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Systematrcs, geographlc varlatlon, and postglacial

Ry o

A(brassy mlnnov) and goue51us o] mheus (lake chub)..

[

uorphologlcal dlfferences between ulssourl Rlver bas;n E

and Great Lakes ba51n ﬂ. _ank; g; vere dlscovered.?

‘Northern Alberta and Br;tlsh Columbla populatlons most

: closely resemble those from the Great Lakes reglon.' It is

:postulated that the nlssourl form orlglnated 1n the'h];, ‘ Vivf

,"Preélacxal Plalns Stream' and surV1ved glac1atlon 1n the

' Mlssourl hasxm.' The form presently found 1n the Great Lakes :

- reglon most llkely orlginated 1n the pre—Plexstocene o

.‘Laurentlan Rlver system and/or Mlssourl Rlver system and
. ‘)/-\.L“

Eh surv1ved glac1at10n 1m the upper MlSSlSSlppl ba51n.;.

5¢;Dlspersal 1nto northern Alberta and Brltlsh Columbia was o

- i

B

‘”'?probably v1a Campbell phase Lake Agassrz and glac1al Lake - ”¢

"hPeace.' Taxonomlc recognltlon of the tuo forms does not seemr"°

= varranted.v,-f 'ﬁ',jJ:' h _  ~a»

Ex1stence of three morphologlcal forms of g.. mb

lebls conflrmed ~ an upper COlumbla Rlver ba51n "greeml“ ‘af

*{ﬂlssourl bas*
..f__” S X . . : . . C ffgh‘ PR i"f‘

d~}plumbeus" ”Ilthree formSVimtergrade'extensiﬁéhy“‘r

; orthuest portion of the geographlc range,

;‘uhlle 1n the Lake Sup”rior reglon "dlSSlmlliS" a

qf"plumbeus" seem to be good blologlcal spec1es.v'

TN

'A"61551m1115""and an eastern and Great Lakes -




uorphologlcal dlfferences between the "dissiﬂilisn and e

| "plunbeus" forls appear relateq to ecological differences. :
(n'The "greenl" forn most 11ke1y orlglnated in the Colunbia

lever basln, vhlle the "dLSSlmlllsh form probably origlnated

V'in the ulssour1 Blver basxn.. The "plumbeus" form may have

"1

origlnated 1n the preqplezstocene Laurentian Rlver systen'*“
'»and surV1ved glac1at10n 1n an eastefn lower Great Lakes I.’

;efugiun.~ |

; Phenetlc andtcladlstlc analyses suggest that the genus ,‘

-

bu 51g -is most closely relate& to the nomlnal genus ﬂ:

Y R

ggg;_gus and 1t 1s suggested that they be comrlned into a

"51ngle genus, gs;_s. Propbsals to unlte Coue51us vith

- - -

(H{' 319_2515 or Selo;;lus are not supported. Ev1dence. ,faf :"‘gg;

alndlcatlng posszble hybrldlzatlon hetween Cou igg Ql'gégg§W\

vrand Segot;;us (uarg ;§cus) _grgarlta is presented |

Qe

4

e -
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" INTRODUCTION -

Radforth (19“&), contlnues to be an’ active ar’avof

f3501entlflc study (HcAlllster and Llndsey, 1961° HcPhall, R
o N | R
1961, 1963 Olund and Cross, 1961' Nelson, 1969 Llndsey,

. y

'fclayton, nd Pran21n, 1970° McPhall and Llndsey, 1970"

v“f'reconstructlng past dlspersal routes ln vj?

M foss11 record, such as. the North Amer;cam mlnnows, 1s to. 1)

'7oassess 51m11ar1t1es between populatlons from dlfferent

' ﬂlocalltles, under the assumptlon that morphologlcally

+

51mllar groups have had 51m11ar evolutlonary and dlspersal
hfstorles, ) examlne present dlstrlbutlon patterns and 3)
”con51der ev1dence of past geologlc and cllmatlc events.
Recent advances 1n asse551ng geographlc 51m11ar1t1es (see B
s neath and Sokal, 1973 Thorpe, 1976),‘1mproved computer j'
'technology, and addltlonal dlstrlbutlon 1nformatlon have_w~:'“
made the reexamlnatlon of some of the more problemat1ca1 R /
specres practlcal and vorthuhxle. L . 'd; | :3p/ .

-
beog hgs hank;nsonx, thought to be restrlcted to
northeastern North Amerlca, has generally been considered to.
f‘ ;he derlved from a Hlssourl - ulss1551pp1 Kgscon51n refuglum,v'

but dlscoverles of thlS spec1es in the lo and upper

HFraser valley, and nore. recently in uusre 'Lakeﬂand‘the

s :



.y
Vv

Athabasca Rlver system, have led to speculatlons on'f” ST

- .

«faddltlonal refugla. Houever,'71rtually no 1nformat10n on
':geographlc variation uas avallable to lend credence to these

‘Qspeculations.fj S -;:;‘ : R

, Zoogeographlc theorles on Cgues1us glumbgus, a common

';Qand uldepspread North Amerlcan mlnnov, have been

' vcontradlctory (Underhlll, 1957; ncPhall._1963 Broun, 1§5§);t'
Although multlple glac1al refugia- have been postulated,

_agaln there has been llttle 1nformatlon on. geographlc

varlatlon to support these theorles. -’

Investlgatlons of these tuo specxes erehreported in-a.
Aserles of four articles.t' :hz, ,-'* x |

. 1. 1%r1ation and zoogeography of the brassy mlnnow,
:ﬁ'xg.gn..t._h.g_h kinsomi. . .-

2o2. Varlatlon and zoogeography of the lake chuh,

~ .

~-§92§§;9§ nlgnhsgs- e *\gﬁ

-bihmerlcan cyprlnld genera.. = o 71“,' : R
Notes on 90551ble hybrldlzatlon between Coues gs

'Elunbeus and Semotllus margar;ta.l,

- The flrst two artlcles deal Hlth morphologlcal
varlatlon and speculate on. postglac1a1 dlspersal routes. The

thlrd and fourth artlcles arlse from a p0551ble

'>nomenclatural problem in g_ u whlch neoe251tates B
;deflnlng the taxoncmlc rela 1onshlp of the genus g__ ;g to
,\\_ o

' ﬂih.aé__ and Ssngtsl.e
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| Article 1. VA@IATION AND ZOOGEOGRLPHY OF THE BRASSY HINNOH,

A HIBOGNATHUS HAN&IN _;A:'

'ABSTRACT ~

beog_athus hank1nson1 from 27 localltles are compared

u51ng pnlvarlate and multlvarlate methods. Two forms, one
5
from the Mlssourl River dralnage characterlzed by a deep P

caudal peduncle, deep head, and long dorsal fin, and a

S——

| second fron the Great‘Lakes reglon wlth‘large-eye and ‘ 2,

1ncreased anal fin orlgln,'pelv1c fln orlgln, and pectoral
fln orlgln to term1nal caudal vertebra dlstances, 5ere

[

found¢~ Spec1mens from northern Alberta and Brltlsh Columbla
 most closely resemble the Great Lakes reglon spec1mens. It
is postulated that the Mlssour1 form orlglnated in the |
“Preglacxal Plalns Stream" and surv1ved late Plelstocene

glacxal eplsodes in fis’nlssourl ba51n.' The Great Lakes

form may hav: orlglnated in the pre—Plelstocene Laurentlan

(

Rlver syste and surv1ved 1n the upper HlSSlSSlppl basxn.‘f
_ ‘ o

Dlspersal 1nto northern Alberta and BigtISh Columbla vas

probably v1a glac1al Lake Aga5512 and gla01al Lake Peace

"approx1mately 9, 500 years before present. The pa@phy g

dlstrlbutlon 1n northern areas may be the result of

&

ecologlcal factors and sampllng blas. Taxonomlc recognltlon

of the tuo forms does notzseem warranted._



. INTRODUCTION

tFigure'1)‘populatlons 1n northern'Alherta (Blshop,-1975'py
Berry; 1977) have reneued 1nterest in p0351ble Hlscon51n'
efug1a and. postglac1a1 dlspersal routes of thls spec1es.

| often, when a species ;s<suspected of havlng surv1ved»1n
more than one glaciaijrefugiuh,,morphologicaildifferenees
reéueen,populatioae derived from each refﬁgium‘oan be
demonstrated (see McPhaii, 1963);5 To date; no such

-----

popmlatlons of thlS species, compared four~characters on
spec1mens from four localltles but found no 51gn1flcant

adlfferences. Thls paper 1nvest1gates geographlc varlatlon

’_ulthln H ha k ni over 'a broad portlon of lts range and

"fexamlnes 1mp11cat10ns of patterns of varlatlon v1th regard

vvlto the‘zoogeography ofvthls spec;es.>

Pk
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L 'MATERIALS AND' METHODS

R total of 1013 specxmens (31 75 mm- standard 1ength}

K4

bfrom 27 localltles (Table 1- Flgure 2) ‘were obtalned from o

”

the followlng-lnstltutlons.‘UﬁlVer51ty of Alberta Huseum of

' onology (UAHZ)' Natlonal Museum of Natural Sc1ences (NHC)..'

Amerlca% Museum of Natural Hlstory (AMNH) Cornell

S Unlver51ty (CU), Natlonal Huseum of Natural Hlstory,

Smlthsonlan Instltutlon (USNu). Unlver51ty of Brltlsh

.. Columbia (BC). Hontana State Unlver31ty (MSU). unlver51ty of'

Kansas (KU), Unlver51ty of Mlchlgan Huseum of Zoology

.(UMHZ), Alberta Flsh ‘and Hlldlife (AFU), and Royal Ontarlo

Museum'(ROH)..

' Counts. or measurements (Table 2) on 30 eharacters were

1

‘;;made as descrlbed by Hubbs and Lagler (1958), Hlth the

- exceptions: 1) caudal p::uncle scales were counted around a

'fdlagonal row startlng at a pdlnt adjacent to the end of the‘

{;depressed anal f1n, and 2) d1agona1 scale row counts
_represent ‘the sum of ccunts forward along a dlagonal row'

~from the base- of dorSal and anal flns, but not 1nclud1ng the

1ateral line scale, All measurements were made to the

nearest 0 1 nm wlth needle p01nt dial callpers and all *

’-,counts were madé wlth the a1d of a drssectlng mlircscope.

SeXxes. were treated separately 51nce sexual élmorphlsm.V

o occurs in dorsal, anal, and- pectoral f1n lengths and overall .

\n

'-body 51ze.; By assumlng that sexnal dlfferences cccur 1n all;

'vcharacters and analyzlng each sex separately,‘the two groups :



- serve as replxcates. Patterns of varlatlon 1n‘one sex lay.
be expected to. he repeated in the othet.

Effects of sxze and allouetry vere mlnlmlzed by
adjustlng each mensural character (Y'l]) by 1ts average
allometrlc coeff1c1ent .to an overall aVerage 51ze such that-'
- !'13- ((log10 Ylj" (vj(loglo X1 - log10 X)))100 00),'vhere;
Yij: length 1n mm of character J of flSh 1'-X1 ='standard‘7”
rlength 4mm) of flsh 1- X ~,‘average standard length over aLl
,1nd1v1duals. VJ 'average allometrlc coeff1c1ent for :fl
' character j (slo;e of reduced major a11s, wj = (Xz yjz/ 2
c,x2)° .5 averaged over n groups' Z yjz # sum of squared
dev1at10ns from character J (log10 transformed). and Z le
’”=_sum of sguared deV1at1cns from standard length (log10 |
ﬁtransformed). In general, average allometrlc coeff1c1ents
_(Vj) vere c?lculated usang only locallty samples w1th 10 or
;more 1nd1v1duals which spanned a moderate to broad 51ze "\z?'
range. vTh ntlre procedure 1s analogous to us1ng a’ pooled
"thhln-slope for a Eg;gg; removal of 51ze 1nf1uence as
) suggested by Thorpe,41976)ohut.uses_a uodel II'regress;ondfl
._(1ndependent variahle‘error assumed) for fitting~allometric
7coeff1c1ents (Kidvell andtéhaSe,_1967" 1cker, 1973). .'A
Multlpllcatlon of ‘the score hy 100 0 mlnimlzes lgss of"
‘Slgnlflcant dec1mals due to roundlng errors. |
Average allcmetrlc coeff1c1ents (vj) ‘were. calculated '
"'based\on localltles 2—&, 6-18, 20 21,»and 23-27 for females,‘
A'and localrtres-Z, 4=19, 21, 22, 24, and 25 for males (Table

_2).'.Theretvas.nouapparent-dlfference.among locallty,slopes.;d

4



o

Slgnlficance of devaatlon fron isonetry was not tested.',bfs-‘“
' These values uere then used. to adjust all nensural
1characters to correspond toian average‘51ze (X) of 51 9 mw

hstandard length (log10

1»715302) for'females and 07.7 nn

rs

ha_tstandard ‘length (lcg10 1 67868“) for-males.v After L
: transfornatlon, sexes are not dlrectly,comparable unless
readjusted to a commou average 51ze oriconverted to a ~2{
;'standardlzed scOre (Z) as in the generallzed distance (DZ)
”measure.'ﬂdd A ' | |
_ nost computatlons uere‘done-u51n§ programs wrltten by
myself, except the canonical variate analysxs (BMD O7H,.
‘Dlxoh 1913) and the unwelghted palr-group method Hlth
7Qar1thmet1c means (UPGHA) cluster analyszs (CLUSTAH 1c-' .
hyﬁelshart, 1975) routlnes. Descrlptlons of these methods are.
'presented by Blacklth and Reyment (1971) and Sneath and
! Sokal (1973).' Generallzed dlstanCes (DZ) (Hahalanobls,:-

1936) vere calculated from the P-matrlx generated by ‘“

Bnn om. : P




’”"these patterns. Thereforeo canon1ca1 varlate anaIYSIS uas

e

* . RESULTS AND ANALYSIS

¥

M ¥

Unlvarlate descrlptlve statlstlcs were calculated for
. R
‘,all characters and localltles for each sex (Appendfx A)._!

1 gAlthough an analysis of varlance (ANOVA) (Tahle 3) 1nd1cated

‘Slgnlficant (p < 6 01) dlfferences among locallt /means for

..all characters ofahoth sexes, no dr

e -

of varlatlon uas/eg;dentﬁ

Srngg,Large scale geographlc patterns of variatlon in

dnct geographlc pattern :

p;jngle character tralts can be partlally obscqred by recent

\“'\.'

