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W"TRCDUCTI ON

Gla c iated areas of fer a unique opportunity t o

study the dispe rsal of animals . During glaciation the f a una

of glaciated areas vas either des t r oyed or forced into

ungla ciated r efugia. ..'hen t he i cesheets re treated the

glacia ted r egions were open to reinvas ioD .

llor-tiher-n tror t h America 1s pa rticular l y well

suited to a study of t he pos t glac l nl dispersal of f r e shwa t er

fi she s . During t he las t ( Wisconsinl) glac iation t h e f r e sh-

wa ter fish f auna of northern Nor t h Amer ica was confined to

a few widely separa t ed refug la around the per ipher y of t he

lce she ets. The f o l l owi ng study outlines t h e pr esent dls~

tr l buti on of freshwater fi shes i n northern Nor t h America

and a ttempts to determine the gla cial r efugla and postgla cia l

e i sper sa l r oute s usee by these s pec ies .

Seve ral pr ev i ous authors d i scus s postglac i al

dispersal in part s of northern Nor t h Ameri ca . Wynne- Edwa r ds

(1947) deri ves t he fre ~hwa te r f i she s of the Yukon Ter r i t ory

from the Ber i ng Sea region , the Pacif ic slope , and the

Mi s s i s s i ppi Valley . \'Ial te rs (1 955) i ndica t e s t hat the fauna

of wes tern a r ctic Amer i ca is der i ved from the Yukon Va l l ey ,

the arctic slope of Ala ska , the Pac t. I'Lc slope , and the

Mi s s iss i ppi Va lley . Lind sey ( 1956) sugges ts that fishes

i n t he ~~ ckenz i e dra inage~ of Bri t ish Co lumbia origina ted

in Ala ska , the ungla ci ated Pac tt i c slope south of t he

i ce sheet , and t he Mississ i ppi system. Ot her authors

1 The Wi scons i n gla c iation here includes t he Valders and
Cochrane advances.
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(Radfo rth , 19~4 ; Under h i l l , 1957 , and Hubbs and Lagl er,

1958) di s cus s possibl e gla c ial rafugla f or some of the

spe cies occurring 1n northern Hor t h Ameri ca .

The abo ve authors a gr ee t hat t he fr e shwater fish

f auna of glac ia ted !for t h Amer i ca is de rived from several

refugla . They a lso agree tha t the main r ef ugia were t he

Be r i n g region , t he unglaciatcd Pac i fi c elope , the Mi s s i s s i pp i

Valley , and t he At lanti c Coas tal Plain (Fig . 1) . However ,

t hey do not agree on t he r afugl a used by par ticu lar spec ies .

An example , t o i llustr ate divergenc e of opinion , is the

nlnesp i ne s t.Lckt e bccx , Puneit ius pungit i us. Several au thors

d iscuss pos s i bl e glacial ref ugl a and postglaclnl c ispersal

rou tes fo r t h i s species . Radfor th (19l.t4) sugges ts tha t

Pung i tius su r v i ved glaciat ion in Alaska , and dis persed

postglaciRl l y rrom this reg ion . This op i n ion is based on

t he absence of Pungi t ius from the upper Miss iss i ppi VAlley .

Wa lter s (195'5) postula t es tvo glacial refugi a for Pungi tius:

the Ber ing Refugium, and t he upper Mi s s i s s i ppi Val ley .

Wnlt ers ' hypothesis i s based on the pr~ s enc e of Pungi tius

above ra pids on t he Slave River a t For t Smi th . Under h i l l

(1957) postulates t he survival of Pung1tius in some eastern

Nor t h ~~erioan ref ugium, and po s t e laoinl dispersal through

t he eastern outle ts of Lake Agassiz . Under hi l l ' s sug gestion

i s based on the exis tence of eastern out lets f rom Lake

Agassi z , and the abs ence of Fungi tius f r om the upper

Miss iss i ppi Valley .

These conf lict ing sugges t i ons are all based on
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details of pres ent distribution. Deta ils of pr e sent di s­

tri but i on of fer va lua bl e zoog eographic c l ues, but they mu st

be interpreted \lith ca ut i on. llei t her di s t r i bution nor

t opogr a phy are static . Absence from a par ticular unglacia ted

area docs not e~clude t hi s a r ea a s a refugium (particularly

if the ~pe cies is pr e sen t in ad j acent gla ciated a r eas) , and

pr esent to pogra phic barriers may not have functioned a s

barriers in the pa s t . In the ca se of Pungitius , Radforth

(l~~) and Under hi l l (1957) object to the upper Mi s s i ss i ppi

Va l l ey as a r efugium for Pungitius because this species is

now a bs ent from the a rea . However , Pungi t i us is present in

all of the Great Lake s except Lakc Er i e , and t he absence of

Pungi t i u$ fro m t he upper Mi s s i s s i ppi Va l l ey may be due to

postglac ial ecological changes and does not pr ec lude this

area as a possible refugium.

Walt ers (1955) suggests tvo r ef ugi o. because Pungitius

is pr es ent above i mpassable rapids on t he Slave Ri ver . The

supposition is t l~ t Alaskan Pungit ius coul d not d i sper s e

beyond th is barrier , an d therefore t he Pungitius a bove the

ra pids d i sper s ed dO\lnstream from a southern refugium . l~\lever ,

Craig ( 1960) indi cates t ha t t he pos t gl ac i a l Slave Ri vcr flowed

sou th until isostati c read jus tment es tablished t he pr e sent

northward dr a i na ge . lb er ef or e , t he occurrence of Pungitius

a bove the pr es ent barr i er does not necessi tate a southern

r ef ugium.

In t he pr es ent st udy t wo methods are used t o det er mi ne

r efugi a : analysis of i nt r a specif ic var i a tion, and anal ysis of
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dLs t r- Lbu t Lon patt ern s . Where pos s i bl e fossil evidence is

i ncluded , but ~ccurate17 dated late Ple istocene f o s s i l s a re

Tare .

lbe flr~t method (analys is of intraspec ific

Vari ation) is us ed f or species .....ho se ranges f ncIud e a nuaber

of po s si bl e refug la . This t echn iqu e is based on t he conc ep t

tha t geogra~.ic i sol ation f or long per i ods of time pr oduce s

raor-pboIc gLca L diffe rentiation (lbyr, 19t 2) , anc t he r efo r e,

spec ies i solated in multi pl e refugla during glaciation

pro ba bly evolved d i f f erent geno t ype s in diffe rerlt r e1'<Ig1a .

Recent studies (McPhail, 1961 , 1963; Mchllister and Lindsey ,

1961) i ndica te t he existence of allopatric , JIlorphologically

diffe rent f orms ~l seve ral ..... ide r anging spec ies of fish i n

North AlIIeriea . These forms are i nt erprot ed as ev fcen ce of

isola t ion in mol' '! t ha n one refugium . An o bj ec tion t o t his

int erpre tation is tha t t he cifferences between forms may be

phenotypic , and no t necessarily a pr oduc t of i sol a t i on as

su ch . Whether different forms a r-e genotypic or phenotypLc

can only be proven exp er iment a lly_ In t he pr e sent dis cussion

allopatric f orms at a single s pecies a re ccns Lder-ed genotypi c

if t hey r ema i u relat i vely constant over wide geographi c and

c limat i c a reas , and if they int ergrade only '~ ithin II. narrow

zone of con t ac t .

':he second method (ana lys i s of d lstrlbution pa tte rn s )

is most a ppropriate f or end e~ic Nor th Amer i can spe c ie s wi th

rest r i c ted norther n dis t ribu tions . Among such spe c ies t wo

distri bution pat t ern s in parti cu l ar are con s i dered significant
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( Fig. 2) . Figure 2a illus trates t h e distr ibution pattern

t ypica l of spec ies endemic t o wes ter n Nor t h Amer i ca . Alt hough

spe cies wi th t his patter n of ten occ ur in both t he Pac i f i c

and t he Ber ing Ref ugla t h ey pr oba bl y s urv i Ved glacia t ion only

i n t he Pacifi c Ref ug ium . The Ber ing Refug l um inc luded the

nor theaste rn t ip of Si ber ia , and it 1s unl i kely that any

species now res tri ct ed t o Nor t h Amer i ca survi ved glacia tion

i n t he Bering Refugi um .

Fig ure 2b i llus t ra tes t he di s t r i but i on patter n

t ypical of species end emi c t o c entr a l Nor t h Amer i ca . Spec i e s

wi th t his pa t t ern pr oba bl y surv i ved glacia tion in t he

Mi ssi s s i ppi Ref ugl um. Some of t he s e spec i es a lso have

res t r i cted di s t r i but i ons wi thin t he At lant i c Refug lum.

Bail ey ( 1~5) i ndicate s t hat t he r es t r i cted At lant i c d i s­

t r ibutions ot s uch species are pr oba bl y due to postgl acia l

d ispersa l trom t he Mi s s i s s i ppi Retu giu~ .

Thr oughout t hi s di scuss i on nor thern Nor t h Ameri ca

refe rs to Alaska , t he Yukon Te r r i t ory , t h e Nor t hwe s t

Ter r i tor ies , and t ho se pa rt s ot Br i t ish Col umbi a , Al ber t a

and Saska t chewan dra ining i nto t he s e regions (F1g . 3) . The

Labr a dor - Ungava Penins ula i s omi tted trom t he discuss ion

because t hat area 1s poorly collected.
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I~TERIALS AND MEIHerS

The f ollowiLg s t udy 1s based on over 8 ,000 specimens

of 50 species from 542 localities throughout northern Nor t h

America . Mos t of this material wa~ collected by the author

and Dr . C. C. Lindsey dur i ng t he summer s of 1957 t o 1961 .

The se collections were supplemented wi t h material from t he

following tnstatut t ons r t he: Na t i onal Museum of Ca nada , t he

U. S. Na t i onal Museum, the Royal Ont a r i o Museum, t he Mus eum of

Zoology of t he Uni vers i ty of Mi ch i gan , Stanford Museum of

Na t ur a l History, t he Museum of t he Ins ti tu te of Fisheries at

the University of Bri ti sh Co l umbi a , an d uncatalogued c oll~ctlons

in t he Arctic Un i t of t he Fisheries Research Board of Canada .

Mo s t of t he mater ial co l l ected by t he author 1s now depos i t ed

in t he Mus eum of the I nst i t ut e of Fi sher i e s .

Only species spawning in fresh ~ater a nd native t o

northern No r th America are consie ered . These speci e s are

lis t ed below . Two genera of salmonid fishes a re not included .

The se are Oncor hynchus and Coregonus ( including Leucichthys,

but not Proso p iu~) . Cncor hynchus is omitted becau se of lack

of a dequa t e samples, and Cor egonus becau se of t he conf used

t a xonomi c state of the genus. Wi t h a few exceptions t he

scien t ific nomenclature f ollow s Hubbs an d Lagler (195 8), and

t he common names are t hos e recommended in t he common names

list of t he American Fisheries Societ y (Bailey ~ al . , 1960) .

Entosphenus lamottenii (Le Sueur) ~ Br ook lamprey .

F,nt osphenus t r i denta t us (Gairdner ) - Pacific lamprey .

Lampetra ayres11 ( Gunther) - Ri ver lamprey .
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Aeipenser Qedlros tr ls Ayres - Green s turgeon.

Ac l peo $" r tra nsmontanuB Ri chardson _ Whi t e st ur ceon .

lri odon a losa l!!e, (Ra f1nesque) - Co l dey e .

Pro loplu~ coulter! ( Ei(e~1ann and Elgenmann) - PyCAy
..,hltethh .

Pro sopl u. cIl1ndrace~ (Pa llas) - Round wh i tefish .

Prosop l u. w1l l1.asonl (Gi r ard ) - Mo unta in wh i tef ish .

Stenodus I euclchthys (GGldens tad t ) - Ineonnu .

St1 lJto clarki RIchardson _ Cut throat t rout .

Sa lao rai rdnerl1 Richa rdson - Rainbow t rout .

SalYei l nul alpinus ( L1nnaeus ) - Ar c t i c char .

Salvel1nul _ lAa (wa lbaU4) - Dolly Varden .

SaIT.linus naJIlI,Ieush (Wa lbau.) - Lake t rout .

Thyaallu, a re t leus (Pallas) - Ar c t i c c raylin( .

Hypo_elill oi ld ul (Pallas) - Pond sael t .

Os. er os e perlanus Linnaeus - Bor ea l smel t.

Spi r l nehu. thalel ehthys (AlYea) _ Longtin s••l t .

Tha le l ehthvl pacific us (Ri chardson) - Eulacho n .

Cat Ol t O. UI catosto.u s (Fo rster) - Longnose sucker .

Ca t o st o. U' co.mersonll (La cepede) _ Whi te sucker .

Ca tos to~us ~crochel1u s Gi r a rd - Large scale sucker .

Chr osomus £2! Cope - Nor t he r n r edbel l y da ce .

Chr oso. uJ neoea eu s (Cope) - Fines ca le da ce .

Hyboena thull hankon soni Hubbs - Br assy minnow.

Hybopsis r;radlh (Ri cha rdson) - Fla t head chu b.

Hybopsi s pl umbea (Aca ss i z) - Lake chub .

Mylo chellull caurinu s (Richa r dson) _ Peamouth .

llot ropis atherinoldes Rafinesque - Eme rald shiner .



11

Not ro pis h u<1 s ontu s (Clinton) Spottail sh iner .

Pimephales pr ome las Rafinesque - Fathead minnow.

Pt ycho che l1us ore gonense (Ri.char-daon) rc r cner n sqawf'Lsh ,

Rhini ch thys cataractae ( Va lenciennes) Longnose da c e .

Richardson iu s ba l tea t us (Richa rdson) - Roadside shiner .

Semotl 1us marsarlta (Cope) - Pearl dace .

Da l Ila pectora l i s Bean _ Alaska bIackflsh .

~ l uc i us Linna eus Nor t her n pike •

.!&..E! Io ta {Lfnnaeu s) Bur bot .

Culea l nconstans (Ki r tland) - Brook stickleback .

Gasteros te us a culea t us Li nnaeu s - Threespine s tickleba ck .

Pungl tius pu ne itlus (Lfnnaeu s) - Nl ne s p i ne s t ick l e back.

Per cops is omiscomaycus (Walbaum) - Tro ut- perch .

Per ea f lavesc ens (Hi t ch11l) - Yellow perch.

stizostedlon vitr eum (Mi t ch1ll) - Wa l l eye .

Co ttus ale ut t cus Gilbert - Coas t r ange sculpin .

Cattu s asper Richa r dson - Prickly sculpin .

Co t tus cognatus Ri chardson - Slimy sculpin .

Cottus r i cei (Nelson) - Spoonhead sculpin .

Hyoxacephalus guadrica r ni s (Li nnaeus) - Fourhorn scul pin .

Append ix I lists nor thern locali t ies f r om vhich

ma ter ial was exami ned . The n umbers pr ec eding t he locali ties

a r e referr ed t o i n t he " result s" section af t he text . ?la t

all locali ties are pl otted as separate symbols on t he

dis tribut ion maps . Where a number af l oca l iti e s lie e l os e

t ogether a s ingle symbol is pl ot t ed. The i ns e t s in t he

distribution maps pres en t t he d i st r i but i on patterns of t he
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spe cies discussed . The darkened areas on t he i ns et maps

outline t ot a l known distribution , but do not ne cessarily

i mply that t he spe cies are cont i nuous l y distribu ted within

t he se areas .

Appendix II l is ts publ ications conta ining l iter a t ur e

r ecor ds tor localities in northern Nor t h America f rom which

the au thor has not examined specimens. The numbers pr ecedi ng

each en try are referred to 1n t he " r e sult s" sec t ion of t he

t ext .

Morphological compar i sons were made on t he following

species:

Entos phenus lalllO tten11

Prosoplum coulter !

Prosopl um cylindrac eum

Sal vel l nus alpinus2

Sa l vel inus ma1lna2

Osmerus eperlanus

Ca tos tomus catost omLl $

Hybopsls pl umbea

Esox l ucius

Lota Io t a

Pungl t lus pungl t l us2

Myoxocephalus quadr l cor ni s

2 In traspec i f i c morphologi cal compar i sons of S. alpinus ,
S. ma Ims , and P. EJngit i us have been pUbl i sned pr ev i ous l y
1}lcPhail 1961,- 19 J.
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The f ol l owing counts and measurements were used :

Myo tomes - myotomes in lampreys were counted between

the las t g111 open ing and t he anus .

Sca l e s a ro und the cauda l peduncle - the number of

sca l e r ows cro s sing a l i ne around t he lea s t dept h of t he

caUdal peduncle were counted .

Ve r tebr ae - all vertebra l counts were made f rom

r a di ographs t aken by t he su thor . The count s include all

elements s eparated by sut ures . In Cypr i o1ds the Weber lan

a ppara tus was count ed as four verte bra e .

Pylo ric caeca _ all tips wer e counted a s sepa r a t e

ca eca .

Velar t ent ac l es - all tip s were coun ted a s

se parate t en t acl es . Ve lar t entac l e count s were made under

a bino cular e tc r-o sc cp e .

Glil r aker s - g1l l rakers we re counted on ly on

t he f i rs t arch , and all r ud i mon tary r a ker s were inc l Uded .

Gill r a ker count s wer e made under a bi noc ula r microscope .

Tee th all points in lampreys were conn t ed as

separa te t eeth . Tooth nomenclature f ol l ows Vladykov

(1C)l+9) •

Total lengt h - us ed only i n lampreys . The lengt h

f r om t he tip of the oral f imbriae to t he end of the cauda l

fin .

standar d l ength - measured f r om t he anter ior t i p

of t he snou t t o the base of the cauda l fi n (as indica ted by
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t he ca uda l flexure).

Preopercular spine longth - measured only on

Ilyoxocephalus qUt'lcrlco rnis: the c i.s t e ne e be tveen t he tip

of t he uppor pr eoperc ular spine and the apex of the angle

rorme~ by t he junction of t he upper anc lower pr eopercular

spines .

Specimens ~ere coll octed by monofilnmen t aud

br-aLded -eny Ion va r-LabLe-me sh g11lnets , nylon seines , or

emulsified rotenone . There i s consider a bl e var iat i on in

l~ngth compos iti on and sex ratio be tween c lffe r~nt col l ect i ons

of the same spe c ies . Th:.l refore, all of the char a c t e r s used

1n comparisons were t ested for correlation wi th length , and

for sexual dl~rphls~ . Correla t ions were tested bJ t he

correla tion coef fici ent, and sexual dimorph ism by t he "t-test".

The r e sults of t he se t ests are pr esentee i n Appendi ces III

and IV .

The signif i cance of di f f e r ences in single charac t er s

between allo pat ric f or ms of spec ies wer e t ested with t he

" t - test" . The discriminant f unction ana lys i s was used t o

c ombine t hre e cha racter s , and t o t est this combined difference

between t he t wo a llo Fatr i c f orms of Prosopium cyl indraceum .

The ca lc ulat i on of the discriminant func tion and t he es t imate

of percentage error folloy Stanley ( 1962) ,

The level of s ignificance i n all sta tistical t ests

is f i ve per cent.



15

RESULTS

Fnt os phenus lamottenl1 (Le Sueur) - Br ook lamprey .

Range - Europe , Asia and Nor t h Ameri ca; t he Ha r t h

Amer i can range 1s disjunc t: Kenai Peninsula , Alaska , t o Grea t

Slave Lake , and f rom the Great Lakes sou th t o Tennessee and

Missouri , on t he Atlan tic coa st f r om New Hampshire t o

M~ryland (Fig . 4) .

Nor thern recor ds - Spec imens examined; 55 . 70, 72,

74, 84 , 86 , 92 , 110, 112 , 126 , 11;.6 , 149 , 159 , 18lt, 189, 192,

210 .332,334 ,335.3~,3?? ,420,436 . 442 .488 ,524;

li tera t ure r ecords: 3 , 40.

Glacial refug ia - Hubbs ano Lagler (1958) suggest

t he ~rctlc lamprey , ~ . japonicus , and t he American Br ook

lamprey , ~ . lamott enl 1 , a re conspeclflc . In t he pr e sent s tudy

adult spe cimens of E. jap onicll s, ~ . lamo t ten l1 , and ~ . tri dentatu s

were compared . Table I i ndicates] . japoni cus and ~ . lamo t ten ii

differ f r om E. t r i dentatus i n t he number and arrangement of

t eet h and velar t entac l es. No morphological char acter s were

found t o separate ~ . Japonicu s and E. lamo ttenii . Therefo re,

E. Japonicu s i s considered a synonym of ] . lamot tenii . Hovever ,

t he t wo forms a re to t all y allopat r i c , and diff er biologically .

! . lamot ten l1 i s lIIa inly non- pa ras i t i c , while]. hpon icu s is

both par asi t ic and non- para si t i c . The t wo forms may warrant

su b- specif i c r ecogni tion , but t hi s cannot be dec ided on t he

availa ble evidence .

! . lamot t eni i i s not v idely distribu ted in gla ciate d

areas . I n No r t h Amer ica the northern f or m is found mainly i n

unglacia ted regions . The southern form is widely dis tribu ted
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F i C. 4 . Nor thern ~ 1s trl bu t1Qn Qf E. la.I}t ten l1 U nse t to tal
di s t r i bution) . Ci r c l e s i ndi ca t e s pec laen s exaainoo ,
and s quares l i t erature r ecord s .
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Tab le I . Comparison of 3dul t Ent osphenus lamottenl1 ,

I
]. japonlcus. and ]. trldentatu s .

Velar Inf raora l
tentacle s Supraoral cusps

" range Mean cusps rang e Mean

] . lamottenii

Mi chi gan 10 5-6 5-2 2 6-10 8.0

Ontar io 30 5 5.0 2 6-10 8.0

] . japOnicu5

Alaska 40 5-6 5·1 2 6_ 10 8.1

Mackenzie System 5 5-6 5-2 2 6 _10 8.0

] . tridenta tu s

Br l t ish Co l ullIbh. 30 13-16 14 . 2 3 5- 6 5.3
(rarely 2)
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in t he ungla c lated port io n~ of t he upper Mi s s i s s i ppi and

Ohio Va l l eys , but in glac iated areas it 1s res t r i c ted t o

t he Grea t Lakes Bas in and a few localit ies in t h e Ne'J England

s ta tes. The dis tribu tion of the two f orms of ] . I emottsn!!

s uegest survi val i n t wo refugia: t he norther n f orm i n t he

Ber i ng Ref uglum , and t he so uther n f or m in t he Miss issippi

Ref uglum. Cnl y t he nort her n form occ urs i n northern llor t h

America.

Entosphenus tridentatu s (Gairdnerl - Pacifi c lamprey .

Range - Pac i f i c dra inages of Asia and Kor t h America .

I n No r t h America from the Santa Ana Ri ver , so uthern Califo rnia ,

t o t h e Aleutian Islands (Fig . 5) .

Nor t he r n r ecords - Spec i mens seen: 1t 5, 78 , 160 ,

182 , 213 , 225; litera t ure r ecords : 11 , l it , 29 .

Glac ial ret ugla - Cr easer and HUbbs (1922) recogni ze

t vo sUbspe cies of Pac i f i c lamprey in Nor t h Ameri ca: ~ . ! .

t r i dentatus ranging t r am Unalaska t o t he Columbia system a nd

cha r ac t er i zed b ' 68 t o ~ myotomes , and ~ . t . ci liatus ranging

f rom t he Kl amath sys tem t o so uther n California anu cha racter i zed

bJ 57 t o 67 myotomes. Mather (1926) no tes t ha t 2 ' tr i dent atu s

f r om nea r Nana lmo , B.C., have l ov myotome count s. The number

of myotomes i n recently me tamorphosed Pacifi c lampreys f r om

t he Chilco t i n Ri ver , B. C. , r ange from 58 t o 72. These data

show t hat t he pre sent division of ] . t ridentatu s i nto sub­

spec ies on t he basis of myo tome counts i s probabl y not va l i d.

The nor t h Amer i can range at ,g. tridentatus i nc lu de s

one unglac iated area , t he Pac ifi c Ref ugl um . Wi thin t his a rea
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Nor t her n d i s t r i but ion ot E. trldentatus (inset t otal
d i s t r i but i on ) . Ci rc l es indicate specimens e~lned ,
and squares literature records.
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t here are dwar f , non- parasi tic Pacif i c lampreys in Klamath

LIke , Or egon , a nd Goose lake , Califo rnia (Hubbs and Hiller ,

1948> . Both lakes are now i sol ated f r om t he sea . Goose Lake

has no outlet, and t he r e is a wa terfal l on t he ou tlet of

Klam,). th Lake . Entos penus t r i dent a t us must have ent ered t he

lake s befo r e t he f ormation of t he se bar riers , and Hu bbs and

Miller suggest f r e e passage betwe en t he s e lakes and the sea

dur ing t he Wi sconsin . Thi s i nd icate s t hat l; . t r i dent a t us

was pr es ent i n t he Pac i fi c Refug iu~ dur i ng t he Wisconsin .

Lampetra a yr e s ii (Gunt he r ) - Ri ver lamprey .

Range - Pac i f ic Coast of Nor th Ameri ca: Sacra~ento

River , Californi a , to southeastern AlasJw. (Fig . 6) .

Northern r ecor ds - Specimens examined : 53 , 16 5;

no li t er atur e records .

Gla c i a l ref ugia - The di s t r i but ion pa t t er n of

1 . Ryresl1 ( inset , Fig . 6 ) indi ca te s sur v i val in t he Pac i f i c

Ref ugi um .

Ac i penser rnediro stri s Ayres - Gr een s t urgeon

Range - Pac i f i c drainages of Asia and Hor th Ameri ca .

In Nor t h Ameri ca fro~ Pt . Vi ncent e , California , t o t h e Copper

Ri ve r , AlasY~ (Fi g . 7) .

Nor the rn recor ds - Spec imens examined: 190;

lit era t ure r ecords: 11 .

Gla cia l refu gi a - The North American range of A.
medi rostri s i nc ludes one unglaci8ted a rea , t he Pacif i c

Ref ugi um. Si nc l a i r (1904) r epor t s Pl eistocene f os s i l remains

of A. mediros t ris from Semwell Cave , Califo rnia . In North
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Fig . 6 . Nor t her n dist r ibu t ion of L. ayres1! ( inset t otal
dis tri but io n) . Circles Lndicate specimens exami nod ,
and squares literature records .
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11, _ 7. lIor thern Cl h t r lbut lon of A. a edlro!ltris (inset total
d i s t r i but i on) . Ci r cles indicate spec Imens examined ,
and squares l iterature records.
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Amer ica the Gr een ~turgeon proba bl y ~urvlved t he Wiscons i n

I n t h e Pacif i c Ref uglum.

