe average body depth, at 25O nn. l',L., of a populatlon

wes negatlvely correlatert (p.O:O1) to the maxlm¡n deptb of the lake

(g'tg. 164.) The saue was true at 100 r¡rtr. F.L. (B.O.05).

The aean glllraker counts of populatlon of e. artecllf sam¡rledl fn

the area rangecl fron h5.3 (Big Athapep) to !1.7 (tet 0ranberry L.). This

wae a1so aegatlvely correlateei to the uaxinr¡m lake tleptb (p< 0.01). The

nean gfllf,aker counts of populatlons of q. hoyl anel 9. g!gþIÈ1 also

showecl lnter-Iake vartatlon, but the correlatlon wftb mxinum lake depth

for these epecles Has not signlftcant (fre. f6u.). fhe neans for Q. hoyl

rangett fro¡¿ h0.b (gte lsland t.) to l+3.3 (gtg Atbepep); for 0' getgbardl

frow 29.9 (gre AÈhâpap) to 33.h (lrttJ.e Atha¡np). she specles ehowed
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Table WII. Correlatfon (xlOO) of Ciscoe Specles from Central I{.
Anerfca.
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Fig. 16a. Inter-Lake Variation: Regression of Body Depth/Fork Length,

at 250 mm. Fork Length, on Maximum Lake Depth (Log axes).

(2,. artedii 0 2,. hoyi • )

Fig 16b. Inter-Lake Variation: Regression of Mean Gillraker Counts

on Maximum Lake Depth (Log axes). (2,. arted11 0 , 2,. hoyi • ,

C. reighardi • )
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slg¡¡fflcaat dtlfferencee ln nean glllraker counts betweea the basinE of

t. Atha¡ngrsksn.

In Btg Is.lanel t. only C. hoTf was caught, but severel Lakee con-

tainect Just, C. artettll.!ühere both theEe sBeciee occumetl syutrntrlcally,

they corrlcl' be ctlstingufsheril easlly fn phenoty¡rf'c grounds onry ln tlttle

Atba¡np ancl Hlf¡k l{arrowe. Schist t. and ßocky L. uay contafa two synpatric

sXrecles of ciscoes.

g. rei$hq¡¡di was ceught only fn t, Athalnpushow aacl Clearuater I'.,

lakes witb a m,ninu'ø cteptb of over 10Or.



Morphotogyo@
llhe specles concept 1s basect on reproðuctlve lsolatfon (!{af"r, L963),

but r¡sr¡ally tbe rl^lstlnctness of s¡reciee ls inferretl fron phenot¡rpic

clffferences. Eowever, as coregonid.s bave plasttc phenoty¡resr dledlucttone

abo'l¡t:,the ,clletfuctnese of coregonld species, based on ¡ibenot¡ælc cllf-

ferences, :are uof,e eLlff,tcr¡It to ¡nake asd more guestionable than for nost

othe l ta¡(a.

,:, ',Altbor¡gb reel¡onsLve to selectf.on pressurer gl1lraker6 are one of

the.nsre stable cb¡racters uEed Ln coregonicl taxonon¡r. Idherever the

three specS.es occur syopatrlcally, 9. artecllf has nor€ glllrakers th¿n

C;i hoÉ;.enel þoth have nsre tban Q: refghardll, suggeEttne tlut the dlf-

ferences ln gillraker counts are probably geaetf.c.