O |
_~genet1c drlft, local selectlon, and founder efEect, a

comblnax&cn‘of characters 1s often a better 1nd1cator of

"fvperforned usxng thlrty characters on all localltles Hlth a

“'sample 51ze of 10 or greater. Group centr01ds for the
:.remalnlng 1oca11t1es uere calculated from canonlcal
'_coeff1c1ents of the quglnal solution for all canonlcal
'_'axes._ Inspectlon of the canon1ca1 scores plotted on the

flrst tuo canonlcal axes (Flgure 3) 1nd1cates con51stent

. ”dlfferences between the Hlssourl Rlver dralnage populations :

(localltles - 12) and the u1551ssxpp1 Rlver - Great Lakes »
hfpopulatlons (localltles 13, 20 27). The northe&n Alberta ;
:;and Brltlsh Columbla populatlons (localltles 1“-19), thle
'vwldely scattered, tend to more closely resehhle the Great
fLakes reglon samples.- Separatlon of these growps appeared;ﬂ

to be due przmarily to hlgh scores on characters CPD, HDP,

‘_and SNA for the ulssonrl populatlons and hlgh scores on

PRENE R .



afnlthough the flrst tvo canonlcal axes acconnt fOr only

ycharacters AOICV and DOTCY tor the renalnlng salples.

©

g-;.gapproxlmately uO percent of the total varlance betueen

".A#fcentr01ds for each sex, varratldn on the remalnlng axes

V*h;appeared to be unrelated to raclal dlfferences.» UPG!A

H:lusterlng on the averaged female and mal§ 02 (Flgure u).

g o

~@hnrepresent1ng the dlstance hetveen centr01ds 1n the full

“,varlate plots.' Agaln the ulssonrl sanples seen closely

afhyperspace, reVeale a structure 51n11ar to the canonical

related ﬁhile the rema;nlng forns are wldely scattered.

- Correlatlcns cf canonical scores (Table n) and means

\ -

-_average a1r tenperature near spavnlng tlme, and water type

o

f(lentlc versns lctlc) vere calculated to estlnate the

: _1nfluence of geographlc and env1ronnental effects on S

A',.merlstlcs and morphcmetrlcs. Hhen all loca11t1es uere

”-_ffron thelr geographlc dlSttlbﬂtlon.‘ If env1ronmental or

':hovever these generally explalneg)leSS/fEan/BO percent of

/

h'ijgeographlc factors are 1nfluenc1ng structure, then the

\vSuch cons;stency uas not apparent Hhen the samplesﬂnere 7'
ce
._analyzea by reglon, therefore suggestlng these effects were*‘”

The relatlonshlp of the northern Alberta -'Erltlsh

ffor each character Hlth latltnde, lcngxtude, elevatxon,j=h’

_are. 1nvolved. 51gn1f1cant cOrrelatlcns may resdlt solely %

':

f_'the var;ance 1f2). Addltlonally,'lf several d1st1nct races

e

i-effect may’be expected to act sxﬂllarly.n;thln these races.f“i

14

:negllglble.: :'1'-:hf ff,i‘_vll~r:lf; | ,f*vfl,}ffﬁfﬁé;éd |
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materlal (localltles 13—27). Slgnlflcant dlfferences

e

‘Columbia material was fur-ier assessed'b},repeating the

canonical variate'analysis but with'three groups; The flrst o
group con51sted of the pooled ulssourl samples (localltles

1—12), ‘the second group pooled northern Alberta‘—-Erltlsh

'Columbla sanples (1oca11t1es 10—19), and the thlrd group.

"pooled n1551551pp1 - St. Laurence - Hudson Rlver samples

(localltles 12, 20 27). . The analy51s was performed in a

’,
P

stepwlse manner, one character added at a. t1me in- crder of

dlscrlmlpatlng_power, and D2 between centr01ds for the three
. » E e Do

@rohps uas‘calculated for each Step; Although 51gn1f1cant o

differences occurred betueen all three groups fcr both

'“sexes, the northern Alberta'- Brltlsh Columbla materlal was

con51stently more slmllar to ‘the . M1551351pp1 - Great hakes

w

fmaterlal (Flgure 5)e Thls 51m11ar1ty was espec1ally ev1dent

f‘when con51der1ng only 10 (account;ng for approx1mate1y 70

percent of the total DZ) or fewer of»the most dlscrlmlnatlng

characters.

If:the‘northern Alberta - British Columbia populations,_'

can be considered as part-of, or at least_derived'from, the

»H1551551pp1 - Great Lakes regron, ‘can the Hissouri‘forny

stlll he dlfferentlated from the comblned northern Alberta -

v

Brltlsh Columbla ~»51551551pp1 - Great Lakes form’ This was

’ tested by repeatlng the analy51s with tuo groups, the first

.group contalnlng the pooled Missouri samples (localltles 1-

12) whlle the second group contalnedrall the remalnlng

C

'_occurred ln both unlvarlate (Table S) and multlvarlate'

N A
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analyses. A stepwise procedure was again used in the.’

13

P
canonical variate apalysis and D2 between the two centroids

was oalculated,. Approxinatelj 90‘percent of the individuals

from the two grouég cou;d.be borrectly assigned with 30

- characters, however' as fev as six characters can achieve

approximately 85 perce;tdcorrect-assignment (Pigure‘6).'

Ind1v1dual 1oca11ty centr01ds calculated from canon1ca1

*coeff1c1ents derlved from the tvo-group thlrty—character

solutlon are presented in Figure 7.» Characters;uhlch best— "

°

,discriminate the two groupssare high scores,for'the uissourij"

7

group on‘CPD,'HDO, and -DFH, and for the Great Lakes group,

high Scores on AOTCV, ORD, PELTCV, and PECTCV.
fDiscriminant coeff1c1entszderrved‘fromkthersir nost

discriminatingxcharactersb(TablenG)‘can ne used to assign -

unknown spec1mens to one of the tuo groups by summ}ng the

‘product of the dlscrlmlnant coeff1c1ent and- the adjusted

’character measure over the six characters and. addlng the

constant. The unknown is. then cla551f1ed into the group
LY . . .

Hlth the highest score.



_’\ DISCUSSION

Balley (195&) documented the range. of’ H. hankinsoni as

——— e - e - —

from northern New York and southern\Ontarlo southuestvard 1n

-
<

a narrow latltudlnalﬂbelt to_eastern_qolorado,.Hyomlng; and

Montana; He stated_that the distribution; aS'knoun then,
i'indicated Survivai_innthe Missouri and,uppgr'MQSSissiﬁﬁi
dralnages durlng Hlsconsln glacxatlon.“Bailey supported:
Greene s (1935: 121) theory that, folloulng retreat of the'
Wisconsin 1ce, H. éggklgggg; made.rts vay 1ntovthe Red,RLver
'dralnage system through the outlet of" glac1a1 Lake Aga551z
'and lDtO the. Great Lakes reglon via the St. Croix outlet and .
;uFox Rlver connectlves.' Once in therGreat Lakes, thls
_spec1es ‘could expand eastward through the Trent outlet from
glac1al Lake Algonquln or the ‘more recent N1p1551ng - N*tawa-

channel from the NlplSSlng Great Lakes, or both, 1nto the'

upper Hudson River systen via the St. Lavrence Rlver and
i

' Lake Champlaln.d Balley supported Radforth (19&0) in statlng-’

s e

- that H. hank1nson1 dld not relnvade the extreme eastern

-bportlon of 1ts range from the Susquehanna Rlver system.l
Susguehanna system, ‘Greené’ (1935) stated that an earlyv
dlspersal from thls reglon better explalned the abundance of

"thls spec1es 1n the upland streams of the north and vest

'.slopes of'the Ad;rcndagks,' |

_ Bailey alsovnoted}the,discovery'oﬁ_3. hg_klgsgnl in the

”Stave River'(lower Fraser Biver drainage)rof British ‘; vt'
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Coldmbia’ (Carl and Clenens, 1953' Keenie&sid/"1954) and ,l
helleved that thls was the result of 1ntroduct10n._'ﬁovererg
Vaddltlonal dlscoverles cf thls spec1es in the Prlnce Geo;;e -
~reglon (upper Fraser River and upper Peace Rlver dralnages)_
-Hof British Columbla (Llndsey, 1956) lend supp&%t to the
theory that these are natural populatlons. McPhall ‘and T
Llndsey (1970) accepted a ulssourl or upper HlSSlSSlppi
‘postglac1al orlgln for thls spec1°s and hypothesxzed
dlspersal 1nto the Praser system of Brltlsh Columbla through'
'northward dralnlng lakes in’ the Prlnce George and Nechako
(1nto the upper Peace Rlver system) reglons formed by an:
dlce-blocked Fraser Rlver.A Populations 1n the lover Fraser
valley uere probably derlred from the upper Fraser system.
?fThey stated that ‘He hgg&;nsonl may have reached the upper
,hPeace from the Hlssourl system v1a a serles of temporary
1akes and outlets and 1ts apparent absence from the supposed
dlspersal route may be explalned by the varm postglac1al :
'1ijp51therma1 or - suhseguent 1nva51on of predators and/or
‘ competltors. |

The occurrence of at least tvo morpholog1ca1 §roups -
'appears to substantjate Balley's (195“) hypothe51s of tHO
'--glac1al refugla. fhe HlSSOUIl group undoubtedly represents
'the form 1solated in the nlssourl R1ver system whlle the
| Great Lakes group probably represents upper MlSSlssrppi
t;refuglum derlvatlves.b ‘The greater 51m11ar1ty of the

_northern Alherta - British- Columbla populatlons to those oprf

pthe Great Lakes reglon 1nd1cates that they wére . probably e



'orlglnated durlng 1solat10n in these refugla. These

.16

[N

,derlved from the upper H1551551pp1. rather than the Missouri .

»:refuglum. Houever, an upper ulssourl and upper n1551531ppi

refuglum ‘does not necessarlly 1mp1y that the two forms

Plelstocene refugla may have served to malntaln or relnforce

dlfferentlatlon begun much earlier, Typlcal Mlssouri
3

spec1mens (Flgure 1: Top) are deep bodled have a strongly

larched dorsal proflle, a relatlvely short head 1ength, and

small eye. The snout appears blunt and the mouth 1s'

inferior. Typlcal HlSSlSSlppl derlvatlves (Flgure

-1;Bottom), .on the cther hand, are more fu51form, possess a’’
-less decurved dorsal outllne, a relatlvely 1ong head, .and

: 1ag:e eye. The sncut reglon is less blunt and the mouth 1s
" terminal. These dlfferences are 1dent1ca1 to those noted. by

puetcalf (1966 81 89) for a ulde varlety of flshes ulth both '

northeastern and southuestern counterparts. He suggested

’that these dlfferences arose ‘in pre-Plelstocene tlmes as
»common adaptatlons to supposed env1ronmenta1 dlfferences

'.betueen major preglacmal dralnage systems. Metcalf

LA

‘ the north flovlng pregla01al Hudson Bay system (ancestral
'ulssourl) and/or the preglac1al south-flouzng "Preglac1al
Plalns Stream" uhlle PfllegeJ (1971 36&) suggested a‘ ’r
'preglac1al Hudson Bay or- Laurentlan Rlver system orlgln |

3 (Flgure 8).. _ f_ :d "g _ .'- o S v\z,: ;g B

P0551ble orlgln in the "Preglac1a1 Plalns Strean"
e

~ o o

system-seems llkely. Late Pllocene ancestral Plalns streams'

N .
AT
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»were probably’Shallov,Vperiodically sediment-laden,-and?ofy

11ttle gradlent (hetcalf, 1966*6#). Adaplations observed in
assoc1ated Hlth thls type of envrronment._ The presence of :
thls»speCJes_1n.Lllln01an heds in southuesternrhansas.”“

(Smith, 1963), far SOuth'ofyits‘preSent*range,sis alsoc‘

'compatible with its'presénce in the pre-Pleistocene Plains
'.Stream system. Its ertinctiOn'from this reéion may be the

'result of changlng cllmates and/or habitat (Cross, 1970).y’ o

h.preglacxal Hudson Bay dralnhge system is p0551ble but not

necessary to. explaln the observed dlfferentatlon between thesv

tv0'forms. 'As Plelstocene 1ce advanced the.ancestral s

i Hlssourl system was deflected southuard vhere 1t 301ned the

nanc1ent Plains. Stream system (uetcalf, 1966 12- 75).

Dlspersal from the south 1nto the ulssourl basin ‘may have

‘ taken place durlng thls time. Its llmlted dlstrlbutlon 1n
'the upper ulssourl Rrver and the lover Yellovstone Rlver L

‘systems (Gould and Brown, 1966) tends to support thrs‘

BN

theory.

The u1551551pp1 - Great Lakes form may have orlglnated

“1n the east—flovlng preglac1al Laurentlan system and/or

possrbly the pregla01al Hudson Bay system.' The adyancing

»Plelstocene 1ce may have brought 1t rnto the H1551ssipp1

' valley (Pflleger, 1971.296).