Aci penser t ransrnontanu5 Richardson - Whi te stur geon .

Range - Pac i f i c Coas t of Nor th Ameri ca: ~IDnterey,

northern Cali for nia , t o the Taku River , Alaska (Fi g . 8) .

Kor thern r ecor ds - Specimens examined: none;

l i t era t ur e records : 26 .

Glac La l refugl a - The distri but ion pat t e r n of

A. transmontanu5 ( i nset , Fi g . 8) indicate s sur vi val i n t he

Paci f i c P. ef uc1ua .

Hiodon nIoea id e s (Raf inesq ue) - GoLdeye ,

Range - Cent ral North Ameri ca; Mississ i ppi Ri ver

and tributarie s f rom Louis iana north , and ac ros s t :1B Gr ea t

Pla i ns t o t he Ma ckenz ie sys tem , absent f r om t he Grea t Lakes

Northern r ecords - Specimens examined: 239 , 277 ,

377 , 387 , 471 ; literature r ecords: 31 , 37.

Glac ia l refugia - The distr l but l on patt er n of

H. a losoides ( inse t , Fig . 9) i ndicate s survi val i n t he

Missis si pp i Refug i um .

(EigeJ1llla1lll and I:: i genmann) ­
Pygmy 'Whitefish .

Range - North America, d ist r ibut i on dis j unct:

mount ain lakes and s t r eams f r om Washi ngton and Montana

north t o t he Bris to l Bay r egion, Alaska , and Lake Superior

(Fig . 10) .

No r ther n recor ds - Specimen s examined: 6 , 26 , 276 ,
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Fie . 8 . Northern distribution of A. t r an Slllont a nus (in:::et tota l
distr ibution) . Circles liidlc n. t~ sp ecfuen s eX3.mlne u t
ane squares l i t er a t ur e r ecor ds.
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Fig. 9. Nor thern c b t r lbut ion of H. a Lc sot de s (tOilet uc 'ta L
di:J t ribu t lon). Circ les indica te spec imenc examined ,
and squar'e s If.te r -a 'tu r e records .
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F i g . 10 . Nor thern d i st r i but ion or P. coulter! (inset t otal
di s t r i but ion) . Ci r c les indicate spec imens exami ned ,
and s quar e s literature records.
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295, 306 , 321, 323 ; literature records: 24 , 54.

Glacia l re f ugia - The pr e s ent distr ibution of

f . coulter ! su~ges ts sur v i val i n more t han one r cf u£l um.

Eschmeycr and Ba i l ey (1955) comp~red Lake Supe rior E. coulter!

wi th nor thwes tern p~pulat lons , and f ound tha t although f.

coult er ! vas not mor phologi ca l l y homo£eneous throughout i ts

rang e t he varia tion showed no cons i st ent geogra phic p~ ttern .

In t he pr e s ent st udy the number of gll1 rakers ,

pyl or i c ca eCa , verte bra e , and scales amuna the ca uda l

pedunc l e we re c~mpared over the en t ire range of f . coul t er!.

In one cha r a ct er , scale s around t he cau dal ped uncle ( Table II) ,

t he Lake Super i or populati on wa s s ignifi cantly di f fe rent

(p ( O. OOl ) f rom all no r thwes tern po pulations .

Wi th in nor th~estern populat i ons t he numbe r of scales

around t he ca uda l pedunc l e r ema i ns relat i vely constant over

ten degrees of ln ti tud'l , wh Lch suggests t ha t t ho dif ference

between t he Lake Superior populati on and t he northwes tern

popul at i ons is mor e t ha n phenot yp i c. The Lake Superior

popul a t i on i s proba bl y t he rel i ct of a s tock of ~. coul t er i

t ha t s ur vived glac ia t ion i n the Mississippi Ref ugi um . The

nor thwe s tern populat i ons pr oba bl y s urvived i n t he Pac i f i c

Ref ugi um, and dispersed north t o Alaska postglac ially.

Pro sop i um cy l i ndr ac eum (Pallas) _ Round whi tef ish .

Range - Asia and lIor t h Ameri ca ; in Nor t h Ameri ca

f r om t he Taku Ri ve r , Ala ska and Br it ish Columb ia , to t he

Great Lakes , and f r om Labrador t o Conneoticut (Fi g . 11) .

Nor t her n r ecords - Spec imens exam ined: 6 , 8 , 18 ,
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Ta bl e 11 . Geographic var iation i n t he number of sca les

a round t he cau dal pedunc l e in Proso pi um

coulter i .

Caudal ped uncle scales
Lo ca lit y 16 .!2 18 l'l 20 1/ Mean

Lake Aleckna g ik 2 3 1 3# 9 17.9

Br ook s Lake 1 , 3 2 10 17.6

Dease Lake 1 3 5 1 10 17.6

Ma cLur e Lake 1 8 3 1 13 18.3

Clucuh Lake 1 1 i, 1 7 17.7

Moo se Lak. 1 7 6 1 15 17.5
Li a r d Creek 1 3 i, 2 10 17.7

Blaeber r y Ri ver 1 3 8 3 15 17. 8

Ki cking Horse River 2 7 3 12 18.1

Bull Lake# 2 11 5 2 20 18.5'

Lak. Super l or# 3 7 14 2' 19.5'

# Data t r om Es chmeyer and Bei ley (1955) ,



Fie . 11 . Nor ther n dis t r i but ion or P. eylindrue eu. ( inset to tal
di s t r i bution) . Ci r cles lii"d i ca t e s pecaons exalli ned t
and s quares l i t era ture r ecordl .
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26 , 3C , 31 , 35, 3R , 41, 42, 44, 51t , 67 . 69, 79, 79a , 106,

:.13 , 121 , 126 , 133 , 135 , 141 , 145 , l it? , 155, l7lt . 183, 185 ,

191, 193, 1% ,200 , 215, 222, 267 , 276,2R1 , 292, 293,315.

321, 32]3, 326 , 335, 337 , 341, 3lt2 , 3l.t3. 3l.t6, 3~C , 351, 358,

3eD, 362, 363 , 367, 372 , 385 , 386 , 402, 407, 414 , 419, 423 ,

434, 441 , 458 , 462 , 467. 471, 472, 474, 482 , 483a, 490 , 493,

4~a , 498, 502 , 509, 510 , 516, 519 , 524 , 525; litera t ure

r ecor ds: 6 , 8 , 25, 33, 36, 39. 46, -a, 51.

Gla c l~l r efugi a - The Nor th American cist~lbutlon

of P . c yllnc! rac ourrI ( i nset , Fig . 1-1) L:; almos t disjunct , a nd

suggest s post glac i a l dispersal from tVQ r e!ugi a . The number

of g11 1 ra ker s and pylor ic caeca vere compa r ed over t he

Nor th Amer i can range of t he round whi tefish (Tables III and

IV) •

Dymond (1<;43) SUftes ts a cline in t he number of

eill rakers in E. cy lindrac l;'um across Horth Amer i ca . Tables

III and IV gi ve no i ndication of a c l i ne in either gill rake rs

or pyl oric ca eca ; ins tead there i s an ab rupt change i n both

character s between northern pcpulat i ons and popUlati ons from

Cn tario and f urther so uth . The di f ferences in gill rakers

ano pyl oric ca eca between t he se areas are signif i cant

(p < O. OOl), and \li th in each area bo th charac ters are

r elativel y constant. Therefore , t he diffe rences are proba bl y

not phenot.ypdc ,

The dist r ibut ion of t he t wo f orms of f . cy lindrac eum

in r,orth America (Fig. 12) suggests t h'lt t he round whi tefish

survi ved glacia tion i n both t he Bering and t he Mi ssis s i ppi
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Ta bl e III. Compa r i s on of g111 rakers i n I:or t h Ame r i can

Prosoplum cyllndr~ceum.

Loca lity 14 1.2 16 12 18 12 .SQ 21 lJ !:12!!
Nome R. 3 3 3 1 10 18 . 2

Andreafsky R. 1 3 6 3 1 14 19 .0

Summit L.
(Co pper Sys tem) 6 6 2 1 15 17 . 8

Kluane L. 2 6 2 10 18 . 0

Ka thleen L. 2 2 ? 3 1 15 17. 9

Popcorn L. 3 6 8 6 4 2? 18 .0

Lac La Mar t r e 1 2 3 2 2 10 19. 0

Katha:wachage L. 2 4 4 3 2 15 18. 9

Beechy L. 3 6 2 2 1 14 18 .0

Mac Do ugall L. 1 4 4 3 12 18. 7

Whi tefish L. 2 4 5 5 2 18 18 . 1

Beve r l y L. 1 2 3 2 2 10 19 · 2

H!l.guse L. 3 5 3 1 12 19 . 1

Athabasca L. 2 4 3 2 11 18 .1

Wol la s t on L. 3 3 20 . 0

Lak. Cpe ongo 2 3 6 1 1 13 16 .0

Lake Superior 2 5 4 1 12 16.l.t

Lake Mi chi gan 2 3 2 ? 17 . 0

Little Two Hear t R. 3 5 5 1 1 15 16 .4

Conne c tic ut R. 2 4 4 2 12 16 .5
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Ta bl e I V. Co_pa r i son of pyl o r i c caeca in llor t h American Pro~oplu Ji cyl1ndraceu<l .

61 66 71 ~ 81 86 91 96 101 106 111 116 121 126
Locality §.2 2Q ~ _ ~ .22.2j 100 10 5 110 ill 120 ill Be • Mean

NOllie R . 1 1 2 2 2 1 9 98 .7
SUlMIlt L .

( COpper Slstell) 1 1 1 2 2 2 1 10 101 . 5
Kluane L. 3 2 2 1 1 1 10 ... ..
Kathleen L. 1 1 3 2 1 2 10 9 5-8
Lac La Iota r t re 1 1 3 1 1 1 1 1 10 105. 8
Ka thalo'.chace L . 1 3 1 1 2 1 1 1 10 106 . 2
Beechy L. 1 3 3 1 2 10 lCJlt . 1
Ha c Do uga ll L. 1 1 2 , 1 1 10 97 · 3 w

~

Whitefish L. 1 1 1 3 2 1 1 10 98 .5
Beverly L. 1 1 3 3 1 1 10 101. 2

Maguse L. 1 1 1 1 2 1 2 1 2 12 ... . 1
Athabasca L. 1 1 1 3 102 . 9
Wollaston L. 1 1

Lake upeolllo 2 3 3 2 2 1 13 78.7
Lake Superi or 1 2 2 5 67.0
Lake Mi ch i ga n 1 3 , 86 .3
Li ttle Two Heart R. 2 1 3 1 2 9 7' . 2
Connec t i c ut R. 1 1 1 2 5 82.8
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Rcf ugia . Onl y t he Ber i ng f or m i s pre sent in northern l:or t h

America.

P,:"o::;o piulll williamsoni (Gir<lrd) - l to unbaLn whitcfi:::h.

Range - ;,'e:;ter n (lor t ' l A:lIc:-i c.:l; Columbia sY.:l tc!lI

north to the St ikino ;ji ve r , and t :le ec s t slope of t he Roc]ty

Mo unta ins f rom t he ~issouri niver north t o the Li a rd River .

I sola t ed popul .:ltion s in the Lahonton , Bonnevi l l e , and

Colorado systems (Fig . 13).

Nor-bher'n r-eco r-ds - Spe cimens exami nod ; 220 , 21+7 ,

262 , ~6, 271+ ,27 7 , 273 , 2~ , 292 , 293 , 29 5 , 302 , 307 , 308 ,

310, 316 , 320, 327 , 330; literature ceccrcs . 31.

Gl a ci a l r cfugia - The di s t r i but i on pa t t er n of P.

williamsoni (inset , Fig . 13) i ndi ca t e s 3urvival i e t he

Pac if i c Refugium . Ho....eve r , P . will iamsoni also occurs in

t he Mi s s i s s i ppi Refugiulll , but in t h i s erea i t 1s res tricted

t o the upper lIi ssour 1 sys t ee , Holt 0 9tO) compared mounta in

"'h i t ef i sh f rom the Col umbi a and Hf s scu r I syst ems , and found

no consi s t ent llIeri st ic di f fe r ence s . The r estricted dist r i bu­

t i on of £. ·,,1111am:;oIl i i n the upper lUssouri sy:;telil vas

probably a ttained by postglacial disper sa l from thl:! Co l umbia

system.

Stenodus le ucichthys (G3ldenstadt) - I ncollllu .

Range _ Eur ope , Asia , and Nor th America ; isolated

populat i ons in Caspian Sea drainages . In ~o rth Amer i ca f r om

the Kuskokwim Ri ver , Alaska , t o the Ander~on Ri ve r , 5 . w.T.

(Fig. 11+) .

Nor t her n r ecords - Specimens exami ned : q , q1, 55,
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Fig . 13. Nor ther n dist r i but ion of P. vl111amsoni (inset t otal
di s t r i bution) . Ci r cl e s indicate specimens exami ned ,
and s quar e s li terature r ecords.
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Fig . l it . Nor t her n dist r i but ion or s . leucich th1i ( inset total
dis t ri bution) . Ci r cles indicate spec mens examined ,
and squares literatu re records .
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112,~6,30 1, 3~, 33~ , 334, 336 , 373 , 377 1 3 S7. 40J, 4 21,

435 , 461, 506, 509; lltera t ure recor ds: 11 , 37 , 47. 5"3 .

Glac ial re!'u&,ia - Zenr e .... l t <:h (1957) indicates tha t

Stenodus (and other casp t e n glttclal r e lic t s ) ent.er-ed t he

Caspian Sea late in t he Ple istocene. Th i s sugge s t Lon is

suppo rted by t he s11ght degree of dirrerentlati'Jll bu tvcen

Arc t t.c nod Caspian ,2. l euc1chtho' ::l (Kr a ss l1lova, 1<;( 0). In

Nor t h Ameri ca t he Inconnu proba bly survived t he Wi scons i n

glacia tion in the Ber i ng !l ~fuglul'1 .

S'l l r]Q clHrl~i::. td char-dccn - Cutthroat trout .

Ranee - ~e stern Nor t h Amer i ca: Eel River ,

Cali forn ia, to Prince ~11 11 ialll Sound, A::.a s k3. , and on t .he east

slope of t he Rocky Nount n Lno i n the Sa ska 'tchevcn and H1s tlouri

Rivers. LscLa t.ed popuLat I on s i n the Lahonton , Bonnev ille ,

Colorado , and Rio Gr-ande River systems (Fig . 15) .

Nor thern r ecor ds - Specimens exa mi nee , 66 , 81 , 208 ,

319; l1 te r ::tu r e recor ds : 11.

Glacial r efug i n - In Bri tish Col u" bil1 t~o a110pat r i c

uubspec I es exist ; £ . c lar'k11 c ln r 1r11 the coas tal c ut t h r aa t ,

and ~ . c l a r ki ! l ews! t he Yellowstone cu tthroat ( Gadri , 1959) .

south of Br i tish Columbia t hes e f orms I1pparent1~ inte rgrade

(Gilbert ane Eve r mann , 1894) . Cnly .§. cJar;,11 clarkl1 ent ers

northe rn Uor t h America .

The dist r i bution pat tern of t he coastal c u t throa t

( inse t , Fig . 15) , indicate s su r viva l in t.'1e Pacifi c Refug i umj

the pr esenc e of S. c larl~i1 in Klailla th ana Goose Lake s f ur ther

s upport 'thLs inter preta tion.
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Fi g . 1 5. Nor thern dis t r i but i on of S. c larki 1 ( i nset t otal
dist ribution) . Ci r cles indicate specimens exami ned ,
and squares l i terature r ec ords.
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Salmo ga i r dner l 1 Ri cha r dson - Rainbow t r out .

Range - Wes t er n Nor t h Americ3: Rio Sant o Domingo ,

Mexico , t o Ani a k River, Alaska, and on t he east slope of the

Rocky Mountains in t he Pea c a and At ha bas ca Rlvers . Isola ted

popul a t i ons in some Mexican Gulf ot Ca l i f or nia dr a i na ge s

( Fi g . 16) .

Nor t her n recorda - Spec imens examined: 6 , 11 , 17 ,

26 , 28, 62, 68, 266 , 2i59 . 271, 279, 296 , 320 , 324 , 330, 490 ;

li tera t ure records: 11 , 31.

Gla c ia l refugia - The population s of ..§ . galr dn er l1

north of the Alaska Pen i nsula and on Kod iak Island sugges t

t hat rainbow t r out may have survived glacia tion in t he Ber i ng

Ref ugium . However , there are no apparent morphol ogica l

di f f er enc es (g111 rakers, pylor ic ca eca, lateral l ine scales ,

and ver t ebr a e were compar ed) between the r a i n bow t r out from

Br i t i sh Co 1u~bia and from north of t he Alaska Pen insula .

Thi s fac t , along wi th t he dis tribution pat t er n (inse t, Fig . 16) ,

indi cates £. gairdneri i surV i ved «lac iat ion i n t he Paci f i c

Refugium . Needham and Gard (1959) suggest t hat t he reli ct

MeXi can popul a t i ons of £. gairdner i i were der i ved from anad­

romous ra inbow trout dur i ng glacia t ion .

Sa1ve l1nus a1pinus (Lfnnae us) - Arctic char .

Range - Ci r cumpolar , 1n Nor t h America f r om t he

Kenai Peni ns ula , Alaska , to Newf oundla nd and t he Gulf of

St . Lawrence . Ther e are i solated populat i ons on Kodiak

Island, and i n Que bec , lIew Br unswi ck , Kaine , and Uew Hampshire

(Fig . 17) .
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Fli . 16. 1;~rthQrn ~ i3trlbu t lon or ~. Cn lr~nerl 1 ( inset t otal
~ lstrl bu tlon) . Ci rc l es indicate spocl~ens exAmined ,
nod squa r es l i tera t uro recQrds.



•
". .1'

~ " .'-'",.' ."

,

Fig . I ? Nor ther n d l~tr l bu t lon of ~ . ~ lplnu~ ( inset t o tal
di s t r i but i on) . Circ l e s i ndicate ~pec l~cns exaQlned ,
Gild nqua t-es l i tera t ure r-ecord a ,
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Nor thern r ecor ds - Specimens examined : 6 , 7 . I I ,

16 , 24 , 26 , 30 , 42, 57 . 68, 77, 91 , 95 , 103 , 106 , 113 . 129 ,

133, 136, 140 , 141, 147, 148 , 152, 158, 161, 163, 170, 174 ,

184 , 202 , 203, 212 , 332 , 333 . 337. 338 , 343 , 344 , 345. 346,

351 , 353, 3)4 , 361, 366, 368, 369, 380 , 383 . 396 , 398 , 400,

407, 'co , 415, ltl6, 419, l.t23 , 427 , 1t3l , 437, 443, 44 5, 4lt5a ,

447. 1t 5?, 460 , 461 , 1+ 81 . 485, 488, 491; li t era t ur e records:

2, 7, 9 , 17 , 18, 22 , 23 , 27 . 28, 36 , ItI, 45. 1+6, 48, 50, 51,

52 .

Glac ial r e!ugia - McPhail (1961) sugge s ts t hr ee

allopn tr i c f orms of ~ . alpinus in Nor t h Amer i ca , dis tinguished

by gl l l raker and pylor i c caeca counts . The dis t r ibu tions

of t hese t or ms are pr e sen t ed in Fig . 18 . Each f or m 1s

rela t i vely unifor m t hroughout i ts range , but a ppa rently

intergrades wi th t he o ther f orms wherever t hey come 1n

contact .

The pr esence of t hr ee allopa t r1c f or ms of ~ . a l pinus

1n Nor t h Ameri ca su ggests su r vival 1n t hr e e refugi o. . The

popul a tions of ~. a l pi nus i n Karluk and Fraser l ake s on

KOdi ak Island a re mor phol ogical l y s imilar t o popul a t i ons i n

t he Br i st o l Bay a rea . Karlst rom (l96l) indi ca tes much of

Kod iak Island vas unglnc ia t ed during t he Wi scons i n , and t he

mo s t l ikely i nter pret a tion i s t hat t he Br i 3t ol Bay f or m of

~. a l pi nus pr obably su rvived the Wi scons i n glacia t ion on

Kod1.3.k Island .

There are r eli ct popu lat i ons of Q. alpinus in

southeas tern Canada and nor thern New England . The s e populations
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are Morpholog i cally similar to the eastern arctic form of

£. alpinus , and suggeot t h i o form ~urvived glacint ion in

the Atlant ic Ref ugium .

The west ern a r c t i c form of £. alpinus is distr ibuted

t hroughout t he Bering Ref ugiU.lll , and pr oba bl y survi ved glacia­

tion in this area . All t hr ee f orms of £. a l pinua occur in

northern llor th Amer ica.

Salvelinus malnla (Walbaulll) - Dolly Varden .

Range Asia and North Ameri ca; i n Nor t h Ameri ca

f r om t he Columb ia system to the Seward Peninsula , Alaska .

Isolated populations i n northern Cali fornia , llevada , A~:;~m. and

t he Yukon Terri tory ~Fig . 19) .

Nor t her n records - Specimens examined: 1 , 12, 1~ ,

17, 22 , 23 , 33 , 31t , 52, 5\ , 59, ·60 , 62 , 66 , 73, 75, 81 , 82 ,

83, 97 , 100, 109 , 125, 137, 157 , 15 , 166 , 170 , 171t, 181,

183, 186 , 191 , 206 , 208 , 213 , 2llt , 287 , 306 , 307 , 311t , 318,

319, 321, 321t , 1t83a , 490 , lt9!ta , 507, 512 , ~18 ; literat ure

records: lit , 31.

Glacial r efugia - McPhail (1961) s uggests t wo

allopatric forllls of ,2 . JlJlllma in lIorth America , distinguished

by gill raker and vert ebr ae counts. The dis tri bution of

t hese f orms is pr esented in Fi&. 20 . Bo th forms are relatively

uniform vi thin t heir ranges .

As i n ,2. a l pinus , the existence of t wo allopat ric

forms of S. malma i n llorth Ameri ca points t o survival i n tvo

refugia . Relict popula tions i n Califo rnia and Nevada indicu te

that t he sou thern forlll s urvived in the Pacific Ref ugium. ?he



I

'II .,;
. ~. ..--.~ ...

FIr . 19 . . or ther n dis t r i bu tion of S. .a~ ( inse t to tal
dis t r i bu tion) . Ci r c l e s Wiente spee w.ens .x.n. 1ned ,
and squares literatur e r ecord s .
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nor thern form of §. malma is restricted to the Ber i ng

Refuclum and pr oba bl y survived g13ciation in this area.

Bo th forms of § . ma~ occur in northern Nor t h Amer i ca .

Sal vel1nus na.lll3.yc ush (lfalbaulll) - Lake trou t.

Range - Nor t h AllIerica: frolll Alaska t o t he Great

Lakes and upper Mi ss i s si ppi system, and f r olll Labrador t o

Ne~ I~mp shire ; a lso recorded from Bank~, Vi c toria, King

Wi l l iam, SOuth3mpton , and possibl y Bat f i n Islands (Fig . 21 ) .

Nor t her n records - Spec i mens examined: 2 , 10, 103,

106, lIB, 128, 155, 176 , 183 , 196, 210, 215, 267, 276 , 281 ,

287, 298, 300, 321 , 323 , 323a , 326 , 331 , 332, 335 , 3lt2, 3lt3,

346, 347, 353, 358, 362, 367, 370, 371, 384, 385, 387, 402,

407, 409, 413 , 41lt, 419, 422, 425, lt38 , lt41 , 448, 1t60 , -sa,
465, 468, 469, 471 , 481+, 1+87, 1+ 90, 493 , 1+97 , 521; litera ture

records: 1, It, 9, 11, 16, 18, 28, 36, 39 , 48 , 53 .

Glacial rcfugia - The range of § . namaycush includes

one unglacia ted a r eu , the Ber ing Refugium, a fact that led

some au thors (Radtorth, 191+9} lynne- Edwards, 1'147) to suggest

tha t §. namaycush survived glac ia t ion in t he Der ing Refugiulll .

However, Wa lter s (1955) no tes tha t the absence of the l ake

t r out from eastern Siber ia makes it unlikely t ha t t h i s specie s

survived in t he Ber i ng Refugium , and its a bsence from a ppa r ent l y

sui table habita ts on t he Seward Peninsula fur ther strengthens

this suggest ion. Wa l t er s i ndi ca t es that 2 ' namaycush pr oba bl y

survived glaciation in the Mi ss i s si ppi Refugium.

A f oss i l lake trou t is known from the Menomoni e

Beds i n Wi scons i n . HU3sa kof (1916) originally correla ted



Fi g . 21 . Nor t her n di s t r i but i on of £. namayc ush ( i ns e t total
di st r i but ion) . Ci r cles i ndicate specime ns exami ned ,
and s quares litera turo r ecords .
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thase beds wi th the Kansan glaciation . Ho~ever, recent

radloc.'l,rbcn studies (R. F . Elack , per-s o comm.) i nd i ca t e

they ar e of late-~i::consln nce (12,500 to 16 ,000 D.P . ) .

Th i s 1~~lcat e2 £. n~mayc u sh wa s present i n the Mi ss i s s i ppi

Refugi um dur i ng t he Wi s cons i n glac i a t i on . The pr e sent

r es tric ted di st r i but i on of t he l a ke t r out in t he upper

x t s s Ls s t ppr s ystc:u is pr o ba bl y due to p:>stglacial c limat e

changes.

Thymal 1us arc ticus (Pallas ) - Ar c t i c e r ay l l ng .

Range - Asia, an d Nor t h America; the Nor t h American

range 1s di s j unc t . Thr ee separa te populat ions are known .

One population extends f r om Alaska to Hud son Bay . Ano ther

popul at i on occurs in t he northern headwaters of the Mi s sour i

River , and a thi r d popuLa t Icn (now extinct) occurred in

northern Michigan (Fig . 22) .

