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I¡le1d and -l-a.borator:y str:dies ¡,'ere conduct-ed at churchill_,

l'íanj,toba, where the tvro f onns of purlj tíus Dun¡ j_t j_us ^ v;lrieh ¡re

allopatric in most of North /'rueríca, corne in contact. The coastal

form spe-nds tì:e r.rirrter ín the sea, and ascencls creeks to sparrrn Ín

early sulrrinel:. The inland forrrr ¡:er¡ainsin lalces and streams far i-nlanci

thr.'crugl.rout the ye'¿ro An ínterrcediate form., i¡hicl: apparently orlginir.te<l

fro;¡ the inl¡rnd forn, ll-ves ia the lol,rer reaches of ti:e chu¿-chíil.

^]Ìi1¡er and tri.br¡tary creeks"

The coasta-l form has hlgher avei:6ge nurubers of dorsal spi:resn

lateral plat-es an<i cauclal- scutesn ancl a lorrer nurnber of gi1.l ra.kers,

but the morphological dtf f erences a::e sma-l-l and could not be usecj f c::

clear-cut sÊrParatíon bet¡¡een thc- forn:so l{oweveru clistinct ,lif fe-rencrjs

1n salj-nity toleïance irere found bet!-een the Ëvro. T.'he coastal form

Ëole::ates híghar sal.inity than the other forqrs, in both the adult

anci egg stagcsr, and ¿risc shorvs a prefel:ence for ìrrgher salinity"

Ärri-fícfal-1v-rrad.e hybríds ru-ere closeï to tlie coastal form in

aorphologj-cal- characters; the saliniry tolerance of both reciprrrcal

hybrid crosses re-senlbled the coastal par:ent.

F, hlbrÍ-ds rü€râ viable, fertile, arid no pastraat:lng isolatÍn¡;

¡r;echauj-s¡'rs L-3?--ê found, Tlie only pre;iatíng ÍsolatÍ-ng nechan:lsrr seeirLs

to be spatial seg::egatl-oa r.;hj-e.h arises fro¡i h.eredír:a::y differences 1n

saJ-inity tole.r.-¿lnceo The inlaird and inËerned:Late forrus êre appare.ntly

¡.rreveirteó froir occupyiitg any of the creeks Ci.iecEiy entering I{udson

Ììay due to tÌrei:: io¡r salin.i.ty tole-ïance thus preventíng t¡em frour

lrrôñs ¡ ^ñß.t)Þ -t tr1\t, I
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escapinÍl to tire sea wirea these creeks

The coastal. an<l inl.ai:d f orlrs

species, but thej-; rlíff erent geographic

physlologic¡-I differences sugge-qt that

recognltion 
"

i'reeze so1id.

a¡rparentl)? ar:e not diffcrent

disËríbutj-on and dlstinct

they nay deserve subspecific

i1.
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esscntj-41 for speciatioc. SpaË1a1 iso-1-aLj.ono i+hicir lea<j.s po¡r,:lati-ons

lo a gracual slrl-ft of geire f::equency in response !o sel.ectr.on by

ro,:ar envi-r:onnients, is the first s:r:ep of speciatiou. R.eprocluctive

isclebj-on iilay l-¡s esE¿rblisheC by tire resrrlt cf long teri,r isclation in

differeni: envircnmrents, ',,'Jiren Lr.¡c popula.tions.r,¡hich have bp-en isolaËeci

for a long tine Èl:en ccne in contact argaín, lhe gene frow v¡fll be

blockecl -i-f j-sol.¿rting ruechanisns have 1¡een comir'! e.¡.¿o i,uL if the1, ¡¿,¿"1

nct i:een conrpleCeil , gerle f.l-o'.v occ¡rrs .betr¿eerr. the Lr.;c poptrl¿:tíons anC

:ln{-rogression or s'varupíng rví11 res'-rl l. The cou.rse cf snec:iation has

been ciscrr'ssed by rnany authors (DOEZiiAü{sKy, 1937; Ì'L\yF.n lg42; tiooiìEe 1g49) 
"

r¡Â\7ñ /1ñli\lit\Yi:ì. (19ó3) especlaily ciscusseii in áetai1 tire concept çf spec:í_es

and of species developr;rent"

The. nínesplne s E Lciil.¿back, n,llf¡fl_!1$- Lut.;ti-jtuå (Línnaeus)

j-s distril'uted ''¡-Lciel-y in hig.h laciiudes <¡Ê the r.oïLheïn heari-sphere

thr:ougirouE üuropeo Àsia aurl liortir Ainerica. ì.fany ;-ruthors har,'e c1e-qcrj-becl

Llre variation of 3-:**-cjS. rn EuroPe, üoLsKr (Lgz7) report,ed tlie

sli-gÏri niorpholog:ical d:'-:[feïenceG beÈween f]:esl¿r¡ater and uar.Lne

pc)pu1alionso GASCìäOTT (1929) ¿il-so descrjbed the saline q-ate-r fo]:In

r'¡iLir 1¡ony ariiìel-.utíe anci tlre fi:esl:wa.te:: f orm -.¿itiroui arnaLure.

ì'IIINZING (.f969) recogrlize.cl r:r.¡o subspecies, l. g" ¡SLg"L[St1 ¿rncl F" 
"p-" ]lå#å,

depending cn ihe pJ:e,sence or abserrce of keels on the cauclp-l pe<Iu.ncle,

In l'ir¡rth A¡,erri-c¿r, \T,:r,DYi(OV (l-933) noîiced Lir¿rt tire n¡rnbers crf lltrsal

spiner; , ciorsal f i,n rays, ancl ¡,rn¿r_l- [in i-a.y.! ;_ire .h i_uils.ç i-lr pcp-.rJ-a Ef ons

fr..:rt tire iÌu.j.son Ìiait i;.rtior i:l;ran .í-n fhcrsr: jlroli T,alc¿: Ìiipigon, ì,.íhLTL'IiS (l-g55)

Gcrcgraphi.c r/ariaË-Lon betiü?en pcpul.atíons of a s¿_.ecies í.s

IäTiì0DUCltI0¡i



2

exatulned the n'-rnjrer of Corsal spines zrnC suggesterl a ciir:e of tilgh

t-o 1ol" counts f::on no::th to south. Ìle suggesteci ¿r. possit,le selecÈi.ve

adaptation of the spine ccurri to lr-rca.l- environuents. ì"dllAIL (f963)

exaui-ned mcrphoiogical r,arÍatíon of ruu,.seuu specln,ens in l{ortir /:iLrerica,

anc disti:rguishe<i tr'ío nori)ho1ogical1y d'¡f.rexent types, a. Bering form

and a Þifssfssippí forni. The former has a higher dorsal spine coun¡, higi:e¡

later¿rl plate ccunË and a lower gilJ- raker count than tirelatier.

WALTEIì.S suggesl-ecl two gl-acial refugia for i'lorth. .{úue¡:j,can

fu¡*gåså du=irg I{ísconsin glaciarion (the Bering ::efrrgiur,: anri Ëhe

upper -r:físsissippi valley refugiuni) , and the subsequent disr¡ersion

Èhroughout North Anerica fro¡:n tirese tuo ::efugia. ì.b?I-lÀTL also

l'-l]terPr"t,eci the present distribution of these two forrns ir: Canada i1

te::ms of dispersion after cleglaciation" Á,ccorciing to LicptjÁrle tbe

Berí-lrg for-n has CJ.spersed Ëo the soutl: east throtrgh coastal- r^¡¿¿iers

alorlg Ëire ArcËic Ocean, iludson Bay and the rorth l:t,lantic ocean; f:lie

I'lissíssi-ppi fcru dispersed northeast and aorthrì/esË through fresh vfrters

cf glacial lakes and theil: cut,leËs ciuring deglacíation.

There are rnany worlcs on ecologj.cal and beharzioural aspects of
p"una!!þg in Europe aed North America, buÈ North A¡ierican studies

have been done alnost entj-lely on the Ì.Íississíppi forn (o:: "íniand forn"

io the presenL sËudy) becat'se of its easy availahil.:'-tyr /lfunost ncthin¿1

has ireen recorcled c.oncerning tire lífe history, ecoJ-ogy and physíologI

of rhe Be:1ng forirr (or "coastal form" ín lhe presenÈ study) jn i{cruh

Aueríca, rlespítc the fact that j-t ¡nay occupy Cifícrent environ¡nents fro¡r

Ë1ie Ì'lississippi for¡'r,



The oL'ject cf ti.te p::esc+ui stuCy-,-s tc find o,.-rt tire diffeïer.rcsö
bctween r',.¡o for¡re of pqfg|:3jj: ÆgåÉigg in licrth lirnel:ica and to
deierni¡;e tllei¡: t.axorio¡:ic sEatus" FÍ_r-stiy, rìile ai-stribut¡i-or:o nÍgratí-cno
breedÍ-ilg and food of the- Ber:ing forr in the chui:chi11 are¿. a::e .escribed,
The tr"r-r jlcnis chen are conpared tc díscor;r-.r r.¡.ireiår¿r theÍr- rirorphoJ.ogica1

cjffe:iences eie acconpanied b,y physicrlog:_cal. or ecorogica.r crifferei:ces
ivhi-cir ruay be re,1 ¿rtec Ëo Èhcír ron¡1 i.soi¿:f-j.on clur:Í.ng glacíation. The

zorLe.'of possibl.e corrtact betr¡een t-lle iJr.r.,::i.rrg ancl l.ííe sÍ_sslppi f oms i-'
tiie Churcll.-í.-Ll are¿r l-s ex¿mined in clet¿l-í .1. I;lour these rest,its the
st;rri:us of tl;e. two for¡ns i-n North Jrrreri-ca i_s then ciiscussecl"

3



An intenslve field str-rdy r,:as carried out fn the area of

churchill, Ile.nitoi:aD to flnd out the distrlbution and 1ífe 1-ristory

of two forins on the tve-sÈ coast of llucîson }iay, from June to.Ë\ugust

7967 e Ì:lay to .ê"ugr-rst 1963 and June ro July 1969. Field studies r¿ere

also conducted at cranberry Porcageu ÌIani-toba, ín the surnmer of

1969 (F1s" 1) "

The creeks r,¡here- the fíåh r¡ero. collected in the Chu::chíI1 area

raay be dfvíded lnto three categories: (f) creeks dral-ning d.lr:ec.tly i.nto

Ëhe salÍne r.zater of the I{udson Ray, (íi) c::eeks drainíng lnto the

chr-rrchill Rirze¡: and having ttdal influence at their mouths, (ll-i)

cleeks draining ínto the Churchill River bui nof. havÍng tj-da1 lnfluence

at thelr rqcuths.

The cre-elcs in the firsi category, Paradox and Stygge Cro-elç¡

¡^¡ere of gra'.teJ. or coarse sand bottono arid r+ere approxlmatel-y 3 to l-0 m.

v¡íde. The gravel irottor,.d rapids usually r.rele shal lov, but coarse sand.

pools abourt 1ar. deep r,¡ere found scaËiered aarong the raplcs. At the

ruouth of the creeks there were some patches of Fgg.tg. Approxi-nate-1¡z

30 u. above the ncuth of the. creeks, 'both creeks hacl a curved. pool

r¡here son.e lgsl€ accunulated. ]lne tidel vater almost reached the pools

at high t1t1e, l¡ut at 1or¿ tic:.e about 1.6 kru. of int.e::ti'1a1 flat rvith

numerou,g rocks rrrãs êxpossdo

STUDY ARIìA



Fig. 1. Locality of study area in l'lanitoba and location of col,1ecting
in the Churchi-ll al'ea.



HUDSON

cHufìcHtLL

¿T\
\J-,'z

À

+
I

MARt I

tì\ \t/ \_ I

'+lD lA
Kf(DU'

o

lL

-*o
q-



6

The creelcs l-n the second c¿l Legcry, frour 509 Creelc Ëo Goose Creelt-,

r"vere narrol,{e approxl-mately 1to 5 n" r.li,Je, usually v¡lth a m'-rci bottoriì bui:

ín many cases l¿1 th a gravel bottorn" There rfae E.ídal influence af hfgh tÍ<ie

at the mouths of all these creeks excepL Goose Creel¡-o The creelcs in the

third categorvu Creek A-1 to Creeh lo had alnost the saue condj-tÍons as the

creeks in the second category, but Ëhey harl no uidal infiuence.

The ice broke up 1n 1aÈe ¡iay in ti:e creeks arouncl Cnurchíll, ancl

the ç'¡e.Èer levels were tiren hlgh. In SÈygge Creerc, r.¡hÍch is tl-re outLe.È of

Stygge Lakeu the ice broke up raEher late, aE tite enC cf llay, and the ivater

level was very hJ-gh for about, two r,¡eclcs. In otirer creeks, rzhÍch collec¿

ue.lt r¡at.er fron the Èundre-, the wa.t.er level decreasecl gra,lually" In the

nÍddle of Jrrly, the \.Tater J-evel ¡vas

creelcs Ëhe i+ater hardly flowed and was ÍiL.agnanL" I{a.ter t.eni)erature of ihe

creeks r¡aried fron 0C aÈ r-reltirrg tírle to 20C ín.[ate Ju1y" The water

colour was bror¡n in all creeks arounil Ci-:urc.irlll-,

The salinity of the v¡at,er of €he crr:eks j.n (1) a.rrd (ií) categÐrfes

t'ras 1ov, 0"15 o/oo in early sunúler v¡hen the r,¡ater level vzas hfgh, buE fE

graduelly increasecl to 0,5 ofoo':r" The salí,niÈy of the creeks betveen

Creek A-1 and Creek C rvas consíderably iriglier, and. showed 1"0 to 3" 5 of oo*,

Genorally speakÍng the salÍnfty increase<1 as Èhe water le'veL clecreasecl , and.

in sortte lsolated shallo'¡¡ pools it sonetlmes reacheð.'c, o/oc in lete sur,mer.

Also pli of the \ùater incre¿r.sed frolr 7.5 lo 8"5 ln rnosL of the cr:eeks as t'he

water level dec¡eased."

1ow in all creeks and l-n some

* Tire sa1 inity of creeks i\7ê-s cl.eieriuJ.ned at leasl:

Lhe beglnning, j.n tire tirj.clcìLe ancl ai, thr: encj of tire

.:a.qes, the .:allnity '..;¿..s Ceteririnecl ¡n,-¡ïe than rÌÌtree

three tf-r-:ies, aE

sulrrinei: o In ¡nos t

i:lnes durlrrg sulniuei:,



Aquatl-c vegetalíon \,'as rroL ricÌr. llulrush (åS¡:*SÐ and

se<lge (]lLitjl--qiìLuil) gre',.'in the slor¡ sicle rurrent ancl the e<1ges r¡f the

creeks, and bur reecl (Sguåan:Lgg) and r*ater'.uílfo-'r-l (J¡":|"æS¿JJ*Ð

gro-w in the rnidclle oi lhe cr:ee1cs J:rom nidsuntraer to early autunn*

_Çg1¿g+ incrllå!_q!_s., tire- brooh sticicleback, u'as aiso colleci:ed

in Ëhe Chu.rcllll1 area. -CgI#å ',sas collected from FsrrLworth T-a.ke, Tryín

Lake, SÈygge Creek and Creek I, and r¡as noË ccrllectecl fron tl'le san'e

creaks or lakes where lþil¡_t*å r.'as col.lecËed r+itir the exceptÍon of

S Eygge- Creekn

The orly other species of flsh in r"-he creelc-s oi lhe first ancl

Ëhe seconcl categories i,,ras burbot Gggg JSgg) , but theie ç,/ere man/v species

of fJ-sh, Í-ncluding no:cthern pLkc, (Ë,ggåJ*gjgg,), grayling (SI#HIH

-+å"c-ILSJf* -:l#1içsÐ u r+iriref i sh (j.;S¿Ugl*g gli:etigil*iÐ , anc longnose

sucker (Ça]!g:tglg-å €fåggSjES) in lhe c::eelcs of .che thÍrd caregory anC

Goose Creek,

In creelcs of the fri"rst and i:he second calegoriese arct.ic terrr

(åt-.:lg po,/:a-d-isa?"a) an,-L sone shore bi::,,1s v¡ere abunC¿rirt. ¿rrC the tern

appar:ently fed on *,tg!.tiqå 1n the creelçso

ArounC the Ciru-rchill area the¡:e are tllcusancls of isotatecl

slra-l-lc.v ponds i+ilh tud,cly beds. Ilowe-¿er, tirese poncls do not carry aîty

f ishes unless they a::e connec-te.f r¡i [h cr.eeks at f 1oo.i È-Í-rne, apoaronrl y

bec¿,.use tliel' fa¿.ze- rlg'nt lo the bot[onr in lvintero During the r'¡inter

tire j-ce eround. Churchlll is reirute<l to be ¿il-rotr.t 6 feei; -i-n the micldle

of .Ir-tne !967, tire íce ln Farnr.,¡r:rth l,ake rvas sLíi.l ¿r.bout 5 feet chiclc.