Ex1stence of addltlonal Hlscon51n refugla for the

+

northern Alberta - Brltlsh Columbla populatlons, such' as the
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upper Columbla system or the "Ice Pree Corrldor" along the '
Jeastern slope of the ‘Rocky uountalns,'seems unllkely for
rseveral-reasons. Flrst, although 51gn1f1cant dlfferences
betveen these populatlons and the nlssourl - HlSSlSSippl ;t
- Great"Lakes populatlons occur, thls Hould be reasonable to
fexpect 51nce even a mlnlmum estlmate of separatlon tlme,.s
approxlmately 9 000 years, uould probably be long enough for
dlfferences to accumulate. ’Second, known geologlc events
can explaln the dlstrlbutlon pattern ulthout 1nvok1ng
vvaddltlonal refugla.: Purthermore, a Columbla or "corrldor"
_refuglum seems 1nconslstent Hlth the known dlstrlbutlonal -
' pattern of thls spec1es.. “:: _'} - A ' '-v§W;¢<
'.é A nlscons1n upper'ulssissippi refugium-can‘be"v g |
postulated ‘Wwith a modlflcatlon of the dlspersal route o
proposed by McPhall and Llndsey (1970). H. hanklnsog_ may
have entered northern Alberta and Brltlsh Colunbia by :
galnlng acqess to glac1al Lake Agas51z., Although-accessrto
fLake Aga551z may have been through the Warren Rlver outlet,g-
lrts llmlted dlstrlbutlcn 1n the Red Rlver system (see
Underhlll, 1957) suggests the use of alternate routes.' The,k’
eastern outlets of Lake Aga551z to Lake Superlor (Zoltal,_'
'.1967) may have been used " A northwestern reach of Lake p
“Aga551z (Campbell phase), formed about 9 500 years before
ﬁpresent (YBP) (Elson, 1967 Eddy,‘Tasker, and Underhlll,
,l1972f, dlscharged northward ‘to" the Clearwater system _/7»
(Athabasca Rlver dralnage) and may have brought the spec1es o

:1nto the glac1a1 Lake Peace - Lake Tyrrell complex. _Fron o



’there it probahly crossed the Bocky Mountalns through the
'pPeace Rlver valley. '

The last major glacratlon in the- Peace Rlver‘valley -
gRocky uountaln Trench reglon was the late Portage Mountaln
_,advance (hutter, 1976).} At its max1mum, about 11 600 £

‘1 000 YBP,. Cordllleran ice fllled the valley to an area |
bdt:een Bull and Portage mountalns, Brltlsh Columbla.- Just
east of thls reglom the initial stages of glac1al Lake Peace

a

'(Bessborough and Hudson Hope stages) vere formed by a
P A

"Laurentlde ice dam. By‘9 28§ £ 200 YBP the_Cordllleran ice,
'folloved by a serles of»glac1al lakes, had retreated up - the
vPeace valley and vell 1ntp the Parsnlp and Flnlay valleys.
burlng thls perlod. or p0551bly somevhat-later wlth theA
’¢subsequent establlshment of the Peace Rlver, H. hgnklnsohl
‘may have galned access to central Brltlsh Columbla from-

B

lgla01al Lake Peace.y Once 1nto central Brltlsh Columb;a-lt»f

‘probably followed the path outllned by HcPhall and’LihdseY<:p_

'(1970). Recent dlscoverles of this spec1es 1n Musreau'Lake;
Alberta (upper Peace system), as vell as House Rlver,'ﬂorse:
Rlver, and Athabasca Rlver near Fort Mcnurray, Alberta

(Athabasca dralnage basln);'seem to support ‘this- hypothesis;

as these localltles appear to lie v1th1n the boundarles of

" the’ glac1al Lake Peace - Lake Tyrrell complex (see Taylor,

ol

_1960). Thls explanatlon would also be more con51stent Hlth

.the . apparent absence of-H. hank1nson1 north of the Mllk

i iy s et S e,

"‘Rlver (Mlssourl dralnage system)~1n southern Alberta.-;Iﬁy-'

.o

thlS spec1es had dlspersed from the nlssourl system,'lt

R

'\

- "’v"-\‘-—'ii_-m,“,g N
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”mlght be expected to occur, in the Saskatchewan River systel
'in Alberta but to date has not been collected thére. . The
:Hyp31thermal explanatlon for 1ts absence from tHTs.region}
;does not seem plau51ble as a generallzed uarmlng trend would
- probably have caused wldespread extlnctlon of southern
elatltude populatlons rather than locallzed extlnctlon of
northern latltude populatlons.' ' '
Alternately, the patchy dlstrlbutlon ‘in northern ;'H
Alberta and Brltlsh Columbla may be explalned by a- -
'comblnatlon of factors. Sampllng b1as may be a prlmar{
}factor. uuch of the reglon along the dlspersal route -
_through‘northern Saskatcheuan and“Albertavhas been
.1nadequately sampled, espec1ally durlng sprlng to mldsummer
.’uhen thls spec1es is most llkely to be collected.ﬁ Ableson

3

(1973) found spaunlng 1nd1v1duals to congregate alcng

.;lnshore areas startlng in mld uay and by the end of July to

'have 1argely left the shorellne. Therefore,bcollectiﬁns
_r_taken in late summer may not detect thls spec1es._;
'.Bcologlcal and phys;ologlcal factors may also be 1mportant.i
v,ig. gggglgsggl appears to be restrlcted to lakes or slow
*having riverg and streams Hlth current ve1001t1es 1es= than

approximatel}-15 cm/sec,(personal observatlon)-. In at least:;

B eastern and northern reglons it 1s assoc1ated Hlth bog

: streams and lakes (Balley, 195u 291° personal observatlon).
l It also has a great sen51t1v1ty to elevated carbon dloxlde"
_levels (Black, Fry, and Black, 195&).‘ This preference forzf,'

slow;mov1ng,_ac1d1c vaters comblned wlth 1ts carbon ledee

!
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Sensitivity may restrict its habitation of regions with

prolonged 1ge cover. Thus;_uithva restriCtednhabitat,

g

1nadequate sampllng,'and llmltlng phy51ologlca1 constralnts,

',1t uould not be unusual to find lsolated, or apparently

1solated, populat;cns in- these northern reglons.

\\_Recognltlon of the Missouri and HlSSlSSlppl derlvatlves

'of\a. hanklnsonl as dlstlnct subspec1es does not seem

' Marranted at present. The morphologlcal 51m11ar1ty

(approx1mate1y 90 fpercent separatlon vlth 30 characters) is

A'helow the de51red level of subspec1frc recognltlon (Mayr,

: 1969:190).[ Thls, comblned with the mathematlcal

1nconven1ence of calculatlng a claSSLflcatlon score, makes

'the dlstlnctlon unjustlflahle from a’ practlcal v1ewp01nt.,

: ;Lack of knowledge about 1nteract10ns betueen the tuo forms‘}'

in contact zones, 1f such zones exlst ﬁmakes lt unuarranted

£
from a blologlcal v1eup01nt. Perhaps future work vlll y

:reveal add;tlonalimorphologlcal or brochenlcal characters

that would justify the distinction.
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Tablé 3. Univariate ANOVA F-te t value among character means‘
for female and md xpognathus hank;nsonl
from all localltles with.n > 9.
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.Table 3. Continued.
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. Figure 3. Canonicalﬁvariate sqotes‘along canonical axes I -
- and II for A) female (28.2% and 17.1% of variance,
respectively; 23 groups, 30 characters) and B) '
male (20.6% and 17.4% of variance, respectively;
25 groups,. 30 characters) Hybognathus hankinsonie.-

Locality labels as in Table 13 symbols as in
Figure 2. ' o ‘
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Figure 4. UPGMA clusterlng of averaged female and male - -
: . Hybognathus hankinsoni. generalized distances (D2).
" Locality labels as in.Table 1; symbols as in :
Figure 2. Localities 1 and 3 omltted because of
: small sample 51zes.-; ; : , e : '
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Flgure 8. Hypothetlcal pre Plelstocene dralnage patterns of
.l‘central Unlted States.»1;= Hudson Bay; 2 = Plains;
'3 = Teays - ‘Mississippi; U = Laurentian. (Afterg-g

Pfliger, 1971).
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. t

Unlvarlate descr1pt1ve stat1stlcs (range, One standard
‘ dev1atlon, tuc standard errors of mean, and mean) of
selected characters (orblt dlaheter, head depth at/occ1put,,

,caudal peduncle depth,’anal f1n or1g1n to TCV, pelvxc fin

orlgln to TCV, and dorsal fln helght)‘for female and male7
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Article 2. VARIATION AND zoocaocnﬁpur OF THE LAKE CHUB,

“ABSTRACT

Oover 3, 300 Couesius p;g_gg -from 1ou 1ooalities'are'
~compared using unlvarlate and multﬁ”arlate methods.
Ex1stence of three forms is conflrmed. An’ upper Columhla'”
River ba51n form, termed. "greenl" possesses low scale-
‘counts and short dorsal, anal, pectoral, and caudal flns.:"
The Mlssourl Rlver ha31n "dlSSlmllls" form possesses hlgh.
'scale counts, relatlvely blunt snout, long head, and small
orblt dlameter. The Atlantlc - Great Lakes "plumbeus" form
possesses relatively p01nted snout, long dorsal anal, B

,\pectoral, and caudal flns, long pelvxc fln orlgln to

‘?gtermlnal caudal vertebra dlstance, andxlarge orbit dlameter.p

All three forms 1ntergrade exten51vely throughout thn
northwestern portlon of the geographlc range, uhlle in the

-Lake Superlor reglon "dlSSlmlllS" and "plumbeus" appear to

 be good blologlcal spec1es. norphologlcal dlfferences

_'hetueen the "d1$$1m1lls" ‘and "plumbeus" forns appear related
,dto ecologlcal dlfferences:f | |

| The "greenl" form is postulated to have orlglnated 1n
:the pre Plelstocene Columhla River ba51n.: puring -
Plelstocene glacxal perlods it survived south of the
Cordllleran ice. sheet and then dlspersed northvard after the_

' ulthdraual of Sunas stade ice from the Fraser valley. 'The

.. 6 {
:2'(1”/,‘ .



. //. o : | _ . ‘ L L 65
/f/< e : S , ol T ".~ ) ’ ‘
"d1551m111$" forn nay have orlglnated 1n the north flouing
pre—P1e1stocene ulseourl dralnage system.' Advancing

14 urentlde(zge probably 1solated 1t in the upper Hlssourl’,
L 31n during the HlFCOUSlD glac1al perlod. Northuard
dlspersal from thls\refuglum may have begun as eanly as the

' Early Hlscon51n. ~The "plumbeus" forn nay be of pre—

-Pleistocene Laurentlan River systenm origin. Durlng the

Qxilscon51n it most llkely surV1ved 1n the upper GeneseeaRlver

and lovervauéson River valleys.’ Dlspersal vas northue§tward"b*

through the‘Gtéat,Lakes and!glACLal.Lake Aga551z.'

<.



. INTRODUCTION

Coues i_ g;ggggug is a common and widespread North.
American cyprinid; Although as many as three forms have :
' long been recognlzed cons1derable controversy ex1sts over -
'thelr characterlstlcs,'taxonomlc status, evolutlgnary
orlglns, and postglac1al dlspersal routes. Recent studles

of geographlc varlatlon attemptlng to resolve sone of these

guestaons (Llndsey, 1956' McPhall, 1963 Brovn, 1969) uere‘r

‘jﬂbased on a few character trends derlved from llmlted
~,port:.ons of the range. Thls study reexamlnes varlatlon in
this species us;ng numerous characters sampled over, the

Efentlre geographlc range. ° w&w>'

Ytew
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MATERIALS AND METHODS - .

Spec1mens from 10# localltles (Table 1 and Plgpre 1)

were obtalned from the followlng 1nst1tut10ns' Unlversity off

\

Alberta uuseum of 200109y (UAHZ); Natlonal nuseum of Natural = =

5c1ences (NHC). Cornell Un1vers1ty (CU). Unlver51ty of

f %rltlsh Columbla (BC), Unlver51ty of Mlchlgan,uuseum of

Zoology (UHHZ) Royal Ontarlo uuseum (ROH) uuseum,of " L

. . :.i
o .Jc‘. - o
a g

: Comparat1ve-Zoology, Harvard Unlver51ty.(ucz): Universityfof
Saskatchevan (US), Iulane Unlver51$y (TU), and Unlversxty ofnf.fﬂw:
-.'1:-5" é),ul o

washlngton, College of Flsherles (UH). _"

'ty-four characters (Table 2) .were. - scored for 3 371f;57

heus. Counts and measurements vere»made as?ll
‘ubbs and Lagler (1958) except as. noted under
e=Analy51s"' All measurements were made to the .

-: u.‘

- nearest 0 1 ma wlth needle p01nt d1a1 callpers and all

s

yf counts were made ulﬁh the aid of a dlssectlng mlcrcscope.
' Specrmens under 35 mm- standard length were not used.

o Hhen analyzlng geographlc Vatlatlon ‘one or more of the_

kS

followlng confoundlng eources of- varlatlon must also be

: contended Hlth' 1) sexual‘drmorphlsm, 2) grovth , 3[

,'5 - TN —_ -

':-1nd1v1dual varlatlon, U) measurement error, 5) ' @
: e

’.env1ronmentally 1nduced varlation, and 6) nonconcordance of
characters resultlng from recent genetlc drlft, founder ‘

effect, and selectzon.m The methods used must he as such to

R .
.

identzfy and mlnlmlze these addltlonal sources of vanlation.v

-"(3_
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Sexual dlnorphlsm in pectoral fin length 1s ohv1ous in
‘g;'p_gggggg.' In males this’ fln,ls 1arger, nore rounded at
rhe”diséal end, and at'avsomewhai different angle and‘ |
"position in'relaticn-to the’body.i‘Lesser degrees of
‘dlmorphlsm are assoc1ated Hlth longer dorsal ‘anal,land
cpelv1c fins }n males and 1ncreased abdomlnal dlstances 1n’
Q@males.' Slnce dlmorphlsm can occur 1n growth rates

£ (slopes) as well as‘;n average size (elevatlons), each
‘character should he'tested by analySLS of;covarlance; Bj;
assumfﬂg sexual differences occur invall characters and.
:

analy21ng each sex separately, not only are these tests‘

ellmlnated but the two groups serve as repllcates.

e

b"

x§,9

' g% The general de31rab111ty of remov1ng the grcuth factor
N

)

~can be questloned =1nce c:Lze 1tself is often a useful B

-

taxonomlc character.' However, flshes are plastlc in grovth

)

gesponses to env1rcnmental and populatlonal parameters.

@

Addltlonally, dlfferent collectlon technlques, each with lts T(V

-

"_oun 1nherent size b;as,vas uell as varlous collectlon o ' ;

:rseasons, make the de-emp&asxs of 51Qe necessary. ) -
o Problems assoclated vith growth have tradltldnally been"'
? solved by the use cf mcrphomgtrlc ratlos-desplte severe»
cr1t1cisns (uarr, 195é Atchley, Gasklns, and Anderson,
1976' Agg‘iey 1978).- The - pr1mary functlon of ratlos,
elillnation of . the size factor, is accompllshed only vhenv
.:1ecerta1n:precautions are‘taken'(see Corrucclnl,41977i-f

~ 4 Lo . : T
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‘Additionally, ratios increase the complexity of

1nterpretatlon by compoundlng each varlable. Several'lb

statlstlcal methods,vsuch as regression analy51s or

.

' pr1nc1pal component analysrs, prov1de a much’ sounder basis

' for ellmlnatlon of bkias caused by. the 51ze factor, .Although
\ _ .