Nor thern records - Speclmgns examined: 3 , 4 , 8,

10, 11, 18 , 27, 31, 33, 35, 39, 42, 44, 50, $It, 61, 64, 67,

69, 79, 88 , 101, 106 , 108, 113, 118, 129, 135, 139, 145, 147,

155, 157, 158, 188, 198, 198., 200, 201, 202 , 207, 216 , 222,

228, 250, 267,274,284,285, 292,293 ,295,297 , 298,301,

305 , 306, 310, 312, 316 , 321, 322, 323a, 324 , 326 , 327, 329,

335 ,343 ,35a,362,363,367 ,3~ ,399,407 ,408,419,423 ,

434 ,441,450 ,456 ,462,465, 471, 472,475, 476, 480,4833. ,

487 , 490 ,492 ,lI93 , 497 ,500,503 ,505,5~ ,509 ,511. ,512 ,

513 , 515, 516 , 517 , 519, 524; litera t or e r ecor ds: 4, 11, 16,

18 , 31, 36, 39, 52, 53 .
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Fig. 22 . Ilor t her n d l ::: t r l but lon of T. ar c tie us ( in se t t ota l
di s t r i but i on ) . Ci r cles indicate speel.ens examined,
and square s literature r ecor ds .
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Glac ial r efugla - The lfor t h American r ang e of

I . ar cticus includes t wo ung!aciated areas : the Bering , and

t he Miss iss i ppi Reru~la . The pr e s enc e of erayling on St .

Lawrenc e I sland (n r emnant of t he Bering Land Br idge) and

t he r elict popu l a tions in Montana and Michigan i nd icate 1.
ar c t i cus used both r efugla during gla c ia tion .

F. M. At ton ( Saskat chewan Fisheries Labor a tory)

1s s tudyln~ t he Nor th Amer i can popula t i ons of 1 . a r c t i cus .

Pre l1ml~~ry da ta ( Atton, per s . comm. ) indica t e tha t grayl i ng

f r om t he Ma ckenz ie sy~tem a nd t he area eas t of ~le ~~ckenzle

Ri ve r a re ind ist inguishab le from Missouri Rive r grayling ,

but t he gray l ing wes t of t he Mackenzie system a ppear t o

d i ffer trom o t heT Nor th American grayllnp, 1n t he number of

la teral line sca les . This suggests that t he nor thern North

Amer ican popu lations of I . a r cticus a r e de rived from bo th

t he Bering and t he Mississi ppi Refu gia .

Hvpome sus ol1dus (Pa1la-s) Pond smelt .

Range - Asia and ~orth Amer i ca; in North Amer i ca

f r om t he Copper River , Haslm. , t o Ca pe Bathurs t , 1:.\tl.T.

(F ig . 23) . A r el ict population i s repor ted f r om La~e

Krug1oe , a Kara Sea dra inage i n t he USSR (Ivanova , 1952) .

Nor t hern r ecor ds - Spec imens examined: 25 , 45 , 87 ,

101 , 105 , 110, 149, 171 , 184, 386, 403; l i tera t ure r ec ords:

3, 42, 43.

Gla c ial refu gia - The l:or th Amer i can r an ge of

fl. olidus i s almos t confined t o t he Ber ing Refugium . The

pond smelt w~ s pr oba bly pr e sent i n t hat r efugium during t he

Wisconsin glacia t ion .
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Fl( . 23. lior thnn (U s t r l bu.t1ou ot ~l . ol1t': us (ln3e t t otal
db t r i I:H.l U on ) . e i rel . ::: ind icat. speciMns ex••i ned ,
and squares literatur e recorda ,
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0 ~meru p cp eri nnus Li nnaeus - Bor ea l smelt .

Range - Europe , As ia , and ~o rth Amer i ca; 1n ~o r th

Amer i ca the range 1s di s j unc t : Ba r c l ay Sound , Vancouver

Islanc , t o Bathurst Inl e t , N.W. T. , and on the At lan t i c coa st

from l:alllll ton Inle t , Labrador , t o Virginia (Fie . 210) .

tror-ther-n records - Specimens examined: 25 , Ito, 107 ,

108, l es , 110, 1330 , 140, 149, 163 , 171, 184 , 203 , 217 , 334,

336 , 340 , 342, 447; lit era tu r e records : 3, 52 .

Glaclal refug ia - McAl l i s t er (1963 ) synonymizes

t he western f . dentex and th e eas tern Q. mordax wi t h t he

EU::-0PC:lD Q. cperbnus. He consider s the disjunct Nor t h

Ame rican populat i ons a s ingle subspecies , Osmer us cperiaous

mordax , nnd suggests e i ther d i sper sal f r om a single retuglulII

(tho Ber i ng) vlth recent ~epuration into ~JO populations , or

~urvlv~l i~ tvo refugia (the Der i ng and the Atlantic) followed

by almost complete pos t glac i a l gene exchange . These sug ges­

tions are based on the ap parent absence of differentiation

between t he di s j unc t Nor th Amer i can popula t i ons.

In the pr esent study the two Nor th Ame r i can populD­

t ions of Q. eperlanus wer e compared us ing gi l l rakers , pyl oric

ca eca , and verte bra e . Ther e a re significant diffe rences

( p <0 .001) in vertebrae between t he two popuLat fon s , nove ver ,

vertebral number shows elinal var i ati on wi thin popula tions and

is t her ef or e excluded from the present di scus s i on . The only

other cha ract er suggest ing mor phological diff er ent i a t ion is

t he number of pyloric caeca (Table V). The wes t er n populat i on

differs significantly (p < 0 . 001) from the eastern population
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No r ther n dis t ri bution or c, eperlanus (inse t to tal
di s t r ibut i on) . Ci r cl es tndi cate specimens exaained ,
and s quAre s literature records .



Tabl e V. Comparison of pyloric caeca in wester n and eas te r n

Nor t h AlIlerican populati ons of Csmer us eperlanus .

pyl or ic ca eca
Localitv 3 4 -.2 6 ...2 8 ~ " Mean

Wes tern popu l at i on

King Sa1r.lon 1 2 6 , 1 13 7.0"
St. lawrence b . 3 2 5 7.4

Kuk R. 2 3 1 1 7 6.1

Chukchi S" 1 2 9 13 5 30 6. 7

Whi t etlsh s en . 1 7 3 1 12 6.3

Ba t hur s t Inlet 3 4 5 1 13 6.3

Ea s t er n popul ation

Cordrey R. 1 7 22 1 31 4 .9

Navy Is . 1 5 3 1 10 5.4

Ma ine 4 12 7 23 5·1
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1n the number of pyl oric caeca . Ther e 1s no suggest ion of

a c l ine i n t he number of pylo r ic ca eca i n either popu lation.

This morpho logica l di fference combined wi th t he

di s j unc t range s uggests Q. epe rlanus surv i ved glac ia t ion i n

Nor t h America in t wo areas : t he Ber i ng , and the Atlant i c

Ref ugia . Cnly t he Ber i ng f or m of ~ . eperlnnus 1s pre sent

fn northern !lor th xe cr ice •

Spiri nchu$ t ha l elchthys ( Ayre s ) - Longt i n smelt .

Range - Paci f i c Coas t of Ror t h Ame r i ca : San

Franc isco Bay to Wide Bay, Alaska (Fig. 25) .

Nor t her n records Spec imens examined: 85 . 89 , 220 ,

224 ; l i terature records: 14 .

Glac ia l ref ugia - The d istr i but ion pattern of

~. t haleichthys ( inse t , Fig. 25) i nd i ca tes su r vi val i n t he

Pac i f ic Ref ugi ullI.

Thale l chthys paclflcus (Ri chardson) - Eulachon .

Range - \\'estern lIorth ADIer i ca: Klamath River ,

Cal ifor n ia , t o Br i st ol Bay and t he Pr i bilo t Islands , Alaska

(Fig . 26) .

Nor t her n records - Specimen s examined : 37 , 116 ,

134, 167 , 206 , 223; l i tera t ure r ecor ds : 3 , 14 .

Gla c ial ret ugia - The dis t r ibut ion pattern of

I . pacificus ( i nset , Fig . 26) in~icate s s urv i val i n t he

Pac i f i c Ref ugium .

Catos tomus cato stomu s (Fors ter) - Loncnose sucker .

Range - Nor t h Ameri ca a nd nor theastern Siberia .

In No r t h Ameri ca f rom Alaska t o Labrador , and f r om t he upper
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Nor-ther-n dist ribution of S. thaleic:?1th:rs (inset t otnl
d l~trlbu tion) . Circle s ind i ca te spee~uens examined,
nod sQuure s liter n t ur e reco~ds .



Fi g . 26 . Nor ther n d is t r i but ion or!. pat if~q~~ ( i nset total
d i s t r i but i on) . Ci r cl es i ndica c spec imenu exami ned ,
and squa res literature r ecords .
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Mi s sour i Ri ver and Gr ea t Lakes t o t he Ma ckenz i e Delta;

r e l i c t populations 1n Sout h D~kota and Ma ryland (Fig. 27).

Nor t he r n recor1s - Spec imens examined: 4 , 7 , 8 , 9 ,

18,19 ,30 ,33,38,41 ,42 , 51,55,65,U,67, 7?, SO ,93 ,

112 ,113,117.118 .123 ,123 , 124 .131,138 .146,~7.151 ,

~2,~3 ,187. 189 ,200a ,208 ,20S ,211 ,2~, 228 , 230 ,232 ,

239 ,~4.24 7 ,248 ,2~ ,251,252 ,2~,257 ,260,262 ,265 ,

267 .269,281,285 .289 ,290 .293 ,2%,297 , 298 ,300,~1,

307, 309 , 311, 312 , 320 , 321 , 323a , 325. 332, 334, 335. 341,

343 ,346,34 7 ,349 ,363 ,3?2 ,3?3 .378 . 385 ,388.399 .4~ ,

406, 408, 418, 424 , 432, 434, 436, 442 , 454 , 458, 462 , 465,

466 , 467 , 468, 471, 474 , 483a, 489, 502, 505, 509 . 5lla , 519 ,

522 , 523; literature records: 4 , 6, 13. 18, 30, 31, 39, 48,

4,.
Glac ia l refug 1a - The range of Q. catostomus include s

three ungIac iated areas: t he Ber i ng , the Pa c1f i c , and t he

Mi s s i s si pp i Refugia. The presence of Q. oatos t omu$ i n north_

eastern Siberia and on St. Lawrence I s land (N. J . Wi l i movsky ,

pers. comm. ) indicat es the longnose sucker was present i n the

Ber i ng RefugiuM during t he Wisconsin glacia tion. The occurrence

of longnose suckers a bove falls i n the Snake River ( Columbia

system) i ndicate s the Pac i fi c RefugiuM was also used , while

reli c t popula tions i n South Dako ta and lta ryl and suggest t he

Mi s s i s si pp i Refugium .

The numbers of ca uda l peduncle scales , gill rakers,

and vertebrae were compa r ed over the Nor t h American range of

£. catostomus . Gnly t he number or gill rakers showed a
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Jlcr the r n dis tribu t i on or ': . ...", t"' St~1l 5 (inset t otal
d1s t r l l1ut1011) . Ci r c l es li"\dlca te rpee 1:.lcos ua"ll11e:1 ,
nnd s1U4res l i t era t ure records .
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consistent geographic pat t e r n (Table VI) . Accordin[ t o gill

rakers t he r e are t hr ee dist inct populati ons of £. catos t oDlU S:

a Bering , a Pac i fi c , and a Mississipp i population. These

popu lation s d i f fe r sign i f1can tly ( p < 0 .001) in gill r a ker

number. Fig ure 28 pres ents t he d ist r i but ion of t he t hr e e

f or ms o! langnose SUcker i n North America . Each f or m 1s

r el at ively constant wi thin i t s range . The Pacif i c and Ber i ng

f orms a ppear t o i nter grade i n t he upper Col umb ia and Fraser

sys tems .

Coly t he Ber ing and Miss iss i ppi f or ms of C. catostomus

a re pre sent i n northern North Amer i ca .

Ca to s toDl U$ colltllle r sonii (Lace pede) - ~I'hite sucker .

Range - North America : Arkansas River nor th t o

the Mackenzie Delta, and f r om t he Fraser and Skeen~ sys te~s

east t o t he Atlantic Coas t&l Plain (Fi g. 29) .

Nor t her n r ecor ds - Specimens examined: 229 , 232 ,

242 , 245, 246 , "" , 253 , 256 , 261 , 262 , 265, 270, 273 , 277,

285 , 291 , 296 , 301 , 307, 311, 317, 320 , 323 , 375, 378 , 388,

''''' , 453, 467, 468, 4?! ; literature records : 19, 20 , 31 , 37,

39.

Glac ial r efugia - The wide range of £. commer sonii

sugge sts s ur vi val in multiple r efugia. The whi te sucker i s

wid ely di3 t r i buted in t wo unglacinted areas: the Mi ssiss i ppi ,

and t he At lan t i c Refugia. Catostomus commer sonii pr oba bl y

us ed both ref ugia during t he Wiscons in glac ia tion .

Because f ew spe ci mens a re ava ilable f r om its wide

southern r nnge no a ttempt was made to analyze geograph i c
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Table VI. Comparison of gl l1 rakers in Nor tn Amer i can
Cato stomus catostomus.

Gill rakers
IocaLi t v zs g ~ .n 2lt .s2 26 ?:I. 28 .!.2 .J.Q ..1!~

Alakanuk 1 1 , 2 1 10 26 .0,
nula to 1 1 2 2 1 7 27.0
Moon L. 2 , 2 2 2 1 13 2l.t . 2

'Ianane R. 1 2 , 2 1 10 25 .0
Pe lly R. 1 1 2 1 5 21+ .8
Hl1n L . 1 2 , 2 1 10 26 .0

Ta zl1na R. 2 3 2 9 25.6
I111amna L. 2 1 2 , 1 2 10 27 . 1

Chenan L. 1 1 2 1 5 25.6
Stikine R. 2 , 2 8 25 .0
Fraser R. , 2 3 , , 1 18 25 .2
( above canyon )

Columbia R. 1 , , 2 1 12 24 .0
(in B.C .)

Flint Cr . 1 2 3 3 9 23.6
(Co l umbia R• • Mont .)

sareon R . 2 5 3 1 11 21.4
(lower Fraser)

Olympic Pen . 1 1 2 lj. 22.9

Pee l R. 1 2 1 1 5 28.4
Popcorn L. 2 2 3 7 27 .1
Lac La Har tre 1 2 3 2 1 9 28.2
Grea t Slave L. 1 , 3 3 1 12 28 .1
Athaba sca L . 1 2 2 2 1 8 28.0
Whi t et'l sh L. 3 1 1 5 28.6
Ang lkun l L. 1 2 5 1 1 10 27 .9

Maguse L. 2 2 3 2 1 10 27 .8

lI'hi temud R. 1 , 3 , 1 13 28 .0

Upper Missour i R. 1 ,
"

, 3 1 29 26 .2

Gods R. 1 1 1 2 1 6 27.2
At tawaplska t R. 2 1 3 28.3
Lake Super l or 1 2 1 It 29 .0

Ne.... England 1 1 5 5 5 3 20 28 .0
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mlon -VIIli-ok, n 27.2 - 29.()
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mlan olllrall.r. 24.2 - 27.1-=<5= PAClne FORM=== mlGn oillrokl,.. 21 ,4- 23.6
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Ft", 28 . GlI!o~ l"a ph le variatio n i n t he nll'''bll'' o f .. t I l ra kers in
f'a tos to'll\lS r.a to s t(') llll lI .



Fi f . 29. N0~thG~n o 1 3 t~ibu tic n nt ~ . co~~erson11 ( i nse t t otal
d 1 st~ 1 tu t10n ) . c t cc t es 1nd1~ ,~ te cp ee t sens exaefned ,
ano cquares l iter a t ur e re cc~ds .
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variati on in C. comaez- aond L, SOme a uthors (Hubbs and

Lagler , 19 50) i n dicate t hat £. comme r s on l1 1s r-epr-e ae n t.e d

on t he Great Pla ins b': a weakly di f t c r enti ll. t ed sub spe c Les ,

C. £. s uckley1. If Q• .£.. suc l~leyl is genotypically differen­

tiated i t s uggests t hat the Mi ssour i system may have functioned

a s a sepa ra te ref uglum f or Q. cOlllt1 ~r sonl1. Halo/ever , Da i l ey

and Allum (1962) f ound no evidence t o support t he s epara t i on

of a Great Pla ins subspecies . The whi te sucker Was probabl y

continuously distr i buted in t he Misso ur i -Mississippi syst em

during t he Wiscons in .

Ca tos tomus macrochell us Q!ra r d - Largescale s ucker .

Range - ~e stern North America: Sixes River , Or egon ,

t o t he Na s s and upper Peace Rivers , Bri tish Co l umbia (F ig . 30) .

Kor t hern records - Spec imens examined: 275 , 288 ,

295 , 296 , 306 , 307 , 313 , 320 , 32B; li tera t ure r ecor ds: none

f or whi ch the specimens have not been exaMined .

Glac ial ref ugia _ The di s tri bution pat t er n of C.

mac rochei1us ( inset , Fig . 30) ind i ca tes s urvival in the

Pacifi c Ref ugi um.

ChrosoMus ~ Cope - Nor t her n red be11y dac e .

Range - No r t h America : f rom the Mi s sour i system

north to t he lower Sass Ri ver , 1l .W. T. , and east t hrough t he

Great Lake s (except Er i e) to t he Atlantic Coas t; relic t

populations in SOuth Dakota, Nebr a ska , and Colorado (F i g . 31) .

Nor t her n records - Spec imens examined : 273 . ~ 18;

lite ra t ure r ecor ds : none fo r wh i ch t he spec imens have not

been examined .



F~g . 30.

.'"..r'

I:orthern distribution of C. nacr-....ch..Ull <; ( inse t total
d1 :::tribu tion) , Circles indicate specit::ms exarafned ,
and squares l i t er a t ur e records.
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Fig . 31. Nor thern dis t r i but io n of C. aos ( inse t t otal
dis t r i but ion) . Circ les indicate spec taens exaatl ned ,
and squares l i t era ture r ecords .
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Glacial r e fu gia - The dis t r i bution pc t ter-n of

.Q . ~ (inset Fic . 31) fnd Lca t e s survival in t he Hisds slppi

Refugi um. The restricted distribut ion of f . ~ 1n the

~ tlnntic Refug i um ~a s pro bab l y attainec postglac i a l l )'.

Chr osomus neoga eus (Co pe) Flnesca le dace .

Range - No r t h America : f~~m t he upper Miss issippi

north t o (ret i c Red Ri ve r , and ca st t o N~~ Brunswi ck , Ma lne ,

and TIey Hampshi r e; r e l ict populations 1n South Dakota , and

Nebra s~~ (Fi g . 32) .

Nor thern r ecords - Specimens examined: 235, 277 .

303 , 336, 397, ~18; literatur e r ecords : 55.

Glac ial refugia _ The di st r ibution pa t t ern of

.Q. neogneus ( lnse t , Fig . 32) i ndicate s surviva l 1n t he

Mississ i ppi Ref ugium .

H" bogna thus hankmsonl Hubbs - Brassy mi nnow.

Range _ North ~merlcn; f r om the Fra~er and Peace

syst ems 1n B~1t1sh Colu mbia t o the G~ea t Lake~ (exc ept Lake

Er i e ) and t he headva t er- c of t he Hudson River (rig . 33) .

rcr- tnern recor ds - Spec imens examined: 320;

li tera ture re co~ s : none fo r whi ch t he spec imens have not

been exeatneo .

Glacial refugia _ The dis tribution patt er n of H.

ho.nkcnson i ( I ns e t , Fi g . 33) indi ca t es surviva l in the

Missi ss i ppi Refugi um. The re stri c ted dist r ibut ion of t he

bra ssy minnov ve st of t he Cont inental Divi de is probably

cl ue t o postglac i a l d ispersa l.
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Fi g . 32 . Nor t her n dis t r i but ion of Q. neogaeus (in se t t ota l
d i s t r i but ion) . Ci r cles indi ca te spec imens exa~1ned t

and squa r es l 1terat ure record s .
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Fig . 33. Nor t he r n dist r i but i on of II . hankonsonl (inset t otal
di s t r i but i on) . Circles indicate spec imens exa mi ned ,
nnd squares lit era ture r ecord s .



Hybo psis sracilis ( Richardson) - Fla theaC chub .

Range - Cent ra l llor-t h Am~r ica : from the Ri o Ct-ande

River north to the V~ckenz i e De l t a (Fig . 34).

llor -ther-n r ecord s - spec tnens examined: 235 , 239 ,

2~,262 ,277, 29 5,301,307,308,322, 3B7 ,435,50S ;

literature records: 31 , 55 .

Glac ial refugls - Ol und and Cr oss (l~l) recognize

t..,o subspec ies of flathead chub : lJ. z» graci.lis from Canada ,

the Missouri and middle Mississippi Rivers , and lJ · l,,'

gUlonel la from t he Arkansas , Canadian , Pecos , and Rio Grande

Rive rs. Taese forms arc weakly d i f f er ent i a t ed , and Bai l ey

and Allum (1962) consi der t he d i f f er ences phenotypic.

The distribution pat t er n of li. gracili s (inse t ,

Fig . 34) i ndicates survival i n t he Mississi ppi Ref ugium .

HYbopsis pluClbea (Agassiz) - Lake chub .

Rang e - Nor t h Aw.<lr i ca: upper- Col umbia system nor- t.h

to the Yukon River , upper ;-:1ssour i svct era east to Rove

Scot i a and the northern I;e.., England s te t es ; r elict pcpvIa­

t ions i n Iowa, SOuth Dakota , ~fo~ing , and Col or ado (Fig . 35).

Nor t her n r ecor ds - Specimens examined: 15 , 19 , 38 ,

4 l , 5 5, 131, ~6, 173, 193, 194, 228 , 239 , ~6, ~8, 251,

2~ ,262 ,265,~8 ,281 , 2J9,292 ,294,2~ ,298,301,303 ,

311 , 32;), 325 , 330, 331+0 , 335, 31+6 , 363 , 372 , 374 , 375 , 376 ,

378 , 385 , 387 , 388 , 404, 409, 432, 434, 435, 465 , 467, 470,

471, 472 , 483, 496 , 564, 506 , 508 , 513, 516, 523, 524;

l iterat ure records: 31 , 39 .

Glac i a l r efugla _ The range of H, pl umbea includes
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Fi• . 34 . iio r t her n di s t r i but i on of 11 . (rAcllis (inset 'to tn L
di s t r i but ion) . Ci r cl es i ndicate specimens exami ned,
and squares literature records.
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Fi g. 35. nor t he r n lllstributlon of ll, plumbea (ins et b tttl
di s t r i but ion) . Ci r c l es ind icate speci3ens exaQin~d ,
and squares litera ture r ecords.



t wo ungLac Ia t ed ar ea s : t he Ber ing , anc the ~lississippi

Ref ugia . In t he Columbb sys tem the luke chub exten~s almos t

t o the southern limit of 8 laci~tion . The iso la teJ populations

OJ! ll . plumbea in t he ~Iissou~>i and !Ussis!;ippi sys tems sugge st

t hat the L~ke chub was wide sprearl 1n t he Mississ ippi Ref ugi ulll

during t he Wiscon s in £laciation .

The number of la teral l ine sca l es , sca le s a round

the cauda l peduncle, and the number of vert ebra e vcre com­

p~red over the ent i re runge of ll . pl umbea . In both t he

number of cau1al peduncle sca l e s and the number of vertebrae

(Ta bles VII and VIII) t he populati ons in t he Col umbia , Fraser ,

and upper Peace sys t.era s diff er s i &: ni t1can t1y (p < O.OO l ) fro m

other popu lations . The ex i s tence of n morphological l y dis­

tinct f orm wes t of the Cont inental Divide suggest s E. plumbea

may a lso have survived gl acia t ion i n t he Pac i f i c ~erug l\lm .

The prevent absence of t ho Lake chu b f rom t he middl e Colu~bia

sys tem i s probabl y due t o postglacial climate chan ges .

Fizure 36 pre sents the dis t ribution of t he Pacific an~

Hiss iss i ppi f orms of !l . pl umbea . Bo th f orms occur in

nort he rn North Amer i ca .

!·I'Tl ochc llus cau r inum (Rfchar-duon ) - Peaacut h,

Range - Wes tern ~orth Ame rica: Co l umbia sys t em

(exc ept the upper Snake River) t o t he na ss , upper Peace ,

c ne Athab::lsca Ri vers (Fig. 3?).

;!or t her n records - Specimens exandned r 228, 295 ,

306 , 320; lite r a t ure records : none f or 'Wh i ch t he spec i mens

have no t been examined .
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Ta ble VI! . Comparison of cauda l pedunc l e sca le~ in

H.,bo psis plulllhca .

Loca lity 18 12 ~21 ~ n24 g2 n Mean

Yukon sys tem
01(1 Cro.... 1 2 4 2 1 10 22.9
'...'hit~ n. 4

~
2 1 10 22. 1

Kooksa toon L. 1 2 2 1 10 22 .0
Stewart R. 1 1 2 1 5 23 .1
Bi r ch Cr . 1 1 2 1 5 23.6
liarm Ba y 1 2 1 1 5 23 .4
ll1egel'head L. 1 2 3 2 1 9 22 .1

Mackenzie sys tem
Peel R. 1 2 4 2 1 10 23 .0
Lac La Hartre 1 3 6 4 1 15 22 .1+
Muskwa R . 1 2 3 2 B 22 .8
Kak isa L. 3 4 2 2 1 12 21.5
Athabasca R. 1 3 1 1 1 1 8 22 .2
Keg R. 1 1 2 3 2 2 11 22 .9

Thelon syst em
lJhltafish L. 2 2 4 1 1 10 22 . 7

Dubwnt sys tem
Dubawnt L. 1 2 1 2 2 1 9 22 .3

Peace sys tem
below Cany..,, )

Pouee Coupe R. 1 3
~

2 1 10 22 .8
Lynx Cr . 1 2 2 1 10 22 .2

Pea Ce syst em
a bove Canyon

\I,'o l v e r i n e Cr . 3 5 3 1 12 20 .2
Fraser sys tem

4Middle R. i ~
2 12 iUDr'l. g:on L. 6 16

Crys t a l L . 2 1 4 3 10 20 .8
Fleming L. 1 5 4 3 13 19.7

Columbia sys tem
6Prn ther L . 1 2 1 10 19.3

Jewel L. 3 5 4 12 19 .1
Deep Cr . 3 5 2 1 10 19 .2

Nf.s sour-L sys t em
Broadview 1 3 4 2 10 23. 7
Li ttle Iflssourl 3 3 4 2 12 22 . lt

Great Lakes 4 8 8 2 22 23 .1t
1113.... Sng Land 1 2 5 2 10 22 . 8
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Table III. Compa r i s on of ver t e br a e 1n Hy ~opsis p lullI bea.