ConsequenË1-y, ¿r-1.1- tire creek-s aûc1 por'-cls less tha-n 6 !-eei:-'"n cJ.epth i:robably

fteez,e to thr. boLtoLn ir: the Chnrcir.ii,l a,rea, i-i'urs n¿rl.,:'ingit -Lrn¡<-rss-'Lb--r-e

'íor ztny f.¡-sh t',¡ sui:v.ive i:irere tiL.rou¡,ìi l.¡.lir1-er.'"



SÞecllnens exar,rined
riÉi@æ@

The fish used in the study, except for inuseurn speciruense were

collected fro¡¡ Èlre norLirern part, of lfanltoba durf-ng the stuciy" The fish

frou creeks of the first an<l second certe6orJ-es rì7ere clenr:te'l as coastal

form, and the fish from creek-s cf Ehe third category r.¡e¡e denoted as

ÍnterraedlaÈe form in Churcliill" Sor,re fish r+ere kept alive for experinìentgn

For rnorphomeËr1c analysLs, specfinens \{ere preserved in approximately 7 Z

fornralln" Museuu specÍmens r'¡ere aiso exaiuined frour tire NaÈÍonal lÍtrseunr of

NaËural. Sclences, the Royal- OntarioifuseurnÐ and the rnuseurn of the Instf tute

of Animal R.esource EcoJ-ogy at the unlvarsiÈy of Brltfsh col-un,bfa.

The irybrÍds beiween the coastal and the irrland forms werc p¡od.uced.

by ínËrodtrcf"ng parent fish into natural freshr¡ater ponds in Churchill-" In
early suulner, coaatal males and fnland feual-es t¡ereput in a poncl (p1t 8.0,

salinfty 300 ppn), and hybríds (hybrtd FC) r,iere col-lecred aË the end of

the srtmntero Ti-re reciprocal hybrid (hybrtd CIr) was sirollarl-y ¡:roduce<i fn

anoEher poncl (pII 9.0, sal-lnity 150 pirrn), Two poncl.s r,zere s:Luilarly

establfshed at Cranberry PorÈage; of lhese only the coa.stal aiale anrJ the

fnland fernale cross tr/as succe^ssful , hence no irybrtdç fro¡i Crenber:rir Portage

rvere used 1n tiris stucl-yo

I'IATERIA],S ÂiiD }IETHODS

Sampltne rnethods.€iL.:æd!æræ:¿ú

Seín.e

On long sandy beaches of lakes a sefne

sLze ol. boÈir seines ensurecl capture of

Iå1R Sual.l ha-ndmacl-e trai)s

creeks ancl slreanìs a esìreclally a-i: the

in early .sr-1r,nìerã Tr1're t t:n-Ps . 3l-'ì x 75

A pole selne neË 3

t¿ooden fralne, a V-sh{ir)ecl niorri[r anci. \1rere ri(:'!r:.)f:ût].tl r;lth w.l-rc

m. wicle w¿rs used fcr nost collectlng.

net 9 rro rr;f<3.e rr'as elt:ployed, Ihe ruesh

the físh exceeding 2 cnr," in length"

i,'ere usecl lo catch flsh ln small

f l-nie wÌren they nigrai:c up thc creeks

x 3B ctr,, j,n sf ze, l-:.a.<.i. a 2.5 :; 5 cm"



mosc¿uilo netEíng (F.í g. 2) , I{j.ngs of the .sanre :ìrosquito netting r,relcr

consLrucüeé lo Ci.¡e::t fish irrto the traps ín ihe larger streemse

whj--1e::oclcs and isoods rsere useci to block tlie s¡-ase beLv¡een the tlap

and creek edges in the sna1le:: cre-eks" This ¡nethod was effeccive in

sual-l-.vleedy anci rocky creeks r,rhe::e the seine nets wereriot usefrrl"

Also every size cf fÍsh corrld be caught i:y tì:ese trapso

_å!p_ =på To colJ-ect fry and juveniles, a fine-ne-sheddip

net Tüas useci. AJ-so a cl1-p net of S-rnm. mesh rsas used for collecting

amongst dense ¡r¡eeds.

Morphomel-r:í c me thods

To det-errnine r¡hether norphologícal differencesbe-t'.Eeen tire forrs

e.xist, ilor:¡,hol.ogical. ïueasrlrellents and counts itere c-onrl.ucteC, Procedures

fo:: nea-sureilicrnts

The f ollcwirig paraineters were neesured using dial cal.ípei:s;

standard ie:rgtir (SL), bod;' depth (BD), lengr,h of pectora-l fin (Pec) ¡

Iengt:h o-t pelvic spi-ne (Pel), de¡rth of caudal. peduncle (DCP), head

length (iiI.) , pred.orsal length (the lengtir f rom snout Èo the beginnÍ-ng

cf dorsal finn PL), preanal length (the length from snout to the anal

spine, PA¡'), prepelvic length (the lengthfrom sDout Èo Ëhe pe1vic

spinen F0).

f olJ-cireri iluill3"s anC LAGLËP. (1958) 
"

Ior neristÍ.c sttiCi.es, fish were sËaired wLtln a1 i.zarin and

cleareC by a niodificatíon of TÄYLOR!s methcci (L967) n fn thls stucly

Èire trypsir enzyne was not used, because it malses the fish too soft for

later handlirr.g;. The fol1ov.,j-r-lg r¡erj-stíc characters \./ere cor-rn.!ed: Corgal

sL-'irres, clo::sa1- fín r:¿rys, anal íin rays (excluding anaL spÍne), 1aÈe::a1

platese scr:tes cÐ. tlìe cauCal pe<itrncle (here-after referred to as catrdal



i0

Í'i s 2. Dia"grar'.r of trap used
top view (above) and

at mouths of the creeks:
síde viery (Uetor+).
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scutes), gili rekers and verÈeiir:ae. The counts \re:e i:ra.le in a Petr-i-

dísh t+ifh glycerín u.-rder a dissect-i-ng niisc::osrcope" ilveryreristic

element, even if ruCi¡nentsry, \,ias corull-ed if i-t hacl t'een staíneci lr¡'

a-l-i-zari-:r.

di-alieter) undel the skin just abc've Ëhe lateral l-ine. Sometimes

the lateral plates had striat:'-ons. In some cases the J-ateral plates

\r'ere continuou,s r,¡iËh the cauclal scutes r,{rich i-ay alcng the latera.l

1i¡re" The caudal scules v¿ere rhcufoic and striaËed r"here they 1a1'

along the side cf the caudal peduncle. Eony n1*tes r.¡ere e.onsi.iered

to be caudal scuËes r+hen Ëhey lay on the lateral liu.e.

The latp-ral pla.res are snall rcunC bones (less than 3 nuno ín

Before stai-ning and clearing, the v:lscera \,rere removed. Tile

se.*, of the fish r:¿as deteraríneC by tire presence of Ëe31-i-s or ovaryd

At the sarne t,ine Ëhe s tagz ot nnatr:ration of Ëhe eggs ac.cì the presence

or a.bsence of bl-ack nuptial a.pPrrarance cn thebelly cf :na'le:s rqas

recorded. The natrrratíoa of eggs \.res assj-gned to cne of tire follor+íng

s tages .

SËage

fi_

Stage . II.

Stage IIL.

Stage IV,

Stage Vo

I. inmature eBSsr Èt:anspal:ent or white colours eggs

not se-parated fro¡u each other.

inrmature eBBS¡ l.'híte and separaLeC

rlostly inm'ture etBS¡ r'litha fev yellow nìature- egES'

more nerture thaD irurature egBSr iili>led.

eggs ripes orante ccloure;i and large: maËure

separateC froi:r im¡uature eggs,

r.{el:e e}lan:'-ned in sol,la fisir, p::ior: tc stai'-nirr$ anéThe stonach conEent-s

clerr:ing.



I'c¡," i-rtuse'¡r:1 speciriìeLs l-lle fc;iiotting cirar:aci-ers \tere ÍrrÊasuïe,-i

and C4unte:,:i wi.ll,out st¿ljt-,i,rg or c1e;:-r-ing: standarcl J-engËh, body

ciepth, rieptir of c.aurlal pe.ciuncJ-e, I.ea¿;th of pectoral fíno length of

pelvic spir:re,, c1orsa1. spine nulÍ¡e::u ancl caudal scute nunroero out of

these characi:ers, dorsal spine, cauclal scutes an.l BD/st raLic r"-er:e

used f or: scoi::i-ngn The score f or eac'n charactei: irês âs f o1loi^rs ¡

i'¡or:s al

gH* Sseåe

70

4

9B
10 12

11. L6

!2 20

sllne CaurJal sclrf-e,s

Ccunt S c-s-.:e

6-7 0

B* 9 2.5

1-0-11 5

12-l_3 7 .5

1/+-15 10

L6-L7 7.?-.5

18-19 15

20-2L- L7,5

22- 20

72

Rn /sT.

Ratio

ra tio

. 
-c. 1.2.9

0"130-0.139

0,140-c 
" 
149

0 
" 150-0 .159

0 . 160-0. 169

0.1-70-0.179

0.1 80*0.189

0.190-c.199

0. 200-0.209

0,2L0-0 "2L9

0.22.0-0 ,229

The score for each fi-sh ¡.ras the sum of the índi-vidual sco::es

fr.t; eacir u.f i.ts three characters. For exauipleu a typical coas'¡al fo::lit

f 1:+h l¡hj-ch ha.s 10 dorsal snines, 1 3 cauclal scirtes and 0. 180 BI/SL

ratioo ha'i lìl-"5 points as its score; an inland fonä fish havlng nine

caucLal scute,s air.l 0.160 BD/ST. ratio iieci 18.5 points as íts; scorc{

Score
M

0

2

4

6

B

10

L2

L4

16

t.o

20



Pirysiol-osv exoeriüent.s
æ-vG@*æ.+jæ¡!g

Experiments on sall-níEy tolerance and sallnf ey preference \rrere

carríed out in labc::atories at lrort churchill_, cranberry portage and

Ï/innípeg Ëo <leterrnine f f tr'lere rqere clif f eïeiìces be tween tl-le tirree f orn s.

AfÊer capturee Èhe ffsh v¡ere broughL back. to the laboratory anc1

were kept l-n freshrvater tanks. rn lllnnfpag i-n l,Iinter the fish were

accllmated ln a cold room at 4C with 8Ll6D (B holrrs llght and'16 hours

darlc) cLay lengËh, and fed frozen brlne shrlmp once a rlay. In the Churchill

laboratory in sunmer:, the day lengtir using a¡:tlfl-cla1- Iigh'Ls sirnul-atecl

Ín nature: the temperature of the holdlng lank'uas not necessarl-ly cont::o1-1-ed,

alli'rough ltrvas kept below 20C most of the tlnie, The flsh r,¡ere fecl various

lcinds of foo<i:mosqui-t,o larvaeo zooplanlcton, ganrnarids, f rozen brine shrinç

and J'Tetracrln" drled food,

!'fnstanË Ocean" synthetic sea sa-Lt v¡a.s used :Êor experj.ments of

sallnity Ëolerance and salj-nity preference. The ealt was rlÍssolvecl to 50

o/oo in dtstllled r,/ater l-n su¡-¡ter, or decblo-rinaEecl tap water in r..¡inter,

Thls orlgÍ-nal solutlon was dlluted rvfth lake r.rater or dechlor-i-nateri tap

-.¡/at3;r to each clifferent concentratj.on for Èhe experirnents a$ a sal-t, solution"

U00RErs tltraticn net,hcd r,ras used Ëo cle!erni;"!.e lhe sa.Ll.nÍry in

the experfuoents" In fíe1cl , "JIACH," cher¿icals l.ras used. t.o determine tjrc

sarlinlty of l¡aCer Ln creekso

For sallnity tolerance experínienËs one-liter plastlc contal'ner

trereemp1oyed"lìi-¡ehundrecul"cfso].''rt1onl¿asput1ntotheconfainer,

covered r¡Lth a Licl and aerated by an airst,onen Tt:ese containe-rs vzerÉ),

h'Ltng ln a 48 x 95 x 40 crn. i'rood.en tank lnvhicit tlaier tenrDe:cature rr¿ls

cqntrolled at 4u 10, 15 or 2Q C,l.riLirin * 0.4 Co o Iil the course of

experi.rrentsu tl-ìe dâ-'/ i-ength rr¿rs control-lerl at 8L-1óD Ín tire c.o-i.d ro<rin

13



duri.ng \"'inter t-ínreo but it iol.loiseC' natrrra-l. day J-engti. ír: the f j-elrl

drrring the su¡mÍìer,

Flve to eleven fish r¡ere put in e.acircor-rtalne;:, Cependfr.g r¡n the

sLze of. the fish. They r/ere not fed during the experiroents. The sol-uc1ôn

of the experinents i{as ctianged on the second day a.nd tl'reu on- alternate

days, The criteríon for <leaLir was cessa.tion of opercular ¡:ovemento

For experlnenÈs on salin-'r-ty Loler:ance of eggs, nature rnales

with nu¡rtia-l blaclc bellíes and,soÈe-::i¡:e fenal-es in'ere. liep,tj:r lC-gal"

gi.ass aquaria containing sand and sor,re aquatic p1.ants. The eggs \vere

obtaíned fr:on a ful-1y:ipe fenrale by pr.essing an<i sc¡ueezing irer

abdo¡len. The testes v/ere reûioved iron a fui-ly r,rature Íiale rr-hích had

made a rì"st ill tlie aquari-uro. Tl're eggs and tha testes vere i:le-ced j.n

a Petri Ci.sh r,ri t-h a srnal.l an:ount of 1.ake r.¡atêr¡ aud t-he testes\,¡eïe

chopped l-nto snall pieces tc fertili-ze tne egg:i. Tlte eggs r¡ere l-eft

for abouË 3C,nínutes to one irour; tbeu, after the-y had hardene.f and

for:med. a perÍ-vÍ-:elline space, thel'.re-re separatecl into several. groups.

to be put Í-nto dj.íferent eoncentrations of sa.1t solutíon (l-0, l-2.5,

15, 17.5e 2C, 22.50 ?.5, 27.5e and 30o/oo). Each group or' e-ggs wasr

pla.ceci in a p1a.';tic Petrj dish, r"'hich \das scree;r.eri by 0"5 nn" pla.siLc'

netting, a¡ld imtuersaci j.n a p1-astic conlaineï wltir aerati.on.