.nodel I llnear regreSSLOn technlgues (no error in the

K

i 1ndependent varlable) have been used for flttﬂng allometric
:eguations, Hodel II regré%s;on (1ndependentvvar1able error
'assumed), such-as a'reduced major-aXis on 1og'transformed-'
data, appears more appllcahle on theoret1ca1 grounds
(Rlcker, 1973) and glves a better flt in trlals by computer
51mulat10n (Kldwell and Chase, 1967). A pr1nc1pal component
solutlon can also be used to, ldentlfy and remove size
‘ 1nf1uence but, as demonstrated by Thorpe (1976), is o
generally less effectlve than a p__orl ellmlnatlon of sxze
:hy regreSSLOn.;y'f S £ U _c‘i o SR
' The effect of grovwth on mensural characters was ‘ 5
'mlnlmlzed by flrst calculatlng the slope of the reduced

e

,major a11s, allometrlc coeffac1ent (v), for each character

<

h(]) such that vj ( Z vjz/ Z x2)° s where Z yjz ; sum
'of sguared dev1at1cns from mean character‘j (log10 |
:1’transformed),,and_ 2 _12.= sum of squared dev1atlons from

mean standard length (1og10 transformed).' xm general,

:allomebrlc coeff1c1ents uere calculated only fcr groups Hlth

15 or’ more 1nd1v1duals uhlch spanned a moderate to broadf
. X

51ze range. Next, an average allometrlc coeff1c1ent for'

/

f.each character (vj) vas calculated fron the followlng 58

’ } : . S
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local'tles. 1, Q.LS, 7{11, 13-20, 22, 24, 25, 27, 31-35; 39-
uz, 44-46, 50, 51, 54-56, 60, %3, 65—67. 69, 73, T4, 93—85.
1, 92, 94-97, 100- 102 (Table 5\ _There was no apparent -

dlfference among locallty slopes. Slgnlflcance of dev1at10n
fromsisometry was not tested. Finally, ‘each mensural
‘character for each 1nd1v1dual (!'1j) was adjusted by the

average allometrlc coeff1c1ent to correspond to an average

]

‘size (X) of 58. 2 mm standard length (log10 1. 76“612) for

females -and 55 u mm standard length (log10

1. 7n3650) for
males, such that. 1'13 =-(log10 Ylj —-(vj (log 10 X1 —/1og10

' X))100 0) uhere Yij length in nm of characte % of fish i,

‘.and'X1 standard 1ength (mu) of flsh 1. nultlplication of

..the score by 100 0 m.uumlzec 1oss ot 51gn1f1cant dec1nals

.due to rodhdlng errors. . After transformatlon sexes. are no-
longer ccmparable unless read)usted to-a ccmmon average 51zef

;or converted to a’ standardlzed score (Z) ‘as 1n the
generallzed dlstance (D2) . neasure. ' ‘
L_digégual var;g;;_g :>:1” g'};,-fﬁ

Ind1v1dua1 varlatldn ls ea51ly summarlzed for each‘d':ﬁ

- ‘ i
: 1oca11ty and each character v1th unlvarlate descrlptlve

?statlstlcs once the effects of size have been mlnlnlzed.
\r Ve . - . » 7

Pooling of samples was generally restrlc;ed to saaples

collected at various tlmes from ‘the ‘same locallty.f Only .

: fl rarely, vhen fev'speclmens uere avallahle, vere samples fron
several geographlcally near collectlons pooled.'

4 OccaSLdnally a 51ngle collect1on Was suspected of non—fﬁ

"-honogenelty,ye.g.gtvo syfpatrrc fornsvfrom Eagle River,- ,

NP
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ﬁichigan.‘ In‘these coliections, hOmogeneity othhersaéple.@
vas analyzed with pr1nc1pal component analy51s and the
esultlng tvo- or three—dlmenslonal plots ‘were 1nspected for'
obv1ous clusters. Dlscrlmlnant analysrs was then used to ;
check the slgnlflcance of the clusters and help reclassify
‘any outliers. Descriptive statistics for the nev.groups ;',é
’ uerelthen recalculated. - | | |
»!sese;r.emser e._es S -

Errors resultlng from the 1nab111ty to count or measure -
each character exactly are often 1gnored in hopes that they
.are equal betueen groupc and;characters. However, magnltude
'of the error component is relatlvely greater in small

, 5
“measurements thereby exaggeratlng the varlance of these

'characters. Thls can - have unde51rable effects 1n several
.multlvarlate technlgues hut can be mlnlmlzed by a p;_ggi
elrmlnatlon of those characters Hlth unduly. hrgh vlthin ’

- group varlances.! characters wlth no. varlaBCe over several
'.jgroups generally must also be ellmlnated 51nce matr;;

u

: 1nver51on cannot be perfo&med if the matrlx 1s s;ngular.

s

i

PO Several characters vere e11m1nated from further SRR

‘ o analygﬁs on the ba51s of° ) ‘a non51gnaf1cant analys&s of
Q . - -_,
o “.1-var1ance (ANOVA) F- test, 1nd1cat1ng no 51gn1f1cant
AT A BRI

I .

| R dlfference between loca11t1es 1n that character, or 2) an.
',exceptlonally hlgh ulthln group coeff1c1ent of Varlatlon (Cv
H=:(standard dev1atlon * 100)/mean).. A character v1th ‘ ' lfé

'fylocallty cv values commonly over 5 6% vas suspected to have X

- a relatxvely large error conponent. uunber of dorsal fin

> o : S ,.‘q,‘ig



l":@development, uhlch may exert a dlrect 1nf1uence and

;
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-

lrays showed llttle varlance; belng almost aluays eight, and
was therefore elrmlnated. The two glll raker counts,u.
1nterorb1tal Hldth, and dlstance betveen pelv1c f1n orlglns
vHere ellmlnated because of exces51ve1y hlgh (over 5%) cv
values. Glll raker counts wvere affected hy the severlty of
damage by glll para51tes, whereas the tvo mensural
characters vere too small to be measured accurately.
Environne n&_;lz ;négeed riation

Env1ronmental factors, such as temperature,’oxygen; and

a

product1v1ty durlngrearly stages of development, are known

to 1nduce profound phenotyplc changes (uartln, 19“9 Tanlng,
1952; Linasey,‘1953 Barlow, 1961) « The simplest methodfof
destlmatlng the effects ‘of various env1ronmenta1 factors on
Hlld caught spéc;mens 1s a correlatlon analy51s. Pearson
nroduct moment correlatnon coeff1c1ents betveen character
‘-means fOr each locallty, as uell as the. flrst several : ‘d'

icanonlcal varlate scores for each !;callty, Hlth latltude,:

-longltude, elevatlon,'mean a1r temperature durlng spawnlng -

time, and vater body type (lentlc versus lotlc)* were

;lcalculated Although these env1ronmenta1 parameters may not
SN <

1n‘themselves dlrectly 1nf1uenc development, lt 1s hoped -

« . 1) » .

|

' L.lthat they Hlll be correlated 1n some manner to factors, such

i N / . . A 3 ‘
o |
;as local water tem@erature and oxygen 1evels durlng'early

t . R

-

'"therefore lndlcate pOSC1ble env1ronmenta1 lnduction.

s
& AR
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Nonconcordance of geographic varlatlon betueen'
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'different characters demonstrates an ObVlOUS shortcoming in
-the use of univariate statistical measures ‘of racial
*Similarity.= This can be overcome,by combining many
charaters into some 0verall’measure; But, by combining

'characters information redUndancy can occur due to such

effects as,pleiotropy and gene linkage. This difficulty can

'vgbe overcome by uSing ‘a measure of similarity that)takes into

f‘consideration ‘the variance —rcovariance structure of the

'data matrix, such as the generalized distance (Dz) of

[ X ."’ . '
. L
A "

‘ or the closely related technique of

“used. R R o _ b
g')Display of the relationship among'group centroids in a

B

. redqug dimenSiorality was acCOmplished vith the canonical
'variate procedure BMD o7u (Dixon, 1973).' Although this
S,program does not give the generalized distance betueen any

M_pair of centrOids directly,'it is eaSily calculated ffom the

@

'F—matrix. Unueighted pair-group methqd vith arithmetic
means. (UPGMA; cluster analYSis (CLUSTAN&1C Wishart 1975)
-uSing D2 as a Similarity measure was useg if more than tvo,

B . : -
‘or. three axes vere. needed ‘to account for a, large percentage oo

- " s e
. B
o -‘ - »,

*f,of the varianceibetweeq centroids.

Sometimes 1ocal selective factors can obscure large

» - N Y

‘5ca1e geographic trends even Hith multivariate estimates of

affinities.‘ Use of polynomial trend suf@aces can determine 3

the degree of local influenc%zand define regional trends

v
3 B2 . .
- ! ! . R . . . S A e’
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(Marcus and Vandermeer, 1966; Vandermeer, 1966). ‘Polynomial -

ttehd'surfaces'of;various'degreés Here-fitted'toﬁfhé o

‘canonical scores for the first several canonical axesias -
~ ¥ell as to each character using‘SURFACE II (Sampsonj 1975).

3



\_Pour years later Jcrdan'

| TAXONOMIC HISTORY

B3

Aga551z (4850) descrlbed Gog_o p_um eus from spec1uens

. ~taken durlng hls 1848 exploratxon of Lake Superior. _The )

? 4

'1exact locatzon of this collectlon is unknown but was_.“

'_gpFesumahly along the northern shore of Lake Superlor betveen
- Sault Ste, Marle and Thunder Bay. 'Glrard (1856) moved Gob;_
'_p_gghggs Aga551z to the genus ngcosomus and descrlbed a new

'spec1es, Leucosomuc d;§§imllls, from the Hllk and thtle

Juuddy rlvers of the upper Mlssourl dralnage. Thls nev

’ spec1es vas descrlbed as hav1ng smaller scales or the back d
tlas compared to those of the flanks, a large head and eye,v ;)v
anad belng "unlform greylsh\brown above. 511very alcng the -
mlddle of the flank and yellovlsh beneathc" Jordan (1878)
'lremoved a spec1es thch he prev1ou=ly recognlzed as gogg_;s

a” B

l rom uogom1§ and placed it 1nto a new genus,

ou sius honorlng the ornlthologlst Dr. ElllOtt Coues.

h

,d Gllbert (1883) descrlbed the '

s

"genus vlth four spec1es. ue51us sguamllentus (Cope),;

currently regarded as conspec1f1c Hlth Rh g thys gsc 1 s
. J’ .
(Baxter and Slmon,b1970), goue51g§ g;ss;_;lls (Glrard); u1th )

’gggig plymbeus Aga551z, L_gg s g_§§;g;;;s Glrard and
Noconmis | lnerl Jordan placed in synonomy. gggesiggw

Il'pgg_ghgm;gs (Cope) frcm Hontreal Rlver, Keweenaw P01nt,.,g .

_Mlchlgan-(Cope, 1869).'and Co § ghxg;gn thu

IUIQ

(COPe):

ncurrently recognlzed as ﬁxh,p 1s~ggag;;; 3 Jordan (1893)

added a new spec1es, gougs;g§ g enl, based on tvo spec1nens

' - _,5 -



obtalned from Stuart Lake, near Fort St. Janes, Brltish
Columhla, and stated that the new specxes dlffered win the
,larger 51ze of the scales and in some detalls of form." The
head was noted as belng espec1ally large and heavy. Jordan

and Evermann (1896) recognlzed five spec1es in the genus._

resurrected Cone51us E;umbeus Aga551z., ggues

us d1551m;_is

i

iy
-con51sted of g&ly G1rard's Lgucosomus gisgigiyig, wlth Gobio

—— e b e

X

' t{ . h v . ! - i e O
’Q- Els_heus Agas%l?- ~§gges12§ green; ordan- LTy, ,,§3

;g; hthys osculns), and’ c.

{ed as dlstlnct spec1es. The
2‘5& V »

los COnchos, Chlhuahua,'ﬁexico

labelling mix-up and/or EBke

at least'

one-other genus (niller,_1976 and personal communl atlon).

wd_apparently valld fcrms, Ce g;umbeu v C. g;§§;g;;i§, and
' “Ca gE egl, seems tc stem froJr;ubbs' (1926) statenent 1n hlS
"“Check llst" regardlng C. pl s from the Great Lakes. He

’states that "cn comparlson I am uholly unable to dlstlngu;shf;"

>,

1§. dlgglmllls from thls spec1es."' In 1931, Hubbs and Lagler”fn

‘-,relegatedpat-least‘the-"plumbeus" and "dlssimlls".fo:ms to~€ff
- |

o

'-'subspeclflc s atus and 1n subsequent edltlons of g;shes of

_;}’ggg,g_ L_kes Reg on gave a reflned 115t of key characters‘
*separatlng the two Great Lakes forms (see Table 3).- Inf

t‘later edltlons, Hubhs and Lagler also p%lnted out that the,l
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.
o

subspecificAdesignatioh of the "pldnbeus"yand "dissinilis®
. forms is in doubt since the two occur sgppatrically in the
Keweenaw Pehinsula region-of.uichigan’(seevTaylor. 1954) ,

This would seen to 1nd1cate full spec1faaﬁdlst1nctlon, but d

et
” ’

they state that 1ntermed1ate types have been _reported to

»occur,elseuhere. Unfortunately, no furthet deta11c were
glven.

5
ik

] Balley (18951) comhlned Coue51us with ﬂxbogs1s vlth

'elittle dlscu551dn. Prom 1951 to 1970 ‘when he reversed his

dec131on, various authorf accepted the ‘change- thle others
- §,

vdld not. Taylor (1954) noted that 1f Coue51us vere to be-

B2 e D

—— ——— e o ——— e =

'U.Has appllcable and renamed C. p. g;;gi_;;ig as C. pe -qre g;;

‘Llndsey (1956), after examlnlng spec;mens fnom 16 localltles-‘

zhln the Mackenzle,vFraser, and Columbla systems as’ uell as

» ~both eastern subspec1es from Eagle Rlver, chhlgan, staﬁed

..,f g D
AR “‘53 R ot

: - "?ﬁ" "‘ '\1 ' ;.z_;\jﬁ |
_.1nvestlgat10n Hac completed. HcPhall (1963), 1n‘$1s st@ﬁ&
. oy ’@. /74;'
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"5and a vldespread nlssourl - u1551551ppi fOrP (see Table 3).