Ver t ebr a e

Local1 t y .l> 40 41 42 !!.l 44 " Mean

Yukon sys tem

Ol d Cr ow 5 3 2 10 lt 1.7
Ste;,os.rt R. 2 3 4 1 10 42 . 4

Ma ckenzi e system
Pee l R. 1 1 6 1 9 ltl . 8
Keg R. 1 2 4 3 10 lt 1.9

Thel on sys tem

Wh itefish L . 5 6 1 12 lt1.6
Dubawnt system

Dubawnt L. 1 5 4 10 42.3
Peace system

Lynx Cr . 2 4 8 1 15 41.5

Fra ser sys tem

Dragon L. 1 9 9 3 22 40. 6

Crystal L. 3 , 10 40.7
Fleming L. 1 4 3 2 10 40 .6

ColullIbla system

Jewel L. 1 6 5 1 13 ltO. 5
De ep Cr . 5 4 1 10 -o.s

Mi s sour i sys tem
Broadview 4 5 1 10 41. 7
Lit tle Mi s sour i 4 4 1 9 lt1.7

Grea t Lakes 2 3 5 1 11 42.6
He.... Eng Land 2 2 3 , 4 2 . 1
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Fi g . 37 . !Ior t her n distribu t ion of H. ca ur Lnum ( i nse t total
distribution) . Cdr-c Les i ndica t e spec Icons exnntned ,
and squares l i terature r ecor ds .



Glacial re fugio. - The di s t r i but i on pa tter n of

M. ca ur i num (inse t , Fi g . 37) i ndicates survi val in the

Pac i f i c Refug ium.

Not ropi s a therinoides Rafinesque - Emerald shiner.

Ra nge - Cent r a l Nor t h rmerica: f rom the Trinity

River , Texa s , t o t he Liard Ri ver , Br i ti sh Co l umbia ( Fig . 38).

!1or t her n records - spec teens examined: 236, 253 ,

275, 277 , 387 ; l i te rature records: 39 .

Glacial refugia - Ba i l ey and Al l um (1962)

synonymi ze ::o t r opi s percobr omus wi th llot ropis a fhe r-Lno I de s ,

However, t he t wo forms occur sympatr i cally (Hubbs, 1945),

and it is questionab le whe ther t he synonymy is va l i d . The

pr esent di ccus s i on deals only with !t. athe r i noides (sensu

s tric to) . The dis tr ibu tion pntter n of IT . a therino ides

(inse t, Fig . 38) i ndicates s ur vi val i n the Mi s s i s s i pp i

Refugium.

No tropis hudsonius ( Clinton) - Spot ta il shine r .

Range - ~or th America: f rom the upper Mi s s i s s i ppi

nor th t o Ft . Good Hope, N.W.T . , and on t he Atlantic cea se

f rom t he Hudson Ri ver south to t he Ocmul gee Ri ver , Georg ia

(Fig. 39) .

Nor ther n recor ds - Spec imens exami ned : 232 , 234,

236 ,239 ,253,348,372 ,375 ,378 ,388 ,391,404, 449,468;

l i terat ure records: 39 .

Glac ial refugia - The range of !t. hudsonlus includes

t wo unglaciated areas: the Mississippi , and t he Atlantic

Ref ugi a . The spo t ta il shiner is widely di s t r i but ed i n t hese
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FiC. 38 . r.or t hern di s t r i but i on of N. ather lno l~ es ( i nset tota l
di s t r i but i on) , Ci r cl es tndleate spec imens exami ned ,
Qnd squar es literature records.
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Fig . 35. Nor t her n dis t r i but ion of N. hudson i us (inset total
dis tribution) . Circles i ndi cate spec imens exami ned l
and squares literatu r e records.



areas, and pr oba bl y survived glaciation in both refugia .

The d i st r i but i on of n. hudsonius in northern Nor t h Amer i ca

is pro ba bl y due to post glac ia l di sper sa l f r om t he Mi s s is s i ppi

Refugium .

Pimepha l es promelas Rafinesque - Fa thead minnow .

Ra nge - Nor t h America: f r om the Rio Grande and

Rio Yaqui systems , Mexico , north to t he Hole Lakes, N.W.T. ;

isolated populati ons in Oklahoma, (Fig . 40) .

Nor t her n records - Specimens examined: 233 , 381 ,

397 ; literature r ec or ds : 31 .

Gla cial refugia - The di s t r i but i on pattern of E.

pr ome la s ( inset Fig . 40) i ndicates sur vi val in t he Mi s si ss i ppi

Ref ugi UIJI . An ear ly postglac ial (abo ut 10 ,000 B.P . ) subrcsara

i s kno~n f r om so ut hern Saska t chewan (R. R. Miller , per s . comm . ).

Ptychochellus oregonensis (Richar dson) - Ilor t her n
squawf ish .

Ra nge - West er n Nor t h Ameri ca: Col umbi a system

(excep t t he upper Snake Ri ver) t o the Ka s s and upper Peace

Rivers (F ig . 41) .

Nor t her n re cords - Spec i mens examined: 296 , 307 ,

311, 320; l i tera ture records: none for which t he specimens

have not been examined .

Glac ial r efugi a The d i s t r i but ion pat t er n of

E. oregonens is ( inse t , Fi g . 41) i ndicates survi val in t he

Pacifi c Refuglum .

Rlchardsonlus baltea t us (Ri chardson) - Redsi de sh iner .

Range - Western llor t h AIlIerica: Co l umbi a sys tem t o
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F i g . ltC. No r ther n ~ lstrl bu tion of r. pr omel e s (inset t otal
di st r i but i on ) . Ci r cles indicate specimen s exnai ncd ,
nnd s quar e s l iter a t ur e r ecord s .
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Fig . 41. Nor t her n di s t r i but ion of P. or egonen sis (inset t otal
di s t r i but i on ) . Ci r cl e s indicate spec Imens exomined ,
and squa re s litera ture records .
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the upper Pea ce River (Fi g. 42) .

Nor t her n records _ Spec imens examined: 262, 263 ,

265,~6 ,275,280 ,283t288 ,296 ,298,3~ .307 ,311 ,3D .

320 , 323, 328 ; l i t era ture re cords: none f or vhich the

specimens have not been examined.

Gla cial r efugio - The di st r i but i on patter n of

n . ba lt eatu s (inset , Fi g . lt2 ) indi cate s surv ival i n t he

Pacific Refugium .

Rhi nlch thys catar~ctac (Valenciennes) - Longnose da ce .

Range - l!orth Amer i ca : Rio Grande system , Mexi co ,

t o the Mackenz ie Delta, and from Or egon to Nor t h Ca r ol l nr­

(F i g . 43>'

Nor ther n re cords - Spec Lmens examined : 239 , 247 ,

248 , 257 , 262 , 265, 266, 277 , 285 , 289 , 295 , 297, 301, 305 ,

306, 307, 311, 388, 393; l i tera ture records: 31-

Glacia l rel ugia - The v ide range of B. ce te r actae

s ugges ts sur v i val i n mult ipl e refugia . I ts r ange i nclude s

three unglaciated areas: t he Pac i f i c , t he Mississ i ppi , and

t he Atlant i c Refugia. The longnose dace is ~idely dis t r ibuted

i n t he se areas, and pro ba bly surv i ved glacia t ion i n all t hree

refugia. No at tempt was made t o analyze teographic variation

in E. ca tar-ac tae ,

I t i s unlikel y that t he Atlant i c Ref ugi um contri buted

t o t he northern dis t r i but ion of E. cataractae. The pr e senc e of

E. cataracta e i n northern Nor th Amer i ca pr obabl y due t o post­

glaci a l d i sper sa l f r om both t he Pacific and t he Miss iss i ppi

Refugia .
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Fig . 42. Northern db t r i butlon of R. b'l ltoo. t u s ( inset total
dis t r i but ion) . Ci r cl es indicate ~p (!c l~p-n~ exnmir. ed,
one squares literature record ~ .
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Northern dis tribution of R. c~ tar~ctae ( i nset t otal
di~trlbutlon) . Cir c les indicnte ~pec inens examined ,
and ~quare~ l i t er a t ur e records .
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Semo t l1us margarita (Cope) - Pea r l dac e .

Range - Nor th Ame r i ca: Missouri system north to

t he lower Sass River , ~.W.T • • and through t he Great Lake s

t o t he Atlantic Coas t; on t he Atlantic Coas t from Gaspe so uth

t o Vlrc1nla; r elict populat ions 1n SOuth Dako ta and Nebraska

(Fig . 1,4 ) .

Hor t her n records - Spec imens examined: 240 , 258,

273. 282 , 317 , 381 , 418 ; l i te rat ure records: 31.

Gla c ial ref ugla - There are t wo recogn i zed sUbspe cies

of pea r l dace: ~ ' mar gari ta ma r gar i ta of t he Atlantic Coas tal

Plain , and § . margar i ta na ch t re lbi t he northern pea r l da ce

(Bailey and Allu~ , 1962) . Only S . ~ ' nachtre lb l enters

northern Nor th Amer i ca .

The di st ribut ion patter n ot S. ~' nach tre ibl ( i nset ,

Fig . 1,4) indica t es s ur v i val 1n t he Mississ i ppi Refug i um .

Dallla pector alis Bean Alaska bIaekf Lsh ,

Range - Lowlands in Alaska and t he Chukch i Peninsula ,

Siberia (Fig . 45) .

~o rthe rn r ecor ds - Spec imens examined: 4, 5 , 15a ,

42, 56 , 105, 107 , 111, 122 , 133 , 143 , 145, 149 , 150 , 170 ,

189, 203, 204; l i terat ure r ecords: 5 , 7, 33 , 35 .

Glacial r efug1a - The range of ~ ' pector a li s i s

aJJnost r estric t ed t o t he Ber ing Ref ugi um . Dallia is pres ent

on St . Lawrence and St. Matthew Islands (bo th remnants of

t he Bering Land Br i dge) . Si nce Dallia is s tenohaline i t mus t

have been pr e s ent in t he Ber ing Ref ugi um before t he late

glac ial r ise i n sea l eve l .
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Fi&;. lj.lj . !iC::,t :1c:-n dis tribution cr ~ ' rr: n earita (ins et total
distr ibution) . Ci rc les indicate ~p~c1mons ~xamineo,

and squ~rc s litcr~ture recoTdc.
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No r thern d is t r i bution of D. p!c toral1f. ( i n set total
dis t r i bution ) . Ci r cles indicate spec ens en. 1ned .
and 5~uar.s l i tera t ur e recor ds .
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Northern p i ke.

Range - Europe , Asia , and Nor th AQerica; in North

Ameri ca f rom t he upper Miss issippi t o the Mackenzie Delta ,

and f rom Alaska t o Labrador (Fig . 46 ).

Northern records - Specimens examined : 4 , 5 , 6 , 9 ,

18 , 19 , 31 , 38 , 101 , 105 , 112 , 113, 116, 120 , 124 , 138 , 147 ,

184t1891 194, 201t 230, 231, 239, 244t 24 5, ~9, 2 53, 2%.

~1 ,265,276 ,28 5 ,286 ,291 ,293 ,298 ,301,3~ ,332 ,334.

33 5 ,3~,~1,346 ,~? ,352 ,360 , 374 ,3?5 ,376 ,385,387 ,

388 , 390 , 393, 394 , 402, 404 , 409, 414, 422, 432, 435. 440,

441 , 449 ,455,457, lt61, 465, 466, 467, 474, 475, 1t95, 505,

506, 510, 511, 515 . 516, 524 ; l i t era t ure r ecords: 1, 4, 6 ,

10, 30, 31, 33, 37 , 39, 53.

Gla cial refug ia - The range of ~ . luciu s includes

t wo unglacla ted areas : the Dering , a nd t he Miss issippi

Refugia . The nor the rn pi ke 1s ~ idely distr ibu ted in t hes e

areas , and probably su r vived glac iation in both ref ugia .

The n~be r of branchiostegal rays , gill rakers ,

and vertebr a e were compa r ed over t he North Ameri can r ange

of E. luc ius . Only t he nuober of vert ebra e suggests t wo

mor phological f orms (Table IX) . Ver tebral count d iffers

s ignif i cantly (p <:O .OOl) between t he Yukon Ri ver and t he

Mackenzie Ri ver a t approx imate ly t he same la t i tude , while

there is no significant difference (p 7 0 . 10) i n vertebr a e

number between Mackenzie River and Grea t Lakes E. luc ius .

This suggests t hat t he verte bral dif ferences are not

phenot ypic, and t here a re probab l y two gene tic forms of
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HQr ther n di s t r i but i on of E. l uclu$ (inse t t otal
di s t r i but ion) . Ci r cl es indicate speet.ena exa.l ned ,
and squares l i terat ure records .
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Ta bl e I X. cccpar-Lson of vertebrae in No r t h Ame r i ca n

~ lucius .

Vertebrae
Locali ty 51 2l 5l 60 61 62 ~ " If Nean

Yukon system 1 5 6 3 1 16 61. 89

Aleknaelk 1 2 5 1 1 10 61.90

Liard R. 1 1
(a bove canyon)

Muskawa R. 1 2 3 59 .66

Great Slave L. 1 3 3 3 2 12 60 .01
( t r i butar y)

Hay E . 2 4 2 2 10 59 .40

Wh1tef1sh L. 2 2 60 .00

Knowlton . # 2 1 2 6 11 551 .98L .
Ont a r i o

I Data cour t esy of E. J . Crossman , Royal Ont a r i o Museum .



] . lucius in Nor th !>mer i ca .

Fi gur e 47 presents the probable d i s t r i but i on of

the two forms of B. lu cius in ihr t h Ameri ca . Eot h forms

occur in northern Nor t h Amgr i ca .

~ Iota (Linnneus ) - Burbot .

Range - Eu rope , As i a , and Nor t h Amer i ca ; in Nor t h

Amer i ca from t he Hi s sour i and upper Hi s s i s s i ppi to t he

Mackenzi e Delta, and trom Alaska across Canada t o Labrador ,

and sou th to the Nev England Sta t ez (Fig . 48) .

Nor t her n records Specimons examined: 4, 5, 6 , 8 ,

9, 10 , 11, 38 , 41 , 42 , 44 , 55, 69, 98, 113 , 118 , 121, 131,

135 , 145, llt9, 155 , 157, 184 , 195 , ::".1 ; 2lt3, 2lt5 , 253 , 262,

277, 298 , 30'<, 309, 321, 326 , 330 , 332, 335, 337, 339 , 343,

346, 347 , 352, 360, 363, 372, 3Blt , 385 , 386, 388 , lt02 , 407,

ltoa , 4llt , 422 , 423, 424, 425, 435 , uu, lt49 , It 53, 45\, lt55 ,

458 , lt6l, lt62, 465, 467, lt74, lt83a , 494a , 511, 522;

li terature records: 1 , 12 , 14, 16 , 18 , 23 , 31 , 32 , 33, 37 ,

39, 49 .

Glacial r efugia - The Nor t h American range of 1.

Iota includes t wo unglacia ted a r ea s : t he Der i ng, and the

Miss i !l s i ppi Ref'ugLa , 'I'he burbot is .... i dely c i st r i but ed in

both ar eas . Hubbs and Schultz ( 1')41) named a sub sp ecies of

bur bot (1. 1. leptu ra ) from Alaska . These a ut hors di s t i nguished

L. 1 . leptura f r om 1. 1 . lacustris of central lIor th Amer i ca

on the basi s of a ratio of cau dal peduncle lengt h t o caudal

peduncle hei gh t . However, Lindsey (1956) demonst ra t es a

north-sou t h and eust -west cline in this character , a nd suggests
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Fi g . ltS. Hor t hern di s t r i but i on of L. Iota ( Lnse t total
di s t r i but ion) . Ci r c l e s indi ca t e apaet.ona exa. l ned ,
and s qu4res l i tera t ure recor ds .
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s ~bspc ciflc r ecognition of t he Alaskan form 1s no t warrant ed .

In t he pre s ent study t he number of g111 rakers and

pylor ic ca eca were compa r ed over t he Ho r th A.meri c:in rang e of

1 • .!2E (Tables X and XI) . In both c ha r acter s~ from t he

Yukon sys tem and o ther Alaskan r i vers differ s ignif i cantly

( p <O .OOl) f r om all o ther north American popul at i on s. This

sug&es ts t he pr e senc e of t wo a llopa tri c f or ms of 1 . Iota i n

North Amer i ca . The distribut ion of t he se forms (Fig . ~9)

Lnddon t.e s t he northern f o rm s ur v iveu g Lac Lat Lon in t he

Bering Refugi um , and t he southern f orm in the Mississippi

Refugium. Both f or ms oc cur in nor thern Nor t h Amer i ca .

Cules. inooostans (l:lrtland) - L:,'ovk s t.LckLeback ,

Range - Central !lorth America: f r om t he Hlssourl ,

upper Mississi ppi , and Ohio Valleys nor th to small t r i buta ries

on t he sou th shor e of Grea t Slave Lake (Fig . 50) . Koster

(1957) reports an i so lated population f r om New Mexico .

Northern records - Specimens examined : 229 , 230 ,

233 ,235 , ~7 ,273 ,303 ,3l7 1365 ,38l,389 ,4l8 , 4~;

litera t ure rec ords: 31 .

Glacial ref ugia _ The distribut ion pa t t ern of

f. i nconstans (inset , Fig . 50) ind i ca tes surv i val i n t he

Mississippi Refug ium. The res tric ted di st r i but i on of

~ . inconstans in the Atlantic Ref ugl um ~as pr oba bl y a ttained

postglac i a lly.

Gasterosteus a culea t us Linnaeus - Three spine s tickleback .

Range _ Amphibo real i n Eur a s i a and Nor t h America;

llor th Ameri can r ange d i s junc t : Southern Californ ia to Bris tol



Ta bl e X. Comparison of gill r~kers in No r t h Amer i ca n

12.E .!2.!!.

River s ,,:l tem 2 8 ~ 10 11 1:2 II ~

Ku:it::-ln , 1•

Yukon 1 , 12 2 , aa 9.'

Co ppe r 1 3 • 10 .7

W'ood 1 1 2 9. ,

Ha cken t l e 3 12 7 6 2 30 8 .7

co pperetne 1 • , 2 12 8 . 7

Ea ck 1 1 8 .7

Thel on • 6 6 3 1 20 8 . ,

Dubav n t; 3 6 1 10 8 .8

Kazan 2 3 1 6 8 .8

r bc - ene 1 6 2 1 '0 9.3

Chur c h i ll 1 3 • a 10 8. 7

lIelson 2 8 7 7 2 26 9.0

St . Lawr ence 1 9 7 1 18 8. ,

Ml l1 s 1 s s i pp i 1 7 2 10 8 .1

Connec t i c u t • , 7 16 8 .2

Mi s so ur i 1 2 1 1 1 6 8 .8

Fr a s er 1 16 16 6 1 .0 8. 7

Colulllb1a 1 12 9 6 2 30 8. 9



Tab1Q XI . ccnpar-t con or pyj.or- Lc cae ca in ;~.n·th Ame r i can

~ 1 tt l ) 1 61 71 81 91 101 111 121 1~1 1tt1
River sv s t ea ....Q.2Q 60 2Q 80 2Q .!2Q .llQ 120 130 1 0 150 ..1! Mean

Ku zitrln 1 1

Yukon 3 1 2 4 2 5 17 118 . 0

Copper 3 1 tt 117 . 6

Wood 1 1 1 3 96 . tt

Mackenzi e 1 1 4 6 3 4 1 2 1 23 83 . 6

co pperra.lne 1 1 2 2 2 1 9 82 .1

Back 1 1

Thelon 5 5 3 1 ,. 68 . 2

Dubawnt 1 1 1 3 66 . 0

Kaza n 2 2 1 5 68 .;

Tha-ane 1 2 • 1 8 68 .6

Chur ch ill 1 1 2 2 6 71.7

NeLaon 1 3 • 1 2 3 14 65••

St. Lawrence 2 7 1 1 11 1.;6 . 1

Mis s i s sippi 2 1 1 4 7;.7

Conne c t i cut 1 2 1 2 1 7 7; . 9

Mi ssouri 1 2 1 • 76.6

Fra ser 5 3 • 1 13 58 .1.;

Columbia 1 2 2 3 1 1 10 67 . 8
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FiC . 50 . Nor ther n di s t r i but i on of C. inconstans (inset t ota l
d i s t r i but ion) . Ci r cle s lnd lc~te spee I . ens examined ,
and squares literature r eoords .
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Bay, Alaska, and Chc~apeake Bay t o Cumberland Sound , Battin

Isla nd . There are relic t po pul a t i on s in Baja California

( Fig . 5'1) •

No rthern

29, 3lt , 36 , 46 , 52,

119 , 132 , 133 , 15'3,

179 , 181, 199, 205 ,

38'> , lt02 , 412 , 415.
45.

re cords - Spec imens examined: 23 , 26 , 28 ,

58 , 68, 71, 83 . 85, 89, 93, 95, 101, 115,

154 , 156 , 166 , 168, 170, 172, 175, 178,

208 , 215 , 22lt , 227, 3ltlt , 3~ , 356 , 363 ,

423 . 431; litera ture r-ec ord s r 3, 11 , 14,

Glac ial refugia - In Nor t h America there are tvo

t ot a l l y allopatric popula t i ons of G. a culeatus . The se popu­

la tions are separated by 2500 mile s (i~sct . Fig . 51) .

Geographi c va ria t i on in t he number of gill rakers and t he

number of lateral pl a t e s wa s examined . No consi s t ent pat t er n

was a pparent .

The western popuLa t Lon is wi dely dis t ribu ted in

the unglac i ated coa s ta l portions of t he Pacif ic Refugium ,

and there arc r el i ct popu la t i ons in BaJ3 Cali forn i a . The

wes tern population pr obabl y survi ved Wi scons i n glaciat ion

in t he Pacific Refugium .

A f ossil t hreespine s t i ckleba ck is Y~own f r om the

late gla c ial Champla in Sea depos i t s . The rang~ of tho

eastern pvpu13tion includes tho At lantic Refugium, and G.

aculea t us pr obabl y also survived glaciation in this area.

Pungitiu s punr;1tiu s (Linnaeus) - llinesp i ne s t Lck.Ieback ,

Range - Ci r cumpolar ; i n North America from Cook

Inlet , Alaska , to ::ew Jars;:,] (Fig . ,2) .
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lIor thern dist r i bution of G. aculea tu$ ( Inse t tota l
dist r ibut ion) . Ci rc les indicate spe cimens exa.i ned ,
and s qunres l iterature records .
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Fi:: . 52. Nor thern dist ri but ion of f . pllnK1t i llS ( i nse t to~l
di.z t r ibut ion) . Ci rc l es i ndica t e epee Ia ens eXAllllned ,
and squares llter~tllre r ec vrds.
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Ncr-bher -n records - Specimens examined: It, 5, 6 ,

I 13, 42, lt9, 79a, 94, 99. 101 , 10? , 109, 133, 150, 164 , 170 ,

171 . l7lt . 181 , 203 , 205 , 211 , 212 , 236 , 264 , 331, 332, 335,

337, 339 . 3l.t I, 343, 34lt I 3lt 5' , 3lt6 . 3lt7 . 349 . 353. 35'< , 355,

357 , 359 . 362 , 363 . 364, 367 , 368, 370, 374, 37ts, 379. 382,

388, 392 , 393 . ltOl, !t02 , 405, ltO? 41lt , 415. 419, lt 2:2, lt23 ,

''", 425 . 428, lt29 , 431 , 433, It3lt . 436 , 1t3? 444, ltlt6, ltlt9,

L, 50, 457 , 462:, 463. 46 5. 466. 467. 468 , 470, 471, 472, 488·,
l i tera tur e records: 3, 9. 13, 14, '.1 , 33 , 36, 37, 39. 42.

Ghe ia! refu f!; la - NcPhail (1963) suggests t wo

allopa t ric rcr ns of f . .lli!.Dgitlus t n !for t h Imer i ca , d. l s -

tlngulshed by gill raker aud dor ~al spine number. The d l s-

t r l butlon of t he se f or ms 1s pre sented 1n Fig . 53 . Bot h fo r ms

are rela t ively unito~m t hr oughout t heir ranles , nnd nppe~r

t o i nt er gr ade wher ev er t hey come i n c~ntact .

The pre sence of t wo a llopa tric f orms of I . pungitius

i n Nor t h Amer i ca i mp lie s t wo re f ugia . The northern t or m i $

widely di s tr ibut ed with i n t he Ber ing Ref ugi um and pro babl y

sur v i ved glaciation i n t hi s a rea . The d i st r i bution of t he

sauthern t orm sugges ts survi va l in t he Mi s s i s s i ppi Refugi um.

Bot h f orms occur i n nor thern Nor t h Ameri ca .

Per cops is omi scomayc us (Walbaum) - Tro ut~ perch.

Range - Centra l Vo rt~ Amer i ca : f r om t he Missouri ,

upper Miss issi ppi , and vh i o Valleys north t o t he Mackenz ie

Del ta , and in t he Porcupine a nd Yukon Riv er s downstreaM t o

t he mou th of t he Andreafsky Ri ver (Fig . $4).

llor t her n records _ Spec imens exam ined : 9 , 41, 55 ,
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IIor t her n distribution of P. omtseot1tlYCUS (inset t o ta l
di st r i but i on) , Circles indicate specimens exami ned ,
and squares litera ture records .
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~f6, 223, 239, ~5, 24G, ~2 , 26 5, 2B9. 298,301 , 307. 308,

31l.332 ,352, 372 ,37lt ,375,385 ,388 ,403 ,4~ , 435 .1t5l ,

4G6; literature r ec or d s : 31 , 39, 54 .
Glac ial ref ugia _ The dis t ribution pa t t e r n of t .

oll1 i scomaycus (inset , Fig . 51+ ) indica tes surv i val in the

Mis s i ssipp i Ref ugi um. The r e str icted distr i bution of P .

oml scom~ycu s i n t he Dering a nd th~ AtL~ntic Refug ia 1 s

pr oha bl y due t o postgl acia l dis persal f rom the Mississ i ppi

Refugi um.

Per e a. flave sccn s (1I1 t chlll) - Yel low per ch .

Range - nor t h ~uerica ( the Eurasian f. f luv,tatilis

llIa:r be conspec Lf Icy r f r om t he upper lli.::sisnippi and Chio

Valleys north t o Great s teve Lake , and on t he Atlantic Coas t

frJm Nova Uco t h t o Sou '~ : : ":a ro lina (F ig . 55) .