L4

The Cevelopnrentsl. sl:ages of the etgsr nun,'¡ered eccDrding to

IC!III{¿\i,{.A and Y-¡ú'þliOTO (i956), rlere recor,jed apploxí-arateTy every 24

hours t¡nÏ-il the hatcliei fr¡, colupleLed yo]1.- abscrr2tíon, Dead eggs a.nd

embryos '.vere picked oul at lhe sarue t-ílie arrd tirelr nunlbers viere recordeci,

The iraËching ::a-te oÍ Ëlie.cggs in each concentration v,'as deter¡'linerl

by tiie number of sur.¿ivcìrs up 1-o l-.he- ti¡re of yo1-k absorptí.on"



I'iethod.:-= f or: tlle. sali-i:íi:y p:'e1ie rence er:;ri,í.'rri.;rr'?ncsj 1i.'er:s inori,lf -í-e,j

af.ter llcrNiìlt'iEY (1964). Three J-O-g-a1" glass aqura.rlr-:(26 :r -50 >r 30cr,,")

rn'e::e e,ach divideC inLo twc equal- crilìl¿irttri-ints by a gl¿rss pa:lr;it:iori

12.5 crn, high" Ilacl-.. co:npartnent vas equ-i1.rpe:1 ivith ¿ì1ì ai.r'sLorrr:r :¡Ril

¿ glass tube ,..¡as use.ci to f ili eacìr corrìFerrJr--rei.rt ¡nzii:h ueter. .An ap¡r;:rxiuatel-1r

3 cu" iayer of sand was placed on the Ï¡ottor¡r of each coïii)artule'nt. Tire

condifions ín Ehe t-wo compartnìents Ì!'erg arranged lo .be as sJ.nÉlar ¿¡.s

possible. Tìrese three e::períurentai aquaria. r'Jere placc-:d :i-¡:i a. v.rooden

frair,e rvhi.ch r¡as lined -,¡ith black tar paper âad b-1-ack clotît" ût¡serr-v¡r-Lions

r¿ere toade cl:rougir slits in the black cloth; i-t-'1 unina.ticn arr<J njrror.e

r?ere so alt:ranged thât the fish cor.rl.ci not ser'- the ol:se::ve::"

The experir,tent. r,;as ccnducËed at 4C rrncler short cla¡z l,¿ng¡1t

(8i-,tl-'D; in the cold roo¡r, rvhere the fisir ha<l l-,eeir acclí-i¿í:ed. 1b

begi-n tire experj¡nent, salt solutj-on of 5, 15 or 2.5 o!oo was fi11ed

to the. level- of the partítion ín one sí-deo and the c'[echlorj-r''.atec1 tap

veter (freshwater) raas ftller] to the sa¡ne 1evel c:r the otirer sicle of

l-lr.e co'inparÈEenË, and then the soluticrn were 1ef.t over nigïit r--o seÈtl-e

the sand pa.rticles to Ëhe bottom. One físir \.ias fut j-nto the Ïreshr+¿.¡ter

comparLne¡rt in each aquaritrm and left Eo aãjilsl quieEiy tcr the ner"

environnient for aË least 30 mínute-s, and ¡rea.nr,¡i..íle the a.j-r: fj-o-w r,¡¿.s

st.rrtêd i-n botir comparLrnents¡ ,hfter Ehe t'::ansfer: r:nËo the experi.irrertal-

êquarj.a, the fish usually reriraineC íiractive in tire bc'iicm cc,rner f.or a

vh11e, anci then starterì to üove- aborit s 1o-u;,1¡t. Af Ëe r crrnf i¡:ür-i-n.', thiiË Ëhe

físh vas swj.nning free.l-y -in the colnpartrientr the eir flo'.v rcas stoppecl .

Tire 1e'rre-l cf !irp- freshvrai:er vr¿rs tlien rai.seci s-1-ow1y ':r:ti-l a f re:.;luv¡:tes

br:l-dge of 1to 2. en. vas created, and a st;a-tificatj-oir of salt:1,ater

ancì f r:eshç¡¿ìt,er v/as f ci:r¡lrgd ía tlre sal È rate)l: coirp¿irLllenL. - 0'¡ser.¡at'í cns

1f¡



rrc-r:e st.år'Ëed five nlnutes afier thc fornat.ion of the brídge, arrd c.ach

couPal:tlle-Dt rr,as checi.--eC every rniirute fcr 1C0:uirr-rtes" The sícle of the

saL.t water cor:lpa::tDl.ent \ras alternated i.n sone experil.ents ín or-der to

e1i-ninatc,. bias.

Dlectropiroresj s

of skeletal r¿usc1e, and of henoglobin of bloodo ¡+ere uacle to detennine

whether tirese t-ere biocirernical diff erences between fonus by Mr.

tr'I. G. TRêNZI¡:I , DeparÈnìelrt of Zoology¡ liniversity of }lani.toba.

The fish useC. for the atraly"i" ìut. kept in a freshr^rater tanl'-

until the exauirrations l¡cre ma.de. The fish ve::e 0t year o1C for: the

LDH analysís, and 0* and H- year o1d for the herocgîo'cin analys-ís.

Thp largest'available fish vere used in order to obËain large encugir

sanples of nluscle and blood. To otËaín Ëhe bloodu the cauCal peduncle

of a fish v¡as cut off aË 5 to 10 ¡nn. from the u.rcstyl-e and the bloc¡d

vas collecterl in a fi¡:e glass capif:-ary tube.

Ðlectrophoretíe analysls of Lactate Dehydrogenase (LDî-l)

L6

The neLhorl of CLAYTOIï and GjiE (1969) r,ras einplo)'ed fcr the anaiysis

of LDII, anC ihe ¡nethod by TSIìYüKI gL åI (196-5) r¡as useC for the anal)'.eis of

blooC henoglobin. For heuoglobin analysis, a buffer of 0.3 If Boric Acid

(pII 8.5 NaOiI) rças used

Ì.IaËins beha.r'iour

ObservaËions cf nating behavÍour r.."ere ruade by use of 10-ga1,

aquaría -giih sone aquatic plants and sand. Fo: the observatj.ons of

a maËing choice, a nup!1al nale of the inl and fonll r.¡¿rs put ínto a.



Eest âq'.tar:iui:iâ end afüe-r he rraCe a nest. il nuptíirl l:al-e of the coastai

foim r.ias tilen introrluce.d to the satle Ëest aquarj.un:. A.fËe:: ti-le. ccastal

rnale niade a É.est.o a ripe fearale of either iorur l:as í?ltroduced inËc the-

sguâriunr. The aquarie r,¡ere piaced under artífícial íllrrnlnations, and

no specia-l. enclcsur€s r{êre preparcd for the observatíons.

1-7



rynf,ltf$l .dg$iifi$-, a coastal f orm ¿rncl e.r:. ilìten"*e¿1j.atr.

differ urorphciogical-iy and physi,ologicall-y" The coastal

LIFN ÌIIST.ORÏ CI-Ê PCIIJI,IITTûJ{S

Ln Lhe- Churcirill a::ea iiie::e r."Iere found f,o l>e ti+o

brechisir \¿at-er i.n the L,l'-nter ar¿d ascÊÍÌds creeks Èo sp¿$,ryt

The inEermeciiate fcr-ru, \,¿]ose or:i-gin çj.11 be rií.scussaC in

secticn, is disErlbuteC in cree-ks r.¡iiich entelr Lile l-ci¿er

t-he Churchi,ll River, anrl stays ar.:ay fi:oi:ì sea \rater t.hroughoui its l-iJ:e.

-¿**iå#i.lgå-åå**Rqå

-æggå.g]*m, The coastal ic;rn r.:as col.iected cn tire liucisoî

Bay snore, Ín c.;:eelis oÍ t1re first ancl secon,:l ca{:agc.rÍ.esu il.rr(i. in

Isat'sliu ¡.'i u (lt-ig" 3) . T¡r creel'-s o:8 thl f irst cate[ìoryî ÌJa.racicr-

and Stygge C::*e1.:u fish ç¡e:e Ðresent onl.y clot,-ir.sLreaür frorr :-o.acl cr-r-!-vei:t:s

whlch sre about 400 r¿. f.rorn Ëhe ¡nouth in Paraclox Cr-e.ek- alrrl 1o2 krn,.

iü Íìtygge C::e.el<. Due to fast cr.rrrent (gr:eateï ttìan 0.5 rn/sec.) Lhe

fisir could not'- pass through tnà cr¡lver:ts¡ except in i.ate suüler r,rhen

$7ater current rvas .slorv (0 
" 16 n/scrc. ) a f e¡¡ f j-sh ascen<iecl. [,as i- the

culvert in Paradox Creelc. In creeþ.s of the seconcl categoly fish '.¡ere

coll-ec'ted as; mrrch as three miles fv:oin the moutLio I;r Goose Creelc, fi.sh

r.¡ere very rarely col1ecied in ear-1-;' sLuürrero br.rt j.n l.ate sLlrrirrc-rr; nairy

yearllrrg flsh gathe: in s1oç¡ cuaients of pools ne-at: the creerli t¡cr-rti:."

In Creek y',-l., beJ-onging to the thirrl c¿r.teg,orye oplu tr¡o fish of the

coasËal f,rru'"iera car,:-ghi by a trap at the encl t-¡f Jlrne in l9ó9

L.{ CilURCiiiLI ;LIU.A

f c::ins of

fcru, i¿hj.ch

forrn l-ivc:s iu

in surner.

a 'l ater:

reaches cÍ

18



L9

Fer¡ coastal fish caue ui, far- frorri 1-íc1.a1 irrflt'.ence in eariy

suiìlner when the current ¡vas st.íll fastrbut in lat-e suiü'jler the currenl-

fn tire creeks and in the Chr.rrc.hi-1-1 Rl-..'er ri7âs slow ancl ínmature yearling

flsh then ascendecl to the creelts tributary to the Chu,-r-cir-rlll River.

Ilowever, even in 1a.te sunuer r-lie. coastal f-l-sh stayecl i+ithi.n 5 kn. - range

of the tídal influenceG

The coasËa1 form w¿rs col.l-ecte.d Ín Isabelle Lalle., i.'hich does

not have a direcÈ orrtlei to the l-lurlson Bay" The fish seerned to couie

up to the lake th::ougli. a chaj-n of shal-lo;r pools cltrring floodlng 1n

earl y Su.rltäÌer.

creeks of the third categoryr fron Creek A-2 to C::eek F (Eig. 3) " ,

The fish sLa-yed niostly ln sh¿11ow pools connected Ëo the creehsu and

InterneCiate for:n

r'"suaIly stayed r"ithin a

Dís i:ribut i-on in win ter

Punf,itius díd not seerrì to st.ay in the l-akes or pooJ-s ÈhroughouÈ

the vinter, a.lthough Cul¿gg apparently survives through r¡lnter in lakes.

The coastal- for-¡r spent the r¡inter ín lïurlson Bay or in the noutl-: of

Ch'rrchil-l ;.1'lver:u and cane into the c.l:eeks i-n early sumüere -w-here they

\^rere cêught by traps at the rnouth of the cre-eks o A 1 cmu rnesh

gill- nei- !Ías seÈ in Ëhe sea near the mouth of St:ygge Cree-k fron Jr-¡ne 3

to 12, but no fí.sh viere catrght. I{or¡uever¡ ?-9 f.Lsln l¡ere caug}rt by

seíning on the shore of Ëhe II,:clson Day 1n bracki-sll \.Jater ne-ar the racuth

of the Paradox Creek on June 3i:du 1968. The salinlty vra::2.2 o/oo

and tenperat.ure ças 3.8"C"

The- interinedíate forn rn¡e.s coll-ected in

kE. range f::om tire cree.k u'outh.



¿-v

Flg" 3. Dístribritíon of the coastal
the Ínte¡mediate form (vhite

forn (black circles) anct.

circles) near Churchill.
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The ínt'er-me,diate llor-r'r proirabiy spent f:hr: r.¡ínte..-' in e cleel:ei:

part of the Chu::chi-11 ltiver:, because they could. not t-cl.erate ¡nor..Ê than

20 o/oo sal-t r¿ate-r-"

Ups t reanL rní-¡,:rat i.cln

occur¡s from the end of I'la;z to the ní.ddle of Jr.rly" Ca-tches

at the -¡rouths cf 509 Creek, Ia.radox Creek anrl Íjtyg6ü Creek

are sJr.orvn Ín Fíg. Iþo

Coastal for:m

Tne l¡ic're difference in tirning of upslrearìr u-igratf.on il the

three c.reeks -eeeüs to be correlate<I rrith water levcl r:-lihet: fir¿irr wi-th

t.eînPerat¡Jre" In 5C9 Creek, the fish carTle Lrp at tire e¿r<i of l.fay jrrst

after: Ëire {ce- on Ëhe creek hacl t,hawed" T'he l¡ater Èe¡nperaLure. rose

to a-L.or-r¡ 5'C írr nid day, but rlropped to. ali:rost 0'C at rr.:i¿;hl, ]¡i-sb

dÍcl not cone Llp Para.l.ox Cre-ek ihen because at tire. e,ri.d of }Íay the r^iater

le-vel- 'ras very hÍ-gir, and tl-ie current proliably too fast, ïire ice in

Stygge. Creek thal¡ecl or, llay 2B, and th.e v:aler- .l-e.vel \.tra1ì \'eïr/ highfor

two weel"s naking it ircpossible ic.:: the físhto a.scend drrring t'liat periodn

Fj.gure 5 inclicates the nutther of the fí-sh c:r';ght by th.e tra¡;

at the inouth of 509 Creek on four successíve ciays, It shor.rs r-Tiat nan).

fish l¡e::e caught J':st after hígh tide, and pa::ticuLarly just afÈer high

ttde at ulght"

Sirnll¿rr ¡:esults were foun.J ín Paradox Creelc (l'J-g. 6) . On

June 12u. the nígratí.cn of fi.sh r¡as observed a.tlåe nou-i:lr of Paradox Creek",

Between 2100 hou:: and 2130 hour five schools oftile Íisii, e.acTi r¡ith

abor¡.t i-0C to 5CC índividuals, caiûe up frorn the Bay t<¡ tl're cleek, 'Ilhey

Anadromous rüigr:ation of tire coasÈ.al

2L

io r:in

bi' Ltuno

in 1968



z?-

Fie. t Nnmber of the coastal fov¡r fish caught in traps at the
mouths of 509 Creek.. Pa¡radox Creek, and Stygge Creelc
irr 1958. ìllaclc circles show the dail¡' maximum temperature .

I'.,trj-te ari"oi"/s shcr* da;-s with high tide at núdnigltt.
Cross -indicates no fish caught.
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23

f.ig. 5. Catch of coastal fish entering the trap at the ntouth
of 509 Creek. Stippled bars indicate darlrness.
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rie. 6. Catch of
Creek.

coastal fish by traps at the rnouth of Paradox
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sl.ram very slor.tJ-yn ancT zJ-¿zagßed. 'Ihe tl"cie lsas very high lrom 2100 hour

to 2230 hour on tirat, day. llowevero the ca.tch by the tïaps aË that tÍ¡re

of the nigirt (2f00 to 2¿r0C) r,7as ¡-ot large (l'íg" 6), because the tïaps

and the wings lrer-e subme-::ged rvfth the high tl.cle so that fish passed
f

through. In. -"ubsequent clerys the lraps and theilrlngs were modlfiecl, and
I

large rrunbe::s of fish r¡ere then caught-.