' ; Sc&le counts are notorlously plastlc, as was eho¡un by tbe

variLatton¡'withln Btg Athapap Ë. arteclLl, but a sltr.ratlon, slullar to

that,:fOund ta gll1rakers, occurs in lateral 11ne scale counte. g.. agteitli

hse'.most scales ancl C. hoii leaet wherever the thre€ speciee are s¡at-

patrfc, e*cept fn L. $lplgon ¡rhere g. hoyf bss nore scales than C. aftectit

(fioelei ']¿g}g'). Atrtuwr s¡xawnlng fish usually bave msre ecales than

sgrtng spÊwaers (Svar",ðson , L952), but ff g. bovi andt C. g!g@!! a?e

autusa Epaflners 1a Bfg Athapap, this generalf.zatlon breaks dlownr as they

have fewer Ecales,thåa the strning spawnlng g. þgI! aad. c, r. glg@g! of

the Great l,akes. Ílhe Bfg Atbaprap 9.. æ19@1! have fewer Ecalee tban

the ¿uttrwn spawnlug 9. g. clwondtl. Á,ctiag through egg slzer parent

DïSCUSSïoF

6ll
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body size also lnflqences scale numbers (Svardson, L952), &d tbts couLd

account-fæ the low nu¡ober of Ecales ln the tbree s¡nclee, for they 8re

aLL mture at IOO Eß,. F.L, As the etlfferences in scaLe counts are the

sa;ile Ln mest cases of s¡rw¡ratrÍ, lt stlggests a basic genetlc cllfference '

s¡m¡ntrfc eSncfes of,tea bave ittfferent gro¡rth rates, but the

ctlfferenceg are not consLstent wben several localltles are comparedl

(prftcnara, 1931; Ke1eher, Lg52.t tt[offett, t95'fr. 1n the Great takeet

¡þ artedti aael c. ælLgbq¡¡ðr hait aSproxlnateLy sLnllar gro¡rth rates, I'nd

g. þgË. tbe wsrst. In Btg Athepap c. relgharrcll hsd the r¡oret growth,

and g. holl and. 0. artectll $ere slBll.ar to each otber þut the Latter

liveil longer.

Growth rate affects the norphometry, wfth elow gronlng Bopulatlons

hs,vlng Lerger body parts (Hfte, 193?). g. relgbarctl hact larger bocty

InrtE tban 0. aËteettl 8nd, g. hoyi la botb Btg atha.pap antt the Great Lakest

ctespfte ctlfferEnt growth rates. g. artedt,lf bad a targer head a¡d ÊlqaLler

eytâ tban Q. hoytr althongh their growth rates in Blg Athapap were

einllar, wbereas in tbe Great takeo C. artecl.tl ba¡t a enaller head andl eye '

The Ënfference ln heact size could. resuLt from etifferences 1n growth rate,

but the etlfference in eye size 1s consistent with lt befñg a genetLc

clLfference.

She norphological etlffereaces betYreen the tbree Bfg Atha¡tap

speefes are eonefstent wlth m,lnty geaetfc, rather than non-genetLc

effects. El¡e fewer scales of ttre tbree s¡ccies, the larger body parts

of, g. Srtedtt and e. relgbarell¡ and the snaller body parte of Q' !gI!t ln

cou¡nrlson tO'i:the Great. LakeE po¡rulatlons, are all conslstent to befng



¡1s¿-geRetic. Ebe dttfferences

thelr s@.ll eÍ.øe at usturlty;

varlstfons 1n growth r&tes.

fhe acceptedt criterlon for ttgood speclesft fs reproetuctf.ve

isolation (tûf.r, 1963). Ily'brldle betweea coregonfel specles occur fn

N. Anerlca, but l1ttle Ls known of tÏ¡eir fertfllty. È[aeslve Latro-

gressLon between specles occwreel 1n Scanctluavia (Svar"clson, L9,+9]

suggestLng hybrtets can be úeuù1le aadl viable.

fhe tine and place of s¡nwnlng ls kao¡tn for C. artedllt f,n Blg

Athapap, but not for the other two s¡eeles, though gonadal state

suggesteÉt that they were also autrr¡nn spawaers. A.mong the spawuing

9. gg!g!!! were one spent fenale ancl three ripe nale 9. þ5!r lnctlcatf'ng

tbst, perhaps, there Ls no chronologlcal or spatlal þarler to hybrtdli-

zation betnreen these two specf.es 1n Big AtÏ,¡aXnp. The fxresence of one

uorphologlcally laterreitlate flsb ln the cllscrlnl.nant analysts suggests

hybrfûtzatlon does occltr.