Nor thern recor j~ - Spe c imens e~amined: 232 , 253;

11 t.er-a tur e z-eccr-ds : 31, 38 , 39 , lt4 .

Glacial refugia - The range of P. flaves ccns

incfu ce s t'...o ungLac Lnt ad areas: the His s lss i ppi, and the

Atlantic Ref ug la . Radfor th (1944) sug &e s t s t he ye l low porch

surv i ved glaciati on in bo th aroa s . The yellow perch pr obabl y

a t tained i t s pr e sent northe r n dis tribut ion h; postglac i a l

d ispersal rrQm the l1ississ i ppi Ref' ug Ium .

3t izo s t euion vitr e um (Mitch1l1) - \,'al l eye .

Ranee Centra l Nor- t h Ameri ca ; f ro ll! the upp er

~:isslssipp i and Ohi o Va l leys no r th to the HackanzLe Delt::. j

on t he Atlantic Coas t nati ve only in Hor t h Carolina (Fig . 56 ) .

jtcr t h er n r-aco rds - apec taen s examined : 239 , 277,
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Nor thern dis t r i but ion of P. tlavos cens ( inset t otal
dist r i but ion) . Ci rc l es indica t e sp ecl=ens examined,
and square s l i t era t ure records .
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Fig . %. No r thern di s t r i but i on of S. vitr eum ( inset t otal
di s t r i but ion) . Ci r c l e s indicate spec imens exami ned ,
and s quar es l i t era ture r ecor ds .
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278 , 288 , 293 , 332, 372 , 4dt, lt09 , l.t32, lt36, 451t; li tera ture

records: 24, 31, 37, 39.

Gla cial refuels The distribut ion pattern ot

S. vitreum ( i nset, Fig . 56) i ndicates s urv i val 1n t he

Missis s i ppi Ref ugi um.

Co t t us a l e ut i cu$ Gi l bert - Coas t range sculpin .

Rnnge - Wes tern North Ameri ca : f r om San Luis

Ob1spo Co. , Califo r nia , t o Bris tol Bay , Alaska) (Fig . 57) .

Norther n r ec or ds - Specimens examined: 2 , 6 , 17 ,

21, 22 , 23, 32, 43, 58, 60 , 68 , 76 , 95, 98?, 101 , 104 , n 4 ,

115 , 1338 , 156 , 169 , 177, 178, 190, 213, 221 , 223, 329;

l i terat ure recor ds : 3 , 11, 42.

Glacial r efugi a _ The di s t r ibut ion pattern of

£ . ale uticus ( i nset, Fig . 57) ind i cate s s ur vival 1n the

Pacific Re! ugl um .

Co et us aepel' Ri cha rdson - Pr i ckly s culpin .

Range - Wes ter n Nor th Ameri ca : Ven tura River ,

California, t o t he Kena i Peninsula , Alaska (F ig . 58) .

Northern r ec ords - Specimens exami ned : 47, 96 ,

1$6 , 175 , 177 , 223 , 281 , 323; l i terature records: II , 34 .

Glac ial refug ia - The dis tribu t i on patter n of

f . asper (inse t , Fig . 58) indicates su rvival in t he Pacifi c

Ref ugi um .

Cot t us cogna tu s Ri chard son - Slimy sculpin .

Range - Northeas t ern Si ber ia and No r th Ameri ca .

3 A s ingle specimen (~Zl$6990) is kno~n from t he Ko buk Ri ver ,
Alaska . Si nce C. a l euticus vas not taken i n t he Kuskokwim or
Yukon sy stems by t he a uthor, t h i s re cord is consider ed
questiona bl e.



112

eo- ."~' .,.."

Fi g . 57. Nor t hern d i s t r i but i on of ~. aleuticus (inse t t ota l
dist r i but ion) . Ci r cle s indicate specimens examined ,
and squares l i tera ture records .
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Fig . 58 . Norther n d i s t r i but i on of £. azpor (inset t otal
d i s t r i but i on) . Ci r cl es i ndi cate spec imens examined ,
and squares literat ure r ecords .
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In N,r th Amer i ca f r om tho Columbia sys t em nor th t o Alaska

and east t o t he Grea t lakes , on t he Atlant i c Coast from

Labrador t o Ne.... York; re H c t populations i n Virginia and

Iowa (Fig . 59) •

flor thern r ecords - Specimens examined: 3 , 6 , 8,

10 , 11 , 14 , 18, 19, 22, 28, 31 , 33 , In , ua, 44 , 48 , 54 , 60,

61, 63 , 69 , 79, 90, 101 , 102 , 115' , 121, 127, 130, 131 , 133 , 135,

147 , 153. 157 , 158 , 17lt • 180 I 181t , 185 , 189 , 195, 196 , 197,

200 , 201 , 202 , 202a , 203 , 215, 218 , 219 , 222 , 262 , 272, 277,

283 , 287 , 295 , 298 , 304, 30" 306 , 308, 310 , 318 , 321 , 326 ,

335. 337, 343, 31t6 , 347, 358, 362, 363, 367, 378 , 384 , 385.

386 , 388 , lt02, 407 , !.tn, !.tIlt , 419, l.t22 , 423 , 441 , l.t49 , 450 ,

453, 462, lt65 , 467, 471, 473. 474 , 479, 480 , 483 , 483a , 486 ,

l.t89, 490, l.t92, 494, 494a I lt98 , 501, 502 , 503, 509, 510 , 511 ,

514, 515. 516 , 518 , 519 , 520 , 522 ; lit er a ture records: 1, 6,

11, l3 ,W ,~ ,3l,~ 1 36 ,39 , 52 .

Glac ial refu gia - The vide range of £. cogna tus

implie s surv i va l i n multipl e ref ugia . The pr es enc e of £.
cogna t ur. i n nor t h ea s t ern Si ber ia and on St . Lavrence Island

i nd i cates t he s l imy scu l pi n vas pr e sent in t he Ber ing

Ret ugi um dur ing glacia t ion . The oc currence of £. cogna tu s

in t he Columbia system, and t he r elict pop ul a t i on s i n Iowa

and Vi rg i nia su gges t t he Pac i f i C, t he Miss iss i ppi , and the

Atlan t i c Retugia vere a lso used .

McAllis ter and Lindsey (1961) sugg est t hr ee a llo­

p~tric t or ms of £ . cognatu s i n Nor th America, dist inguished
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Fie . ;9 . Nor thern d i s t r i but i on of £. cognntus (inset t otal
di s t r i but ion) . Ci r cl es Inolcate specimens exa. l ned ,
and squa re s l iterature record~ .
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b t he number of pelvic rays and t he branching of t he last

anal ray . Each form 1s rela tively uniform t hroughout i ts

r a ng e. Th e d i s t r i bution of t h ose f o r ms (F1g . 60) implies

surv ival 1n t he Ber ing , t he Pacif i c , and t he Miss i ssippi

Ref ugia . All t hr e e forms occur i n nor the rn Nor t h Amer i ca .

Cottus r icel 0;0150n} - Spoonhea d s c ulpin .

Range _ Cen tral I:or th Ame r i ca : Grea t Lakes Be s Ln

t o the ~~ckenz le Delta (Fig . 61) .

Nor thern record s - Specimens examined: 228 , 253 ,

255, 277 , 301, 332 , 346 , 378, 388, It03. lt59 , 460 ; literat ure

r ecord s : 39 .

Gla c ial retug la - The di s t r i but i on pat ter n ot

Q. r ice! ( i nset, Fig . 61) i nd i cate s surviva l 1n t h e Miss iss i ppi

Ref ugium.

MyOxocephalus gua dricornl s (Linnaeus) - Fourho r n sculpin .

Ra nge - Cir c umpolar i n marine and f r esh ~aters ,

only fre sh~ater popula t i ons are consider ed . I n Nor t h

A~erica i n t he Grea t Lakes , Lake Ni pi gon , Torch Lake , Lac

La Plonge , Wollaston Lake , La c La Range , Reindeer Lake , Grea t

s t eve Lake, Lac La Martre , Keller Lake , and t he fo llowing

lakes on Vic toria Island: Fer guson Lake , Washburn Lake ,

Surrey Lake and Zeta Lake (Fig . 62) .

No r the rn records - Specim ens examined: 370 , 387 ,

~09, ~ l~ , ~52 , ~6~ , ~69 ; li tera t ure r ecor d s : 39 .

Glacial refugla - McAllis ter (1961) recognizes t he

f re shwa t er f orm of HYoxoc epha l us in Nor t h Ameri ca as a dis t i nct

spec ies , Myoxocephalus t hompson1! . He po st ula t e s ll . t homp son i i
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Fie. 6(1. Di stribu tion of t he morpho lorica1 for~s of r o t t u5 co p, oatus 1n
North AmeI'if'a (af t e r McAlli ste r a nd Lind s ey , 1961). -
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Fig . 61. Uo~thern dist r i but ion of C. rioel (Inset t otal
dis t ribut ion) , Ci rcles InJica t c cpeoimens eL1mined ,
and aquar-es literature r ecords .
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F i~ . 62 . Nor t her n distr i but io n or fre ~h'la ter populations
or !-i. gll:l. :lricornis ( i nset t c tnL d1:lt r i bll tion) .
Ci rc les i ndicate spco imen5 exnQi ned , and sq uares
l i t era t ure r eoords .
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evolved i n proglacia l lakes in fron t of t he Laurentide

i c esheet, ano t hen di sper sed t hr ough t he lakes f or med by t he

re treating icesheets .

Recently , fre sh~ater populations of Myoxocephalus

were di scover ed i n Lake s on Vi ctor ia Island , lI. W. T. These

popul ations a re intermedia te between tl . guadricornis and

N. t hompsonii in pr eopercu l ar spine leng th , like M. t hompson! i

in t he a bsence of tu berc l es bel ow t he la teral l ine , and like

~. guadricorn1s i n t he number of pyl oric caeca (Ta ble XII) .

HcAll1ster (1961) base d the separation of 11.

t homp son1i, as a dist inc t species, on t he a bsence of ot her

f r e shwater popu l at i ons of ll. guadrico rni s i n Nor t h America ,

and t he co~plete morphologica l separa tion of ll . gu~dricornis

and ll . t hompsoni!. The freshwater popul ations of Hyoxoce phal us

on Vi ctori a Island ne gate both points . Furthe r, a ll f r eshwate r

popUlations of M. guadr icornis Wort h Ame r i can and Eur opean)

diff er f rom marine populations in t he same way (reduc t ion in

t he nu~ber and length of spines , and reduc t ion i n t he number

of tuberc l e s ), and dif fer f r oa one ano ther only i n t he

decree of reduction . The pre sent a ut hor doub ts t hat ll.

t homp soni i warrants spe c if i c recogni tion .

The Vi ctoria Island f r e shwater popula t ions are

probabl y not deri ved from ~inland f r e shwat er popu l ations

of Myoxocephalus . Al l of t he known Vi c toria Island popula­

t i ons are in , or near , a reas of postglac ia l marine submergence .

Thi s sugges ts t hat t he Vi ctoria I ~land popu l at i ons are post­

glac i a l marine reli c ts . Fresh~ater populations of



Ta bl e XI I . eo_par i son ot .arine a nd rre . hwatar popu lations ot Hyoxo cepha l us

'l ll8.d r i cor n b in llo r th " • • r ica ( .iul r em ge , 1t 2- 90 _ ) .

Tuber e l n ba l en: Preo pa r c l e spinel
Pylo r i c clleca la tera l line 3t8ndard Ienr. t h (%)
r ll,n«e ~ r "nle ~ r ll.n&c ~

Mar ine popula tion

Ca mbr id ge Bay 7- 10 8. 53 0.." 1t .1t6 5' . 7·9 . 0 8.5
( 15 spec iaen s )

Fre sh~ater popula tion , ~'0
~

Lake Sup erior 5-8 5·33 0 0 2 . 2- It . I ] .2
(15 spee1lllens

Ferguson Lake,
Vi c toria 1:1 . 7- 9 8.00 0 0 3. 8-5 . 0 , .1

0 0 s pecimens )



ll . guudr i c orni s have apparently inde pendently evolved a t

least twi ce i n North ~er1ca , and pr obabl y t wice in Europe

(sv3rdson , 1961) .



DISCUSSI ON

Pos tglac ial Dispersal

The northern half of N~ r th America was gla c ia ted

several times during t he Ple istocene (Flint , 1957) . Li ttle

i s known abou t t he earlier glaoiat ions . The las t glacia tion,

t he Wi scons i n , obli terated mos t t r ac es of pr eviou s glac ial

events except i n periphera l areas . The pr e s ent discuss ion

dea l s only wi t h Wisconsi n and post glac ia l events .

Wi th t he re treat of t he Wi scons in ice sheets

freshwa ter f ishes dispersed into t he glacia ted porti on s of

northern lIo r t h Ameri ca . The pr e sent freshwater fish f a una

of t hi s a rea i s derive d f r om five sources : t he Pacif i c

Ref ugi um, t he BerinC Refugi um , the Mi s s i s s i ppi Refugi um ,

t he Atlantic Refugi um, a nd t he Arct i c Ocean . Fi gure 1

i llustrate s t he se glac ial refu,ia with t he Wisconsin ice~

sheets a t t heir maxima.

There were t wo main avenues of di sper sa l into

northern Nor t h Amer i ca : coa sta l di sper sa l by way of t he s ea ,

and inland dispersal t hr ough dr a i na ge change s . Bot h routes

were cont r ol l ed b ' t he pa t t er n of degla c ia t ion . The f ol l owing

pa r acr aphs outline Wi scons i n deglac ia t ion i n North America

and its ef fe cts on postglacia l dispersal rou tes .

Deglacia tion i n t he Grea t L3kes a rea i s bet ter

doc umented t han elsewhere . The f ollowing summary i s mainly

from Flint (1957) and Hough (19, 8). Flint (19,7) i ndicate s

t hat t he Wi scons i n L~urcntide i ce sheet was a t it s maximum in
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t he Grea t Lakes reg ion abou t 18 ,000 B.P. By 13 ,000 B. P.

pa rt s of t he bas i ns ot lakes Mi chigan , Huron , Er i e , and

Ontario ~ere exposed . Large glacial lakes tormed in the se

basins , and dra ined south into t he Mississippi system and

east into t he Susqueha nna Ri ver . This per i od cu lminated i n

a slight readvance , t he Mankato (or Port Huron?) maximum .

During t he next 1 ,000 years (Two Creeks i nterva l ) t he le e

retrea ted fu rther north, and gla c ial Lake Keweenaw fo rmed

in t he exposed portion of t he Lake Superior basin .

The Two Creeks interval was followed by a major

readva nce , t he Valde rs maximum. During t he Valders maximum

t he Lake Superio r and Lake On tario bas ins were cover ed by

i ce , and t he glacial lakes in t he o ther Grea t Lakes basins

were considerabl y reduced . Draina ge vas ma inly sou th into

t he Mississi ppi system .

After t he Valders m.ax ialum t he i c e r etreated

st ead ily , and by about 8 ,000 B.P. most of t he Grea t Lakes

area vas ice f r e e . At t his t i me dra i nage was south into

t he Mississippi system and east i nto the HUdson Ri ve r . The

ice retrea ted beyond t he HUdson Bay dra inage divide before

7, 000 B.P .• a nd Lake Barlow-Oj ibway vas formed . Lake Barlo.... ­

Cjibway first dra ined to t he southeast into t he s t. Lawrence

system, and later to t he northwest into Hudson Bay. A minor

r-eadvance may have la ter covered part of t he Lake Barlow­

Oji bway basin . Dif fere nt ial uplift in t he northern part of

t he Great Lakes r egi on r e sulted i n t he Ni pi s s l ng Grea t Lake s

abou t *.000 B.P . At t hi s time drainage ....as sou th i nto t he
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Miss issippi system and northeast into t he St . Lawrence River .

The pre sent dr a i nage was e st a bl i shed with t he closu re of the

last outle t t o t he lli s s i ss i ppi system about 2 ,000 B. P.

Degla c iation on t he Atlantic Coa s t was earlier and

more r ap i d than i n t he Gr ea t Lakes r egi on. Nevman and Fa ir~

br i dge (1960) no te t hat t he i niti a l ic e re treat i n the Long

Island Sound a rea began a bout 30 ,000 B.P . By t he Mankato

maximum t he i ce had retrea ted t o t he Bost on a r ea ( Ogden , 1959) ,

and mos t of Nova Sco t ia was ic o free by 10 ,000 B. P. (Hi ckox ,

1960 ; Li v ings tone and Li vingstone , 195'8) . Ives (1959 , 1960)

indicates t hat t he coa sta l a r ea s of Labrador were also i ce

f r ee by abou t 10 ,000 B.P. , but a resi dual i ce mass remained

iro the Schef fervi11a area unt il a bout 6 ,000 B. P.

On the Atlant i c Coast degla c i a t i on was fol lowed

by marine sUbmergence , and the sea f l ooded the St . Lawrence

lowlnnds f or ming t he Champlain Sea . The Champl.nin Sea was

pr obabl y contempor ary with t he Two Cr eeks i nterva l (Terasmae ,

1959) •

On t he Great Plains t he Laurentide ice sheet extended

i n a northeas terly di r ec t i on f r om I l l i noi s t o the Roc~J

Mounta i ns . At t he Wiscons i n max i mum drainage was sou th into

t he Mi s sour i and Mi s si ss i ppi Ri vers . Wi t h t he ice re treat

after t he }~nka to max i mum Lake Aga ss iz I was f ormed in sou t hern

~~ni toba and Nor t h Dakota . Lake Aga s s i z I dr a i ned sou th i nto

t he Mi s s i ss i ppi system , and per hap s a t a la ter da t e ea s t into

t he Lake Superior basin ( Elson , 1957). Du r ing t he Two Creeks

i nterva l c r usta l upwarplng opene d lower outle ts and Lake
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~gas~iz I drained .

The Valders i ce advance formed Lake Aga s ni z II

in t he same area . Lake Aga sniz I I drained south by t he \~rren

River into t he Mi s s i s s i pp i nyst ern, and t hen east throu~h

~evcral outle t : into t he Laxe Superior basin . The f inal

dra inage of Lake Agass i z II 'Was north into Hudson Bay .

I ce re t reat on t he 'Wester n Great Plains 'Was in a

nor theas te rly di r ect i on (Gr av enor and Ba, rock , 1961) . Southern

Alberta and so uthwestern Saskat chewan became i ce f ree rela t i ve ly

early in deglaciat ion . The numerous gla c ial lakes in this ar ea

were r elativel y &mall and short lived (Grave nor and Bayrock ,

1961) . Dra i nage was sou th i nto t he Mi ssouri River , and later

east into Lake Agassiz .

The regional slope north of Ed:aonton is t o t he

northeas t . ~~en t he i ce re t rea t ed to t his area a series of

la rge proglac i a l lakes were f or med ; t he mos t importan t we r e:

Lakc Edmont on , Lake Peace , and Lake Tyrrell (Taylor , 1960) .

These lakes dra in ed t o t he southeas t into Lake Agass i z I I .

La ter i n degL~c ia tion a large glacial lake was f ormed i n t he

Great Slave-Grea t Bear basin and dra ined so uth i nto Lake

Agassi z II unti l isostat i c r eadjustment es tablished t he

present northern dr a ina ge .

Along t he Arct i c Coa st the ice re t reated in a

so uthea ~ter1y di r ec t i on (Cra ig and Fyles , 1960; Cra i g , 1960) .

The Arctic CQa s t was i c e f r ee t o Corona t ion Cul! by 10 ,000 B.P .

(Cra ig, 1960), and t o t he Gulf of Boothia b 8 ,000 ~ .P . (Cr aig,

1961). After deglac i a t i on much of t he Arc t i c Coas t of Canadn
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was sUbmerged.

I n t he final stages of degla cia t ion the Lau rent ide

lc e sheet spl i t into t wo s epa ra te ice masses , and wi thdrew

into Keewatin anc Labrador . The divis ion of t he ic esheet was

cau sed by t he entry of the sea into Hudson Day , and Lee ( 1960)

da tes the maxi mum postglacia l submer gence i n t he Hudson Bay

area a t 7,000 t o 8,000 B.P. The sea must have penetr at ed

t h r ough Hudson Strai t i nto Foxe Basin and Hudson Bay somewhat

earlier . The residual i c e masses 1n Keewa t in and Labrador

disappeared abo ut 6 ,000 B.P.

Li t tle 1s known about t he deglaciat ion of t he

Cordi lleran i ceshee tj a pparently most of t he coasta l area

became i ce f r ee r el ative l y ea r l y i n deglac ia t ion . Crandell

£1 a l . (19,& i ndicate t he i c e ret reated f r om t he Sea ttle a rea

prior t o l~ ,OOO B.P., and Ar ms trong ( 1956) notes a readvance

i n t he Fraser Va lley about 11,000 B.P. SOme c:oa s t a l areas as

f a r north as J uneau were i c:e free by 10 ,000 B.P . (Olson and

Broec:ker , 1959) , and clac:iated part s of t he Kenai Peninsula

by 9 ,600 B.P . (Broecker e t a l., 1956) . The nor the rn Pac i f i c

Coas t i s still no t compl ete l y i ce f ree, but dispersal a long

t he coa st was probabl y po ssible by a bout 9 , 000 B.P.

The general pattern of deglac ia t ion i n Nor t h Amer i ca,

and t he resulting draina ge change s are sUlllJllar iz;ed in Fig . 63 .

ZOogeographi ca lly, t h e most important as pec ts of deglac ia t ion

were t he ea r l y r etreat of the ic e from coa s tal regions , and

t he rap id nor theas te rly r et reat of t he ice on t he Great Plains .

There are 50 species of freshwater fi she s na t i ve t o
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northern Nor t h America (as here defined) . or thes e , 16

spec i e s origina ted 1n t he Pac ific Ref uglum , 6 spec ies 1n t he

De rln~ Ref ugium, and 16 spec ies i n th e Mi s s i s s i ppi Ref ugium .

The re~~ lnlng 12 spe c ies ent ered t he area from mult i ple

r-ef'ugLa ,

A. Dispersal f rom t he Pacif i c Ref ugium .

The Pac i f i c Ref ugi ua inc ludes t he Pacifi c watershed

sou th of t he Cord illeran i ceshe e t , and per haps pa rt of the

Great Bas in . Mo s t of the fi she s t hat survi ved glaciat ion i n

t he Pa ci f i c Re fug i um we re probab ly pre sent in t he Col umbi a

sys tem.

Sixteen spec l es entered norther n Nor t h Ameri ca

from t he Pac i f i c Re fu gi um only . They are :

En to sphenu$ trldentatu s

Lalllpet ra a yr esii

Ac l pense r medirost rls

Aci penser transmontanus

Sallno c lar k!

&llmo galrdnerii

Prosop i um coulteri

Pro sopi um ~ ill iamsoni

Spirinchus t haleichthys

Thale i ch t hys pa c i f i cus

Ca t os t omus macr ochei lus

Mylochel 1us caurl num

Pt ychochel 1us ore gonense
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Richardsonius baltentus

Co ttus aleu ticus

Cottus asper

El even of these species are eur-yha Lfne , The dis­

tri but i ons of seven of t he euryhaline species (] . tri den tatu s,

1 . ayresii , ,A . medi rost ris , !l. t r ansmontanus, §. cla r ki , § .

t haleichthys , 1 . pac i!i cus , and.£ . aleu t i c us ) are r est ricted ,

in northe r n Nor t h Ameri ca , t o coa st a l regions. These species

pr obabl y d i sper sed north along t he coa s t.

Two of t he euryhal ine spec ies ( S. ga i r dner i i , and

.£ . a s per ) a re f ound , i n nor thern Nor t h Amer i ca , qainl y in

coa s ta l regions but also have rest r i cted dist ribu t ions in

t he upper Pea ce Ri ver (.£ . asper , and § . gaird ner i i ) and t he

upper Athabasca Ri ve r (§. ga irdneri i l , suggesting t hat t hey

d i sper s ed north by both coa sta l and inland routes .

The r ema i n i ng euryhaline species (ll . caurinum) doe s

not ent er the sea as readily as t he others . The northe r n

distri but ion of ll . ca ur i num is rest ric ted t o the uppe r Peac e

and Athabasca Rivers , and i s probably entirel y due to in land

dispersal.

Five of t he Pacific spec ies in northern Nor t h

Ameri ca are s tenoha line , and must have di sper sed through

fresh wa ter . The northern t:or t h American d i st r i but i on of

t hr ee species (.£ . macrocheilus, B. . balteut us , and .E.. oregonense )

i s r e s t r i ct ed to t he upper Pea ce system, and one species (.E..
williamsoni) i s found only in t he Athabascn , Pea ce , Liar d ,

and Sti kine Rivers . The remaining spe cies (.E. . coulteri ) has
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a wi de but sca tterec distribution i n northern Nor t h America .

I t is r ecor ded from t he Pea ce , Liar d , Yukon , and Al sek

s ys tems , and also from Br i s t ol Bay dr a i na ges in Alaska .

The mai n i nland dispersal r oute north f rom t he

Pac if i c Refugi um vas t hrough t he Co l umbi a system i nto t he

Fraser Ri ver, and t hen i nto t he Peac e River . The Col umbi a

and Fraser Rivers were connec t ed by glacial lakes in t he

Kam!oop s region (Mat thews , 1958) , and t he Fraser and Peace

Ri vers by glaoi a1 la kes in t he Prince George reg ion (Armstrong

and Ti pper , 1948) , There was also a connection between the

Fraser and Athabasca Rivers (Taylor , 1960) . These connections

prOba bl y a ccount for t he Pacif i c spec ies in t he upper Pea ce

and Athabascn Ri vers .

The t wo Pacifi c spec ies (E. coulteri, and E.
~illiamsoni ) i n t he Liard system most likely entered from

t he Fi nlay Ri ver (Pea ce sys tem) or t he St ikine Ri ver . The

Glacial l-lap of Canada (Wllson ~ al . , 1958) indicates

dra inage connect i ons in both a reas . Proso pium coulter i

pr oba bl y entered t he upper Yukon and Al s ek sys tems trom t he

Lia r d Riv er, an d t hen di s per s ed north t o the Br i sto l Bay

r egi on.