T'he pealc of the ruigration Ín Para<iox C::eelc on June 15 l¡as

two rveeks afËer thaË of the 509 Creelc on ìia¡z 31 (Fig. 4), and the

seccnd (srlall) peak of Paradox Cree-lc on July 29 vtas also tivo r,¡eeks after

the fi.rst peak,, even though the second. pea.k r,zas conslde.r:abiiy srralll,:'
ii

coarpari-ng to tlie fl::st. This trøcr..r¿ee.h cycle cf inigl'ation corretates

r*'ith the tr,¡o-weelc cycle of l,r1gh ticle at ni-ght (r'rhit-.e erro\\rs j.n l¡1g. 4),

anrl he.nce the anadronous migration of the fjsh js 
"nostl1r a-t níght,

at hígh tides in daytime small peaks of cafch were- also seen (Fig 5,

June 1; Fj-g, 6, Jurre 1.5) 
"

The irealc of t1-rc rolgration r¡as not. clear in Stygge Cree.k,

probably because it r¿as not -¡rossíl¡le Èo compJ-et-ely block the creek

b). Ëho r'ríngs of the trap, so ËhaÈ fish couJ-d by-pass the tra¡.s.

Ì{ortevero very sma11 catch of físh at the uriddle of Jul;' even at hígh

tí-cle índicated the ter¡:J-nation of fish r,nigratíon then.

,¿LJ

up,stream tt:aps at the mout'hs of CraeV" B and Creek C ín 1969 lsdrown

ín I1g. 7. The nrigrar-ion was 1ate, probably because breaku.p of ice

was t\qo r¡eelcs lat-er in -1-969 thair 1963o -a-t tire beginnJ.ng of July the

Inter. rneci iat e f oi:¡n Tire ca.tch of the. interne.cliate f o::rn by



!l:-r.ie-l: f J ¡-r'¡1r g:Jeát.1-y dec::ea.scri, tTre r+¿r{-e:: '¿eca.¡? tti-rgr)anì-n aiLci Ì^iíìt+.ï

ïenìjer¿r.tur:es Ín nost of tbe cr:e,eks excead.e4 2C"C (Ii¡;. 7) " Thr¿

nigiz:;riicrr oj'the jrrLc:rinediate forur liad. 1'r-ql;¿b)y fJ.ltisl.rer.l by lh¿¡t tir,¡e_,

Dor^'ns tl:?am ¡ rÍ llra t ion
tul!'dæ4sæE

Coas l:i.l f c::rt:

to liudson ôey or to the Churchill River:iu fhe ¡'idclle of sur-iurer. rh

the 'chore of the i-itidson Bay et'l:he niorrf:h of St.y¿ìga Cre-ek- solirc fr..;; ¿¡¡.,J

j'-,veníles rúe-ïe caugl-rr b1= sej-ne net on Jirl¡, 100 brrt at ihis ti:r:e. l¡os.L ot

f-he fi.sir lrere aroutd Èhe ¡touùh of the cr,¿ek, A; t'he end of Är-tgust rai-rr

increased t-|re vrater l.evel alcl droirpeil Ehe lrate:: l-erlperatLlre. ín 509

Creel" and Stygge Creek, thejuven:1le flsh '¿'e:rrt dlov¡n l-ire creekr,;, anC

aftor t1ìorr Vràry fe.lu' fish r,;e::e- caught i.n Lhti creehs"

Irl.fg5gç-d,igþ-j"Sgl On Se.ptenbar !-4, i969! cloi.urstrerl ri:a.ps

\'Iere. s(tri: to caËch the ni.gratir:g fj-s1"r 1n cr:eel-, 1r-1 Èo creek !.. l.he

ca.tches of tl-,e tra-grs r,rere lalrge, mostly 100 to 3C0 f isir , anc1. rro::e th.gn

1.00C f ish in Creelc À-2 (but onl-y 15 f isli i.n Creelc 4-1_) . Aknost a.i J,^

rvere 0* year físh

Tr're coasial fo::ni started Eo go dov;,rr thr;cl:eek-s

Breeding tj.lre a.nC pl_ace

-q%gfg|tgtr[ îhe age of Ëhe sp:rwnJ.r'g ¡rou','-J-aiion of the coasLa].

f.orru r,les clete:nined fror.r the oËolÍti¡s. Oire-year-olci fish (i.e. h:rci

eomplete-d one wínter) coioprise<1 82.57: cf the ¡ropulat.ion and two-year-ol(l

fisi:. cornprised 1-7 "57: (Tabl.e l). The t".¡c year olcl fj-sir rnigraLed

uI-'stream eeTJ-y 1n the nrigralion pe::ioõ"

Ti:e breeCing tiine oi the co;rstal fonr vras c-stin'Latecl Ílon tlle

Presencil of the l.leck nupl:ial he11y of ll¡r1esç ihc irìatu-r:et:icrr stages oli

eggs of the f e-r'ra.1-es n tlie praserrce oÍ .-ù.:.sti-ng a.nd guar<i.ing $rale-s in tha.



¿/

Fíg. 7. Nunrbers of inter¡nedi-a'üe fomr fish
the mc'uths of Creeï< B ¿urd Creelt C.
no fish eatrght.

caught by tr';rps a1:

Clcss i¡dicates
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Table I. A¡;e ccrmposition

509 Creel<

27
I
9

of ascending san,ples of the

ì.fay
June
June

Paradox Creel<

29 ÌfaY
11 June
13 June
14 June
25 June

I year

1?
29
a.)

118

Stygge Creek

10 June
12 June
22 June
5 JulY

2 year

B

0
15

23

LO

coastal fo¡rn.

14
55
34
18
1s

136

l_3

5
5
7
0

Total

Per cent

3
6

37
30

76

30

I
I
0
0

1?

330

82.s

70

I7.s



cl:eei(s1 and the energen.ce of ner+ly hilLched f::y-. l,rature r,iales of

"rugg¿liuj. becaine l¡1¿ick on the und.ersj-de of the heacl ancl chest and bel_J-yo

anci also urí1l1y wirite pelvic spineso I:1. ti-re peak of rratu¡:a.cionu r¿j:en

a uale i'¡as buildi-ng anci guarding a nest, th.e black pig,ment scüsÈiues

spread to the r,¡hole head and lorve: part of the bo<ly"

sorne bla.ck nupti-al males r^rere pl:esent fron the end of ì.íay to

the ¡uid'Jle of Jrrl-y. rn 509 Creek the latio of nupti-al to ¡on-ntrptÍal
¡ra1es vas higìr j.n cìre mjddle of June- (ïab1e Iï).

Feroales rEíth nature efigs (stages IV and \r) wer:e co-t-]-ecl-eci fl:on

the n:'-ddle of June ro rhe nÍdd1e of July (Ta.ble iI).

The eggs hatched ín 5 to 15 days <lepenciiü.g on the \fatetteinpêrature"

Ner'rly-haichecl fry were col-lected -v¡itli a net in Stygge Cr-eeli on.Tuly 9

F:Lg. B) " r)a the same day two ma-r'-es girarcling a nest ar.lcì !r+o srale,s

building:i nest ç-ere ob.derved in stygge c:.-eek. Also a nest r¿ith som.e

hatched fry but r'¡itirout a gtrar:d.ing nale was seen. l{ina nior:e nests ìrere

sr:en in stygge creek until July 20. out of these nine nests, the eggs

haËched Ín five and the hatched fry we:e seen¡ buÈ the other nesis

seeuted to be abanConedo In conclrrsíon¡ the b¡eed.ing t.ûrre cf t,he coastal-

form was froru the ¡rícdle of ,Tune to tiie enci of July.

The nesting sites of the coasr-ar- forrc ¡r¡e::e varied: on the

bottcm arrong grasses, under roclçs, in the concave b:nk of the creeksn

or er/en on open bottcm v¡Íth coarse senC. Iloiqe'.¡cru all nests were built ín
p1-aces r,zj-th very slo-v¡ current (1ess than 5 cn/zec") or rro currentê anc

tEíthout Èhe infl-uence of sea ÞIater" Tne aiaËeri-als used for tile nesÈs

were deai or dyir'g plant'1 eaves an.J stesis ancl rootleËs. The. rnales built

29



30

Irig. 8. Length frequency distributíon of the coastal fislt in- 
Stygge Çr'eek, 196?. Fisir over one ]'ear o1d indicated
by sltading.
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nests rvíth live ao.uatíc plants in aquarj_ao buË no nest rvas seen in

neture built i¡j.th living ague-tic plants, prcbably because of the

scarcity of live pl ants in the creeks"

All nest.s observed in neture ancl even ín aquaria rrere builË

on l-he boËton, and no nest was found. hung on plantss erJen in an aquariuu

v¡hich had nany líving aquatic plant.s6

M Judgíng fron the fish co11ecî:ed by traps

at the creek u:cuthso the breeding nigraËíon lasted fro¡r Ëhe end of

June Èo the. beginning of -TulÍ. liuptía1 urales viere nìost abrrndanÉ at the

end of Junen and females carrying ruature eggs \{ere also present frorrì

the end of June to the beginning of July (Table IiI). Tnree nest-s

l¡ere observed in Creek ts on July 6. Tl:e e-ctual l.reecing tiüe seeus

to be rather laler than that esti:¡raËeci from the inigraËíng fish aC the

¡rouËh of the Cr-eel"s, and probably lasts fcr an aCditional tr,¡o we.eks"

Judging frcm three nests found ín n¿rture, lhe interruediate

forui constrlrcts a nesË on the boËËor* of open ÞJater ivith a rnucldyzubsLrate,

using dead pl.ants'as nesti.ng naterial . f-n an aqua::ium, tirey also used

sone living aquat.ic plants as nesting naËerial ard some nests -¡r€rê

fcund hung on aquati'c plants"

Iood

32

St,onach ccntents of the coastal and ínte-ræ.edlate forms

we.re exarlined in fish collected frou various, places: the c::ee-ks,

a bcg in Isabelle Lake, and on the shore of lirrdson Bay for Ëhe coastaL

formu anc c::eelc L-2 to creek I; fcr tlle inter¡rediate Íorm. The fcod
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íi:enrs ln the stori;achs r.¡eie idenËified and subsequenÈly grcuped ínto

Ëlrree c-ategories accordlng Èc their: habítat | (L) pela6Íc or sulface,

(íi) benthos or benthí c, and (iii) uncertain ítelis (T;:b1e r\z) , The

donl:rant food iterns in the stonechs l;ere recorcled in the narurer used

by l1YÌilTis (1950) for English populations of !g¡¿!åug" Borh rhe coasral

and internediate forn used varíous food itens (Table r\z) o but their:

dominant food consí.sted 
.of benËhic organj-sms (7A",i, for coastal_ form

and B0% for interrrre<liate f orn) . There r,¡p.s no sign:if Í.cant dif f ere-nce in
propcrt-ions 

1f 
lhe three categories of food bef-r¿een the Lwo fcrns

(ChÍ-square = 7o79s 0.50<p<-0.25 ).
sone coastal fish appea.rec. to be uncernourished. wiren they

first enËered tire creeks, but they feC vigorously and grer.+ fast in ¿he

creeks¡ a:rd uosf- sÞìet¡;:e-ci in the sarile suü¡lieL-o JuveníJ-es 41 .-e9 g¡glrr

fast in the creeks Ín surnmer" The size of the físh at the begínníng

of slir¡¿ner when' they came into c::eeks rvas not- uuch greater than Èhe

size of the fish ac ille end of the previcus sunurer (rig. B). ApparenËly

alllosË all groruth occurreC during the tl-rree-r¡onth suuuner perlod in

Ëhe creel:s, and little duríng Ëhe rine-nionËh i:eríocl in the seao

J4



lable IV.

Domillarrt ítem

PeJ-agic or surface
Anostraca.
Cladocera
CoPePoda
Terrestrial insects

per cent

Number of stoniachs cla,ssified according
to dominant food item.

Uncertain
0stracoda
AmPhiPoda

per cent

Benthos or benthic
I{arpacticoid
Chironomid
Ephemeraida
Plecoptera
HemiPtera
0donata

,, TrichoPtera
Unidentified
Fislr eggs
0ligochaeta
Gastropoda

per cent

Coastalf" fntennecli¿fs+$-)r Inland,,{*HÈ

1s
1
I
,

LB "2

3s

20
I

ls"6

3
B

t.t

14
34
4B

z

6
26
I

40.2

6

4.4

J^l

-Å'È

-^'-FÃ

2
insects

4
2

?4.1

Churchill area,

Churchill area,

Herni.ng Lake { +l
Lake ( ss fish,

80

4
18
I
5

0

early June to early August

encl of June and mid<lle of September

fish, 11 .nru,gust ) and Á,thapapuskow
27 Þ',ay )

43

80.0 59 .8



Lí tera tu::e

IlriìTTÀüEi( (1968) f<.runC that .þSSåHg1 in lal-"es in Saskatcher,¡an

r.Jas most coÍuuon j-n open beaches wíth sandy substrate. Lle also suggested

thaË _P,u_ng_ijq.Lgq ncved fron shailor.: to deeper- pert,s in laËe suni¡nar in

ÌIeering Lake. NlLSOl¡ (1968) found ggåg:åig"å ín Crooked Lakeo Incliana at the

depths betr¡e-an 5 to 30 m., vrith sinaller fjsir in shallcwer: r,¡ater o ÍLe

for:nd fuJ-ly rlpe fertal-es from /rpri1 Ëo the end cf AugusL, ì'{ci{}ÌNZl-E

and ILEEIILEYSIÐE (1970) described that lg¡:ét:lgl of So':th Ba.y, Lake Hur:ono

nacle a nest mosEly unde-l; or betv-een rocks on the bottonn a.bout 25 to

150 cr¡r. from shore e-ncl 25 to B0 c-rn. cleep, using roof:lets. an.J plant

fragmeilts as nest materíaLo

LI}E Ii.ISTCRY OT' ]NLAI{D }-OR}I

Ob se-rr¡ations

The ínland. form ln Athapapuskow Lalce at Crarúerry Portage

spar.rned on the lak-e. shore frorq tl're beglnníng of June io the end of

J'rl)', The fish Cíd not seem to ascend c.reeks, because tru'o traps

set Ín t\ì'o creeks r.,'hj.ch drafned ínto the lahe carlght no l"g"r"1ji1l,g-..

Howevet, just belov¿ a dam ín an ouf.let. of thp- 1ake, nany fish rvere

seen sr+í¡¡ruing in a- school against the current. In Ìieming Lake, the

fish ascended a creek at, the end of Á,príl aud rve::e caught in traps

(persorr.al corünlrnicaf:ion, ì'lr. .T. Ì4¿''P.TII{)o Oo I'tay 23 abotrt 20 fish v¡ere

caughl at tire creel,, b¡r sei.ne net, but a1 1 of t}len l';err: na-Lure Íe.inal-es

and nei.ther iireture ¡La1es nor nesLs r¡ere found Jn the creek-s.