'Brown (1969), in a study of varlatlon in Coug;xus Elumbeus

_from northern Saskatchewan, noted ‘that although "the. eye

('ﬂ.u ’ .
YRR

d1ameter/snout ratio . 1nd1¢ated C. 2. Blumbeus, the dorsalp,wff7

fln/predorsal ratlo Has 1ntermed1ate betueen g..p. Elgghg_g
<and g. Be grgsgg;;%§,h Both.mean number of-vertehrae_(u1.§)
»‘andumeanbﬁ§mber oftcaudal pedugoie scales k2Q}§)‘uerea.

intermediate ‘to McPhail's (1963) hissouri,f uississippioand

Pacific forms. Brcvn therefore thought the Saskatchevan

 'populat1ons brldged the ulssourl - H1551551pp1 and Pac;fic

'vforms and stated that'tbere.uasaprobably no dlst;nction_

v'between the eastern and uestern forms. Coad (1975)

e"presented data cn geographlc varlatlon xn number of scale

He found mean total radll ccunts of 12 18, 12.62, and 12 06

for Nova Scotla, Saskatchevan, ‘and Alberta, respectlvely,‘_

,,‘uhlle ccunts from Erltlsh Columbla ave}aged somewhat ‘lower

‘at 10,62 . v L

Ghdow
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cyprlnlds in North Anerlca, occurrlng fron the Atiantlc to

Pa01f1c coasts and fromvColorado northward to the Hackenzae

'Delta, Northuest Terrltorles (Flgure 1).‘ In Alaska it

occurs in the Yukon Rlver as far dovnstrean as Nulato

(51ngle spec1men), but appears to be uncommon and restrxcted :

to the Yukon River’ proper and a feu major trlbutaries

(Hynne Eduards, 1952; Halters, 1955 ucPhall and Llndsey,

1970- Netsch, 1975)._ It 1s wldespread throughout the Peace,,'

&
Athabaséa, and uackenzle sfitems as vell as throughout the

Barren Grounds (HCPhall &nd Llndsey, 1970- Paetz and Nelson,
B \.sb L . 7
1970' Scott and Crossman, 1973- Steln, Jessop, Porterrwand

' Chang-Kue, h&?@; Elson,'197ﬂ° Bishop, 1975"Bodaly ana”™

\.

' Llndsey, 1977)w In Br;tlsh Columb;a lt is found in the\

~ |

upper Columbla systen, portlons of - the Fraser systen,.anf én“”

=~y

‘ the Skeena, Stlklne, and Llard dralnage systems, but appearsf:'

Carl, Clemens, and Llndsey, 1967). Records from the upper '

i
b

to. be absent frcu most cf the coastal rivers south of the -
o Skeena'Rlver (Jordan, 1893'-Gilbert and Evermann, 1895 _g

Godfrey, 1955 Llndse£ 1956, 1957. 1975‘vucPhail, 1953.,.*'&

'w Columbla Rlver systen extend as far south as_Lake Pend |

d'Orellle, Idaho, thle 1t appears absent from the louer
* : b

Columbla system of Eashln ton (Relners and Bond, 1967).: It"

has not been reported fron the Clearwater system (uaughan,

‘-1976), the next major dralnage south of Lake Pend d'Orei%}e.

79 A 5g““
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: prevxous report by ueek (1892) was apparently based on a

Gphybrld of other spec1es (Balley, 1951).e There appears to bl\

K]

. ’ g ‘_ : ‘J - . . '
LIt also occurs.in‘THin'Lakes,.ﬂashington;,of’the

T Stlllaguamlsh River basin. This species ﬁas been. recorded

i

: &.*,J

\from most of the rest of Canada and the Great Lakes area and,

into. the New England-reglon of the Unlted States (Kendall.
~and Smlth, 1895 Dymond, 1926. Bajkov, 1%28 Greeley, 1935,
1936; ‘Greene, 1935, Balley, 1938- Hnbbs and Lagler, 19“1',

Hiuks, 1943; Radforth, 9hu-'Legendre and Rousseau, 19“9.

f:Dunbarfand Hildebrand,. 1952 Taylor, 195“- Backus,.1957'

’kwxéleher-and'Kooyman, 1957;,Raney, 1969 Scott and Crossnan,‘

1973; 'ucni‘ister,f 1975; crossaan, 1976). A report by

' Hanklnson (1923) fron Cattaraugus Creek in uestg;g/net rofx"

appears to be 1n error as the predorsal scale cdunts grven

indicate p0551b1e conf681on ulth Sgg lus. Hubbs agg
{r S ?‘59 -
Lagl@r (19&9) reported C. Elumbeus g;umheus frogynesor La,e,.

a small 1solated lake on Isle Royale, Lake Superlor. vThe
occurrence of C.- ;umbeus 1n the 51551551pgl Rlver systel

appears to be based upon a srngle collectlon record fron

Ioua (Gerklng, 19u5~ Balley, 1956' Trautman, 1957). “;§; 

only a 51ngle record from the Ralny Rlver system and none
lfrom the Red R;ver system of ulnnesota (Underhlll, 1957'

Eddy, Tasker, and Underhlll, 1972 Crossman, 1976). Absence

3-[of llterature reports and’ collectlon records 1nd1cates that flb

it 15 also absent or rare 1n the Qu'Appelle Rlver, Sourrs‘
‘River, Lake uanitoba, and Lake W1nn1peg v1c1nities of

\soutkern Saskatcheuan and Manit ba._ g. glung_us occurs in

. ! ,k
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videly scattéred:fegioﬂs of'fhé“!isSduri and Platte':iVer,fV

a.systems but is becon;ng 1ncreasxng1y rare 'in some arems ‘
viwhlle belng art1f1c1a11y 1ntroduced into other areas (e.g;i 
‘f 5Iellovstone Lake) (Glrard 1856°'Evernann, 1893 Elgennann,
- 18955 Evetmann and Cox, 1896° Schultz, 1éu1- Personius and
Eddy; 1955' Ba1ley and Allum, 1962 Hehderson and Peter, v
. 75969' Hlllock, 1969.,Baxter and Slmon,.1970° Brown, 1971"

l”HOItlS, uorrzs, and Hltt, 1972). It appears to be no 1onger

~present 1n Colcradc (Boulder and St. Vraln creeks) or the

a;Great Dlvlde Ba51n zPlcket Lake), Hyomlng (Ellls, 1914-‘

) & .‘; ‘."‘ -iy
Baxter and Slnon, 1970). - e

€ \
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Ly



- vl RESULTS

e S ' ,ﬂ"dT\ﬂi\. .

Sé;eral collectlons fron the Great Lakes region,; 2
fespec1ally the Bagle Rlver laterlal, vere suspected of non-

| vhouoge eity on the basxs of Hubbs and Lagler (1958). L

f .PrlnCIZLl component analys1s on these localltles falled in d?
- most cases to show dlstlnct clusters, possibly due to

1nsuff1c1ent sanple 51zes. Hovever, the Eégle RivEr

materlal d1d shou ‘two clusters (Plgure 2), vhich were,»r'

"

_SLgnltlcantly dlfferent above 95% cqpfldence level,.

rAlthough these collectxons vere labled g _§1u§ g;gmheg- 8

"f"r,glgg__us and ques;u§ p;_ eus‘g_ss;g;;;s by UHHZ, thls

:°ff}de51gnation uas tenporarily 1gnored.» After the analysis,.

-

Wrseveral ;nd1v1duals Here found to be most llkely

' those cont';butlgg

substantlally to the separatlon of fbe tvo\croups, Here

idorsal f1n helght, anal fln helght, caudal f1n length,'and

f;iorblt dlameter. These characters closely correspond to

‘f'ffthose 1ndlcated by Hubbs and Lagler (1958) as separatlng thef

: tvo for'S‘ z‘:‘:,-f‘ |

| 1égl;v7f;;};dddslUnlvarlate Ana1151s ' .W.“
Unlvarlate descrlptrve statlstlcs were calculated fBr
~a11 characters and all 1oca11t1es for both sexes (Appendlx

'“tAy,f Analy51s of varlance (ANOVA) was also conducted on bothf

”szgsexes for 37 loca11t1e= Hlth large SaﬂPle 51395 (Table “)"’

'All characters for both sexes fron these 37 localitiJ

'82”‘..' N S e-‘rf—lfﬁifh-
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!

"dlsplayed 51gn§f1cant dlfferences betueen locality neans
”’(p < 0.01). /aoefficient/of’deternination (r2) apd” its
>51gn1ficance for th id degree poly onial trend surface on
'l each character (Appendlf'h) are given in Table 5.

'f_: DIAGONAL SCALE ROHS - Dlagonal scale Tow counts.:Q

- \

"represent‘the Sun of the count foruard along ar dlagonal rou»f,,

| from the base of the dcrsal and anal fins,'excludlng the

' 1ateral llne scale.~ Counts are hlghly varlable both Hlthin
A

| localltles (CV ~/6 ox) and betveen localitles (both ANOVA F—
itests-are hxghly s1gn1f1cant). Trend surface, analyses
1nd1cate hxghest mean\\}agonal scale row counts, 20.0 to ?
‘718 5, occur throughout Ontar;g,vnanitoba, Saskatcheuan,’
CAlberta, and the Hlssourl Rlver ba51n. Counts gradually
decrease to the north and east of thls reglon and abruptly B
hdecrease vest of the Cont1nenta1 DlVlde.Z Only approxlmately

,‘. 30% of the total varlance ‘is explalned by the th1rd degree'h;

t, .

. AY
'{influence on thls character.: Both male and female trend

h_surfaces are hlghly congruent. o

-

CAUDAL PEDUNCIE SCALE ROHS ~ Caudal peduncle scales L

e

ﬂ'vere counted around a dlagonal rou startlng at a pc1nt ,

;adjacent to the end of the depressed anal fln.u Counts
‘ '~?_thls method are not dlrectly comparable to those :

txai&of ncPhail ‘1953), Thls.'haracter is 51gn1f1cantly >

i btherefore contalns scme of the séme 1nfornat10n as the

“l_derévlous character. Agaln, uathln locallty varlatlon 1s

AY



"

hlgh (cv R 6 01) as well as betneen locality variation.

jof Although the coefflclent of.deternination for each sex -

-»

L 1nd1cates that ‘the thltd degree surfacE does not explain a d'tg
signxficant alount of varzance, hxgher order surfaces are
highly 51gn1£icant andxindicate a trend siniliar to«that ot
d1agonal scale rovs.' East of the cOntznental Div1de caudal

peduncle scale counts aweraged 25 - 27 vhige vest of the o

d1v1de they uere generally 23 -»2“.,."'
x

HEAD LEHGIH - Head length dlsplays a highgdegree of
betveen 10ca11ty varlatlon but little ulthin locality ';?h

'varlatlon (CV & 1. 0%)- ‘Both nale and fenale trend surfaces L
; Y N oo
' are hlghly congruent and 1nd1cate longest head lengths in_jf»

/' the Hlssourl ba51n. Shortest head lengths occur 1n eastern

. Ontarl%* Quehec, and Neu England reglon.r Internediate T

'l

lengths are found throughout Alberta and Saskatchewan
radlatlng northuard into the Northuest Territories.: The..:s
trend Surfaces explaln only 32% and 37% of the variance,'v““
1nd1cat1ng a greaf’deal of local deV1atlon fron the reglonal
: trend. fttf”*'V 77. .* "_Lftf‘”:l~“37 o o
o . v L\. . . \ q,,
ORBII DIAHETEB - Thls character shovs a mgderate degree

_ of both qlthln lccallty varlatlon (cv ~ a 0%) and between

1oca11ty varlatlon._ Hale and fenale thlrd degree trend
*-;f'surfaces~show a. relatlvely lou.degree of congruence Hlth
T nelther surface explainlng a 51gn1f1cant anount of varlanCe;‘
Aﬁlgh;r orderﬁtrendnsurfaces 1ndicate agsrgﬁht‘trend tovard
1arger orblé dlan;ters’dn the. eas%e;nabortzongofﬁ'hgl
oy 3 . HEAD DEPIH AT NOSTRIL‘Y ﬂead depth at nostril“_h'

T



leasure the hluntness of the snout.; This character Shous

fgrloderate degree of Hlthln lccality variation (CV x 3.03)

ifvvhile shoving a high degree of betveen locality variation.?ﬁg,fgl

5337Both nale and f%nale trend surfaces appear highly congruent

3f{3and, respectively,.explain usx and MSS of the variance.f.:

s

'{'Although the explained variance of this character is greater

f‘than alnost any other character, the anount exglained

1frenains Jow and suggests that’local factors are the lajor

e £

'5influence ‘on overall variation. The trend surfaces 1ndicate

ab" - = 0

4rouest scgres (more pOinted snout) occur 1n the east and

e highest scores (nore rounded snout) occur in the nfsSOuri
L < . .
i ba51n.A However. all regions shou a rather steep gradient in

- . -~
. S 5

u'character change.q 1he only plateau region occurs throughout

e S T L R IR P
_ llberta. O f‘jﬁ.; :;fh{*, ',..i;"’qg . ,gwxf-‘“
R o : »" e ool e sl : R ’ " o
ff' DORSAL PIN ORIGIN 0 - TERHINAL CAUDAL VEETEEBA ‘,
s s o :

(f Distaég% from the origin of the dorsal fin to the terminal
“tcahdal vef%ebra disglays very lit;le within locality

e variation (CV”z 0‘75) but also little between locality

letvariatign:t; oth nale and female trend surfaces shou a .

.'north-south,trend Hlth a northuard deflection in the vest._f{1“5

’ Bighest scores occur in the south and dec_,ase'northvard.‘~

ey By

'3_§Tplateau occnrs throughout northern Qnebec, northern Ontario,;

-

-;nanitoba through northetn Saskatcheuan and Alherta and into

. the Northuest Territories. Both trend surfaces are. zi;f

‘;f.noderately congruent and account for 32% and 38% of the Ll

.variance. o

HQPRSQL FIN OBIGIN TO. PECTORRL FIN ORIGIK - Distance
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ST e L e T 2
j.ﬁfrOl the origin of the d?rsal fin to the anterodorsal origin.‘
T \ .

'rfof the pectoral fin shous. as light be expected.

Lf@signxfrcant negatzve ccrrelation (r 4 -0. 50) to the prevzous;_v

character. This character displays a slightly higher uithin_q»

‘”locallty varlation (ev & 1 0%) and a sbnghtly greater degree'

fQof hetueen 1oca11ty varaatlon.‘ nghest scores occur in/the
, Py :

.lsouthuest portlon of the range and decrease towards the
jf;gnortheast. There 1s relativeh; poor congruence betueen the
‘dfnale and fenale trend surfaces‘and only 28% and 263 of the

'f;?varlance is explained.»v{ | “ ._ *f
o ANAL FIN ORIGIN TO TER‘EINAL CAUDAL VERTEBRA - 'l'hls
‘acharacter shows llttle ulthrn locallty varlation (cv I~ 1 ox)

- T

.‘d@nd-a lou degree of betueen locallty varlation., Both trend
dgsurgaces dlsplay a. north—south trend Hlth a northward
Jgfdeflectlon 1n the Hestern portlon of the distrlbution.,,
fC;Lowest scores are found ulthln the ulssourl Rlver ba51n;
.fﬁirhere is moderate congruence betueen nale andffemale trend

’ﬁdfsurfaces Hlth 2u1 and 32% of the varlance explained.