If lrybrttllzatlon tloes occur, tk gene ¡nole of C. arteclll ancl

g. þgtl m.y be lutrogressiag. The two spectes are morphoLogleally nore

sluÉIar tn Btg Atbapap than they are fu Little Atbapap (see Flg. 16b.),

Mink Nar:¡roÌ{s, or the Great Lakes ancl t. I{1tr¡18o4. In tlttle Atba¡np and

Miah Samorns 0, gtedtf. had the typtcal tulllbee Bhenoty¡n and was re-

strleteè to ehallsw vlate:r, so the norphoLoglcal sfnilarlty of the specles

Ls Blg Atbapap coulô be non-genetl.c, althor¡gb tbe rnore sinllar tllstrlbutlon

66

fn lateral llne scales eor¡tet result fron

and the norphonetrlc êlfferences from

Lon of the
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ln Blg Athapap coulcl also be Lnterpreted. as evfeleace for tatrogresslon.

tshe Blg åtha¡np records of 0, hoyl anð of !.. æåg@!1, are thelr

nost asrthrwesterly knowu occuürence. The*r gonact conditfon euggeeted

a,uturar¡ spawnLng. In the Great takes anfl L. $lpfgon !. hoyl and C.r. t].glehâ:Èf

are spring or early sumsr spa!Íners, but Q. g. eÌ¡rmonÊl f.s an autunn spawner.

L. Mlchf.gau g. E, reigþardf 1e now reported to be an autumr,r Epaflaer (Smtn,

196l$). IÈ le known that further north a greater proBortlon of the ftsh

strnef.es ere autusn Epawners. îhe cltfference in sgnuaing tiuÊ between

these two Blg Atbapap specles anô thefr Oreat l,akee ancl t. SlBfgon re-

latLons coulcl have resr¡}tedl, fron enr¡fronmental pressures favorfng autum

spanuiug. If q. hol¡l and Q. reiehâ,"dt clo sparen at a cltfferent tlne in

Big Âthepa.p than 1n the Gr"eat takes and t. l$lpigon, tlne qf spanning

shor¡lcl Jolu tbe raaks of known plastfc charaeterE tbat have beea eqrloyedt

1n coregonfel taxonouy.

Ecoloev of the Tbree Species

lflæ three Blg Athapap speclee have nlches cllffe fng ln vertical

ctlstributloa. [. e-üteðtl was thE nost pelagicr and C. relgbar''clf tbe

sost benthlc, oceurrlng nafnly below 1O0t. g. ho$ wae found nainly on

the botton ln sballow water, but wlth lacreasíng waterûÈPÊh ft becarile

nore pelagie. Thls ehange ln dfstrlbutlon coulÈl result fron restrlction

to water EbaIlower tban 1@t,, or excluelon frsm the beathlc aiche 1n

d.eeper water by g. reighsrËlf , The three e¡ncfes have a Elntlar vertlcal

dllstrlbutlon Ln tbe ûreat Lakes aüd. L. i{tplgonr but g. hoyl lE nore wlde-

spread, occuning dlown to 6OOt tn t. Euron (KoeJ.z, Lg?.Ð. g. Ë. 9ægÈå.,
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unllke 9. g. retghq-rdtl, ls fotnd ln shallow water (Koetz, Lyzù.

Interspectfic dtlfferences ln feecllng appear to be correlateÉl to

clepth dllstribetlon Ln t. Oatario (frttcnarðr I93I). Mfslg was the pre-

dlomf.nant foodt of alt four eiEco specles ln ileep water, but where C.

arteetll oecr¡rueel ln shallow water lt ate nore aclult tneecte ancl planhton.