JO

The Jrrla¡rcl fo::¡u atp- benL.hic organisms more than pelagic o::ganlsnrs,

Lhe proportio:.ì of pe1agl-c organisms \{âs significantly larger than

the coasta-!- arici the inter:niedíate forilis (Table T.V).

but

for



l"íanítoba fi.sh

Morphologica-l rlj.vergence be.tr.'een the c.oastal and tha ínland

form r'¡as sual-l, and none of tl-ie norphological characters could be used

for clear cut separatfon, althc,ugh lnean val-ues &re-r'e qiiít-.e different. in

some chara.cters "

}îORPÌ{C)I,OGY

compleËed Ot 
: " standarci length (Figs" 9 anC 10), and the body

p::oportions of the fish larger than 3 cn" cíd not vary r,'itit standarcl

length, other f:han the dep¿þ of caudal peduncle (Iríg. 15) . Theref ore

only físh larger: than 3 crrô \{ere used for rûorphol-og1cal analysis"

Gravíd feruales whicir hacl mature eggs (stages rrr, rv and v), and some

Tb.e developmenË of l-at.eral plates anC catrdel scutes r¡as

Ínl-an'l form fish r.r-hich rqere badly Í.nÍected irlth a parasl_te, !S]*AL5*S¿hå1}'å,

rvere omitted fò:: raeasuring the bcdy depth because the swollen abdomeu

contri.buted errors

Anong Ëire seven oreristic charac.ters counted, the nean nunrbers

of dorsal splnes, lateral plat,es, carrdal scute-c and gil1- rakers vrere-

each sígnifJ-cantly clifferent, between allopatric coastal ancl fnland

forns (Fig" rz) " Sixty-seven per cent of the coast¿rl foria had ten

or more dorsal spínes, hut 88% of the inle.nd forur anð.732 of the

interuedi.ate form hacl nine or fer,,er; B?-7, of. the coastal- form. harl three

or more lateral plateso but 73i( of. the inland for¡r enð BB/" of the

íntei:rnerll-ate form hacl tr,¡o or fe-ver; B4i( of. Ël:e ccaçtal forr¡ lnad LZ

or nore car¡da1 scutes but B5iá of the inlan<1. foru and 68% of the-

int.e::mediate for:m had lJ or ferver:; 547" of. the coastal for-u and 567.

it



JO

Fig. 9. Ilevefcpment of lateral plates tnth length. All físh are
f¡'om llanitoba localities
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Itie, l-0 , Developrnent of caudal scutes with length.
are froin }{anitoba localities 

"
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or: fhe interiÌled-j'-ai:e for-r-u lnacl LZ cr fe-ç¿er gi-l.L rake.rso buL 777, of Llir:

ilrJ-anrl for-in had- 1.3 o:: niore (tal.r-t-e tr¡ "

The roean tr'a^'l-ues of tlie precee.Cíng four characte¡s fcrr i¡oth

recip::ocal hyb::ids 1a5, beti'reen the trro pârental for-irrso aud. a1.J- except

g1-J1 raker nunber !re!-e sl,gnf.f ícantly <iíf fe::ent (p<0.05) f r:our ¡c;ttr

parent,aJ- foturs. In illese char:a.cte::s the hybrJ-ds rr¡eïe c.l.oser in ¡-nean

to the naternal tharr to the paternai form (FJ.g. 11)" No ¡re-an numire::s

of an.y ¡ner-ístíc characters were sígnifícantly dÍ-fferenL betr¡een the

tr+o reciprocal hybri.ds.

In the othe.:r three characters, do::sal finraysn anal fin rai,s

a.n11 vert.ebrae, a1 lopatric coastal and ínlan¿ form were ûot si-.gní.ficantly

d:l-fferent, and tl.e hybrí.ls did noi l-i<¡ beti;een the tr;cr pa.rentaí

forns (f :r-g" 1l ) .

. Tl.re j-nte:lrirediate f orm .rras signif i cantly <ilf f erent ín tiea-n f ;:or¿

both coastal and in'l.an<l for-nls J--rr all me-rj-.stj-c characÈers ercept giJ.1

ra,lter-.r, whícir uere not diff erent fro¡rr the coastal forn" 0n1y the

d.orsal spíire.s and carrdat 
"",rt*" of the ínte¡-^inerliaËe for:m fel1'ceti.¡e-en

coastal alcl irr1a.n,-1. fortuso Tne ínte-rnedlate fonrr hacl one îiore count

in dorsal- fi-:r::ayss åü.41 fin rays and ver:tebrae than both il-re coastal

a.nd 1n1and forns (FÍ.S" 72) ,

4t

Body proportions \.rere el;presseð. as e -¡:aËj-o of .:1:¿nidar:c1 1engtl-r

exc.ept tire ¡e-ctoral f ln 1 ength '.'rhich i.,ra s eliirre.sso-d as a ratl-o oi

ihe pelvic .spine lenglh. li'lle uean valr¡es of the rrlJ,opaLric coastai

and the- i-nlarrd fo:i¡s \rere sJg,níficantly cli,l.i-ererrt 1n a1l- mrlasured

bcdy propor{:ions (Ii-C. L3),



41.

Fig. 11. Frecuency distribution of rnet'istic characters. Sarnple
sÍzes ; c.oastal 36?, inLand 201. (Henrirrg Lal<e,

fr.tha.rapuslçorv Lake, and ì-Íarri-toba Lake), i-ntermediate
155, hybrid FC 95, and hybrid CF 45.
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42

Fig. 12. Range, fi..ro standard der'íatíons and mean of meristic
chai:aeters, and resuft of nmltiple range test betr*een
If,earl.rì. Ifeans are not significantly different {5 %}
wíthin the sarne underlirre
C: coastal, F: in.Land, Tz interniediate,
CF: hl'brid CFr I't: hybrid It. Localities and sarnple

' sizes as in Fig. 11.



LATERAL PLATES

OJrù(,JÀOlO!@
¡llll¡lll

ANAL FIN RAYS DCRSAL FfN RAYS DORSAL SP¡NES

! O (o O - ¡¡ @ (o O - rr: v @ tO () - l\)
tlillllllll

T- l- --T- lo

lô _--l" -f-
Ilð--T--
l¡ --ì---.--
t_-----=-rT-

VERTEBRAE
(rLrLt(r(,J(,
O-1ù(rÀ(tltttt

l- ----r--
l"lo-T-

lq -î-
lr-.-r-

c)-q ---r
Tl. ---=r-

GILL RAKERS

OrN)(,À(¡ttttll

o-n

-rì
o

CAUDAL SCUTES

---¡l\)o)\@(oO-^)(,Àuol)\Jol(oO

T
l¡-=f -

I
ð

q-T-

lo

lo
l"
Ila
It-lo-t-]--

l_______



t.1

Fie. 13. Range, th'o standard devi.ations and mean

of morphometric cl¡aracters, attC result
range test betrteen means. Designa-tions
Fig. tr-2

of the ratio
of nml-tiple
al€ same as
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The sianoai:d J-err3[hs of nature fish (nupti-al colou.rer] rnaies

and g::av1d fenales) were, also clifferent" The coastal forn had a

larger ri3lu:¡:'e size than the j-nlard and intermediate forüso and fe¡rales

grerv larger than maies (IJ.g" L4) .

tsÐ/-lT.,. Bl-i{ of Ëhe ccastal forn had a rati.o of 0"17 or mor:e!

1:u.t B47J or" the inlancl foru and 5Oi( of Ëhe lrrterrrìedia.te forn had

0"169 or les.s (Fig" 16) "

SSdIgt 827" of rhe coasËal fonn liad 1.6 or rnore n but 6g%

of tlre ínlancl forrn and 5Oä of. the- i-n.terneclíate forur had 1.59 or J-p-ssn

I{ouever, this ratío varied consíCereb1.y bet'ieen cliffer-ent lakes ín tire

ínlarr,-1 form.

¿¿:L 63ä of rt:e coasral- foi:ml-rad A"6?- cr: urore, hut 627(

of i:lre ini:er¡nediate form and.60"/" cf the inlancl forn hacì 0.61 9 or lesso

. PL/qL 867" of Ëhe coastal forrn haC 0 "6?- çr ûore, L-,vt 7O"l

of iI-re i-nl and forri, and 507! of the inte-rnediate fo:-ril h.ad 0"6,:l-9 or lesso

The .l-engËh fron snout t.o the -Corsal 
fin :ray col'relaËed r¿ir:h the nurirber

of dorsal. spines, so th{s ratic should be hígir Jn Ëire soastal fomr

t¡hicli h¿d nc.re dorsal spines than ot.her ti,/o forns.

45

FO/Så 6L7" of the- coastal forr¡ ar.ð. 557!, qf the inteni.ed.íate

form had 0.399 or lesso bu.t 5?,7! of. the Íuland forin had 0.40 or üìorêo

l+J.S! B7Z o! the coasrtal form and 63îl of t'he jntenuecliare

fornr hacl 0"299 or lesso but 477 of. the ínland for¡r had C"30 or rliors¿



46

FíS" i4. Length of ntature nales and feraales, their rneans, and
the muftiple range test betrveen means.
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A-nong rl1r.ese. ::-icrphoüietrj.c cirar:acte-r.c, ili--t/:jL :ratl-o ls ti:e ncrrt

reliable f or dístí-rrguishing I-he coastal ¡,nd in1 ar:.3 forurs" ÄJ..thcugli

the DC?/SL ::e ri-o vai:i'ecl v¡j th the síze cf t1-re f i sh, tire ra-Ëio t+as ciuite

dÍflerenË betrseen the coa.stal ¿nd irrland forms (Fíg" 15). As a whc1e,

the coastal- for¡r hacl deeper bodyo deepe,r cauclal ¡,edunc1.e and cir.unky

thicker body; tfue i-¡larC form bad a gene::all-y s1Í-rt boC.y shape.

tire. BD/sL ratlo of both reciprocal hybrids iay betr¡een the

parenr;al f,:rr,ns anC closer to theír fùaËernâl forai" The ratlo cf the

iltermediaie forn a.1so lay belnJeen the coasËal aná ínland foms, ar.id

was signíf í.cant1y differeni frorr eil:her (P<0.05)

T¡7ef e

i'iorth

In grrrrunar;vu dorsal spíneo lateral plates

Lhe rnosl- re'1 ial>l-e- ¿har:actels to dístí-nguis1r

Arieri.cerr f.qq1s- -! Cl¡.-,qthgg_ sr:93.,,

founcl irr }ianJ-toba ftsho uorphonetrj.c analysis lf rnuseurr specinrensì \'r'an;

nede" ilcPIl-hIL (1963) iras previously dernonstraLed dj-ff ererrcesin the

nrir¡l)ers oÌ dorsal- spinesn laieral plates, and giil rakers, and ín the

Pec/I'el- ra-Ë1o" Älthough, as shol+n above in tlle present study, none of

the inorphoiogical char:acters rras clear-cr¡-t. for distinguishing the fcrns,

dorsal spines, lateral plates, c:nrdal- scutes ancl tsÐ/SL. retio r'¡ere the

nrost ::el-iabl e to dlstinguis'!r the f o::ms Ín ì'fanltoi:a. i-ioi¡e-¡ere t)re cor.tnLJ-rrg

of 7-atera] pl-ates wiÈhout -cteining vas nol- ::eliab1ee so lateral pl-ate

\r,3s oot counteC on ûusetin specímens" The nunber of latera'l plates ís

correiateci qrith the riutnber of the scutes (fig. t-7), so cauclal scute

nuriber i:ef1ec!ed th.e l.aLe:;zr-!- pla-üe ni'.ilrber to soite exf en-t

Tc ccnflru tire rlorpholog:l-ca1 differences beËr^reen cl,re forrns

47

¿rnd caul.da.l. scutes

the forns.



+(,

Fig. 15, Cha.nge of the ItCP/St (clepth of caudal peCunc-te into
standard length) ratío rtíth standard length. I-,i-ne
of separation dratsn bY eYe.
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Fig. 16. Frequerrcy distr-i-l¡ution of BDÆL ratio,
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Fig, l-7, Relation betr'reen the numbers of caudal- scutes aud
of I¿lteral Plates.
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The ¡reas fro¡n whl.Ch Specinens r."Íere e..:a¡nined was riainly
restrfcted to regioas llhel:e the ti,¡o foi:iiis rüay come in contact" Iìence

collections frorn tJre coastal- areas of the Arctic Ocean, llticison Bi:.y

ancl Atla.nt.i: Ocean predonilnantly, ancr. noÈ many collections f::oin far
inland were studied.

The dorsal spine nu¡tber rvas irigller for fish ín coastal'¿râtêïs

than in j-rrland \.¿aters (Fig. 1s) as I'lcpjféJl showed. The nunber of
cauclal scutÊs was also hígher for coastal fishu except cn the Arctic
coast, ruhere the caudal scute nunber r.,as 101¡ (Fíg. 19) " The BD/SL

ratlor as shorln. previously irr vranitcba fish, \..zas also generally hl.-ghel

ín the coastal area fish Lhen the Ín1and fisl-ro but the difference
;-âs not dis:ínct (Fig. 20).

By the use of the BD/SL ratio plus dorsal spíne_ and caurjal

seuÈe3, the score cf each fish vias calculatecl as descr:Lbed uncler i,Íethodso

and tl:e nean l'alrre of each population r.¡as estilnated. The same scgr:-r,.g

rses usecl for the I'lanltoba físh, an,d n'ean velues v:ere 29 to 32 for- f:he eoastal
'foru, 14 t:o 22 Lor Ëhe ír,l-and'form, 22 for the inÈernetliat.e forn and

tire 26 for tTre artificially niade hybricls (Fig. 22). As shoç¡n in
Fíg. 21, the nean scores for f-he coastal r,/ater fÍsh l¡ere generalry

hígher tb.an for j-nland \^reter fisho even though tÏrere vere some exceptions.

r'l
J!
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FiS, tB. Geog::aphic variatj-on óf dordal sþiue number.
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Fig. 19, Geograpiiic variation of caudal scute number.
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Fig. 24, Geographíc variation of BD/SL ratÍo.



flj
I^ '1

 f
in

'fo
't

(Ñ
**

J 
E

if 7

F
 ^

c[
n

jY
,¡

-l.
JO

- 
t)

 
1'

--
! 
,/

lff
Y

ø
 ff

i
Lr

 L
-J

.)
 l

\-
 

.r
i

Q
)*

 ü
)

"\
)r

,"
m

È
- \^
ìÆ

\
/J

rL
- 

\Y
(r

11
1.

/
(r

á

_o ü)

LE
N

G
T

H
$}

l L ¡ ç ( I \ D
Y

 D
E

em
þT

aN
D

A
R

D
or

 m
or

e
Ë

3 
0.

19

m
 o

.1
B

m
 o

J7
:-

-r aJ
 

u.
 lo

! 
o.

15

nt
i

ttr



55

FiS. 2!, Geographic variation of scor€ basetl on dorsal
spine, caudal scute, and BD/SI, ratio"
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Fig. 22. Ilorpholoeical scores of llanitcba fish based on clorsal
spirre, caudal scute and RD/SL ratio. Tnland form
(lleming Lake 30, Athapapuslcov Lake 38, Þ{anitoba
T^t-^ 1,,1\. ^^^-.+-'l ú'-* (n^-^^ /a--^r- ì/\ E^^ ^---^t-!q¡\v -LÎ ,t ; uudü Lcdr r v.!.r't \Lruuù(i u¡ çut! *9 , JUy ur. gui\
100, -[saì:el1e Laì<e 29, Paradox Creei< 65, Stygee
Creek 54, arid Fir-idson Bay .shor.e 27); interrnediate
form (Creek C iO, e.nd Creek F 40),
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Sallnfty tolerance

Differences in salinity tolerance bet-rzeet the coastaL

and the inland forms rdght be expected from differences J-n thefr

life hj-storyo As des¿rj-bed before, salinit.y Eolerance testa riere

conducËed for tlie coastalc int,eruediaLe, and inland forms, and for

both reciprocal hybríds. Tests l¡ere conducted aÈ several Èemperaturese

and at dÍfferent times of the year,. The life span of the fish was ttro

yealc and most of the fish died at a1e one, so the fÍsir older thanqre

year were ¡¡s¿ted as adult, ârrd no attenpË va6 made to find differences

beË',¿een ages one and tr¡o. As llllITÆ(ER (i968) described, the tested

fish t¡hfch corrlcl not tolerate salÈ sclution diecl usually after five

da¡rs of exposure, and tb.ey turned dark brol¡n or blaclc before they r1ied"

A distinct dÍfference ín salinity Ëole::ance v¡as found to

exist bebveen Èhe coastal forn and Èhe inland formo No e.dult inland

fish could t,olerat,e 25 o/oo or greater, but 927" of the examlned adul-t

coast,al fish coul-d survive in 2-7"5 o/oo (FÍg" 23). The salt concentration

fot 50Z nortality (LD 50) r¡as 19"6 ofoo for the adult inland forrn

Pl]YSIOLOGY

5t-

but 34 o/oo for the adult coastal forrn (Fig.24). The salinity tolerance

of adults ciepen<ied on the test tenûperature; adult of both forms v¡ere

more Èolerani- et 10C and l-5C than aL 4C, so the expe-rinents were conducted

at 10C.