B. Dispersal f r om t he Ber i ng Refugium .

The Ber i ng Retu gium i ncl udes t he unglacia ted

r egi ons of Alaska , t he Yukon Ter r i t or y , and ad jacen t parts

ot Si ber i a. \~alters (1955) t r ea ts the arc tic slo pe of Alaska

and t he Yukon Valley as separate r etugia, but dur ing t he

Wi sconsi n these areas ~ere pro ba bl y l ess i solated from one
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ano ther t han t hey a I'l t oday (Fi t . 633) , an d i t se e~~ unli kely

t hat t hey opor a t ed 45 separa t e r ef ur 1a. Y.a r l s t rom (1961)

indica t e s t hat part s of Kod iak I s land and the Cook Inlet a r ea

wer-e i ce f r ee d ur ing t he \;lsco ns l n . The se a r eas are inc l Uded

in t he Be r ! n, lle t uc l um, altho ugh Kodiak Islnnd m.'ly have

funct i oned a s a se para t e r etuglum f or §. ~ lp lnu s . Freshwa t er

f i she s pro~'l bly d id no t survive i n t he supposedl y unc laclated

hl ghlnnd area s s ugcl::; h d as plant r-tU(ia by Heusser <l')60).

Si x specIes di sper sed into t he CL3 clat cd r egions of

northern Nor t h Amer i ca from the Bcr inr Rel ugi um only . The se

a re :

En to s phe nus lamo ttenl1

Prosopl um cyl1n~raceua

Stanodn::; leuc l chthys

Hypolllesus ol1dus

O s~eru s eper lnnus

Dallia pectomli s

Four of t hese s pec i es (~ . lamot tenii , ~. Ieuci ch thys ,

n. ol iu us , anQ £. eperlanus) cOmQOnl y occur 1n t he sea , and

di s t r i but ion in nor thern ~orth Amer i ca is no doubt ln ricly uue

t o coastal di spor sa l . r~tosphenus laQo ttcn1i , li . ol ldus , and

Q. eper lnnus dlsper sed i n t wo dl r ec t lons from t he Ber l ng

Ref ue1ulll : south into t he Gulf of Alaslm r eeion , and east along

t he Ar ct i c Coa st . Stono~us I eucich thys di sper sed onl y t o t he

ea st a lone t he Arc t 1c Cans t . Bo t h li. lamottenil nnd § .

l euc l ch thys moved up the }~ckenzie sys tem t o Gr ea t Slave Lake .

Hypomesus 011dus dl sper sed up t he Mackenzi o Rl ver as fa r a s
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Gr ea t Bea r Lake , but £. eperlanu~ 1s not r ecorded above t he

Mackenzi e De l ta .

cr t h e Der i nl s pecies only ~ . pectoralis 10

s tanohel !ne . DalIla probab l y has not cr ea t ly expanded its

r anee posttlaelnlly , but it 1s prescnt 1n t he Chi gnik Ri ver

(on t ho south side of t he Ala ska Pen insula) . Th i s di s t r i but ion

1s probabl y due to a pos telaclal exc~~nce bet ween t he Chignik

system and n Br i s tol Bay drninnie .

Tho r emaini nc Ber i ne spec i es (f . cylln~raeeUQ)

d lspcrs~d 1n two di r eot i ons : south into t he Lia rd Ri ver and

Pa oi f i o dr n i nnge s t o t he Tnku Ri ver , and ea s t i nto t he

Mackenzio syste~ nnd acros s the Bar ren Gr ounds . Prosopl uM

cyllndrnceum 1s a headwater form, nnd dl sper $11 1n both

di r ec t ions was proba bl y by i n l and rou tes .

c . Di s persa l from t he Mi s s i ss i ppi Ret u£i um.

Tho Mi s s i ssi ppi P. ofu~ ium inc l udes the unglacia t ed

portions of t he upper Mi s sour i , t he upper ~issis s ipp i , a nd

t he Chio Ri ver Val l eys . TWi c e dur in£ the ea r ly Wi s cons i n

t he Missour i River wa . di ver t ed by the j ames ieelo be , and

dr a i ned south a cr os s ~e br~ska into t he Plat t e Ri ver (Simpson ,

1960) . Th is r e sulted i n t he part ial i solation of t he upper

Mi s sour i and t he upper Mi s s i s s i ppi n i ver s , and i t is possi bl e

tha t t ho upper Mi s sour i func tioned as a sep~r3te r etu! l um t or

some spec i e s . The Mi . sour i va s not di ver ted dur1n~ t he

Manka to or later a dva nces, and many specie s ve re proba bly

continuous l y di st r i but ed t r om t ho upper Mi s sour i sys t em t o

t he Chi o Va l ley a t t hi s t ime.



Sixteen species entered nor thern No r t h America

from t he Miss issippi Re fugium only . These are:

Hiodon alosoides

Salvelinus namayc u~h

Ca tostoQUS commer sonii

Chrosomus 22.§

Chrosomus neogaeus

Hybo gna thus hankonsoni

Hvbopsi5 cra c ilis

No t r opi s atherinoides

Not r opi s hudsonius

Pimephales pr ome l a s

Semo t l 1is margarita

Culen lnconstans

Percopsis omiscomavcus

Perca f lavescens

Stizos ted ion vitr eum

Cottus r i cei

The pre sent distribution of eight species (£.
commer son i i, f. ~, f. ne ogaeus, H. hankonsoni, H. a therino ides ,

f . pr omelas, ~. margarita , and f. i nconstans ) sugge st s they

vere widespread in t he Mississippi Hefugium during the

Wi sconsi n . Five of t he s e spec ies (f . commer son i i, M. hankonson l ,

R. a therinoldes , f. promel e s, and £. inconstans ) are widely

dis t r ibuted in t he upper Misso uri and upper Mi s s i s si ppi

sys tems , and proba bly dispersed nor th from both r egions .

However , because ot t he pa t tern of deglaciation t he y pr oba bly
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entered northe~n NQrth Amer i ca from thn uppe~ Missour i

system .

In nc r thar-n lior t h A.merica Hybol1:nathus hankonson1 ,

! . a ther1no1de~ , E. pr omelB s, and f . inconstans are r e s t ricted

to t he J~ckenzie sys te~ , but £.~nrsoni 1 1s a l so pr esent

in both the I-lackenzi e sy stem and t he upper Duba nt Ri ver .

Ca tos tomus coMmer soni1 pr obab ly entered the Duba nt f r om t he

Hacken~ie sys tem. The presence ot E. hankonson1 in t he

upper Peace and Fraser systems is like l y due t o postglacial

dispersa l from the Misso uri Ri ver . The brassy mi nna.... pr oba bl y

di spar s ad nor th from the upper Mis::;ouri i nto t he sasxat cuevan

sys tem , and f r om there into the Pea ce Ri ver . There ....e ra

numerous pos t gl acial dr a i nage cODnactions between t he s e

systems . At pr e sent B. han~onsoni is not recorded from the

saskat che....an or t he Mackenz ie syst~m i n Alberta , but the

area is poor l y coll ected.

The r ema i n ing t hree speci es (£. ~, £. neogaeus ,

and f. MArgar ita ) a re pre sent (but not widely dis tributed)

in both t he upper Missouri and upper Mississ i ppi systems ,

an d were cont i nuousl y dis tri buted 1n t he Mississippi

Refug i um during t he Wiscons in . Chrosomus ~ ann £. ma rgari ta

dispersed nor th f r om both t he Mi s sour i ana t he upper

Mi s s i s s i ppi , but b~cause of t he pat t ern of deglacia t ion

t hey entered t he Nacken ete sys tem f r om t he upper Mi s sour i.

Underh i l l (1957) not es t hat £. neogaeus is absent

from t he upper Miss issippi a nd St . Croix Rivers in Mi nne sot a ,

al though a pparently suitable habita t ex is ts. Unde r h i l l
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explains the absene~ or ~. neo gn eu ~ rrom the St . ~rolx

~lver by pos t ulati ng pos t glacia l dispersal f r om some east ern

r ef uglum (the Atlantic Refuglum?). Therft 1s no other evidence

t o suggest an ea st er n retuglum for £. neogaeus and i ts ~bsence

rro~ t he St . Croix ~lv~r c~n be expL~ lned by pos t glnclal

d t s per-ca t r roe t he lUSSJllri sys t ee ,

Relict populations In South Dakota and Ne br a ska

imply t hat £. neogaeus was present in the Missouri system

during gI ac Lat.Lon , From the upp er l11ssour! £ . neogaeus

pr obabl y d isper sed i nto t he Sa skatche~an sys teM , and f r om

there north t o the Mac~enzie sys tem , and ea st tnto Lake

Agassi z II. The a bsence of the fine s eale da ce from t he

Minnesota and Red River s indi cates t hat £. ~eoga eu s r eached

Lake Agassiz II after the ~arren Ri ver outlet ceased t o

fu nc tion . Dispersal to the Grea t Lakes vas thro ugh the

eastern ou tle ts of Lake Aga s s i z II into gla c ial Lake Duluth

af ter t he St . Croix out l et closed . From Lake Duluth Q.

neoga eus dis persed through the gln oial Grea t Lakes , and

t hen to t he upper Hudson Ri ver t hr ough t he Rome outle t of

Lake Iroquois . The isolated populat i ons of f . neo eaeus

in centr a l Wiscons in (Greene , 1935) may represen t r el i ct s

t ha t f a i l ed t o expand , or t hey may have di s per sed south

f rom t he Great Lakes r egi on postglacia l l y.

Two Mississippi spe cies (Hiodon alosoide5 , an d

Hybopsis gr:lc U i s) dispersed north only f r oll! t he Missour i

system . Hiodon nlo soides i s wi despread i n t he Missour i and

t he lowe r Mississippi , but is absent f r om t he Grea t h~kes .
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The pr e senc e of H. aloso ices 1n sandy Lake an d Lake Abitibi ,

norther n Ont a r i o , indi cate di sper sa l t hrough t he final stages

of Lake Agassiz I I . Antevs (1931) sugges ts Lake Ba r l ow­

Oj i bway was cont empor a r y wi th t he f ina l stage s of Lake

Agassiz, and t ha t both lakes dr a i ned lnto Hudson Ba y t hr ough

t he same a r ea . Lake Abi t i bi occupi es part of t he fo r mer

ba sin of Lake Bar l ow_O j i bway , and SUndy Lake 1s wi thin t he

a r ea of Lake Agassi z II .

I! t he goldeya di sper s ed into northe r n Ont a r i o

t hrough Lake Agas s i z I I it was af t er t he eastern outlets

f r om Lake Agass i z II to t he Crea t Lake s cea sed t o opera te .

Since t he Wa r r en Ri ve r outlet t o t he Mi s s i s s i ppi was

a bandoned befor e t he cl osure of t he eastern out le ts , n.
aloso ldes mus t have en tered Lake Agas si z I I fr om t he we st .

As noted earl ie r , t her e were numero us postglacia l connec­

tions between t he Mi s sour i and t he Saska t chewan sys t ems .

I t i s suggested t he gol deye di sper s ed nor th from t he Mi s so ur i

into t he Saska t chewan sys t em , and from t here eas t t hrough

Lake Aga s s i z I I t o Lake Bar l ow-Oj i bway , and north t hrough

gl ftci a l Lake Tyr rell t o the Mackenzi e syst em .

Hybopsis graci li s i s a bundant i n t he upper Mi s so ur i ,

but is a bsent from t he upper Miss iss i ppi sys t em and t he

Gr ea t Lakes . Th is sugges ts that t he fla thead chub di sper sed

nor th f r om t he Mi s sour i sys t em after t he c lo sure of t he

Mi s s i s s i ppi and Gr ea t Lakes outlets of Lake Aga s s i z II .

Four Mi s s i s s i pp i species (~ . hudson i us, E.
omiscomayc us , E. f lave sc en s, and ~ . vitreum) a re u bunda nt
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in the upper Mi s s i s s i ppi system , but a r e a pparently absent

f r om the upper Mi s sour i . In northern Nor t h Amer i ca ~ .

hUdson i us . P . f lavesc ens , and S. vitreum are res tricted t o

the Mackenzie system . These spec ies pr o babl y d i sper s ed

from the upper Mi s s i s s i ppi system into Lake Agassiz II by

way of the War r en River outlet , and from t here nor th into

the lta ckenzl e system . Percopsis omlsco~ycuS di sper sed 1n

a similar manner , but i s also pr e s ent 1n the Yukon sys t em .

The distribu tion of £. omiscomaycus 1n the Yukon River

(particularly its absence from the Tanana and upper Yukon

Ri vers) sugges ts the t r out-per ch recently entered the

Yukon system from the Peel River (Mackenzie system) , and is

still d i sper s i ng within t he Yukon sy st em.

The two rema ining Mi s s i s s i pp i s pecies {&. namaycush,

and £. ricei} also dis per s ed only trom t he upper Mi ss i ssi ppi

Valley . Salvelinus namaycush 1s absent f rom the upper

Mi s sour i nnd onl y pr e sent in t he most northern wa t er s of

the upper Mi s s i s s i pp i . Salvelinus namaycush is wide spr ead

in northern Por t h America . The lake trout pro ba bl~ followed

t he retrea t in~ i cesheets closely, and used t empor a r y drainage

connect i ons to en ter the Yukcn system and di sper se t hr oughcut

Alaska . Wa l t er s (1955) no ted £. namaycush is euryhaline,

and very l ikely di sper sec to the Arc t i c Ar chi pel a go t hr ough

t he sea .

Cot t us rice i is absent from both the Mi s sour i and

t he upper Mi s s i s s i ppi systems , but its presenc e i n t he Gr ea t

Lake s and Saskatchewan systems suggest di sper sa l f rom the
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upper lHss lss l pp l Va lley thr ough Lake Aga s s h II . Co t t us

rice i i s present in t he Ha cken:o; i e a na Thelon systems . The

headwaters of t hese rivers interdigi tate in low tundra ar ea s ,

and £. ricei pr obabl y ent ered the Thelon River trom t he

l~ckenzie syst em.

D. Dispersal from multiple refug ia.

Twe l ve specie s ent ered nor ther n Nor th America from

more t han one refugium. The se are :

Salvelinus alpinus

Salvel1nus ma1.llla

Thymal lus arc t i cus

Catos tomus catostomus

Hybo psis pl umbea

Rhin1chthys ca t arac t a e

Esox luc ius

12..1!! lata

pungit1us pungl t 1us

Gasteros teus nculeatus

Cot t us cognatus

Myoxocepha l us guadr l cor ni s

snlvel inus alpinus entered northern Nor t h America

f r om the Ber i ng and t he At lant i c Refugia . In the Ber i ng

Refugium §. a l pinus a ppears to have survived 1n two areas :

the unglacia ted port i on of Kodi a k I s l and , and t he main Ber i ng

Refugium . From Kodiak Island ~ ' alpinus di sper s ed north into

the Br is to l Bay region , a nd from t he Ber i ng Refugium ~ ' a l pi nus



I

dispersed ea st a long the Arc t i c Coast . From t he At lantic

Refugi um £. a l pinus di sper sed north a long the Labrador

Coas t, and t hen west i nto Hudson Bay and t he Arctic Ar chi ­

pe l ago. The Bering and Atlantic ror~s of S . a l pinus a pparently

intergrade along t he Ir et ie Coas t .

Sal ve l i nus 0a~ entered nort hern No r t h !merien

f rom t he Pacific and t he Ber i ng Ref ugia . Pacific ~. malma

dispe rsed north by both i nland and coa st a l r outes. The

Pacif i c f orm of § . m~ lma 1s pr as ent i n t he upper At ha ba ska ,

Peace , Liard , and Yukon Rivers as well as i n coa sta l drainages

north to t he Ala ska Pen insula . The Ber i ng f orm of § . malma

oc curs as sca t te red populati ons wi t hin t he Ber i ng Ref ugium,

and a pparent ly did not expand its rang e postglec l all y.

Thyma! l us arct l cus pr obably enter ed northe r n Nor th

America f rom bot h the Ber ing a nd t he Mississippi Ref ugis .

The gra yl i ng of t he Ma ckenzi e sys t em and t he Da r r en Grounds

appear t o be t he Miss issi ppi f or m (F. M. Atton, per s . comm . ),

and pr oba bl y di sper sed north from t he upper Missouri River .

The Bering f or m of 1 . arc t i cus i s a pparently rest ricted t o

the Bering Refugium, but may have d ispersed so uth into t he

upper Lia r d River and Pac i fi c dra inages sou th t o the Ta ku

Ri ver .

Catostomus catostomu s enter ed nor thern Nor t h Ameri ca

from t he Ber i ng and the Mississ i pp i Ref ugia . The Ber i ng f orm

of C. cuto s t omu s dispersed south i nto Pac i f i c dra inage s and

t he upper Li ard River. From t he upper Liard River Be r i ne

£. catostomus en tered the upper Peace River and t he Fraser
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s/s tem . The languase suckers in the northern Col umbi a

sys tem a ppear t o he intergrades be t ....een the Be r i ng and Pac i f i c

fo r ms of £. cn t ostomus . The Mississ i ppi fo r m of £. cs t astomus

ranges nor th t o t he Ma ckenz ie Delta , and is pr e sent in most

of t he large r i ver s on t he Bar r en Grounds . Catostomus

catostomU $ 1s pre sent 1n both t he upper Mi s sour i and the

upper Mi s s i s s i ppi sys tems , but because of the pattern of

degla c i a t i on the Mississippi f orm of £. catostomus is

a s sumed t o have enter ed northern Nor t h Amer i ca from t he

upp er Mls~lOurl Ri ver .

HY bOpsls plumbea entered northern Nor t h America

f r om t he PacifiC and t he Mi s si ss i pp i Refugla . The Pacifi c

form of li . plumbea 1s f ound in the upper Pea Ce Ri ver , a nd

pro bably a lso entered the upper Li ard and Stik ine River s .

The Mi s s i s s i ppi for~ of ll. p lu~bea ranges north to the Yukon ,

Mackenzie , Anderson , Thelon , Dubawnt, and Kazan Ri ver s . The

lake chub proba bl y entered t he Yukon sys tem i n t he same

manner a s t . omise o~yeus . Bar ton and Br os eoe (1961 )

descr ibe the pi r ac y of a Mackenzie t r i butar y b t he Anderson

River . Thi s may a ccount for t he pr e s enc e of n. pl umbea in

the Anderson Ri ver . Head....aters of t he NackenzLe , 'Ihe Ion ,

Dubawnt , and Kazen Rivers int erdigitate i n f la t muskeg areas ,

and drainage connec t i on s l ikely occur during [100ds . The

lake chu b pro babl y entered t he Thelon , Dubawnt , and Kazen

Ri vers f r olll t he xa ckenzI e system.

Relic t popu la t i on s of H. pl umbea i n lova , Nor t h

Dakota , South Dakota , Wyomi ng , an d Colorado indicate that



the lake chub ~a ~ wide sprend in the ~issl~~ippi Re! ugi um

curing the Wiscons i n . Under hill (1957) not e e t ":l. t Jl. pl umbea

is a bs ent from the upper ~ississippi ~nd St . Cr oix Rivers in

Ht.nne aot a , although suitable hab I'tn t is a ppar-ent.Ly pr e sent.

Underhill expla ins the a bsence of ll . plumbe~ from the St .

Croix River by pos t ula t i ng post~lacia1 dispersal from the

same eas tern re!ugium suggested for £. neogacus . Ther e is

no other evidence to suggest an eastern re!ug lum for H.

pl umbe.:l. , and its absence rro~ t he St . Croix River can be

explained by post glac ia l dis persa l from the Missouri system

in the same manner as £. neogaeus . The isolated popula t ion

of Ji. pl umbea in northeastern Iowa may represent a r elict

populat ion that failed t o expand pos t gla c i a l l y, or it may

have di sper s ed there pos t glll ciall y 'thr-ough t he Des Plaines

River outlet (the las t outlet of the Gr ea t Lake s t o the

lJi ssi s s i ppi system) .

Rhi ni cht hys ca t aracta e entered northern Nor t h

America frolll t he Pacitic and the H1s s i s s i pp i Refuria . The

populations of ~. ca t aracta e in t he upper Peace River

probably repres ent a Pa c i fic form , and those in t he Mackenzie

sys tem a Mi s s i~ s ippi form . Rhinichthys cataractae is virle­

sprea ~ i n t he upper Mi~souri and Missi~sippi systems, and

proba bl y d.tsper sed north from both areas . Beca use of t he

pat tern of degl ac i a t ion R. catar acta e is ansumed t o have

entere~ the Mackenzi e sys tem from the upper Mi s sour i .

~ l uciuc pr obabl y entered northern ;;or th America

f rote. both the Ber i ng an d the Mi s s i s s i ppi Rcru gIa • The Ber i ng
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populat i on apparen tly d i sper sed south i nto the upper Liard

system and the Pa c ific dr a i nage s sout h to t he Taku Ri ve r .

~ luclu~ 1s absent from t he uppe r Mi s sour i sys tem , nnd

the Mi s s i s si pp i form pr oba bl y di s per sed nort h from t he upper

' :l"sissipp l Valley t h r o ul:h Lake Aga ss iz II. In northern

l'o r th Ameri ca the Mi s s i s s i ppi f or lll o f ~ . l uc i us is pr e sent

1n t he Mackenz i e , Anderson , COppcrmine , Thel on , Dubavnt , and

Kazen Rivers . Thi s di st r i but i on was appa r ent ly atta ined by

hea dwat er exch~nge s between t he Mackenzie and t he other

r i vers.

Lota Io ta en t ered no r thern lbr th Amer i ca from t h e

Ber i ng and t he Nisslssippl Refug la . Ber i ng ,b.~ di sper sed

south i nto t he upper Liard Ri ver , a nd t he Pac i f i c drainage s

so uth t o t he Al s ek Ri ver . ~ I ota 15 pre sent in the uppe r

Mi s sour i and t he upper Mi s s i s s i pp i systems , and the Mi s s i ss i ppi

fo rm pr oba bl y d ispersed nort h f rom both areas. Be cause of t he

pat t ern of deglac iation the Mi s s i s s i ppi f orm of b.~ i s

a ssu~ed t o have entered northern Nor t h Amer i ca from t he

Mi ssour i sys tem. Miss i s si ppi 12!i a re pr e sent i n all major

rivers on the Barren Grounds .

Pungit i us pungi t i us ente red northern Nor t h Amer i ca

f r om t he Be r i ng and t he Mississippi Ref ugia. The Ber ing

popul a t i on di sper sed i n t~o di r ect ions: south t o t he Gulf of

Alaska r eg i on , and east a long the Arct i c Coast t o Hudson Bay

and t he Atlanti c Coa s t . The Ber i ng f orm of f . pungitius i s

euryhaline , and dispersed t hr ough coa stal wa t ers . The

Miss i s s i ppi f or m of 1 . pungitius appears t o be less t ol erant
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of seawater , an d dispersed only thraugh inland ro utes . The

Mi s s i s s i ppi fo rm di sper sed north f r om the upper Mississ i pp i

sys tem t hr ough Lake Aga s s i z I I to t he Mackenz i e system .

Fr om t he Ma ckenzi e sys tem t he Mi s s i ss i pp i form entered the

Anderson, Capperml ne , Thelon , Dubawnt , s ne Kazen Rivers .

The Ber i ng an d Mi s s i s s i ppi f orms of P. pungit i us appear t o

intergrade on the Mackenzie Delta and in the Back River.

Gasterasteus aculeat us entered northern Nwr t h

Amer i ca from the Pacific and t he Atlantic Re tug ia . Pac i f i c

Q. ac ulea tus d ispersed north along t he Pacific Coas t t o t he

Br i s t ol Bay region and t he Atlantic form di sper sed north

along t he c oa s t of Labrado r t o Hudson Bay and Baf fin Island .

Co ttus cognatus entered northern Nor t h America

fr~m t he Pa c i f i c , the Ber i ng , and t he Miss issippi Refugia .

The populations in t he upper Pea ce Ri ver may r epresent a

Pac i fic f or m of f. cognatu s (McAllister and Lindsey, 1961) .

The Ber i ng fo rm of f . cogna t us disperse d i n t wo directions:

sou t h t o t he Liard River and Pacific dr a i na ge s t o the

St i kine River , and eas t into t he lower Ma cken zi e River and

the nor thern Ba r r en Gr o und s . Disper sal i n both direc tions

was pr oba bl y thro ugh inland routes .

The Mississippi f or m of £. c ~gnatu s di sper s ed

north from the upper Mi s s i s si ppi system through Lake A(assiz I I

into t he upper Mackenzie , Thel on , Dubawnt , and Kazen Rivers .

The Ber i ng and Miss issippi f orms of C. cognatu s apparent l y

intergrade in Grea t Slave Lake , and in the Magus e an d Tavani

sys tems .
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'The fr e shwater popu la tions of ' lyo;l;ocepha l us

guadricornis i n nor thern Nor th Ameri ca are derived from t wo

so ur ces: t he Miss iss i ppi Ref ugium and the Aro:lt i c Ocean . Thos e

derived from the Mississippi Refu gi um nispersed north in t he

~crles of large proglacia l la kes t or med by t he re t reati ng

Laur ent ide lc e sheet. The popula t ions of ~ . guadricor n i s on

Vic tor ia Island a re postrlaclal mar i ne re licts.

SUlIlll3. r y of Postglacial Dispersal

The prec eding discus sion outllnes , i n deta il , t he

postglac ia l di spersal of fre shvater f ishes i nto no rthern

Nor th Ameri ca . Fi gure 64 summar i zes the dispe rsal ro utes

de r i ved f r om th i s discussion . Dispersal from t he Pac i f i c

Ref ugium (Fig . 64a ) wa s by t wo ma i n r outes : nor th along t he

coast t hrough t he sea , and north t hrough i nland dra i nage

connections between t he Columbi a , Fraser , and Pea ce River s .

Dispersal from the Ber ing Ref ugium (Fig . 64b)

was by way of two r ou t e s : t o t he south and eas t a long t he

coa st s , and south i nto t he upper Li ard and Pac i f i c systems

t hrough i nland dra ina ge connections . Two Bering species

( Pr osopi um cylindr aceum and Co t t us cognatus) disper sed t o

the east t hr ough i nl and r oute s . Bot h species are headwater

f or ms .