Wtth tbe apparent exceptlon that only 9. rel8harcll ate Mysls in Ble

Athåpap, a1,1 other feedlng ellfferences between the species cen be-

explalneel aE resultlng fron thelr tllfferent vertlcal dllstrlbntlono.

l{hen the surface andl botton feecllng of q. artedf f anfl 0. f¡gt! Ìrere

examf.neÉl opparatety, .the only slgnifleant dlfference occurretl 1n the

surfaee eets where g. hpyl ate more plankton anil fewer aclult lnsects

tban C. arteêli. But $a surfaee sets )O$ of g. þg! were caugbt f.n the

bottom one-thlrd of the net ln com¡nrtson to 2$ of Ir artedlt.

Feeding, Growth Rate" Glll qkers -eq{-Iee!b

Coregonf.rils feettlng on bentbos have faeter growth rateE (SVaiiteop,

fgr?). Althoggh wbftefleh clo generaLly grow faster tban eisooee, thle

reLationEhip elfô not apply sfthln the AtbapaB clscoesr for Q. r,9igh¿rdl

ls tbe most benthlc clsco and hatl the slowest growth rate.

$. Amerfcan cLecoes usually have nore gLllrakers anel feed on nore

Blankton tban rto whlteflsh, but plankton feetilng aplnreatly lE restrictecl

to three specles. Of two syrn¡ntric specles of whlteflsh ln Sweclen, tbe

one witb fewer glllrahere hadt eaten plankton, $hereas the other had

eaten onlybentbos (svardleon, 1950). In L. Ontarfo 9. artectll hetl nost

glLlrakers aBd ate least benthos (prttcura, 193r). of the Athapap
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cl'scoes C. refghardl hail fewest gfllrakere ancl ate uo planhton. However

g. artedtl fed on less prankton tben g. þ9Il¡ although {t bsd nore g1r1-

rakers- GroeE dffferences f.n gllliraker nunbers elo appear to be corre-

latedl to dlfetlc ctifferences, but no such conelatlon exlets bet¡reen

epecies wlth alnost tttentlcal glllraker countg.

rn Blg Athapap the oecurrence of teeth fn the tbee speclee can

be correlateit to cllet. c, relgbarell ete the hlgheet Broportlon of

benthlc fooil antl hael the best ¿leveloBedt teeth. C. artettf I ate least

benthoe aacl bacl the weakest rteutitfon.

À4anftoba l¡adl ftve recordleÈl specles of cLscoee lacl¡reltng q. artedtff

and C. hoyf . Tbe Etg Athaf¡ap recorcl of g. horrt ie lts noet north-westerly

knowa occurrence, but C. artecttt ia hnona fron further to the north-nest.

C. rel,gbardf was knovm previously froa the Great takes and L. I{fpfgon,

but the Btg AthÊpeB populatloa certainry ts phenoty¡rlcaIIy cloeeet to

9. r. refgbsrdti. The specles nost eimllar to C. refgharctl le 9. zenlthicus,

whlcb, occura ln t. Winnlpeg aacl the L. Athabasca area, ae well as in the

Great takes ancl t. Nlpfgoa.

Several h¡rpotheses catr explafn the ctlstrlbutlon of g. refgharttl:

a) tUe populatlons f.n nortbern trüanltoba are rellct poptúatlons; b) q..

refgh¿rdi ls ¡resent but r¡ndlecovereð between northern lltanltoba and the

Great takee anrl L. I{lpLgon; c) C. relg:hgr€t anct/or C. zenlthlcus h¿ve

beennislctentlffe<t outeJ.cte of the Great Lakes encl t. Stptgon; ê) g.. refghaqgf

aadl $. zenithlcus are tbe eame species.

of tbe fbree SpecLes
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relatloaships of 9. Úl.ggg antt C. bubbef (nenbers of the Q. ede4ff -

0. nigrlplnnls conpler?), of C. bartlettl (g. Jor¿ann¿e{.. g}penae?), aaä

of C. nlgriplanle cyanopterus and g. g. pgg€gg!@..
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