5B

Fig. 23. Salínit-r' tol-erance
sumn'ì.er, tested at
experiment using 7

of adult þngåtius in early
10 C. Each point based on one
fish.
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Fig. 24. Sai-inity tolerance (Ln SO) in logistic transformaticn
based tn same data as Fig. 23.
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I'Ione of the adult inËermed:ta,te forn could. tolerate roore than

27.5 o/oo sa,l-t. r¡ater (Fíg" 23)" I"ne LD 50 was 22"5 o/oou slightly

hJ-girer than for Ëhe lnlarrd fcrm (îtig. 24)"

Both reciprocal hybrids coul.d survlve Ln 27,5 of oo. Thelr

salÍníty tolerance vas close to the coastal forur, r,¿ith an LD 50 of

32 of ooo orijy sll-ghtly lower than tire coasÈal form (Fig. 23 and. 24).

The sallnity tolerance of edults uray be subject to change

by accliuation before the tests" on Lhe other haird, the tests of

salinlty t,ore-¡:ance of eggs, by hatchi.ng thear directly íu differenÊ

salt concezlti:atlonsu probably elimlnate the effects of the accllmatlon;

any difference in response of the eggs vrould be due t,o a genetlc

difference betrçeen the forms.

At the hfghest salinítÍes, some eggs díed by shrinkfng e

pr.obably due to osnotic I'rater l-osso Even if they did not di-e,

they deve-]-opecl as abnormal enbryos (lackíng one or both eyes, or

wÍth a deformed body), and they eventually died by the tine of yolk

absorptJ-on.

The salt concenÈratÍons at rrtrj^ch 501l of the eggs hatched

(LD 50) rsere 15 ofoo f.or the inland forn and 22.5 c,/oo for the

coastal forrn, and rsere 20 o/oo for tbe inland forn eggs fertilized

by a coastal ¡raleo an.d more than 22"5 o/oo for the coastal forn eggs

ferÈ1lJ-zed by an inland rnale; l-n Ëhis case 73"Á of the eggs hatched

!r" 22"5 of ,soo Tl¡e salt concenÈrati-ons for 1002 uo::t a]:icy of eggs

vtexe L7 .5 of oo f cr the J"n-Land forn and 3C o/oo f or the coastal form

(l'ig" 25) .

60



61.

Fig. 25. Percentage of físh sur"vivin¡¡ to yoJ-k alrsorption
at 20 C. Inland and hvbr'-id points are each based
on olie exper5.men't us'ìng 30 eggs each, coastal
forn based on 3 experiments for' each point.
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rn suumary, r-he salinicy tolerances of bo'ch a<lult and egg

'¡ere quite different beÈseen t'he coastal and tl.re iirlaird forrn, and the

salinlry tolerance of both recÍpr:ocal hybrfcs i,¡as closar to the

coastal forrr than t,o the Írr.land.foruo for both aciuif.s an,1 eggs"

The sallnity Èo1 erance of the coastal form changed wLth tile

sÍze of 'che físh, the season a.nc1 the acclimatl-on. ,fr,fcer hatchlng, the

flsh developeci j.ncreased resfstarrce to sal.inltyo and in autunL¿ their

LD 50 l¡as 35 o/oo" In Lhe naËura-l env:Lron¡rent Ehey then wentdov¡n

the creelcs to Èhe iludson llay" Theypresunably mainÈafned Chetolerance

to hi8h sa.llnfty throughouÈ ihe winter, becaurse af: Èhe begi¡nfng oi the

nexL snnn.ier rrrhen the fish carue j-nto the creeics, T:ireir T,D 50 r¿as

37 "5 o/oo a-Ë 15C. iloweveru if coas'cal flsh \rrerê acclj.uateci l-n a

freshwaÈe.r f:ank sfnce autunine Lheír LD 50 clecrease<l to 33 o/oo by next

spring (r'rg. 26) " rn tire freshr.¿ateï i:anks the coasr-alfish hacl an

excepËÍ-onally hlgir morËa]-ity rate 1n the au|unì¡Ì comoarer.l io the in]-ancl..

flsh" lIo,'rever, unl.lke the rne-rine f orn of $ç.t.e¿glgg.g.LqLe3¡g.
(*:S*gåf. fornr) vhl-ch cannot survive in freshr+aLer tirrough rzinter

wlÈlrcut an lnjectlon of prolactin (LAl,l and IÌoArR Lg67): ttre coasËaL

forn of Lgr{s]fg surr¡fved in freshçater tirrough r+in[er .,riEhout specia1

treac¡ìente once the ar¡tumn perlo.J of nortal.lty had passecl .

Àfter the eoastal- flsh entered a creek 1n Lhe sürriîìolc, the

sallnity lolerance decreased to 32 o/oo in che rnld,'.l le of the sunuÌìer,

probably becattse lhey t+ere acclfunated ln freshwe.te:: a-ji:r:r enterÍ¡g

blle creeks. After enÈerlng the cre,ek in earl.y surnner ¡loae físh ç¿ere

catpturecl a;rcl l¿hen acc.J-íraai,ec1 tn 20 o/oo salc r,/âLer, î;tere able Eo

ioì-erate 37 "5 o/oo tn salj,n:Lty at Èhe enrl or' ri.he srìrÍnìeï: (Iitg. 26),
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Fig. 26. Cha.nges of sar)-inity
form rçith season and

tolerance (LI) so)
by acclirnation.

of the coastal
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No seasonal ehange of s¿rli.níty tolerailc¿ rías obser'./ed j.a

the j-nland forrno At the end of August theínlea.3 juveniles ^;oleratecl

2Q ofoo, and there was no change fo¡¡nd beEwee¡-r Au¿iust a¿d nexÈ Sprlng.

P.elatl.on

througirout the r¿l-nter were exposed to 32.5 o/co salf: soluËfon at

15c. After four dayso 21 fish had dlecl and 17 su::vfvedo The

morphologj.cal analy.s{s of merfstic characters of these fish is shor¿n

in Table VI" The survlvors had a hlgher'¡ean number of <lorsal spÍ.nes,

l.ateral pLates and caudal .scuËe-su anrl had fewer gi1-J_ rake::s than

the dead fish" The rneans of lateral plate coun{:s betr+een the survivors

and the dead urere slgnifícantly dffferento llence it may be sai.d that

rsitirj-n thls sanple of , coast¿I f l-sh the Lndívidtiels i'.'hj.ch TÁ'ere nore

tolerant to high salinity had a hfgher number of dorsal spines, Lateta1,

plates and caudal scutes and. a lower number of gílJ- rakersu all of lihicl:

are feaËure-s of the coastal as compared to the l.nland formo

The inl-a¡.d for¡¡ fishrn røhfch had been coLlected a v¡eek before

the test and acclimated at 4c in a laboratory3 \{ere also exposed to

20 o/oo aÈ 4 and 15c. Ar 15c no fish died but at 4c ai-i rhe ffsh

died" There \'ras no apparent correla.tíon betrsee,n fiüe t.o deatirand any

of the measured morphologicai characters.

Sallnitl' preference

The coastal fish whlch had been acc.limated in freshi.rater

n s¿r-lin'ity tolerance amd uoroholoc,r'<.+@@;,+ljla

6/¿

Labo-ratory tesÈs of

end autunm, usj.ng f¡:e-shwe,ter

inland forn. Tire coast,al anci.

sallníty preferenc.e were done ín spring

acci l¡naied fish of both coastal form and

Ínland f1-sh responded differenËly to



Table 'YI. Relation betrEeen salínity tolera¡ce
and meristic characters.

Dorsal- suines
%

Dead fish ZL 9.9 0.t¡62 r=0.9S2
Líve fish l? 10.0 0,3?6 (0.+>p>c.3)

tr3fg^raj_j]gteS_

Dead fislt 21 2.62 l_.55 t*2,,44e, x
Live fish A? 3.S3 I.64 (0"025 >p>û.OI)

Caudal sc'"rte s

N Ìfean VarÍance

Dead fish 2l l,Z.S? Z,gS? r*C. ?65
Live fish 16 13.00 2.800 (O"s 7r >0 "4)

Gil} rakers
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Dead fis!-r 2L 12.67 1.033 r{.335
Live fish lT 12.58 0.382 (ir>O.S)

Mean of standard length

Ðead fisir 44.C mm

Live fj.sh 46.6 mm



the s¿:Ltv¡ater- scr-ution, ancl eacrr r.espon,Jed differentjy ín cÍfferent
seasons, as shou'n fn Table VII,

In a serl_es of choíces bet\reeil fi:esh rrater ancì a gfven

sal-lnfty, the coastal fish hacl in aut,uüns a s]_i.ght prefere*ce for
5 o,/oo, no preference for or against r--i o/oo, and avofded 25 o/oo"
The lnland fish, on Èhe oiher irand strongly avoÍded 15 ofooo

Bi-ochemf caI s tructr:re@@

Ln Order to deier¡aine ií there rse¡e bloctiernical differences,
electrophoreiic study of Lactate Dehydrcgenese (LDH) of the elceleta.l

muscle, an<i of hemoglobín of the bloorl r+as conducted for tt¡e coastale
lnla¡'d and fntermediate f orus, The samples rqere f roro f ish ¡,¡hicir had

been accli¡uaÈed 1n freshrr'ater 1n the laboraËory for roore than three
months o

. tec.ggËe*-!.9þ¿g{gfigg* There vras jtrsr one a¡rocarly rnígrarf'g
band and no díf ference- beË,¡een the forrus (r.ig, 27) , KUSA (i966) also
demonstrated one bancl of LDli in å$:gågs. ruLæÈ¿g,s_ Ín J.apan, but rhe

band ¡¿as cathcdally nigrating, probably because he useci a different
pH of buffer (päo 8"6) 

"

4gnof,¿gÞ5 There r+ere three to eigh{- bancls on Ëhe anode

sÍ<ie of the ge1, Although the nuuiber of the bands seeüs to be varj-abl-e

wlthin a for¡¡r (table vrrr) , the coast:al form seemed to ira.ve rathe, more

band-s than the inl a.nd forrrr (Fíg . 2B). I'lo J-rr]-and or inter:ueciiat.e f orrrs

had tTre bands -l:, \¡rr, or vrrr, btrt oui cf 20 coastal flshes 5n 7 and 6

flshes l¡aci bands I, VIIo and \ir-Ii respectívr:l,v- (Tatle VIII).
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Tab1e VII.

SprJng

The tj.¡ne spent in salt
during l0O-minute test
braclcet is repetitír'e.

Coastal

InLanC

5 o/oa

solution compartnent
period. l',iumber in

Autunn

60ø'

4s%

67

(rs)

(rs)

15 o/oo

Coastal

fnland

s0%

2s%

(IB)

(18)

5 o/oo

s7%

se%

(12)

(18)

15 o/oo

48%

a= 01

(18)

(12)

25 o/oo

40 % (te)



Table VIII" Fr"equenc¡. of occtirrence of the bancls
electropilet.{igren of three f'orrns of p,

Coastai

I¡rter.mediate

inl-and

tl

LV

B

20

ïï

5

0

0

fïr-

19

T

18

Number

6tj

20

B

20

ïvv

in hemoglobirr
pungitii;S.,

9^

B

20

2020?6
Bs00

1.8 ls00

\rl WT lTIÏT
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rie. 27. Pattern of Lactate Dehydrogenese in boCy uiuscle of
coastal, inland and intermediate forms of .þn*ililtg
pq&eitirl__s_" C; coastal-, F:.inland, I3 intennediat,.r.

Ii'ig. 28. B1ectropherogrenr of hemoglobin of three fonns of
&tn"f,Å!i,l"g. pÆåi!fu.g. Roman numeral-s indicate
the bancl number. C: coas';al, F: inlalci,
I: irrternrediate.
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There are t\{c possilrle ex1i1-a.natiori.s for the varí¿tlon of the

nunber of bands betrn'-een and u'ltbin the forns. The fj-rst js tiraË íË

is due üo the tecirnique" Although the fish used r,Iere ful1y adult

(4 to 5 c¡i. standard length), the volume of the blooC obtained may

nr.¡i have been euouglt in some samples. The ínland f,orras \{ere general ly

smaller: tiran the coastal formo anC thus tbe snall-er vol'.rme of the blood

rafght have caused the fever bands (or cerLain faintly stalned bands

could noL be detected) . Hovzever, even arnong the sËrongly sÈained

specirtens and tHose havlng enough vol-ume of b1ood, the coastal form

had rather more bands Ëhan had the lnla¡rd form"

The second possibility ís that of geneËic polyr^torptrisrno as

seen ín the myogen of ¡nuscle beÛ"reen the tr,¡o forns of Sffimågggå

ggl*gS (HAcEl.{ Lg67) or in the hernogloi:in of rv-}rj.:efiuhn $gSåg*H

c_1*uJ¡g+[q_-.J.ri_s_ (LINDSEY e.!_e!, L970). BuË there Ìdas nociear-cut

dífference l-n the unlfor¡r presence or absence of a band between the

coa-sÈal a¡d in-'i.and forn, s.uch as had been found in Ga¡Je-1o)ç-t-eu€o

Henceo there ls evláenËly no detectabi. Ur;îî

structure of LÐIi betrqeen Èhe fonus; there may possibl)'b. a difference

in pròportions of díff ee-ent hemoglobin po3-prorphisrns, but the e'¿Ídence

1s ínconclusiveo
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i'Iati.ns behaviour
ÆdÆÈ

The role of nating behav:'"our as arr isclaifng nechanlsm

between closely relat,ed specÍes (or fonne) has been d.emonstra.terl

f or nuny f ish species o The co.-nplex repro<luctive behavÍour of etícir1e*

bacl'.s hae beerr studied by nany authors, especially IloRRJ.s (1958) lrho

descrtbed in derail rhe rep::oductíve behavíour of lir¡&lË-igå.jiggcå4J]lå

ln freshr,'a.t,er in Britaj-n" IfCKXNZIE aad KïENLEYSIDE (Lg7O) clescribed

the reproductfve behavlour of rhe inland forar of p.ggg*ål$r,, åffii-.L$
in Soutl¡ Bay in Lake Huron in Canadao

The observatloris of nattng behaviour J.n this sturJy rvere

nade in 10-ga1 o aquariau in rvhíeh sand and sone a,luatic plants rvere

puËn As shov¡n in Fig. 14, the size of sexual ruaturity vas cllfferent

bett{eeri the f orns. The lnternedlate and inland forru bad sriralier bocly

sl.ze, and the lnternediate and inland form au.les generally rnacie smaller

nests than dÍd tire coastal form" The coastal- fenale had the la;:gesË

body sfze a¡longst the fJ-sh.