Di sper sa l north f rom t he Miss issippi Refugium

(Fig . 64c ) wa s t hrough two inland r ou t e s : one f r om t he upper

Misso uri system thr oug h dra ina ge change s connec t ed wi th

progl acia l lake s in Alber t a , and the other fro m t he upper
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Mississippi sys t em through Lake AgAs s i z I I . The upper

Mississipp i and the upper Missouri p~obably a cted a s separa te

retug1s for some spec ies , but the majo ri ty of Miss issippi

spec ies dispersed north from both regions . However , t he

ice retrea t ed r~om the Great Pla ins earlier than f rom t he

Great Lakes region, and th is resulted i n the upper Mi s sour i

be ing t he main so urce of Mississ i ppi f orms in northern Nor t h

America .

Di sper sa l f r om t he Atlant i c Refugl um (Fig . 6~d)

was north along t he Labrador Coas t .

Present Di st r i bution

The pr e sent distribution of f r e shwater fi she s in

northern Nor t h ~merlca is not sta tic . Some species are

expanding, and o ther spec ies con tracting t heir ranges .

Lindsey (1956) sugges ts t ha t the Pacific spec ies i n t he upper

Peace River are st ill in t he pr oc e s s of dispersal . In con­

tras t, some afnnova (f . ~, f . neogae us , f.. prome!as, and

12. mar garita) are discontinuously dis tributed i n t he Mackenz ie

sys tem, and may have been more 'Widespread in the past.

Pro ba bl y no i ndividua l factor (except t opographic

barriers) limits t he pr e s ent di s t r i but i on of freshwa t er

fi she s i n northern IIQ r t h A.lIIerica . However , a complex or

geological , physical, and biolog i cal factor s influence pr e sent

d i st r i but i on . SOme of these fac tors 3re discussed belo'W .

The most i mpor t a nt f a ctor i s the glac i al his tory

of t he region , whi ch contro l l ed t he d ispersal routes . The

absence of s pecies f ro m large areas of mainland nor thern



Nort h America 1s pr oba bl y mor e of t en due to n 18 ck of

di sper sa l rou t es t han t o eco logical or phys i o l ogi ca l barriers .

Ho.....ever, not all spec ies pr e sent in :). particular

r cf ugium used a ll of the availa ble dispersal route s . The

abili ty of a spec ies t o use an avn~la ~le dispersal rou te no

donbt depended on ecological and physiol ogi ca l f ac t or s.

Coas tal dispersal rou tes were open only t o euryhaline species,

and dispersal rou tes i n mountainous a r ea s only to headwa ter

f orms. Many spec ies t hat dispersed t hr ough i n land r oute s

were pr oba bl y unable t o f ollow t he r e treating i ceshee ts

clos e ly. The pr oglacial lukes, when f i r st impounded by the

r etrea t i ng lc esheets, were relat i vely barren and pr oba bl y

eco logically unsui tabl e for many species. They may have

r e s embled many contemporary northwester n lakes asso c ia ted

with glaciers . These lakes a r e cold , ext remely t ur bi d in

t he summer , often lack rocted aquat i c plant s , and have ba r r en

s ilt bot toms . Yet , such lakes usually support f i sh popula­

t ions , parti cular l y salmonids .

As the ice she ets r etrea te d many of t he proglacia l

lakes became ver y large. In their tinal s tages condi t i ons

along t he lake margins fa rthest from the i c e .....ere pr obab l y

sui table t or most of t he species now pr e sent in northern

Nor t h America .

Larkin (1956) ind i cates that nor thern freshwa ter

l i she s a re flex ible i n t heir ecology . They norma lly have a

wide tolerance of habitat type , and share many resources of

the ir env ironment vlth other spec ies . Therefore , i nter spec i fic
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compet i t i on 1s pr oba bl y unimportant in limiting t he d l~-

trl but i on or freshwater f i shes in northern NJ r t h America.

l~wever, the di s t r i but i ons of some spe c ies are apparently

r es tricted b:,- habitat requirements. As no ted earlier ,

s- ~, .£ . neogo.eu!l, f . pl'OJllela s , and .Q . marga rita are

di scon t i nuously dis tributed in t he Ma ckenzi e sys tem . Thi s

1s pr o ba bl y due to ecolog i cal f actor s. These species are

usua l l y found i n mu skeg lakes and bogs (where they are often

abundant), and are taken onl y occasionally i n large r i ver s.

Tayl or (1960) ind i ca tes t hat t he upper Mackenz i e region 1s

dr a i n i ng rn pldly , an d t he amount of habita t su itable for

these species is pr oba bl y decreasing .

According t o Radf or t h (1~4 ) , the di s t r i but i on of

so~e f ishes is li~ited bl te~parature . She f ound t hat t he

nor thern l imi ts of one gro up of spec ies in Cntar i o a pproximated

t he July 70°F i sothe rm, and ano ther group t he J uly 65° F

isotherm . Two spec ies i n t he latter group (C. eos and

§. Msr garita) are pr e sen t in t he area s tudied , where t hey

occur a t l ea s t 600 miles north of t he J ul y 65°F isotherm .

Under h i l l (1957) notes tha t wa ter temper ature depends on a

numbe r at fa ctors other than air t emper a t ur e, and tha t it

is di f f i cul t to rela te a ir and wat er tempera tureS . This i s

par t i c ula r l y t r ue i n nor thern I!or t h Amer i ca where many of

t he larger r i ve rs ris e f a r to t he south and car r y large

volumes of war m vate r nor thwa r ds .

lta can (196 l ) i ndica t es t hat aquat i c organi sms are

barred f rom co l der waters i f t he temperature reaches a l etha lly
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low level at some time of year , and if the threshold

t emperatur e f OT devel opmen t or some ot her activity 1s never

exceede d or not exceeded for long enough . Since tresh wa ters

rarely go below O° C wi thou t freezing le thally low temperat ures

are pr o ba bl y rare .

Radforth (19~~) suggests t he northern l imits of

SOMe spec ies a re cont r olled by t he requi r ement of cer t a i n

maximum wa ter t emper atur e s ne cessary f or breeding and growth .

Li t t l e 1s known abou t the effects of tempera ture on the

br eeding of nor thern fi she s . lIowever , Fa br i c i us (l950 )

indica tes t her e i s no absolute threshold spawning t emper ature

tor t he pike (]. luc ius) , but that rising tempe ra t ures a re

i mportan t. The same is pr o ba bl y true for o ther northern

fishes .

The lenl th of t he open water season may limi t t he

northern dist r ibution of some spe cies . The t hre espi ne

st i ckleba ck (Q . a cu Leat us) reaches HUdson Bay a nd southern

Baff in Island; it i s short lived , and mos t adults di e a f ter

spawning (Greenbank and lleLson , 1959) . In such a spec ies

unsucce ssful spawning (due t o ice cond i tions ) t or t wo con­

secu tive year s coul d el iminate the ent ire populati on.

Cc eanogr a ph i c conditi ons also appear to influence

t he di s t r i but i on of some spe cies i n northern Nor t h America .

~mny euryhallne spe cies di sper sed through t he sea; such

species often spend most of t heir l i ves i n bra ck ish or marine

waters. Along the Ar c t i c Coa s t of Ca nada mos t of the euryhallne

Ber i ng Refugium species are restric ted to coa st a l areas wher e
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t he marine waters are subarc tic (a s defined by Dunbar , 1953) .

A number of t opogr aphic barriers restrict di st r i ­

bution 1n northern l:or t h America . The most i mportant of

t hes e 1s t he dr a i nage di vide bet veen t he Yukon and ~~ckenz le

Rivers . A number of spec t e e (g . a 10501de5 , £ . cOllllller sonli,

Ji . gra c ilis, li · hudson i us , B. . catar acta e, .12 . vitreullI , and

C. ricel) occur in t he middle and lower ~bckenzle sys tem,

but are absent fro~ the Yukon system . At leas t two of these

species (II. gr acili s, and £. r-t ce L) occur in the Peel River

cl os e t o headvn tcrs of t he Yukon. The Yukon sys tem 1s

app~rently ecolog ically suitable for these species , an d their

absence is pr o ba bl y due t o lack of a dispersal route .

Gt her important topogra phic barr iers r es tricting

the di s t r i but i on of f ishes in northern Nor t h America are

the r ap i ds on t he Pea ce River above Hudson Hope , t he rapids

on t he Liard River near t he fi rst Alaska Highway cr o ssing,

and t he rapid::: on t he Slave Ri ver at Ft . Smith . Each of

t he s e barr iers pr event s t he upstream d i sper sa l of some

f i she s . The narrow s trait ot saline water between t he Arct i c

Archipe lago and t hc mainland is a barrier to the northward

di sper sa l of s tenohaline species .

Glac ia tion and Evol ution i n nor t her n Freshwater Fi she s

Rand (1948) s uggests t hat glaciation was t he

geographic isola ting f a c tor invol ved in t he evolution of

some species of northern birds. The same appears true in

some northern freshwa t er f i shes. Mc Plmi l (1961) i ndicates

that salvelinus alpinus and Snlvelinus malma evolved when
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a circumpolar an cestral s tock vas di v i ded by glac ia t ion .

However , mos t of t he pre sent spec ies of northern freshva tar

fi she s pr o bab l y exis ted befor e t he f ir st (Nebraskan) glac iat ion

(Sh t ylko , 1934; smith , 1962) . Mos t of t he evolution in

northern freshwa ter fi she s during t he Ple is to cene wa s a t an

i nfr a spec i fi c lev e l.

l:or t her n trc shwa t er fi she s are no torio usly va r i a ble ;

t his va ria bi lity may be a reflection of the varia ble environ­

ment. The physica l na t ur e of t he northern f r e shwater

environment fluc tua tes seasonal ly , and also over longer

per i ods of time . The Ple istocene Epoch 1n Nor t h America wa s

charac ter i zed by alterna tln~ gla c ial and warm i nterglacia l

per i ods . The expanding and contract i ng i cesheets disrup ted

t he f auna a t l ea st f our times.

Fishes liv ing i n suoh an elwironment f ac e special

pr obl ems. Seasonal fluc t uat ions re qui re a vf.de range of

t ol er anc e in i ndivi dua l s . Sheppa rd (1958) i ndicate s t hat

short - term env i ronmental f luctuations select f or genotypes

.... i t h phen otyp ic f l exibil i ty . However , long- t erm r tue tua tions,

such as c l imate cha nge s , requi re genetic va r iab i l ity. If

t he gene complex of a species become s t oo rig i dl y adapted

t o a partic ul ar envir onment t he spe cies may become extinct

i f conditions change . Ther efore , nor thern fre shwater f i she s

must ma inta in a gene compl ex i n "'hi ch t he majc r i ty of

individuals are approxim~ tely adapted t o existing conditions,

but with a large enough reser voi r of varia bi l ity t o ensur e

continued existence i n a f luctuating environment. A r ecent
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stud~ (Lindsey, 1962) indicates tha t a single populat i on of

the nf.ne sp Lne et.Lckjeback (.E . punf: lt1us l cont a i n s 11 number ~J"

geno types wi th sllghtl~ d lff~rent mo r phological and

physiological charac teristics . This $uEtezts t ha t va r i a blli t y

in northern freshwate r fishes is both phenot yp i c and geno t ypic .

During the Wi .'Jcons l n glaciation the enVironments in

the var i ous glac ial refugi a proba bl y d i f f e r ed . The Der i ng

Refugium wa s mainly t undra while the other refugia probabl y

cont a i ned only narrow tundra zone s near t he i ce margin

(Dillon, 1956) . The Pa c i f i c , the Ber i ng . and t he At la n t i c

Refugis were also in con t act with the sea wh ile t he Mi s s i s s i ppi

RefugiullI was landlo cked . For species isolated in se veral

refugia t he se environmentu l diff er ence s pr oba bl y r es ulted

in the selection of !:lightly d i f f er ent gene compl exes in the

di f f er ent refugia .

~~e ther these d i f f er ent gene comp l exe s warrant

sub specLrf,c recognition is deba ta bl e . Hubbs (1C)l+3) suggests

that much more than half of 3 given form should be di s t i nl ui sha bl e

in order t o warrsn t subspecific r ecof ni t i on . Ba i l ey , Winn , and

Smith ( 19~) suggest a t least 93 per cent of t he i ndividual s

should be di s t i nguisha bl e . I n the present s tUdy usually

less t han 20 per cent of t he individuals i n the d i f f e r en t

fo rms a re separable by any s inf l e charac te r. However , the

number of di s t i ngui sha bl e individuals can be i nc r ea sed by

combining characters.

Less t han 20 per cent of the two f orms of Prosopium

cylindr ac eum are separable using t he best single charac t er



(g1ll r a ker count ), but over 35 per cent ot t he individ~a ls

are dis t inguishable when gill raker , pylor ic ca eca, and

cauda l peduncle scale coun t s a re combi ned in a d i sc ~iminant

funct ion. The perc entage of s eparable ind i v ic uals cou l d

pr oba bl y be increased by i nc l uding mo re cha racter s i n the

di sc r i mi nan t f unc t i on . Howeve r , mos t of the allopatric

r or e s difl'er s igni fican t ly only i n t vc or t hree cha r acter s,

and i t i s unlikely that more t ha n ha lf of the ind i v iduals

coul d be separated .

Although t he morphological differences between

t he var i ou s f orms are s ligh t , populations can us ually be

dis tinguished . I n t he present s t udy 80 t o 100 per cent

of t he populat i ons of t he dif fe rent forms are s eparab le

on t he bas is of mean cha rac t ers. Hubbs (1'743) suggest s

t ha t f or ms separable only by mea n cha racte r s shoul d be

excluded :f::'OIR the nomenclator ial sys tem. Since the

aor-phoLog Lca L f or ms in t he pr e sent s t udy can only be

s epara ted by mea n character s t hey are no t given subs pecif i c

stat us .
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SU~n1ARY

The pr es ent study out lines t he di st r i but i ons of

t he f i f t y ~pec les of freshwater fishes in northern Ko r t h

America , and attempts to determine the glacial relugia and

postgl ac i s l di s persa l rou tes used by t hes e spec ie s . The

s t udy is based on over 8 ,000 specimens f r om 542 nor thern

localit ies. The freshwater fi sh fa una of t hi s area 1s

deri ved f r om five sources; t he p~c lric Refuglum , The Ber i ng

Refugium , t he Mi s s i s s i ppi Refugi um, the Atlanti c Refu~ lum ,

and t he Ar ct i c Ocean . Th i r ty- e i ght species di sper sed into

nor thern Uo r t h America from s ingle retugia : of these sixteen

spec ies entered f r om t he Pacific Refugium , s i x from t he

Bering Refug!um , and s ixteen from t he Mi s s i s s i ppi Refug l um .

Twe l ve s pecies entered t he area from multiple refugia .

Intraspecific varia tion in some widespread spe cies

suggests t hey a re divisable int o allopa t r i c morpholog i cal

forms. These mor phological f or ms are relatively constant

over wi de geographic areas , and apparently i nt er gr a de

whereve r t hey come in contac t. The di s t r i but i ons of these

forms i ndi cate postglacia l di sper 3a l f r om di f f er ent refugia ,

and they pr oba bl y represent di f f er ent gene complexes evolved

dur i ng isola tion in separa te refugia .

There were t wo main avenues of dispersal into

northern Nor t h America : coa s ta l dispersal by way of t he sea ,

a nd i nland di sper 3a l t hr ough dr a ina ge changes. Dispersal

from t he Pacific Refugi um was northwards along the coa s t ,

and also through i nl and dr a i na ge connec t i ons bet ween the
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Co l umbia , Fraser , and Pea ce Ri vers . Dispe rsal f r om the

Ber ing Ref uglum was south and eas t along t he coa sts, and

so uth and east t hrough i n land dra inage change s . Dispersal

from t he Missis s i pp i Reru~ lum was t hr ough two i nla nd ro u t es:

one from t he upper Missouri sys tem t hr ough drainage change s

connected wi th pr oglacia l lakes in Alberta , and t he other

f rom t he upper Mississ i ppi sys t em t hrough Lake Agass i z II .

Dispersal f r om t he Atlan t i c Ref ugl um was north a l ong t he

Atlan t i c Coast .

Pos tgla c ial dispersa l was controlled by t he pattern

of deglac ia t ion , a nd t he absence of spec ies f rom large area s

of ~~lnland nor the rn ~orth Ameri ca 1s more of ten due t o a

lack of d ispersal r oute s t ha n t o ecolog1ca l or phys i o l ogi ca l

bar rier s .
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APPENDIX I

Spec1Jllen s extlmi ned; tho number s preceding t he

loca l i t i es are r eferred t o in t ho "result s" sec t ion .

l'o r th 1a t i tu~ ~ ""' s t loot i tude

Alaska

1 Adalt Is . 52000 ' 176- 80 '
2 Ad. iralty h . r,.22' ;,)'. 25'
3 .\ h t e l Cr . 2°43 ' 1 ~.~", Alakanuk 62- SO ' 16 - 0 '

l Alaktak 700 5, ' 15§' OC '
Alekna,lk L. 59- 12 ' 15 -35 '

i Ale:u.nde r •••
Andreafsky R. 62-10 ' 163-01 ', Andre-ksley 62°05 ' 163-00 '

10 Aniak L. 60" 30 ' 15'9-12 '
11 Anlak R. 61- 3, ' 159040 '
12 Atka Is . 52002 ' 1~-08 '

N
Barter Is . '70-0, ' 1 3-40 '
Baxter L.

15 Bea r Cr . 63- 37 ' 14lt- OO '

il" Be thel 60- SO ' 161-30 '
Bl, L. 61- 30 ' 150-00 '

g Bl, Jatol L. , S- l1 ' '~25 '
Bi reh Cr . ~042' 1 -22 '

19 Bi r ch Cr . °18 ' I1t6-42 '
20 Bi r ch L. 61+-18 ' 1lt6- 40 '
21 Bostvick Bay ,5-13 ' 131-42 '
22 Boundry Cr . 58- 3, ' 133-ItO '

;~
BoussoIeBay l , 015' 137- 00 '
Boxe r Bay 4 040 ' 171- 30 '

;l Br is to l Bay 58-00 ' 15S-00 '
Brooks L. lso22 ' '~o OO ·

~
Ca nt 'Wel1 (a nearby lake ) r 2O

' 1 9"07 '
Canyon I • • 5 - 34 ' N~·'O ·

29 Cape St . Elias l'o 50 ' 1 - ItO '
30 Chandler R. a-I, ' 1~3-oo '
31 Cha tanika R. 6,012 ' 1 7-16 '

I
32 Cha t ham In . 57°25 ' ,~,o30 '

~~
Chenan L. 6 1O~2 ' 1 lt°26 '
Chicha,of Is . 57· f 1~60 00 '

~
Chi er Cr . 63° 3, ' 1 4002 '
Ch i gn ik R. 56028 ' 15S- 51 '

1i Chilkll. t R. 59°35 ' 136-10 '
Ch isana R. 63°00 ' I lt1-1+r

~6
Chia to ch ina R. 62°36 ' 11+4-3 '
Chuckch i Sea 68° 25' 167 ' 55 '

" Cir cle 65°50 ' 1ltlt°dt '., Co l vill e R. 70° 15' 1,1000 '



Hor t h la ti tude We s t lond t ude

Ala ska

~~
Cooper L. 60023 ' 11+9°4, '
Copper R. 62°30 ' 11+1+0I+B'

~l
COpptr R• • outh 60c30 ' 1'+,000 '
Cor dova Bay ,,"00' 132°30 '

~I
Dall Is . ,5"00 ' 135'° 00 '
Dan iel Vi ncent L.

' 9 De3.&8 Inlet 71"00 ' '~5' 30'50 Dennhon R. 63" 5'5 ' 1 2°0e '
5' Di ckie L. (Copper s7s t .)
52 t1:l::m P.br . 58"20 ' 1)60,1 '

j<; DoIIClaS t a . l 8" O' '~' 20 'Dr y Cr . ~ 01+1 ' 1 "t2'

~
Eac1e ";"7' 11+1"11 '
Eas t Caal1'k 70"00 ' 'F.'~O '

~I
Elson Laroon 71"12 ' 1 " 0 '
Eshany L. 6O'oB'

'lt~ 'l6 Es ther Is . 57" , I ' , . ,
Eyak L. 61"42 ' "t",6, Faith Cr • 6~"7 ' 14 " 23 '

• 2 rern L. l "11 ' '~2"2r
~

Fi eld l nc L. 3"10 ' , ~' 3 '
Fish Cr . 63" 23 ' lit "23 '

~
Fish L. (Copper 57st .)

le'35'F'lannican 51. '~3'39 '
~~

Fort y Kila R. "05 ' 1 1"57 '
Fr liser L. l7"1' 1e;"10 '

69 Gakona. R. 2" " 1 5"17 '
70 G_ bell 6j".;g ' 17l"ItO'
7' Ga s t i nea u en . 5 ° Q ' 13'+" 11 '
72 Gene 's L. (Kena i Pen . )

?~
Glac ier Cr . 60" 56 ' lit 9" 56 ,
Goodpa s ter R. 6"° 08 ' I ltr 2B'

75 Grant Cr . 60-27 ' 14 "21 '

?r Grantley trer • 6r 05' 166" 10 '
Gr i nd. tone Cr . r '" 134" 10 '

?I Gro svenor L. 0° se- '~l" 0"Gult or Alaska g9°12 ' 1 "1, '
79 Gunn Cr . 3" 10 ' llt,,,32 t

16' Gl.l]nna R. 62° 18 ' I1t5°18 '
Hauard Cr . 62olt ~ ' l it, " 26 '

ai lhnus Ba:f 57° 2, ' 13 5" 02 '
82 Hansen Cr . 5r 12 ' Be: ~~ :
!~

Her bert R. 5 ° 31 '

I llidden Cr . 5c;.° 15 ' 158° 3, '

Il lIi nchenbrook 10. 60° 1§ ' 11t6021 '
lIo ly Cross 62<> 0 ' 'l6'55'

I~
Hooper Bay 6l" 5t 1 005 '
Hot R. 69° 3 ' 144" 55 '

89 Icy Bay 60°00 ' 141°20 '
90 Idaho Cr . 65<>20 ' 11+6° 10 '



Nor t h In tltude we s t lonl1 tude

Ala. s l<;a

91 Idavaln L. 58'4j' 156000 '
9' Ieuishlk 58~ 4. ' 158° '+9 ', Il1a1lLlla L. 59~4. 5' 155°00 '
94 Itklll1k R. 7°° 00 ' 150055 '
(,l Kar l uk L. 57" 1' 15\009 '

Ywrta &8y 55° 3 ' 1.32°310 ',

~~
Kena i R. 60°28 ' 1l 102lt '
!Clana 66 °59 ' 1 OO ~O '

99 Paklakrora k R. ;>0000 ' ll10 0 '
100 !Cllle Cove 55° 03 ' 1 2° 19 '
101 Une S3.laon Cr . 58°10 ' '~7' 20 '
10' JUne SOlo.on Cr . 64.°3 2' 1 1° 15 '

i~
/Cisaral1k L. 60 °28 ' 15r. 20,
J:1ska Is . U- OO

'
17 °30 ' !

i&1 /Co buk R. ° 57 ' 1600 32 '
ftokha nok L. g9"30' 15\1002 '

ig§ l':one l1 St l. 3° 10 ' 173°100 '
J:ooza ta LaeooD 63 ° 20 ' 'F42

'109 ICotubue Sod . 65°55 ' 1 3°00 '
109& J:ruzo! Is . 5roo ' 135°ltO '
110 J:uichak Bay gg'~O ' 1r0 3O'
III l"uskokvt. R. a t JIOuth ' 0 ' 1 2° 00 '
112 Xuakaleva R. at Aniak 61°45 ' l~o1oO '

ll~
Kudtrln R. 6~0 22 ' 1 000 '
Letnlk R. g'10' '~3'08 '115 Llttle ea.pbe11 Cr . 1°09 ' 1 9° 52 '

"r Little Klto i see, 58°09 ' 152" 21 '
II LiyeDeood (streaa 20 lI.11es

so ut h)
6f" r lt 8'~ '

"~
L:me L. (Copper R. ) 6 °2 ' 1 3° ,

II Louise L. 62°19 ' 14.6°32 '
119 NacDonald L. l'l ' 09 ' 152"'20 '
120 .leGrath J 05 5 ' 1~i' 38 '121 Mc Laren R. 63°13 ' 1 032 '
12' Meade R. ~'30 ' 1~7"f
i'~

Ment asta L. 3°01' 1 5° 5 '
Hoon L. 6r '3 ' lltJoJ2 '

i~
Midar . L. g'll ' 'g"'3 'Miss ion l°lt l ' 1 102r

127 Hoos. Cr . 6t,. ° lt2 ' 14j: 0 '128 Keose L. 61° 25 ' 110 °33 '
129 Mt . HcKinl ey Pk . 61"10 ' l~ooo '
130 Mud L. 60°32 ' 1 r 45'
131 Muk l uk Slough 69°38 ' II ° 00 '
13' Na ga i Is . 5f OO ' 1 0"00 '
133 Naknek L. 5 "39 ' 1]6008'
13~' Naknek R. 58°39 ' 19 7° 00 '
13 Ne lson L'.gv -n 55' 55' 1 1° 21 '13g Mana na R. 63°4.0' l lt8051 '
13 Ner ka L. 59°25 ' 159°00 '
137 N1nlli chik 60°03 ' 151"ltO'



Nor t h lat itude h'es t lonc1 tude

Alaska

138 Ni xon Forks °nO
' ',po 38'

" 0 No1uck L. 6 ° 8 ' 1 0°00 'i:;o HOllie Beach &t°31 ' 16,·10 '
1'> NOlie Ri ver 64°30 ' 16,008'
14, Hopalkik 60" ,5 ' 161· % '
143 ~orohelll

14l Kulato 64°38 ' 1,8·00 '
14 r;ula to . t lI11e be l Oli tovn 64· 38 ' 158" 00 '
14§ Nulato R. 64°37 ' li 8• OO '14 Nunl vak I I . 60"00 ' 1 6· 00 '
149 NUlhacak R. ,9"00 ' IS8· 00 •
150 Oa.o l1k 7° · 00 ' 1" °30 '
151 C1da1ln L. 62" 10 ' it°o~ :152 Ol1ktolc l;;0'"
l~

er ea Is. - 30 ' 14loOO'
Ct t er Cr . 60" , 2 ' 1~,2 '

mPaxso n L. 62°% ' 14, -31 '
Peterson Cr . 58°'r 132'" 13'

lS§ Phelan Cr . 63·1 ' 14 , 043 '
15 Pi 1(r 1a R. 6,°00 ' 162- 40 '