PELVIC FIN ORIGIN TO TERHINAL CAUDAﬂ‘VERTEBRA °gf

'v“ﬁDlstance from pelv1c fln orlgln to ternlnal caudal vertebra *"

qugshovs 11ttle wlthln locallty varlatlon (CV ® 0. 7%) and a low::-r

effdegree of hetueen 1oca11ty varlat;on. Both trend surfaces

l

5ffare hlghly congruent and account for 31% and nzx of the -

';J,varlance.v nghest scores occur in the extreme eastern S

:fﬁport1on of the*range uhlle louest scores are fqund in the g'

”?ssourl Rlveﬁ asin. “A steep gradlent in charactér change

7Ijroccurs along a,zone frcm the Great Lakes reglon .
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f,4northvestuard to Alaska. }‘,)*rff-; *"5 ]41°?r 5nsxe?*";i°'d

’

. %e

[vl/: PECTGRAL YIN OBIGIN TO TERHINAL CAUDAL VERTBBRAv- This
’Etcharacter dlsplays the 1ouest vithln locality Variation (cv :f
‘:z 0.“%) but also shous a. low anount of betueen locality }:
.vaariation. Eoth trend surfaces are only noderately i";i::‘ o

congruent and ;ndlcate lov scores in the south. Bigh scores -

dpnedomxnate 1n the Hest.- There is relatlvely llttle change
dlethroughout Alberta northuard into the Northvest Tertitories. dﬂiu

Trend surfaces account for 3ux of the. varlance 1n nales and

2_575 in females.

PECTORLL PIN LENGTH-- Pectoral f1n length 15 noderately

7; varlable both Hlthlﬂ lOCalltleS.}CV R 1 5%) and betueen
localltles. There ls ;ocr congruence betveen nale and

"'}female trend surfaces. The female trend surface 1s hlghly

'v::SlgBlflcant and acccunts for 27% of the varlance uhlle the'Jégg

;male trend surfacé is just 51gn1ficant at the 95% level and
./\L‘\
“accounts for only 21% of the varlance. The dlfference 1n
4 S
trend surfaces nay reflect the extreme dlmorphlsm of this ,

/

-character and the 1mportance of the' ectoral f1n xn male

ed from§¢hel |
the deepest 1ndentatlonwof the caudal fln, 1s moderately
-varlable (CV z 3 OX)._ Thls character shows a lou degree of
betueen locallty varlatlon. Both nale and female trend

',surfaces 1ndicate a general north-south trend wlth a sllght

PR B

s
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‘northuard deflecticn in the vest.‘\Louest scores occur in .v'”

o R

th southuest portion of the range.l h region cf increased

'9..

'.ch racter change occurs through northefn Alberta and o
f;n rthern Britlsh Colunbla northuestvard 1nto Llaska. There,
t”eis only moderate congruence betueen the nale and fenale

ltrend surfaces. The fenale trend surface accounts for 22! S

-hof the varlance vhile a thlrd degree trend surface for nales R
ﬂ:idoes not explaln a slgnlflcant proport1on of the‘Warlance.f{h"
- CAUDAL FIN LENGTH,- Caudal fln length is noderately
'-'varlable both v1th1n 1oca11t1es (cv z 2 0%) and betueen h

. L/
"-localltzes.h Trend surfaces of both sexes are highly

| _congruent and explaln 3u% and 28% of the varlance.n nghest

scores occur 1n the east uhlle lowest scores occur 1n the

'uest. A reglon of rapld character change occurs over a gv,;" .

,f broad belt extendlng from the Great Lakes northyestward to S

l“fAlaska.~

s

. SNOUT TO ANUS DISIANCE = Thls character dlsplays the

"”Q(next to lovest Hlthln locallty varaatlon (cv R 0 6%) but

-falso shows llttle between localzty varlatron., Both trend ST

L VA _
ugsurfaces are hlghly congruent and explaln usx and uu% of the

_varlance. \Hgghest scores occur 1n the nlssourl Blver hasrn
xd?but rapldly decrease northuard 1nto central Alberta{~ Lou
"f,sqores form a plateau fron 0ntar1o northuestward 1nto the
orthwest Territorres.; Lou scores also occur 1n the |

_southuest portlon of the: dlstthutron., de;, B s? Ff{{fﬁ'
' DOQ&AL PIN HEIGET f Depressed dorsal fin lengths ate

noderately varlable (CV R 2. 0%) ulthln localltles hut sh'v a




high dﬁgree‘of interiocality;difterentiation., Bothstrendg‘,l”
‘surfaqes are highly7congruent and explain 31%:and’37%hof’the‘

\

5 89

: varlance. ngh sccres occur in the ettreme eastern portion A

-of the range vhile lou scores occur 1n the southvest. A

'f;reglon\of transxtlon occurs over a. broad area fron the Greatv*

lLakes northvestuard to Alaska. ,. ' gf S
| ANAL FIN HEIGHI - Thls character 1s hlghly correlated

uith dorsal fln hEIth (r = O 6S) . - Anal fin helghtrls only

moderately varlable u1th1n localltles (cv R 2. 0%) but shows

a hlgh degree of betueen locallty dlfferentlatlon.rvBoth
-1trend surfaces are hlghly congruent. The male trend'surface
;'explalns 25% of the varlance whlle that of the fenale'df\
Ldexplalns 31%.- Trends are very 51m11ar to those of donsal
fln helght.' e e : . |

BREAST TUBERCLES f ucPhall and Llndsey (1970) stated
»extrenely rough patch of tubercles just anterlor to the

'pectoral flns, and also 1nd1cated that 1t was not known

',fvhe her thls COndlthD vas present in the "HlSSlSSlppl“ o

rn.g Ihls roughened patch of tubercles was observed in

. ’

' males from nearly all samples,llncludlng the Mlssourl and
Cose e

'3Q¢Atlant1c (=f"u1851551ppl") populatlons.' Development of

p:these tubercles 1s size dependent, rarely belng present ln

males under approxxmately 50 nm standard 1ength andxis

Avundoubtedly assoclated ulth sexual maturity.' They also

*appear to be more pronounced durlng reproductlve perlods. o

NUPTIAL CdLORAIION‘-‘The occurrence of reddish orange :




. 9¢

narklngs 1n the pectoral axxl dnd around the ccrners of the
mouth has been vldely reported 1n the literature (Broun, v
1969; Scott and Crossman, 1973) fron populatlons east of theh’
*,Contlnental Dlvide.: HcPhall and Lindsey (1970) state that
-jubreedlng nales of the "Pacrflc" forn (“."greeniﬁ) do not
-develop thls coloratlon. Personal observatlon of lrve,ku
:nature,.reproductlve speclnens fron throughout southern and
:central Alberta 1nd1cate/that hoth sexes develop thlS color

pattern. uature specrn@ns of both sexes collected fronv"
: o

gGantahaz Lake (localrty 39,'upper Peace River systen,[‘

=

British. C°l“mbia) C°11eCted bY myself also possessed reddlshan:’

' 'orange pectoral ax11 marklngs.’ However, thls area may
y. .
f represent a reglon of 1ntergradatlon between the "greeni"

and eastern Hlssourl "dlssinllls" forus.

uultlvarrate Analysis

-

The folloulng 37 localltles, chosen on the ba51s of
sample size and geographlc locatlon,‘were con51dered as
‘ "knowns" for canonlcal varlate analysrs. 8, 10,.11 13-16,_

"18-20, ‘2, 2u, 2.7, 21, 3u, 39-42, 4u, 46, S0, 51, s 59, 65,

;67, 69, 73, 7“, 83, 85, 91, 9“,-97, and 100 102.v Centroids o

,'iifor the remalnlng 67 localltles (Appendlx A) were, calculatedl -

BEREI | :
: for the flrst,fsecond, and thlrd canonlcal axes from the 37—

'rfgr%np solutlon canonlcal coefflclents.' Characters prov;di“gV

"fthe most separatlon betueen locallty centroxds ﬁor_malei

f,uere bOth scale counts, head leneﬁh, dorsal fin helght,
1pectoral fln length, and dorsal fin orrgln to pectoral fin R

orlgln (Appendlx }} Characters contrlbutlng to thé
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ﬂl_separatlon of the felale\eroups were similar vith both scale:‘

8 N

'fcounts. head length, dorsad fin height, pelvic fin origin tofﬁ

\ ¥

,‘termlnal caudal vertehrﬂp dorsal fzn orlgin to pectoral fin
*orlgln, ‘and pectoral fln orlgln to ternlnal caudal vertebra
"*contrlbutlng‘nost heavlly (Appendix A)..fl‘hﬁ.;?e ~;1.4{
‘ "éd Houever, by ch0051ng 37 separate 1oca11t1es;‘charac€ersh
.thch enpha51ze 1nter10ca11ty differences will be selected
'by the analyszs. llhese character conblnations may ‘oL lay
not be the optlual character set for revealing any racial
'structure.: Absence of dlstlnCt clusters 1n the 37-group
'7canon1cal plots, as well as in the UPGHA cluster analysis.
'(Flgure 3), lndlcates <everal p0551b1l1t1e5“1) no racial o
_structure occurs, 2) the ch01ce of nany 1nd1vidual
dlpcalltles has obscured any rac1al structure by empha51zing h
fihterlocallty dlfferences rather than 1nterrac1a1 i
dlfferences, or 3) extens;ve 1ntergradatlon has occurred;,e*c‘
To examlne these p0551b111t1es, the scores of only those’i3
tlocalltles Hlthln pc551b1e refugla (Columbla,‘ulssourlg and
?“;Atlantic coastal drainages) uere plotted (Flgure u) (see:j'ff”
t?ZOOGEOGRAPHI for reasons on excludlng Berlng and MlSSlSSlﬁpic'

"refugia). At least some geographlcal consistency,.with a.'%"

"w:mlnlmun of three groups. lS pr sent but the clusters are'

("‘

poorly deflned.;dh_ B ;' | :,": R S

A second cancntcal varlate analysis vas performed vlth

~;c‘tbe localltles frou the Columbia (locallties 69-51),,Jn“




AN W

:"knovn" groups.3 LNOVA on the characters fron thF pooled

“ﬂfsanples again %evealed a significant difference between the ﬁw

}'Kunivariate characéer neans of the three groups (Tahle 6)._.e

}Characters euphasized by this analysis are only slightly

',dlfferengfln terls of relatlve dlscrlnlnating pouer fron

ffthose in the 37-group solution, hnt dlrection of influence T

L

_fjcentr01ds, and Colunbla and Atlantlc centroidsiv
7t‘LVrespeot1ve1y, giv1ng a theoretlcal separatio

g
.97 2$, and 96 6%, respectlvely (Plgure_

,:-fhas probably taken place (Flgure 7).-'

- no. dlstlnct clusters, Lndlcatlng exten51ve 1ntergradation

. of sone characters (Flgure 5) uas radacally changed. Thezl'
‘clusters are conpact and vell deflne&“uith average‘ff{h'
' P“generalized distances (D*) of 20 n, 1u 6,‘and 13 4 betueen e

'iwtﬁe ulssouri and Colunhla centr01ds, unssouri and Atlanticy‘“

~oF. 98 8%,

);_ Thls corresponds_&V

'{closely to the number of 1nd1v1dlals a%tually correctly

assagned by the c1a551f1cat10n phase of the progran (Table

‘vi*fj’Qg?f

Based on the canonlcal coefflclents from the three—

”nf;fgroup solutlon, the centroxds for each of the 104 localltiesyie

'“Jon the flrst two axes uere conputed.' The results Stlll shown

o
Y

v" )

Thlrd degree trend surfaces for canonlcal scores albng m?l

‘”lrthe flrst three axes of the 37—'Eoup SOlutiOﬂ and the fltSt-ffr
~flftvo axes of the thre6~gr°uP 501“t1°“ are 519n1f1°antly

i frelated to geography (Table 5).

CARONICAL AXIS I - Ttend surfaces for 37—group nale

(Appendlx A), three—group female (Fxgure 8a), and three-

R t.:v':‘ LTl



.

.”Qgroup nale (Plgure eh) are hlghlyfcongruent;; The trend
h':surface for 37vgroup fenale (Appendix h), vhile slightly ‘
h':d1fferentitreflects the sale relationshlp. A snall plﬁteau
ﬁof high scores 1n the uxssourl basin gradually decreases in
dt?value as. it radlates northuestuard through Alberta to g,fﬂ’ ‘.
':‘:hlaska. Scores drop rapldly but smoothly uest of the ﬁocky\\ -
’uountains. Low scores occur from the upper COlumbla systel B
northvard £nto the Praser,(upper Peace, and Liard Rlver dhxh&.
gsystens.a Lou scores also cccur throughout Nev England, the »X
‘Atlantic prov1nces, Quebec, and. eastern Ontarlo, rising

‘ _gradually to the vest.. There 1s no abrupt break befveen the S

eastern reglon and the ridge of high scores just éast\of the

M

Qmooth, gradual tran51t10n. The

Rocky uountalns, only a ' |
*f‘relatlvely lov anount of‘e'plalned varlance (391, 38%, 37;, R

B n3x) 1nd1cates a h1gh degre: of local lnfluence.

L CANQﬁiCAL AxIS II - Tren surfaces'forfboth-se&es and' v
‘ both 37— (1ppendlx A) and three-group (Flgure 9) analyses"w O

ngh scores occur west Of the Rocky

are hlghly congruent.”

{, Mountalns from the unper Columbla ba51n northward to the
Yukon system.j~5cores drop sharply but smoothly east of the

Contlnental D1v1d§ and form a plateau of 1ow scores

-
i _,4 : A

| a*throughout saskatcheian eastward. Agaln, low coeff;cients

<

.of deternlnatlon (29%. 31%, 51%, 515) 1nd1cate a high degr/g
" of 10031 lnfluence- e RN \

h \\ CANONICAL AXIS III - The 37-group solution aPPears.to\,%.“, "
”.represent much the saue trend as canonical)axis I..fLa-';‘.]-».
o COfolClentS of deternrggtjon (375, uax) agaln 1ndl¢atefajf‘”:”

. .



"hlgh degree of lrcal influence., This thxrd axis is not

'vcalculated for the three—group solution.