The Dature ¡aa1e ln all forns irad a black ¿uptÍal belly and

nllky çrhl-te pelvic spines. But the coa-eÈal üa]-e had a jet black,

r¿hf1e on the contrary the irrland and interr¡ediate nale l'lad. rather

gr:ayísh black or r.¡eak black as nuptial colour (eten though the r+eak

black tu::necl. Èo deep blacic afËer they were- kíliecl)n Tn fenaleso the

co¿stal- form had a very sllvery shiny abciornen and dark green heaC and

backu and the ful-J-y uat,ure coastal fe¡nales had r+eakl-y developed rolllcy

II}Í'EITIÌ'f1JN TAI, OE SEIì\¡ATI ON S CN I SOLAT ING }rfl TIIAI{I SI,ÍS
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r*rite r-rn ti¡e pelvic- spíneso The inl.and t'-ird l-ntc.rrnedlate fenal-es

hacl b¡:or*rl or dark broçn head and baclcu and silvery abdonen, wtrich

vas not as shi-ny as the coastal female; the inland and Ínternied,íaie

fem¡+le díd not have ttre r+híte pelvic spírres,

Âs descrlì¡ed. 1n deËai1 on European 3ggfiåE# by I'toRRrs (1958) 
3

the sequence of tire matíng behar,lout: $¡as as f ollor¡s:

approach to fenale

dancing off torsards the nesË

lead the female to tbe nest
entranee

ritual- fannÍ-ng

shiverÍng on irer tail

mal-e

enter the nest, fertllize the eggse

ÌícKXNZIE and KEENI.EYSIDB (1970) reported a diffe;cence Ín r-he

leadlng pirase of male courtshfp benEeen the European _IþFå![!gg and

the freshr+ater ¡_qir.&!fijåx at south tsay" They r,rrlte I'The European

males perforn dance jumps r.'hile leading the fernale to the nest;

South Bay males did not. A SouËh Ba¡z nale c.ourted by snimming strafght

aË a ripe fenale, stoppfng near hern brlefly twfsting his body :LnËo a

slíght S-bend, erectJ-ng both ventraL spines, Èhen lurriing and swfurning

straj-girt back to t,he rrestq oc ô{ ê Tne uale usually responded to such

a hesitant female by quichly approð.ch1ng irer aad da¡rcing, Ín r¿hich he

tilted heacl-doisn and. juarped around the fe¡nale i-n a serles of shcrt je::ky

turníng torvards th¿e mal.e
tail-dorr-n posture

follor.¡ the urale tc the n,esË

fol-Ioi+ to the entrance

enter the nest

1ay eggs, leave tire uest

fe¡rale
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nor"euents, tr.rrnl.ng slightly Jaterally -j:et_r^reen .ì.ulpsn å,fter a .pcut of
daneÍng he sl,za:n directly to ihe nest agaÍnn'l

Ïn agreeirent r¿i.tl-r l'{ci(El{ZT-n end I(EINLEYSIDB n ín the preseilt

obscrvations the inland foran díc1 ¡:rot fïquently show a ,,zLgzag dåi1çsro

The fnl-and male approachecl a reina]-e an.J trfed to lead her to the nesto

sometir,:es he showed a veak. "zigzaç; dance" arorrnd the fenale, but, the

danci-ng r{as not dístinct" on Ëire contrary, the coastal nale shcr,,e¿

a Cistinct t'z't-gzag dancett toi{ard.s a female, around hero and apay frain

the female tolEards the nesË l¡lth heacl-dolin posture! anC showed the

saue sexual behavíour as i"loRlìIS ciescribed except Ëhat the t,zil.gzag ¿anc*"

rraa not a real zígzag, but rather the nale nade a Jerky circle aroun<i

or in front of the femaleo To such a disffnct d.ance of the coest,al

.rnale, boch Èhe coasËal and fnlancl fenales responded. very easJ.ly anc

v¡ere led Ëo Ëhe entrance of the nest, though in n¡ost cases this courlJng

wes r":ot f ol-iowed t'y the sequerlce of enÈeríirg and lavíng eggs o 0n the

cther hando both the coast,al and the inland fenales hardly respo'ded

to the'fnla'd male; especlally, very feru- coastal feiuales responded, to

an ínland male. The male of the Íntermediate form showerl alurost the

aame courting behavlour as the fnland mal_e

rn aquarla 1n the le,boratory, four coastal fenales layed eggs

in the nests of ts¡o lnteruiedÍate males and. four inlanci fernales out of

eight la-yed eggs ín a nest of a coasËal r¡¡al_e*lrut no coasËal fenale layed

eggs in an lnland male rresÈn

l\+o ponds aÈ Churctrill -o¡ere establishecin one i,¡lch coastal mal-es

and lnlend feualesn the other v¡i.th lnland.lales and coastal fem.aleso

Bcth crosses produced offsprir:g in Chu.rciril_l.

l:i



barrl-er

females

As seen in Ëhc successful cr:cssings*:r the hybrÍd. pond.so Ëhe

males than Ë.o Èhe coastal rilal-e. The reason Ís nc¡Ë clear, but the body

slzeo the nuptl¿l colour, and the courting behaviour seem al_l Ëo be.

more pronoune.ed fn the coastal maLe.

li¡zþ_qid fertí1j-rv and viabiliry

l_11

OI

the matl-ng behavlour between Èhe fc::ms was not rigicl , bui:

both forms seened less respcnsíve to Èhe J-ntermeciateor inl_anc

As the postrnating ísoiating urechanismso t'IAyR (1963) lists
(a) g.3meÈe 'mortality, (b) zygote trlortallty, (c) hybriC inr¡1ab1ltty and

(d) hybrfd sterilíty"

Crosses between the forms shor.redr no evidence of gameËe

ïû.oËtality. The rnorta.l-ity of zygotes befo::e hatchfng vas varlable,

from 4 to 327" aflcng the crosses-of the coasta.l- nale and the coastal

ferualen The single cross betrveen an inland femal.e anci an Ínlancì nale

shoued 327" mortality. The mortalíty of the eggs betveen a coastal

female and an lnland male, and an ínland female anc a- coastal naleo

tras 7 n47" and 7 "5"/" tespecfivelyn Th'.¡is there seemed to be no dÍfferences

f-n zygot.e uortality betr¿een the intra-form and inter-forrn crosses.

l,Ifth respecË t,o hybrid íaviabtlity, botû reciprocal_ h1'brids

produced ín the hybrlcl ponds ln Churchill rvere collected in autumn

and brought back to the laboratory anrl l.-ept in freshv¡ater tanlcs. The

h-vbrid CF (the hybrld of the coastal fernale anci the lnland nale) \,rae

very small a.t captureo I to 2 cn. ln tctal j-ength, and had a guite

iarge mortal-Í-ty, p::obably bec:arrse of a shortage of prcper foods fcr

small- fish. But after Ehey aÈtairred 2o5 cruo Jn lengthn the survlvors

had low nortality and becaue mature the next sorLng, The hybri-d ItC

74



fish (the hybrlrl of the inlancì fenaie ancl tl:e coasta.-i. male) t¡e::e more

than 2.5 cn" i-ong at captulîe, hac a small rnortality Ín the tank, and

also ma{:ured 1n the ne>:t spring.

I.trith respect to hybr:r-d fertilityn Ëhe foJ-lor+ing phases of

the reprorluciive behavlour of the fish rnay be separateci:

(i) r¡irether h¡'brid ma1_es nake a nest?

(fí) Iühether liybrid males shov¡ blacknrptÍ-al eolouro and which type

(rif)

(ív)

(v)

.(r't)

(víi)

of colour Èhey show?

r^rhether hybri<i nal.es shor,¡ normal ruating behaviour?

ruthether hybrid fenales respond to u¡al-es and. deposít eggs?

r','hether h.ybrld feræ.les produce. fertLle eggs?

r.¡heËher hybríd nales successful_Ly f.ertj-1ize eggs?

. whether tire eggs of . hyb.ric f emaie fertí1ized by the hybríd

male hatch?

(vi-iÍ) whether î, i.ry survive to adult?

Ilost of Ëhese questions can be ansr¿ered from the present

experlinents" The Ft rnale rnadè a normal nest and. sirowecl blaekrn:ptial

colour. Tile black nuptial coJ-our varied indívidually and seemed no

different between cF and FC hybrÍds" ]:ne hybrid males also shor¡ed

norural mating behavlour and frequenti-y showed a ,'zígzag clancet'o

75

The hybrid females depcsJ-ted eggs in the nest.s. Eight r'1 females tleposited

eggs ín B nesËs of I'1 rnales, and fourræ,sts had liatcired iry in aquarÍa.

l-our hybr:LC.r crosses i.Jere prcduced experimentaliy, and iratching rates

rsere 0, 23, 67 a and 707. Äi1 hat.cfred l-, fry died r¡1thin four weeksu

buf: the hatched fry of the parental forms also usually díed in early



stages, proba'o]_y beca.use oí lack of

Thus it ls noi ciear whether hybrid

this poÍ.i:.to

lhe above questions f-rora (l) to (vJ) were positi'e and.

Ltt hybr:ids were fu111' vJ.abJ-e. Botir F, males end fenal-es rüet:e fert,ileo

buL one could not say vhether thev are "fully fertlle" or not, bacause

the hatchírrg rate of the F2 tn"* very .variable.

proper food for lhese ernall fry.

breait:dorrn uay have e:iísted at
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llorphologv ancl phvsioloav

Dlfferences j-n räorphologícal charactèrs are snal1 betr,¡een

the tt'o forns of lgtr-g.iFågg ffi*1f5u*g ln iriorth .l,u.eríca" Arnongsf-

l:,erisËíc characiers Ëhe mea.n nurrbers of dorsal spl.nes, laÊe::al

plates, caudal scutes and gill rahers, ald anorlgat anrphcnetric

characters the body thickless (expressed by BD/SL r:atio) are all
useful to dLsringuish be&{een Jg)lllegþ".H" of rhe coast-al and inland

forms" It 1s rarher difficulr ro iCenrÍfy the f;ori¿s r,q4i:i*kpll¿
by the rnorphologicai. charecters, buË the foregoing character-ccan

be coublnerl íntr: a score whfch allo-ois fdenciflcation of rorrghly

457; of all irdtvidual wll d f ish as bclonging Ëo cr.ì.e oï ct'her f orrao

. As descri-becr in nrany other fish species (t-iilBES, 1_955;

HAGEI'I , L967), the hybrícis shcived inËerorediacy in roorphologl,. The

di-stinctfon beiween Ëhe bybr-'r-cis and the eoastal anrl fnland forns is
fmpossible j-n-#gdS-qll¿, anrl also !¡as very cllfficulË even as popularions,

although the ¡reans of sone ciraracters are sJ-6níficantly clifferento

Therefore in this study 1t was noË possible ro posif:ívely icientl.fy as

hybrids any físh other than those which had been artífícia11y creaied,"

The sal_ln1ty tolerances of the fo::rus of puglt:Luq are

dlsË.1nctly different. None of tire a.iult jnland forrn sun,i.¡ed .in

25 c/ço brrt a-11 of the adult coâ.stá.1 fonn survj.r¿ec1 j-n ?5 o/oo,

Ttrus i}-re sallnÍty tolerance can be used tc distlnguisir the tr,¡o for:ns

fndir'ídually. Physiological cha::aci:er$, al.though certain--Ly iess

convenLent, are in tltis case Llore precíse ihan rnorpholcgical ciraracter:s

as tâxononic indlcators6

Dl.tìç¡55¡.ç¡
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The sau-nity io-1-erânces of botb reciprocal hybr:ids arê

closer t,o Èhe coastal f orrn Eiran to Èhe inl and f orrcn ÌiELns (.1947)

denonsËrated that the sa-l,inity tolerance of irybricî eggs procluced by

crosslng the rr'-o foru¡s ot gæffigsgg -gçglsgl$ r^/as noc ínterned.laËe.

betp¡een Ehe parental formso but shoi¿ed a maternal Lnfluence, On the

other hand bIIì'rAliORI (f957) sho-;ved tirat the Lemperat,-rre tolerance of

hybri.j eggs frou. rhree f orurs of rhe toach, _C!Þ_*.}g Æ åHl*s}a
was íntermediate beËween Ëhe parenLal forrns, Both recíprocal hybrf<ls

in this sf-udy shor'¡ed the characterÍstic of the coasÈal form in sallnity
Èolerancee no natter r'¡hÍch fo-r:nr procuce-cl eggs, Therefore th:l-s ptrysiol--

ogicar ch¿rracter ir Sggg.l!fug seens to be genetically conLrolled ancl

tlie coasÈ,aL form char¿rcter fs doreiirant.

HEUTS (1943) shorued. Èhar ir,ro adulr speciinens of Lgåi$Jå*
!-l¿ßLg,+gg collected from freshçrater in Belgíum toleraÈed app;:gxLuraÈely

33 a/oo s;rlínity, but fry could not tolerate noi:e than 22 ofoo.

RAI'ls0iq and Ií00RE (L944) reporred rhac Fiilt.giçLlig su,r:vr'.ver1 up to z0 ç/oo

fn saliae lakes in Saslcatcher,¡an ancl }iorth DakoÈa, r.¡htle I,JIIIT.{KER (196S)

reported that Èl-re- LD 50 or ågg&LL!!S. of saskaLcher+an ¡¡as 2g o/oo T D s

(Total DissolveC Solfds)" The d.ata of Ëhe inlancl form i1 the presene

study a'í¿Tee more r¡íth RåtrlSOli ¿nd ìÍOC.R.E than 1,7ithI,nJ^ITAIiER, l+hose

:lesrrl.ts ru,ere rather lover üi:¿rn those in ihe p-r-esent sEuriy (29 o/oo

T D S equals r:o llr ofcc saLi-n:Lty fn LiÈËi-e ì4an'iÈou Lake 1n Saska,t.cliei,¡an)

Ilowever, Lenlperatures , arcci-irirati-on and tes t concli.tions ( tB-20 c,

LzLLzD, acclinraiecl to 400 ppm T D S) ¡,,¡ere .líÍf e.i.ento

/\)



liEIlTlS (1943) eilso deúonsträ ted that. the cirloride of tire

b.]-ooci. (salinity of biood) in fry of p-rqfijlligg washoineosr,rotic at

5 o/oo rrrhen exposed to 10 c/oo salini.ty fn the e:<Eernal. nedlum"

IluË at greaËer than l-0 of oo rn the external sal-ini'.ty, the sa1-íníty

of the blood increased as díi. that of the e>lternal salinlty, thât

1s, the fry hecame poikflosmotlco In the salinit.v preference r-ests

of this studyu both the coastal and the lnlanrl forms prefered 5 o/oo

sal-t h'ater soltrtion r:ather r-han freshwaÈer i-n autunn. Í.f. the salinlty

of bloocl of both the fornis is Ëhe s¿inìe as Èhat in the Belgian

åS"ggååigå, thaÈ Ls 5 o/oo, the preference for 5 o/oo ls not surprising,

Oqí..9i¡-_qf. -!.he,inte nnedl ate f ornr

. .lîorphological analysis and the salJ-nity tolerance t:ests lea-cl

to f:ire concluslon tl:at. tÍe j-ntermediate forri, j-n creeks tri-buÈa:cy of

the lorver churchill r'iver originatec from t,he- ínland forur" The

intermadiate fcr-u is morphoJ-ogical1y closer to the inland forrn in

5 ouÈ of 7 nunerical characters, ancl in BD/SL raËio. Ä1so the salini.ty

Ëoi.e.raîce of the lnternedlaÈé foru is ve::y cl-ose to the inland for¡n.

l"Ioreoverr both reciprocal hybrids between the coasLal and j-nland forms

were ntuch closer to the coastai for¡n in saliníty toleranceu so the

inte:-'nredlate for¡a is apparencly not the hybrid betr^ieen the- c.oastal

and ínland fornno Instead, the into-rmediaÈe forur seens to be a

locai.ly establisheci populatj-cn frc¡u the lnlaird formo r,¿hich has

becorne nodifj-ed slighti.y in i-uor:phologÍ.cal and physlological charac.ters

by the iocal e-nvj,-rorurrenL condj-tio:ìs" The dorsaJ- fLn ray, anal fin

ra¡' and .-'ertebral nuirrbr:rs are highell-han in the tv¡o other forms or

the hybrids" IIEIJTS {1-941) denonstrated th¿it the nurrrbers of clo::sa1

and anal firr ::ays i+ere ch.angeable by C.iffe.rer)cee of teurperature and
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sai.in:ï-'ty 1n tire- course of rearing Sgggg-LçSggg *qggkåH" LIISDSEY

(L962) found no correlatlon betr+ee-n dcrsal or: anal fin ray count.s and

reariag teiùpeiature in Eng-Lish Fttr-.qi-L1lr"-, althr-:ugh the-r-e vras a

correiatlon betr+eea the dorsal or anal fj.n basals anii rcaring terìperaËute,

LINDSEY also demonstratecl a change ín tire vertebral nur,ber by Ëhe

rearitrg tenPeÌáturen There Ís no evidence that the creeks r¿here the

Churchll 1 ínterruediate forra lived had hÍgheL' teDrperature tiran other

c-¡:eeks and lakesu buÈ sal1n1-ty in the creeks v¡here intermeCiates l¡red

uas Er,uch high.er than in the othe.r c::eeks,

The LD 50 of salíníty tol-e::ance'¡as 22.5 ofoo for tlie interrneciiate

foni and 7.9,6 c/oo for the inland foria. Tire LD 50 of the intermeCiate

r+a-s nruch close:: to the inland forrn than to the coastal form anc to

both hybrÍds, but sJ-ight-ly higher than thê :'Lnlaad forruo The l-inear

regressÍ.on by logistie transfonnatior-i of salj.nfty Ëolerance shoi,¡ed

thåt ti',e ín1and form ancl lnt.errrlecliateforns are sígnificantl;v d-ifferento

Two posslble reasons could be. consiCered, The flrst ls that gene flow

fÍom the coastal form to the inland fo:m haspror-luced introgresslon"

lhe second 1s modification by the environrnental condÍtions. Th: cliance of

gene fIo,.+ seeins t,o be small o As seen Ín Flgo 23, the intermediate forus

vere no! Fl hybrids (fron mc.rrphologicaJ- and physiologj.cal evj.cje.nce),

altho',¡8h the possibilíty exlsts that a ferv F1 hybricls mlngled arnong the

fnl-ermediate forn and iiraÈ some gene flovz níght occur by back crossing

betl!'een the j.nl-ermedj-ate frlrrú a.nC F, hybrÍ-Cs.