'l9 Pt . Barrow 71° 10 ' ,~03"
1 ° Pt . Et ehes 60"19 ' 1 6- 37 '
161 Pt . Hope 6a.gz' 16'7"00 '
10' Por eup Lne R. a t Ra.p t. 67" , 141041) '
103 Por t Clar ence 65- 20 ' 16?-oo'
164 Por t liobron 5r 1O' 153· 10 '

~l
Por tland h . l · 18' blso14•
Pot ter Cr . 1· 03 ' 1 9- '*7 '

~§
Pr i bilot t Is . l7°oo' 14°000

"Pr ince W11l iaa SOund 0" 30 ' 1 '7" 00 '
169 Red R. ( J::odlll.k) ,'1" 12 ' l $1t°OO '170 St . Ka t th_ Is . Wlf 'lfoo '171 St . Mi chael 63· 3 ' 1 °00 '
17' St. Paul Is . , 7° 11 ' 1'70" 18 '

l~
Salcha R. 6lt°28 ' 1lt6- It7 '
Saaon L. 6lto, 0 ' 16 ,-00 '

l~
Sewa rd (a Iacoon) 60- 0, ' 1lt9")0 '
Sehrac!:er L. 69")0 ' 14 5"00 '

17§ Sevard (a s t ream) 6000r Ilt9° ~O '
17 Sheep Bay 60- 2 ' 1lt 5° 9 '
'§9 SUver L. 58° 11 ' 1~2-22 '

1 ° S10M Cr . 62° 36 ' 1 ItO) 9 '
181 Si tka l1dak h . ,7" 00 ' Hlol, '
182 Si tul: R. 19· 34' 139°)1 '

I lM Skilak L. 0°2 , ' H OO27 '
Soac Pt . 19·06· '~80 ~"lit SU llLIIIit L. ) ° 08 ' 1 ,0 2 '
SUlIIII i t L. 60°37 ' I lt9° 31 '

187 Su sitna L. 62° 23 ' 147° 2) '
188 Susit nn Tri b . 63°06 ' I lt7°29 '



Nor t h la titude West l ong1 tude

Alaska

189 Tako t na R. 62" , 8 ' 15~'50 '
190 Taku IIbr . , 8·0, ' 1.3 · 00 '
191 Taku R. , 8"32 ' 1.33· ,1'
192 Tanana R. 20 .lle s a bove

F'Ilrbanks 64 "33 ' l1,.7· ol\ '
19J Tanana R. 30 al1es above

I'a1rbanks 64 " 30 ' 11,.6 · , 6 '
1~ Tanana R. 1+0 .11et;; above

Fa 1r bank s 64· 20' 11,.6· 53 '
lil T.""", R. a t Delta R. .... lr 11,.6·21 '
1 . Tanrl. L. 62'" , 11,.6"05 '
19K. Tanrle L. tr1b. 62· 58 ' 11,.6· 05 '
19 Ta U l na R. 6r 2O' 11,.8"19 '
199 Taylor Bay l'20' 1~6· 31 '
200 Taz11na R. 2· 0f 1 1''''201 Tolovana R. 6,"2 ' 1" ·19 '
202 Tolsto l L 63" 10 ' 1';7·'r2020 Tol s ona R. 62"06 ' 1 , ·5 '

~
Toana• • 61·21 ' 169· 00 '
Top-&ror uk ~... 1';5" 0 'm Tur nara l n Ant ",7 ' ) 9·21 '
Tur nar a 1n Ara (a aloulh) 60" 56 ' 11,.9· 20 '

~~
Tv.lv_ l1e Cr . 6r 22 ' 11,.,"4£ '
Tva Clac ier L. l 'J2 ' NUB:209 !yon. L. 2'"30 '

210 Ucuh1k lr J O
'

1'7·1,.1'
211 11aia t '20 ' 1i2"10 ,
212 Una lakleet R. 63·,2 ' 1 0" ,, 'mUn.n laska Is . , 3·,3 ' 166· ) , '

Up- A- t ree Cr . ~"22 ' l %· M '21l Upper Tr a 11 L. ·)1 ' 14C; · 24 '
21 Wad. Cr . 64·07 ' 11,.1· 33 '
21§ Wa 1lNr 1r ht 70" ) 0 ' 160" 00 '
21 WIl.shl nc t on Cr . 6," 08 ' 147· 53 '
219 Wu 11la L. 61" 31,. ' l'r 52 '220 W1de Bay 57"28' I' .~O '221 Wllso n R. ,,"20 ' 1.30" 0 '
222 \rklod R. 59"0 9 ' 158·)0 '

~~
Wranedl 56" 22 ' 1) 2<' 28 '
Yaka ta t 59°1,.1 ' l)9'~ '

~~
Yes Bay 55' 5" 131· 7 '
Yukon R. 100 lIliles a bove

I
lIlouth 61°55 ' 161" )0 '

227 Zachar Eay 57·32 ' 153" 56 '



Nor t h la ti t ude 'Jes t lone;itude

Al ber ta

228 Athaba sca (Town) 9+"lt , ' "1' '§'229 Bea r R. '§O C~ ' 11 " It '
230 Boyer R. 5 "17 ' 117-1, '
231 Bush R. 58' 3£, 117"09 '
232 Call1ne L. ~" ' 113- 20 '
23, Cud ina1 L. -aa- 117-lt8 '
23 Co ld L. "' ''ltO' 112002 '
23l Eas t Halik HU ls , 8°31 ' 117- 37 '
23 Pt . Chi p....a y.n 58'," 111-10 '
237 Ft . McHu:rn y 56" I ' 111"20 '

~6
Ft . Ve~Ulon , B"25 ' U6"OO '
Fox Cr . 56"00 ' 119- 51t '

"'"
Ooou Is.

""2 Grande Prairie 55"10 ' 11B")O '

"'" Ill y R. a t I nd ian Ca b1ns 59" 30 ' 11?OS '

~ Hay R• • Ue 6~ 59- 00 ' 117-lt9 '
Hay R. a U e 6 , er 0 5'

"r.~ '~§ H1ehvocxl. R. 55"40 ' 11 " S'
Ho t chkiss R. 5rC6 ' 117- 30 '

"'"
Ilut ch L. 5 .~ ' "r.gz,250 Jasp.r ,2" , 11" ,

251 Y.ee R. T'2 ' 11? 50 ,
252 K_p R. , "06' 117- 20 '

~~
Lesser Slave L. 5§, 25' 11,"00 '
Luto.. Cr . 5 - 42 ' "r. 2

. '~~
Ka r t 1n R. 5§'30 ' 11 -ve-
Mea nder Cr . 5 '3§, 117"08 '

25h Ker k1e R. 57"0 ' 117" 31 '
25 Obed L. 53' 3" l1~- lO '

2l' Pe~c . R. a t Dunver an 55'~. ' 11 ,- J6 '
2 0 Pyn.a l d L. 52" 7 ' 110"C; ,
26, Swan L. 55" 31 ' 120"01 '
262 Wl pl t l R. (Pi pestone Cr .) 55"08 ' 119"00 '
~, W. p1tl R. (B1e Mo un ta in) 55"10 ' 119-01 '

Wavey L. ( nea r Athabasca L. )
265 Wh l t ..ud R. 56" 30 ' 117" 34 '

Br it ish Co l u....bia

266 An,usaa c Cr . 51t"34 ' 122"42 '

~h
Hlin L. 59° 30 ' 133-43 '
Atlin L. ( Wara B.y 59" 3B' 133" 42 '

26, !IlI:"XJzet ta L• 55" 23 ' '22' 34'270 Bea ton R. 57"05 ' 122" 3 '
27' Car p L. 51+°lt3 ' 123- '1 '
272 Cent ur ion Cr . 55' 50 ' 121olt3 '27, Cha r lie L. 56"20 ' 120"00 '
27 Coa l R. 59" 37 ' 127· 00 '
275 Dav ie L. ( Parsnl p syst em)



No r th la ti tude West l ontitu t'l e

Br i tish Co1ullb1a

276
--§.,
27

~~
281
2~2

~~
~~
2n7
288
289
290
291
292

~~
~~
~§
299
300
301
302

~g,:

~gg
307
308
309

310
311
312
313
31'
315
316
317
318
319
320
321
322
323

1;tl'

Dease L.
Ft . Nelson
Ft . St . John
Gnat L.
HalOlen L.
Har t L .
lUdden Cr .
Hudson Hope
Hy1.8nd R.
Jac:d' hh Cr .
Kelly L.
Xels:1ll L.
r::erry L.
l'::ledo Cr.
!Gua Lakes
Xo t cho L.
Lind R. (Lover Pos t)
i,1&rd R. (.Ue lt96)
Liard J:tsp.
Lynx Cr .
!'(cLeod L.
Kill Cr .
Hober1y L.
Moberly L. trl b .
Huncho L .
Muskva R.
C. i neca R.
en. Is . L.
Paque t te Cr .
Parsn i p R.
Peace R. above Hudson Hope
Pea ce R. a t PI ne R.
Pence R. a t Br idee
Pence R. 11 .Un Wor

Bridee
P1ne R. (headwa ters)
P:>UCI Coups R .
Ras berry Cr .
Redrock, L . (Parsni p sys t elll)
Selt4 t Cr .
S~ns L .
St1kine n,
Stoddnrd Cr.
Ston'3h~u,. Cr .
Stu~ini Cr .
SUlWli t L.
S'..an L. (Yukon)
Sylve ster Cr .
Taeheeela L. (Parsn i p sys tem)
TlI,gish L.
Tllnz l lla R.

59"36 '
59° is '
580 00 '
56°16 '
59" 39 '
58°37 '
9+° 17 '

l\: ~1 :
l3:~6 :

130" 00 '
122°30 '
120°46 '

122° 37 '

121°55 '
128"10 '
122°lto '

136° 30 '
122°30 '
123° 32 '
122"1,'
121° 0 5 '
12u 30 '
12600, '
126°00 '
121°1010 '
" " 57 '
123"58'
121°40 '
121"102 '
12, 0107 '
U2° 39 '
121+"40 '
120°01 '
121°ltO '
122°58 '
122"00 '
12O"lt2 '
iao-vi -

120°lt 2 '
122° 28 '
120"39 '
123° 19 '

1)6°27 '
129°20 '
1310 00 '
120" 55 '
136" 2c '
133"32'
1220 40 '
131"24 '
1210°02 '

13'"'"
135°00 '



Nor t h l a titude We s t land t Ude

Er it ish Columbia

3'" Tllh ho L. 58- 24 ' 130°09 '

j~
Tele! r a ph C, . 5?- 54 ' 131- 10 '
Ted iD L. 59"~ ' 132-16 '

32~ Toad. R. 58- 9 ' 125- 28 '
32 Tydyah L. ( Parsn i p systelll)
329 Wi nter Cr . 57' Z2' 131- 20 '
330 WO l ver ine Cr . 55- 0 ' 124-26 '

Nor t hwes t Territor ies

33' Aberdeen L. 64-30 ' 911'"00 '
332 Aklav ik 68- 13 ' 't5' OO

'33, Alert 82°~l' 2005 '
33 Ander son n . 61' i' 128- 53 '
334a Andrew R. 6 - 4 ' 128-~ '
33l An( ikun i L. 62- l ? ' 99" '
33 Ar c t i c Red Hi.er 6?-2? ' 133- 5'
33~ A~it L. 611 - 06 ' 91-32 '
33 Axel Helber ! b. so-30' 92-00 '
3,9 Back R. 6?- I 5' 9~" 5 '
3 0 Baillie h . ~'3" 12 - 19 '
3" Baker L. - 17 ' 96-05 '
N Bathurat I nlet 66- 50 ' I OS- 01 '
j::, Beechy L. 65-12 ' 106- 28 '

Bel cher h . ~'26 ' 78-41) '

j::l Bernard Hbr . 80 45 ' 114 - 4f
Bever ly L. 0.- 35 ' 100-3 '

3'~ Beave r lodle L. 64- 39 ' u8-08 '
3' Bie Butrdo L. 60- 52 ' '~'03 '
3'9 Birch L. tributary c2- Q4. ' 1 -43 '
350 BlJackstone R. 61- 0r ]2 :!- 55 '
351 Bloody Falls 67-4 ' 115-1'1 '
352 But t alo L. 60- 52 ' 11 5- 03 '

j l<l Callbr id(e Bay 69'cr lotIO'
Cape Dor set 64 -1 ' 7 - 32 'mCape La.bert 68-31 ' 114-07 '
Char thh1n( R. c3- 50 ' 6f\-~O 'mChes ter f ield Inle t 63- 25 ' 9O' i'Cl i nton-Co lden L. 61' 50' 107'"3 '

319 Cockbur n Pt . 6 •Z2' 115-00 '
3 0 Copper . tne R. 67- 9 ' 'lZ'04 .36' Creswell Bay Z2" 5' ' 06 •
362 Dismal L. 7-13 ' 116 - 32 '
363 Dubawnt L. 62-43 ' 102- 31 '
36' East He1b.tH ne L. 63'Oi' 92-25'
36l Eka11uk 69- 4 ' '04'~ '36 E1eenor L. 75- 24 ' 6t '36~ El lice L. 65°43 ' 1 °00 '

I 36 Sskimo Ft . 61-07 ' ~.03'
369 Eureka BO- Or - 00 '
370 Fer(U IOD L. 69°2 I 104- 22 '



Nor t h la. t itude Wes t 1onr1tude

Hor t hYe s t Terri t ori e s

370. Fish L. 71° 50 ' 12lt.o38 '
371 Ft . Fra nklin 6r11 ' 12r26 '
372 Ft . Good Hope 6Oil' l2 ~ 38 '

5~
ll' t . McPherson 6~0 2 ' 13,0'r
Ft . IIo run 6°51+ ' 12 ,o~ ,

5~
Ft . R es~lut1on 61010 ' 113° 0 '
Ft . SlIIpson 61° 52 ' 121-23 'mFt . 8111t h 60· 00 ' m oU'
Frank Channel 62°1t.8 ' 115° ,

5~
F'rankl1n Bay 70° 11 ' 127°03 '
Frobisher Bay 62° 51 ' 6-r 21'

381 P'ulln L. (WOod Buf fa lo Pa r k)
382 Car ry L. 66°00 ' 100°00 '

5g,) Gjoa lin 'an 68°38 ' 95°ltO '
Godaa 1t L. 62- 25 ' 93° 31 '

5il Gordon L. 63- 05 ' 113°10 '
Grea t Bear L. 66°00 ' 120°00 '

38~ area t Slave L. 61° 23 ' 115- 38 '
38 Gr ea t Slave L. a t out le t 61° 21 ' 117° 35 '
389 Crea t Slaye L. s t r ea.

en t er inc S s1de 610 00 ' 116-28 '
390 Grea t SlaTe L. 25 a 11es R'

of Yellt>v\m1te 62° 31t. ' 11 5°08 '
391 Gros Cap 61°$1 ' 121- 17 '
392 Gre iner L. 6C;0 07 ' 105-00 '

5~
Hay R. n ea r Grea t Slaye 600 $2 ' 11 5°1+6 '
nay R. 20 a nea above

Alexandra f alls 60· 30 ' 116°25 '

5U Hay R. 6Qo 51 ' 11 501t.3 '
Ha zen L. 81- 50 ' 71- 00 '

39~ Hole L. (WOod Buf fa lo Park)
39 Hor naday R. 69'" 23 ' ~:~ :
~66

Hor ton R. 6r'"Kuner y Bay , Dev~n Is . 7 -37 ' 96°~t'0' ::usky Lake s 68- 10 ' 135- ,
uoa 111de L. 6()o' l' 9z02l '

~~
InuT1k 68-2 ' 13 o~ '
ltak1sa L. 60·", 117° 0 '

~gz Xak1sa R. 61°03 ' 117°10 '
Kalllllukuak R. 62olt.3 ' 1Ol 00r'OJ Ka t haYachac. L. 66° 12 ' 111°0 ''0 Xazen R. 61t.°02 ' 9 5-30 '

" 9 Keller L. 63° 55 ' l2l0~ "''0 Kellet t R. F O" l2t 2 '

'" Kendall R. 7°07 ' 11 °02 '
" 2 K1ncva Fiord (CUlllberland sa .)

"~
Ki t t1cuu1t 69° 21 ' 133olt. l '

" Lac La Mar t re 63°10 ' 117- 20 '

" l Lake Harbo ur 62°,1 ' 69° 53 '

" Liverpool Bay 69° 9 ' 130° 19 '



nor t h lat 1tude ..'es t lonc1tud,--
Nor t hwe s t Ter r i tor 1e s

"I Lone L. 69· 0 9 ' 104· ) 8'

" lDwer Sass R. 60010 ' 112·5f'>, HaeDoueall L• 65" 59' 98°) ,
• 20 Macken zie R. ~uth 69"') 0 ' 1350)0 '
'>1 McKinley Pt . l2." ' lll.~ '' 22 Ma, use L. 102lt ' .... ,

•
' 23 Haze L• 62'" 2) ' ~. 25 '.... McConnel l R. 6O°'t9 ' ·23'
~~

l1e l1ad1ne L. 6)002 ' 92° 2) '
Mi nk Cr . W 0 2 ' uz- oo -

~~
Mould Bay 76014 ' llCf0 25 '
Mt . CO saalin ( CUllberland Sol . )

'" Naaaycush L. 70°45 ' 108.)~ '
430 Ifelson L. 62'" 1.3 ' 111.~ '
'31 r.et tllline L. 6l:0)O, 70· ,
' 32 lfol'Un • • lls 65"i;l ' 126· 52 '

~~
lfo tt1ne~ Is . 6)· , 78000 '
R'uelt 1n L. 6(0)0 ' 99° ) 0 '

'3i Peel Channel 68·13 ' 13too '43 Peel R. 67°42 ' 1) °32 '' 36. Pdl y L. 65·49 ' 102°02 '
'31 Pond I nlet U·4 l ' 78000 '
' 3 Pt . Radi UII · 0, ' 11S002 '

~
RaMi L. 710 42 ' tif42

'Rae , a :::aall s trea a 62050 ' .Of
"'" Redrock L. 66" 29 ' 111, · 2 '
""2 R.W ••r Stn . 6 ·42 ' 134·06 '

~
Reso l ut. r;." ' <;l, .~ ,

Rowley Is . ,.08 ' 71"lf
" 5 sachs Hbr . 71·,9 ' 12,·1 '

~r Shinel. Pt . 69°00 ' '"i7•
26

'Syh la Cr innell R. 6j"'f 8·32 '

~I
SlJlpson Pt . 6 . ) , 8d"45 '
Southu pton Is . 64· 20 ' 84·40 '

'" Stan R. 62"')4 ' 11,· 29 '
450 s n a t i on L. 640SIt ' 112.;Z'
451 Stock L. 62· 28 ' l I lt· ,
' 52 Surrey L. 69°4 2 ' 107°17 '

~;,; Ta1ta::lD R. 61° 23 ' 112°4;'
Tath11n4 L. 60° ) 2 ' 117°,2 '

~ll
Tl!I z1n R. 60· 26 ' 110° s-
TeklAni R.

45i Tel'll Pt . 6 2°08 ' 92'" 28 '
45 Thelon R. 64°16 ' 96·~ '

I
459 Thd on R. 64 0 00 ' 104· ,
460 Tholllso n R• r;.08' 119·3g'
• 61 Tukt oya ktuk 9°27 ' 132·, ,
.62 VaillAnt L. 66°12 ' 114° 29 '
'6~ Wa lker Day 71° 33 ' 118°1; '
. 6 Wa sh bur n L. 70° 02 ' 107°1; '
' 65 Wh i tef ish L. 62° 37 ' 10604 , '



Nor t h la ti tude West lonc1t uele

North~e st Territories

'66 Whiterish Stn . 69°23 ' '~"35 '
' 6i Wholda1. L. 600lt5 ' 1 - 30 '
' 6 Yellowknife Bay 61-ItO ' n--oc '
' 69 Zeta L. 71·00 ' 106-38 '

Saska tehevan

' 10 Cree L. 57· 30 ' 107°00 '
' 71 Lake Athabue. 59'"00 ' 109-00 '
'72 Wo l la s t on L. 58°00 ' 10 3°00 '

Yukon Terr i t ory

~~
Aishlkik R. 600 51 ' 137·05 '
Bi c Joe Cr . 67"~ ' 13CJ- 51'

'7l Br a ehbaua L. 60" • 135·Qlt '
'7 Carueks 6~07 ' 136.1r

~i6
Chris taas Cr . 61°00 ' 138·1 '
Clea r Cr . 63"31;' 137·37 '

'81 Collison Ft . 6CJ-3 ' 138- SO '
' 8' Cr ys ta l L. 63-1lt ' 136'~ '
' 83 Donjek R. 61-38' 139" •
~~. I:eudeash L. 60026 ' 131000 '

Fa1rehl ld L. 610- 58 ' 133-lt3 '

~ !l
Firth R. 69" 32 ' 13r '"Fla t Cr . 63·57 ' 13 ·37 '

' 8i Fo:u L. 61·1lt ' 135";4 '
' 8 Bersehe1 Is . 69"~" 138· ,
' 89 Jarvis R. 600 5 ' 138-07 '
'90 lCathleen L. 60<~ ' 137-21 '
'91 K1nj: Pt . IIbr . 69- , 131'';; •
' 92 Klondike R. 610°01 ' 138- 8 '

~~
Klu.ne L. 61° 22 ' 138-59 '
)Q.uane R. 61° 3lt , 13r21 '' '''aKlubhu L. so-1r N"59'

~~
Koi(! ern L. 6l"Z ' 1 0· 25 '
~okatsoon L. 60- 0 ' 135-1.2 '

"i Laberc. L. 61°10 ' 135°05 '
' 9 Leves 0&_ 600lt3 ' 13t03 '
' 99 Li ttle L. outle t 60001 ' 13 . ~ .
500 Lit tle Rlneherh 60° 12 ' 129- ,
501 Laube L. 60 0 lt5 ' 135- 08 '
50' He ~uellton R. 63°33 ' 137° 25 '

~
Koole Cr . 63° 30 ' 1~7°01 '
JU n er head L. 62° 15' 1 0°1+0 '

505 Nor densk lo 1el R. 62° 06 ' 136019 '
506 c ie Crow 67° 35 ' 139° 50 '

~i
Par triel,e C, . 60-00 ' 131°19 '
Peel R. 67 °1+ 2 ' 131+°3 2 '

509 Pelly R. 62°50 ' 136-36 '



r:or t h latitude \/es t l ongitude

'tukon Te r r itory

510 Pi ckhand le L. 61°55 ' 11+0°19 '
511 Pi ne L. 60"08' 1.30° 55'
5118 Popc orn L.
512 Rat R. (headwa ters) 67"38 ' 1~"'~2 'mSan~pete Cr . 62°03 ' 1 00 0 '

S11l1.s R. 61"00 ' 138' ~"
51£ Squanca L. 60" 28 ' 133" 8 '
51 Stevart R. 63"35 ' 135" 52'
51~ Swed e Johnson Cr . 61"35' 13r. "" '51 Takhann e R. 60"05' 13 • 51'
519 Takhi ni R. 60"37' 136· 0 '
520 Tat chun Cr . (;2<>17 ' 136007'

521 wa tson L. 60-06 ' 12R049 '
522 ,,'hi t e R. 62"22' 11+0-22 '

l~
Whi tehorse Res . 60" 22' 135'~ '
Yuko n R. a t Dawson Ci ty 64°olt ' 13r 'lil Yuko n R. a t Whi t ehorse 60e 31+ ' 13 "1+2 '
MUe 900 Alaska P.i ghvay 60"08 ' 123' r"V"
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APPEJ1DIX III

Correla tion of taxonomt c charaoters on s tanda rd l ength .

Cor r el .
Specie s Chara cter 1/ coerf. P Significance

y. lamot t en11 myotomes 30 . 280 >0 . 10 non s i gn .
velar t entacle s 30 . 173 >0.10 non s i gn .

P. coulteri cauda l peduncle
scales )0 .162 ) 0 . 10 non s ign .

E· cylindrac eum gi ll rakers 30 . 091 '>0 . 10 non s ign .
pyl oric ca ec a 30 .154 >0 . 10 non si gn .

Q. eperlanus pyloric ca ec a 30 .063 >0 . 10 non s ign .

C. ca t os t oau s gi ll r a ker s 30 . 290 >0 . 10 oon s i gn .

H. pl uillbea ca uda l pedunc l e
eearee 30 . 1F >0. 10 non s i gn .
verte bra e 30 .1 3 >0 . 10 non s i gn .

J;. Iue ru s vertebra e 22 . 292 )() .10 non s i gn .

L. I o t a gi ll r a kers 30 . 146 >0 . 10 non sign .
pyl or ic ca eca 30 . 233 '>0 .10 non s i gn.

li · gundrloornl s pyloric ca ec a 15 . 360 >0 . 10 non si gn .
tu bercle s below
l ateral line 15 . 310 ;.0 . 10 non sign .
preopercle ~pine/

.6 20s tandard leng th 15 < 0 . 01 s i gn i f i cant
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APl'UfDIX IV

Se~ua l dt.orphl s• •

No . '0.Specie s Chtu'ac tll l' _le s r 8_ ] 8 $ t P .§!Lntrlcance-
E. ~ottenl1 lIyo W•• ,l eo ec 1.,0 :>0 . 10 non sien .

ve lar t entac le s 20 eo 1. $ :>0. 10 non s iln .

f . coulter! caudal p9d ullcle
scales JO JO 1. 26 > 0 . 10 non s len .

P . cyllndraee um 1: 111 r llker s JO JO 1 .11 >0 . 10 hOP s ign .
pyl oric ea ecn JO Jo 1. 23 >0 . 10 non sign .

02 . cperlanus pylor ic ceeec JO JO 1.06 >0. 10 non s i en .

Q. earos t ceus g111 Takers JO Jo 1.30 >0 . 10 non s i gn .

II . p l Wllbea cau dal pe duncl e
sc a l e s JO JO 1.1S >0. 10 non sign .
vert e bra e 18 zo 1.43 >0 . 10 non sign .

] . luc i us vertebr a e 1$ 20 1.22 >0.10 DOD s lgn .

L. I ota r 111 r aker s JO JO 1.~ )0 . 10 non 81en .
pyloric ca ec a JO JO 1. 8 >0.10 non s l gn .

~ . (juadrlcornis pyl oric c••ea 1$ 1$ 1 . lit ')0 . 10 non sien .
tubercle s be low
t he la teral 11n. 1$ 1$ 1.3; )0.10 non s i gn.
preopercle spi nel

1$ 1$standard l allcth 1. 53 >0. 10 non s leo .