'1n a northvestuard dlrectnon.v.”f‘~: : fJLgJL‘:

# - . S . : Lo

P
PR

Trend surfaces appear to represent radiatlons fron

-

.athree cente s. upper COlunhla. upper ulssourl,'and Atlantic
. Ny

-coast. The upper COlunbla center radlates northuard as far

-

}as Alaska and it prlmarlly restricted to vest of the

"Rockles. The upper Hlssourl center radlates northuard to

l

Tllaska along the eastern slope of the Rockles and through

;f;\f;":._t EnVlronmental Induction 4'Ti_f< o ‘sqfilf&

Although uany 51gn1f1cant non-zero correlations betueen

"_structure and env1ronnent ‘were found, nost were of the order

| of 0 20 to O uo, or. explaining less that 16% of the varlance

“Vepraces are lnvalveds spurlous correlatlons may occur based
f:solely on the geographnc dlstrlbutlon of these races.--va

*env;ronmental factors are 1nf1uenc1ng structure‘ then the

>

'“afraces. Houever, uhen consxdered in. thls manner (Appendlx

~5‘B), no characters or canon;cal axes appeared to be strongly

| F'and qon51stently ccrrelated to any env1ronmenta1 paraneter.

‘o

4;effects on structura1°features of Couesius plugbgg

It should be noted that 1n pooled samples (all

[N

1ocalht1es),)s1gnrf;cant correlatlons,between uater type

J‘ e

(sample frou lentlc or lotlc habltat) and length of the

@

LR

'ieffects mlght be expected to be slullar Hlthln the sexes and

-?the pralrle reglons uhlle the Atlantlc coast center radlates'f‘

.',‘ .

h“(rz) of that character.. Addltionalﬂy, if several dlfferent ?H

) 'QTherefore, env1ronnental factors appeared to have negllglble o



anal,kdorsal and caudai.iins, head-length, head depth at‘hfﬁ~i
“nostrll' and caudal f1n fork depth occurred. These |
?characters are among the nost dlscrznrfating betueen the
rnplumbens" and "dissimilisﬂ forms.  T£eIs1gn1f1cant
:corre;atlons probakly reflect an assoc;atlon between the
"plumbeus" form. and lacustrlne env1ronnents and betveen the

' "dlSSlnllls" form and fluv1at11e env1ronments-

_ o . o
Summary R RN ,

e Three dlstlnct.but 1ntergrad1ng forms of~ C. pl g_§v
can be recognlzed. An Atlantlc forn occurs alongvthe:‘
- Atlantlc coast and lnto %he Great Lakes. -ThiS'forn may be
"termed the “plumbeus“ form as Aga551z's syntypes (locallty
_103, Plgure 7) appear to correspond to thls group. The
HlSSlSSlppl dralnage spec;mens (locallty 12, Pigure 7) dp
notcappear 51gn1f1cantly dlfferent from this type.< Thls'
forn 1ntergrades exten51vely to the northuest but remalns : 3
_dlstlnct throughout ncct of -the. Great Lakes. The %plumbeus" o
d.form typlcally possesses 1ntermed1ate scale counts, large
‘:orblt dlameter,glong,dorsal,'anai, pectoral, and caudal-
:5bfins,'intErnediate caudalhfork depth,'Short'head-iength;;
:p01nted snout,l dcrsal fln posxtlon 51m11ar to "dlSSlmllls"
‘Janus 1nkan 1ntermed1ate»p051tlon, and long pectoral fin

4

'orlgln, pelv1c f1n orlgln, and anal fin orlgln tovternlnal,
#

Icaudal vertebra dlstances (probably resultlng fron an | .
elongatlon of the caudal peduncle reglon) (Table 6)._ Eagleh

.;lever "plumbeus"'(locallty 7). vhlle c10$e1y‘resenb11ng-

typ1cal Atlantlc "plumbeus" differ by possessing longeri

- ¢
. »-
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fins and a larger orbit aianeter.ﬂ Suggestlons by Greeley

(1935, 1936) and Raney (1969) that spec1mens fron the
| Delaware Rlver (locallty 102) dlffer from specxmens fron~
upper Neu York are not substantlated as upper New. !ork
:spec1mens, based on zoogeographlc reasons (see o
vZOOGEOGRAPHY), ane most'llkely typlcal "plumbeus" .The\
.'and occurs in’ the upper ulssourl apd Plat e River systens.‘ .
Spec1mens from Swlftcurrent Creek (locallty 1&) of the South
.Saskatcheuan Rlver system and Pothole Creek (locallty 13) of
the St. nary Rlver system do: not appear to be 51qn1f1cantly
dlfferent from_thls form (Flgure 7). "Dlss1m1115" from the ’
elake'Superior regiZh; thle somevhat dﬁtferent fron'the:t'
jtyplcal ulssourl form, appear closest to this form. ln'the.
~_Lake;$uper10r»reglon th1$ form occurs “in the rivers of the
h'Keueenav'Peninsulahregion and p0551bly a few rivers along
the northern'lake shore, Spec1mens from Desor Lake, Isle
" Royale (locallty4751,'are not slgn;floantlywdlfferent:fronp
"the’EagIé Riuer“(lccality 73) "dissimills" (Flgure 7). Thes;
"dlSSlmlllS" form typ1cally possesses hlgh scale counts,
_ 1ntermed1ate orblt dlameter, 1ntermed1ate dorsal, anal, .
‘:pectoral, and caudal f1n lengths, shallow caudal fork depth,.
_"long he Rel length, blunt snout, dorsal p051t10n 51m11ar to |
p"plumbeus“, anus 51tuated more posterlorly, and =hort
pectoral fln orlgln, peIV1c f1n orlgln,_and anal fin orlgln
to termlnal caudal vertebra dlstances (probably resultlng |

from a shortenlng of the caudal peduncle reglon).' The upper'
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»Colunbla fcrm occurs 1n the upper Columbla, 1ouer Fraser,;"”'

p;xootenay, 0kanagan, Pend d'orellle, and Stlllagpanlsh glver a
syst‘hs. Thls form nay only approxlmate g.;__gepl Jordan,as
ﬂStuart Lake, the type locallty, lles Hlthln a region of
‘fapparent 1ntergradatlon wlth the "d1551m1115" forn.pn‘
'dTypiEally thel"greenl“ form has lov scale counts, snall

-orblt dlameter, short dorsal, anal, pectoral, and caudal fin
yzlengths, deeply forked caudal f1n, long head 1ength, snout
'<reglon 1ntermed1ate to "plumheus" and "d1$$1mills“" dorsal

ifln p051t10n further posterlor than "plumbeus" or

"d15$1m1115"” anus =1tuated nore anterlorly, and
1nterned1ate pectoral fln orlgan, pelv1c f1n orlgln, and
anal f1n orlgln to termlnal caudal vertebra dlstances._ The N
i“greenl" forn appears to 1ntergrade Hlth "dlSSlmllls" in. the
‘upper Fraser and upper Peace systems., Yukon Terrltory and

' Alaska spec1mens appear 1ntermed1ate to all three forms.

~If evolutlonary rates can - be con51dered relatrvely
'jconstant, then the "plumbeus" ‘"dlSSlmllls", and "greenl"‘
‘stocks are most 11kely of equivalant geologlc age since the p
square root of the generallzed dlstance (D), the dlstance

‘betveen centr01ds expressed 1n standard dev1at10n unlts, is

nearly equal betueen each of ‘the three groups.



i " ZOOGEOGRAPHY ', ‘

The last nagor event to shape the dlstrrbutlon'patterns,

frof northern North Anerican flshes uas the Hlsconsin S

'”7Jf91ac1&t10n, b glnning 3PPI03lmately '0'000 years before'

lDurlng thls period,

- present (YBP)._ .freshwater frshes

;survrved in ice free region= of the Yukon,\Colunbla,

'#Hlssourl, M1551551pp1, and Atlantlc ba51ns (HCPhall agﬁ

Lindsey, 1970). The present range of C. glumbeus 1

.f;potentlally 1ncludes all of these p0351b1e refugla but its

\ﬁSystem suggests

t'ﬁrecent arrlval and therefore ‘an. nnl

i ely refuglum (Walters,wa_~

1955" HCPhall 1963 HCPhall and L:Lnds"y,' 1970).
oo Genetlc dlfferences accumulated durlng long perlods of A.
ig."lsolatlon have been used to speculate p0551b1e Plelstocene.u_

vrefugla and postglaclal dlspersal routes (see McPhall, 1963',5

———

L \\- /
L Nelson, 1969 Llndsey, Clayton, and Fran21n, 1970' Fran21n

Jgnd Clayton, 1977-vand many others)., Hovever, many of. these.”

A.dlfferences uay have been establlshed in pre-flelstocene gﬁ
.tlmes.v uetcalf (1966 81) suggested that repeated

Plelstocene glacral eplsodes 1n p1a1n~11ke regions uay haVe

'enhanced m1x1ng cf stockc rather than 1solat10n.~ Heo"J

'attrlbuted,some specaflc and subspec1f1c dlfferences.in“‘:‘/
'fseveral groups of flshes to extended perlods of 1solat10n/un
>pre-Plelstocene dralnage systems, as dld Pflleger (1971). o
“thhe f05511 record also suggests longer perlods of evolutlon.

‘*tNearly all post—Nebraskan North Amerlcan f05511 flshes are

98
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N ‘;g *_ﬁl;hfﬁv-ttjji '.ﬁ,:'”'r 11',99h
...‘.:‘f"‘i”xi‘&'i.'s"tin»gu”i'sﬁi’ébi"éi-:fro'h 'liv‘i-n'g“.s'pec'ies' (Miller, 1965-57-17)~._f_,
| Even noct ulocene remalns are referablewto extant genera.t»r:gvf
: Therefore, any dlscussion of the zoogeography of C.,Qlumbeus
,must cons1der pre-Plelstocene hlstory as vell...;c,
The "greenl" populatlons may have orlglnated 1n the‘:
'fpre—Plelstocene Colnmbla Rller basin. ‘Its entrance 1nto
l'th:Ls systen may have occurred as- early as Earl; Pliocene to
-7as 1ate as ﬂlddle Plelstocene. Transfer of flshes fron east:.

to vest of the Contlnental D1V1de durlng thls tlne 1s

”,'ev1dent from the f05511 occurrence of the - eastern catflsh

-genns, % talu;us, in. Early Pllocene to Hlddle Plelstocene‘
dep051t 4 washlngton, uéetern Oregon, aﬁd southern Idaho

- (ulller, 1565 577)., Durlng PIE1stocene glac1a1 eplsodes, s

'f "greenl" probably remalned 1n the Columbla ba51n (ucPhall,

'11963 ncPhall and Llndsey, 1970) (Flgures 9 and 10).

u

'-fFloodlng of gla61al lakes nlssoula, Couer d'Alene, Spokane,A

;and Colunbla durlng the Bull. Lake (Early Wlscon51n) and

’

o Plnedale (Late Hlscon51n) glac1al perlods (Richmond, et al., f

196Sy.nay have served to Hlden 1ts dlstrlbutlon 1n thls :

T e "greenl" stock could have dlspersedbnorthuard soon‘?
~ after t e retreat of the- Sumas Stade ice. (Flgure 12). 'lhe"
i;louer Pr ser vaer valley was probably 1ce free by at least:‘
"9 000 YBP (Armstrong, et al., 1965°'Fulton, 1971) and- as then
1ce retreated a serles of glac1al lahes formed in the‘v*
'lNlcola, Thompson, North 0kanagan, and Shusvap ba51ns'

_'(Fulton,,1969) allovlng acc\ss to the Fraser River systen.



, . : ey
The. thermal maxxnun at about 6 000 YBP (Fulton, 1969 19-24)
“:may have ellmlnated nany of the soutwjxn populations.

The 1solated occurrence of “greenl" ‘in Tuzn Lakes,_‘;

,Hashrngton (locallty 1ou Stlllaguamlsh Rlver dralnage), is T

fsomewhat puzzllng. The "greenl" stock may have surv1ved 1n.
4:glac1al Lake Russell, whlch occupxeé&the Puget Sound ba51n
‘i;(HcPhall, 1967), but extlnction may have occurred Hlth a

‘post-VashQn rlse 1n sea level (approxlmately 13 000 YBP). r'

Crandell (1965 3“6) 1nd1cated that)sea levels relatlve to-»

land in northuestern ﬁashlngton fluctuated through a.
_fvertlcal 1nterval of 180 m, due to eustatlc rise in sea

’flevel and 1sostat1c rebound, before settllng to 1ts modern
D

’ 1evel. Tuln Lakes 11es at a present elevatlon ofﬁ

'therefore may have escaped marlne encroachment. ST
K

Fdlloulng the flnal major glac1at10n of north central
1‘<Br1tlsh Columbla, glac1al lakes formed 1n the Fort St.;

‘James, vanderhoof, and Prlnce George ba51ns (Armstrong;andb
\ .

=100

227 m and .l

-

h’Tlpper, 19a8).: Tﬁe Prlnce George ba51n recelved Hater fron o

'the upper and louer Praser Rlver and dralned northuard'to‘:*
:7.;the Peace Rlver system vra the Crooked Rlver (Trpper, 1971);

"Spec1mens from thlS reglon appear 1ntermed1ate betueen the_f,ﬁr

':-"greenl" and “dlssrmllls",stocks._ ulxlng could have Lo

,occurred since "dlSSlMlllS" may have entered via- the Peace

df Rlver system and/or via the upper Praser Rlver. Glac1a1 h

-

' Lake Hlette formed from belou Brule Lake, Alberta, and
,crossed ‘the Contlnental D1v1de nearly to Moose Lake (Praser

- Rlver dralnage), Brltlch Columbla (Taylor, 1960), at



“pf55pec1nens fronm noose Lake (locallty 56)

O e T e

'~.approx1nate1y 1u 000 YBP (estlmate based on St-Onge, 1972).

i

S

how greatest “

- 51m11ar1ty‘to the'"d1551nllls" forn (Flg re 7), 1ndicating
an early transfer of flshes from the HlSS uri baSLn (v1a
l‘Athabasca systen) to the upper Fraser Rlv‘r system., . "aé
The "green1" form may have also»sprea through thehf
"Peace system to the L;ard Skeena, Stlklne,\Tanana, and

'_upper Yukon sjstems (McPhall, 1963' ucPhall and Lindsey,
,‘1970).; The Llard Hot sPrlngs spec;mens (locallty 41y, whllefi.
'-.most closely related to the "greenl" form,‘ are hlghly ‘

’unusual 1n that they possess an espec1ally long, deep head

’ and short flns. These dlfferences may be the result of ’,_ A

"_dlrect envzronmental 1nduct10n on phenotyplc expre551on

»,_resultlng from the Harn water memperature (25 c, D Be

‘ Mchlllster, personal communlcatlon) or pos'u@.y have a - A

‘genetlc ha51s. ,Clarke (1976) mentloned an undescrlbed

'1Uspec1es of-snall, Phxsa, uhlch ls only found 1n the cool

:vater adjacent to the\uarm e%fluent from the hot sprlngs.