The sccond aller:ratj.ve seee.s to be rnore proba.bie. Tire salinity

of thc¿ lal-'es vhere ùhe in.lanc]. form lias collected was less the.n 0.05 o/oou

but the sallnity of the c::eel:s wlth ihe interu-s:diate forn r+as 1o5 to

6 o/oo, usually ?- to 3 af oao Thls cìj-fj:ere.nce i:l salinity rvhe::e the
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físh have been l.ivJ.rg mlgi:t r¡ell infl:rence to a sli-ght degr:ee of

their salinity to_l_erance (LD 50) .

JeeJeE*s--s,Ê."åæ-ssr=#l:-sJ$Eegx*

In tire cree-ks of t-he lov.rer reaches of t,ire Churchill R.lver

the coastal. fcru and the intermediaie f<.rrrn 1ive side by sideo but

spatial- segregatíon due to thelr physiclogicaL ch::racters was well

established. The coastal form was caught upstreaü as far as Goose

Crce!: anC iLs tributâry Creelc h-1, rvhile i.n the eerly surcner Ëhe

fn.iernediate for-r¡l was caugirt in Creek A*2 an<l fari.i:er upstrêatì. The

flsh caught in Creek A-2 at the end of the srlru¡rer had bi-model distrLbuËlons

ir¡ the nuube=s of late-¡:al plates and caudal scutesD with r¡odes corresponding

to those of t,he coastal and the internedía.te fornis. As nentj.oned, the

hyïrrids have. al.most the sane Eorphologtcal characters as the coastal forno

so' so-rÍe Creek A-2 fish couJ.d have been hybri-d.s"

Both the coastal and the interned:-aÈe forms spai,ined in .June

ancl July, so that tern-poral ls-ol-at,ion of breeding tímes was nol: eviderrt.

The ethologlcal isolation 1s partía1ly effectiveo The coasËal

female seemed to L,e restr:j-cted in her response to the lnEeruedíate ma1e,

but the interne.diate female responded readlly to the co¿-sta1 Eiale"

Al,tho'.rg-h unbalance of the se:l ratio can l-nduce the r:.ting r¡lth other

specles (UU¡¡S 1-955) u there r.ra.s no evid.ence of unbalanced sex ratio

J.n elther forur 1n thls strrdy" The chalrce thaË eggs aad sperms of

dÍffe::ent fo:rirs ruight meei r,o ir¡ake ¡r hybrid accidently J.s very uniíkely,

because of their cornpl.e>l b::eeding p[ocí:ssês and nest bullclíng.
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In sumnaryo th.e íso1aËín6¡ mechanísrus in the prcuiatJ-ng phase

are" sl¡ral.l excepË for spatlal segregaCíon.

Ïire postrnatlng lsolation nrechanÍsui.s \,¡ere not clevelopecìo Nelt¡rer

ga¡ieÈe úrortalltyD zygote nortalityu irybrld invtabiltty, rror: hybricl

eterility rsere evident fn the F1 hybrtdso As a whole, ¡:o effectír,e

lsoiatfng meelianislr'betr¡een the coastal and the interinediate fornLrra.s

evfdent. Howeveru the presence slde by síde of the intermediate forrrr

and the coastal foiu whÍr:h díf,fer morpho1oglca1.1y an<l physiologlcat l,rr

suggests that gele floir musE so¡re.horv be rest:'icteri to preveïIt m¿:ss

hf il rÍ-dí zat:10n o

Spatial- segregatlon betr¡een the coasta-l and the intermerlÍat.e.

fgrns fs al-nost dístincËu due to theLt physiological charâcËe¿-s¡ Spreacl

of l-ntermeciiate form far:ther downstreaur is not possible, becarrse the

slrort coastal- creeks fteeze fn i{inteï anC ÈTre Lnterme<líate form cani}oË

enter the sea" BuÈ t-he fac{-or preventing tire coastal form fron moving

fa.r f-nland (here and elseirhere ín Ì{orth Amertca)isnÐt. knoi.rn 
"

EvoJ-ufjonary signifígance of -clif f erence

B?.

The physíological charact.ers of t,he fonrs are ve1l adapted

to ühetr habftat." The coastal formu l¡hÍch migraËes between sea and

freshrvat,er had the abil1ty to r-olerate htghly saline !/ater, r.rhile o¿

the contrary tlìe inland form, r¡hich s1-ays in freshwater chroughout

fts l1fe3 cannot toleraËe high saliníty, anc, moreoverD the coastal

form clisplays a preference for mcre salfne \.ratersn The numbe:: of

lateral- plates ís high írr tlie fish r'¡hich are tolerant to higli sallnif:y"

IIEUTS (L.a47) shor¡ed that -ÇgfFgtgqlsgg ggqþgåW- harchect in salLne warer

hacl nore lateraT- plate nurni:e;^'s tha:r the. fj.sh J-n fr:eshr,¡ater:. Lateral

plate nurnber seeits t,o be assocJ.ated rvlth saiLínity tolerance not onLy



fn 9:¡1ç,5g9--eggu bur al-so Ín .y.'qngJ-4jå; rhe present e:;perÍuiei:.rs srrowe<i

su.ch a cor;:el.atJ-oit not on1-y betl¡e.en the Liro forus but al¡;o betrrreen

J-ndlvldual fish of the eoasta.l fo-rno The se.lective a<h,antage of hlgher

plate rìumbers 1n coastal fj-sh is conjecLuraln btr.t the se'l ecrLve

advaltage of greaËer sallnlLy tolerance anrJ pref erence seeüs cf-eat 
"

McPI{AIL (l-963) suggesteri thaL the Bering form !rac1 a refugitim

vhere cor.ttâct r.¡1tl'r the sea- hras uafntalnedu r..'hile the Ì'líssissfnpi i.ornr

ira<l an fnland re.fugJ.un fn the Misoisslppi Val-l-ey clrrring the l^Iísc.o¡s:l-n

giaciatfon. The Berj-ng formu r'.-hj.ch Is equlvalent l-o the coast aJ- form

in tirls stt-!dy' develo¡red (or nalntairieci) thej-r salllicy tol-erance

durJ-ng üire gla.ciati-ono and hence rvere able subsequently to disperse

through coastal r'¡at,ers to FIuCson Bay and perhaps as fa¡: east as Nelçr

England" The Mj-ssissíppJ. fonn, i,¡hich hacl no contaet r.vj-í;h Lire sea

during the glacíation dld nor de.'zelop the a_bility to toler:aËe salÍrrity,

u"ã h"o"u cannoü occupy coasÊal- süreans r,¡htch freeze duri-ng r¡l-fltero

IlAGElr (tS 0t ¡ demons rrared rhai _cas'ç€.æ-l!gH g.ç.*''.+.g*g** lå?#Æ#å
(tire marÍne forru) has a t,ereËe shape as an adaptaËfon to it,s pelagÍ.c

hatrits, r*hfle -19*IS (the freshwater forar) has a deeper- shape as an

adaptaf:1on Èo a inore benthic 1ífe. rn thfs studys on the cont,ïaryg

the coastal forin of 3Jgåål:.-qå had a deeper anc hear¡ier body shane, and

the inl-and end the Íutei:medi-ace forius had a e-l-J-m bccly ehe,pe. 'Ihe sl.in'r

body shape of the iul and f or"r se eíås to be adaptl\'e to a pelaglc líf e

in l,¿rices. The number of 9111 ::akers fs also hlgh.er in the Lnland fcrru

than in ihe coasÊal and i-nter¡red-i-ate forrr.so The irriand fcr¡r utílieeC

uore pelagic food th¿n cltd the ccascal or j-nËer¡qedíate forns l,¡hrci.r fed

prclial-neirtly on bottoru organrLsrcs " s:Lr¡rl-larly :i.n kggeågîi.ågg IihG]:lN
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de¡nonstraterl that g1.ggS_rs: L'i.t-h üìany ancl l_onger giil re.lcers feeds on

p1an1.--tonj-c oi: susperitle'l or:garrl-sas r,¡hile 1*å*r]+å r¿ith fer¡ and short

g111 raliere ,îeeds oir botto¡r dwelling organlsus (a1thoug1-r agalnú:e

peragj.c aciaptatíon is in rire marire forn in ^qgs.æ.1?*grt1 bur in the

j-nland forn j.n Ïg,g]tf"-s) " Althcugh coasi:ar f orm of þ#**åå spend

nan.y months in the sea eacir yea::n it has bee¡r sho'.vn that the gleate-r

parc of their grorsth occurs rluiíng sumner r+hen they are in creeks ancl

are feedin.g nostly on benthlc organisms"

The inland forut ruas ¡nore retirfng ín captlviËy than i¿as the

coastal form,, possib-l.y because the lnland fon:r J-s liai:l-e tc precìat:lon

by several. specles of piscivororls fí.sh, none of l¿hich occur:red, Ín

the creeks in churchill occupíed ln su.mmer by the coastal form"

rffiisåE-åås!-såÆ-il'*t ,å¿s*'"ssLç#e-1å-uJrrg-41*e-îIçs

Rc (1949) recognized four species in Iu¡gLLår-:q in Europe

a'nd ín ¡\sia. Recent,lyiJ'i.i'ñzrNc (1969) recognized two species, å" å*g,**å
and P" lk,ÞX.?ågg., and four subspecies ir å" p$jlg,;l=!tu-1o He claimed

that Nòrth .Émerican SSgfgål¡å shoul<l all be included 1n rhe subspecÍ-es,

å. g" Pt1-iEå!lH" IlcPl'Ij^LL (i-963) suggesterl noi recogn-Lzi.ng as subspecles

the tr¿o for¡us of Nortl: AmerJ.can }_Segtt_|n Hå;!*"+ge. rhrough morphometric

aualysis. even though he. noticeC Èhe constanË norphological differences

of trso fo::ms throughout i'{oïih Aroerlcao

MAY1ì (1963) cefj-necl the subspe.cies as "an aggregate of local-

populatj.ons of a epecie-s, ínhai:iti.ng a geogralhlc subdivisíon of the

renge of the specj"es, ancl differl.ng. taxrrnenicaJ. ly from cther popuJ-aiions

of ti¡e species"" IìUBES (1943) cefíned- the subspec-ies a$ "any genetic

form r+hietr shovs reaso¡rable. gec'graphical or ecologica1. consisterrcyã a.nd

v¡hi-ch can risäalj,y be dís'lfuiguished on, j-ts tota1"í.ty of eharacters",



The- noi:piromet::ic analysis of the foi'ns of llorth ¿!ine::j-c:;rn þgiligg
rerreal-ed the ci J.fferences a.s beíirg ver¡r sna1lo an<1 .¡ere Clst:'.nguÍshab1_e

by ttthe average charact-ers that need statlstical treatrrent¡' (ivhj-ch

ís the definitj-on of a race, according to IIUIìBS) " Iiowever, the dtfferences

Ín physloLogical characters ars dLstinct and geaeticaliy basp-d, ancl

927, of the indiviclual fish can be distinguíshed thereby" Thus, the Èwo

forms ineet the subspecies requfreruentn Tney do not, hor.rever, vaïraat

recognitiolì as separate species, sÍ.nce hybri<lization arrd other

expe-rlrnents suggest that isolating mer:hanisrus are only :+ealcly developedo

an<l the trüo foros have ne.ver be.en taken s1'mpaÈrJ_caLLy, If a sCudy of

other areas of contacÈ between rhe t¡vo f o:ms of _F_!r¿*qlg[å ,pJgg}gi_rl,å

ín North A¡nerica confirus the flndings in the Churchfl.l arean then i:he

trr'o shouf.d be recogn-izetl forrnally as distj.nct, subspecíesn
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1" Tbree forms "f lg*#*. ilurlg.rlliåån coasÈaru rnrermediareo and.

ÍnLand fo-¡'nss \{ere coJ-iected ln }4aniËobao

2o The coastal and the intennedl.aËe forms are dfst.rii:utecl sícle

by sÍ.d"e 1n the Churcirill sreaê

3o The norphol-cgfcal dfvergence r.ras snall. and rrc¡ne of the

uorphological characters can be used for cl-ear-cuÈ separationo

The coastal fo::r¡. had hlgher average nunbers of dorsal

splnesn lateral plates, and. cauda-l- scutes, and ferver nu¡nber

of 9111 rakers than ihe others, ancl heavily-n¿¿¿ þr:cly.

4" DisÈinct differences ín salfnity toLerance r+ere found.

bef-r*reen tt¡e forrns in boti¡ adrrlE and egg stages. The

. coastal forn tolerat.ed higher salinity Ëiran the oÈhers¿

The coastal for¡¡ shol¡eC a prefe::ence to higher: salinity

. Ëhan the ínl and form-. 
r

5o Tile inter:medlate form probably ortginated from Ëhe inland

form, but has been ¡lodified by environmental- condJ-tions"

6o Both reciprocal hybrids beËv¡een thecoastal and ín1and forms

were cl-oser to the coasÈal parent Ln sallníty tolerâncêc

In morphology, the hybrlds r,¡ere intermedj-ate betir'een the

parental- forms excepË in lateral- plate number, r+hich was

closer to Ëhe coastal parento

SUI'ßL4,RT
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7 o the i.- hybrids !¡ere vÍable ¿rnd. fertfle, antl no postnar;Íng

isolatlng mechanlsma $rere evfdenË.

Bo spatia] segregation äne Ëo the physiologfcal characËers

. lras the only evÍdenË mechand-sm prevent,ing mass hybriii.zatj-on"

g. SalÍnfty Ëolerance was aciapti-ve Èo Ëhe habiÈaü of: eaeìi forn,

and seens to have been produeed by long ter:m selactiono

10. Tire coastal f,orn arrd. t,he fnlanct fc::m fulfi1l the reqr-rire!.,ent

of sui:specff le ret:ogniÈÍon, and lhey may deserr,"e Èo be

recoguízed as subspecies if study J.n other aïeas eonflnn

findings in the Chi-rrchill aj:eaô
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