?Although thlS may argue for endemlsm in the La1rd Hot

B Sprlngs area,'agaln the questlon of dlrect env1rcnmental

’ﬁ"1ﬂf1uence must be asked. Unfortunately, spec1mens of

Ce. gq_gg_us from adjacent cool sprlngs uere unavallable for
1hcomparison.l’ S | e R
. ;TheHissourl;or'"dissiuilgﬁr,form nQSt:likely
_oriéinatediinlthe nre;Pleistocenernorthhflcuing ancestral.
r_hlssourl system./’Its absence or scarc1ty in most of the

-'lover Hlssourl, louer Platte, Kansas, and Arkansas dralnages
: R : ,

e
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.Suggestskthat:it did not’occur,in.theapreéPleistccene Plains

‘Stream. ‘hdﬁanCing Pleistocene'ice‘may have isolated it in

b o . . . »
the upper ulssourr\hasln (Flgure 10). »POstglacially it
appears to have dlspersed 1nto the upper Saskatcheuan Rlver '

system.' Horberg (195“) 1nd1cated several glac1al lakes that

could’ have been used. H1110c§ (1969) hypothe51zed a
-connectlon between Frenchman Rlver (locallty 9,_ulssour1
dralnage) and Swlftcurrent Creak (locallty-1u,'South

'Saskatcheuan dralnage) as uell as between the Milk Rlver

g

‘(1oca11ty 8, Hlssourl dralnage) and-st. Hary R1ver (locality1

f13, South Saskatcheuan dralnage). 'Theresls,no’31gn1f1cant

dlfference~between‘canoulcal scores"for these four

P

'.~f.locallt1es (Plgure Z), further suggestlng an int1mate

Oldmannlver;y)the Hed1c1ne Hat to Lethbrldge reglon
).

~ (stalker, 197

ﬁconnectlon.‘.

uuch of southern Alberta ‘and the eastern Rocky nountaln

footh111 reglon was 1ce free p0551b1y as early A§ arly

'W-Hlscon51n, more than 55 000 YBP (Reeves, 1973).> The'last'

, Laurentlde advance reached only as far south as the present

-

Radiocarbon dates 1nd1cate that this

S advance corresponds to the Late or C1a551paf/;:;¥on51n,'"

2

Tapproxlmately 25 000 YBP- (Stalker, 1977 2618 2619).¢

”,Dep051ts 1n!the Smcky Rlver valley, near Hatlno, hlberta,'

/ .

~also 1nd1cate early ice free areas.. Radlocarbon dates frou

“thls locallty range from u3 5001620 to 27 3001850 YBP

fe

:(Hestgate,'et al., 1972)., These f055111ferous sedlments are

- ,overlaln by proglac1a1 lacustrlne sxlts and clays. Alley
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‘and Harris (197@) also indicated a series of. glacial 1akes

of probably sxmllar age in the foothlll reglon of .southern .

Alberta. Thls "Ice Free Corrldor" may have extended far

northuard and, vith the exceptlon\pf the relatlvely short-' e

llved coalescence of the uarlboro and<Edson glac1ers in the'

Athabasca reglon, dlspersal.v1a its numerous proglac1a1

lakes and channels may have been relatlvely unrestrlcted
‘(Reeves, 1973 11). If so, the "dissimilis® form may have

galned very early access to southern Alberta and the/

/

'foothlll reglons and/may have, as- dlscussed prev1ously,
4crossed the Contlnental D1v1de through the Athabasca and
Peace Rlver systems (Flgure 11).d Northward dlspersal would.
vbe_ea51ly accompllshed.through,the Mackenzie River_systemf”
"vin the-southern portion'of itsfranoe itszresence in the'

: Cheyenne system ct South Dakota mld@t be explalned by

, headwater capture from the thtle Missouri Rlver (locallty

\

_u) hy the Belle Fourche River, uhlch in turn j01ns the
7:Cheyenne Rlver (Balley and Allum/ 1962). Balley and Allum-

"(\962) suspected that its occurrence in the Sweetwater Rlver

(locallty 1, Platte dralnage) was also due to stream capture

Ahetween,the upper Blghcrn or Powder rivers and the North

'

Platte Rlver. L | '_sié

Occurrence of ‘the "dlSSlmlllF"‘llke form 1n the Lake»

Superlor reglon has Several p0851hle explanatlons. If the
‘"d1551m1115" stock had its orlgln in the north floulng pre-
tPlelstocene nlssourl system, then advanc1ng Laurentlde 1ce

”.probably dlverted flshes both uest to the upper Mlssourl

7
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”hasinlandfeast to.the upper hississippi basin (HCPhail and
rLindsey, 1970:9; Pflleger, 1971'288)a. A portlon of the

‘ "dlSSlmlllS" stock may have become isolated in. the upper
:H1551551pp1Jba51n at thls tlme.v Its morphologlcal
,dlfferentatlon from the typ1cal Mlssourl "dlSSlmlllS“ and
its presence in Desor Lake, Isle Royale, seem to 1nd1cate\an
Qextended perlod of 1solatlon and early arr1val into the\
';area. Honever, the 1ake= of Isle Royale vere rormed by

'recedlng levels cf th Great Lakes, probably during. the

Hlnong.phase (Hukbs

nd Lagler, 1909), which Hough'(1958)
. dated at betueen 6, O 0 and 8, 000 YBP.‘ ThlS would not
.exclude,the p0551b11'ty of transfer from the Mlssourl system

v1a thé Saskatcheva "River system to glac1al Lake Agassiz

and 1n€o the Great akes, as. proposed by McPhall (1963)

(Flgure 12). Thef

may have begun ope‘atlnawprlor to thls period (Elscn, 1967'

astern outlets of glac1al Lake Agassxz

Zoltal, 1967). If this' were ‘the 51tuatlon, then the

' morphologlcal dlf erentatlon\hetueen the Great Lakes o

_'"dlsSLmllls" v1s— -vls the typlcal Hlssourl “dlSSlmllls" as

well as.the. Eagle iver "plumbeus" vrs~a vis the typlca1 ft_

-~

Atlantlc "plumheus" mlght be explazned in terms of character

dlsplacement._hd

P0551ble refugla and dlspersal routes of the eastern

»populat;ons.of g, pl mbeus have stlrred con51der7b1e\

COntroversy,'-Greene (1935), in probably the .first

_dlscu551on of the zoogeography of c. plufpgus. stated t'at

 ?1t must have closely followed the retrea 1ag ice marglqva d -
. _ i '
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' Superior‘region in-post4ﬁake Duluth

_Ythat d1=persal from an eastern

105

;ndstblihely.used.all.main glacial’diSpersal routes.(Lake_r
Agassxz outlet, St. Cr01x outlet, Pox River connectives,
‘Chlcago outlet, and Port Hayne outlet) in lts dlspersal 1ntoji

‘the Great Lakes- fron a supposed refugla 'in the upper

c:'u1551551pp1 ba51n. Hovever, Underhlll (1957) noted that

. Ce p_ggggusrls absent from the. upper HlSSlSSippi and

present day St. Cr01x River systems. -He con51dered it.

-common only in. the Lake Superlor and Hudson Bay dralnage

systems of Hlnnesota and p01nted out that if 1t had used alll

,postglacual routes, as suggested by Greene, then its absence-

from sultable hahmtats in: the headuaters of the St.,Croix

and upper Hlss1551pp1 rz.verc must be explalned. Underhllll

ime. . He. postulated
. S g
nter via eastern outlets of.

'gglac1al Lak%¢f9a551z would explaln the present dlstrlbutlon -

without the. nece551ty of ratlonallzlng its ahsence from 1ts '

-

~.supposed source. ucPhall (1963) argued agalnst thls theory,‘,-

| c&almlng that absence from a partlcular unglac1ated reglon

~

'ldoes not exclude 1t from belng a possmble refuglum 51uce
npostglac1al ecologlcal changes may have brought about

t'locallzed extlnctlon.' HcPhall postulated a single eastern »
v:form that was thought to have - surv1ved in wldespread areas .

f throughout the}unglacxated-portlons of the upper Hlssourl,;

'fupper u1551551pp1, and possxbly Ohlo Rlver valleys.~lThe

'h?-dlstrlbutlon pattern of this eastern form could be explalned



108
-by dlspersal fron the upper Hlssouri into the Saskatchewan
7and uackenzle R1ver Systens and then eastuard through
vgglacxal Lake Agass;z Il.. Its absence fron the upper o
r:u1551551pp1 - St. Crorx reglon could be explalned by its _

”~'reach1ng Agasszz II after the Harren Rlver outlet ceased to'
vjfunctlon.f Dlspersal 1nto the Great Lakes uas probably '

_"‘eastward 1nto glaC1ai’Lake Duluth after the St. Crcxx outlet"

"ddclosed.- He also suggested that the 1solated H15515s1ppi
d River dralnage populatlon 1n Ioua (1oca11ty 12) represented:,

t_a rellct populatlon that. fa11ed to expand or pos=1bly one .
slthat may have dlspersed there postglac1ally through the Desh'

' Plalnes Rlver outlet.

-

The "plumbeus“ form prohably origlnated 1n the east—"f

'.;floulng pre—Pleletceene Laurentlan Rlver systen.--ihe;'

'{advanc1ng 1ce may have;restrlcted it to the extreme easternk;’*
'7[portlon of North Anerlca durlhg glac1al eplsodes (Flgure‘

'10).“ Dadsvell (197& 49) suggested that small proglac1al |

: :;lakes 1n eastern ohlo,dupperbcenesee River valley, and 10wer_:,.

S Hudson Rlver valley may have served as refugla for ‘some: -
. S

h.fxshes and aguatlc crustaceans. The "plumbeus" form nay

-

3-have surV1ved in thls reglon. Its occurrence 1n the ’ ﬂ"\*f““

-Delauare Rlver system (locallty 102) and Flnger Lakes of Nev
’f!ork 1s best explalned by nefugla in the Genesee RlVer
e,valley (Salamanca re-entrant) and the louer Hudson Rlver o

'ba51n (glac1al Lake Albany). Entrance from the Genesee

/

: ;bas{n to the Lake hrkona phase of the Great»Lakes could have N

f;;k/ occurred via’ glac1a1 Lake Hall, approxzmately 13 000 YBP

\'r".



",](Athabasca - uacken21e systen) and nay have brought 1t 1nto
, /

| ﬂf(Flgure 12). HcPha11 env1saged northern dlspersal as S

) J'.r, B "h\’31~1-,;~fda,;101ﬁ:*v
(Goldthualtf/et//l.,1965 Huller, 1965- Wayne and Zulberge, o

1965) (Flgure 11). For a deta1led dlSC“SSth of aguatxc

B

~dlspersal routes 1n thls atea see Dadsuell (197&).§
7h Eastuard dlspersal of "plunbeus" fron the Great Lakes

fref/pn could have been fac111tated by the uohawk Hudson,

:QTrent, and Ottawa outlets vhlle northern and uestua &

dlSpersal may have accurred through glac1a1 1akes Aggssiz
r

_ and Barlsz—:\bjlbuay. Late Campbell phase Lake AgasSiz

'(9 500 YBP) dralned northvest to the Clearwater Rlver systen ;1_

- ¥ .
- B 3.
7

“3 the glac1al Lake Tyrrell reglon.. Eastern ou#lets of Lake

] \ ; I

| Superlor 1n the Lake N1p1gon reglon (ZOlIal, 1967) most

'pllkely uould have g;ven access to glacial Lake Agasszz Onlym,

-

t-after the Harren outlet ceased “to’ functlon.:i:ﬂ7'“'

- The u1s51551pp1 dralnage populatlon (1oca11ty 12) nost
llkely represents a late postglac1a1 dlspersal rather than'
N preglacial rellct populatlon. The 51m11ar1ty of this | .
‘-populatlon to the typrcal "plumbeus" stock argues agalnst
‘l_‘the rellct theory.g Dlspersal may have been through the Desu"h

ef'Plalnes outlet or more llkely through the Fox Rlver outlet.

As ucPhall (1963) suggested, g. g’unbg_s fron.the
,Hlssourl basrn (—-“dlSSlmlllS") may ha e also enteredﬁ
;_glac1a1 Bake A935512 frcm the Saskatchevan System durlng
“” thlS tlme.’ ThlS may ;;ve resulted 1n an 1ntergraded stock :
'{uhlch dlspersed northuard through the uacken21e systen

"“through‘the_nggken21e systen into the Yukon v1a a Peel Rlver
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(Hackenzle) and Porcuplne RiVer (Yukon) connection.J Its
-vpreSence 1n the Anderson Rlver could be explained by
lheadwater captnre thle 1ts occurrence 1n the Thelcn,_.i’f |
'4? Dubawut.'and Kazan rlvers could result fron floodlng of

;lowland areas connectlng these systems to the ﬂackenzie N

'fﬁ;system. Eodaly and Llndsey (1977) d1sagree w1th a dlspersal

;5 route to the Iukon through the Peel systen (v1a the Davis
d*ﬁoutflow channel) 51nce, 1f thls were the route, C. ﬁl_mheug
should now be present -in the Peel Rlver.; They clte its
Rdlstrlhutlon 1n the Peel system as only as - far upstream as
_nlle 62 of the Snake Rlver and Dog Lake." ThlS suggests that
“idlspersal 1nto the Yukon system Has rather v1a Summlt Lake

at HcDougaL; Pass in poct-nxsconsin perlods of hlgh uater.,_

’.}gv The absence of C. p unbeus from much of the present day

Ohlo, New England, and Lake Erle reglons may be explalned by
a. comblnatlon of factors. The Hyp51therma1 perlod (6 000 _
"_!BP) may have ellmanated 1t from much of thls reglon.,sThejhfd"

»present southern llmlt of ‘the. "plumbeus" fdrm closely

e

Vparallels the 21 C July - August surface water 1sothern,
‘.1ndzcat1ng a. p0551h1e =trong temperature 1nfluence (Flgure &
j.:13). DlStrlbuthB of "plumheus“'ln eastern North Amerlca ‘

B ijay also have heen 1nfluenced by late glac1al 1ntrus1on of

7.'mthe Champlaln Sea‘lnto Lake Ontarlo, and ‘the St. Laurence
River and lower Ottaua River’ valleys.approxlmately 11, 900 to
¥~10 500 YBP (uott,_1968 Dadswell, 197“). For some reason,z
' p;unbeus has not been ahle to re-1nvade much of thls

area.,

3 R .
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TAXONOMIC CONCLUSIONS

.
- N

Forual taxonoulc reco~n1tlon of any or all of the three
forms of oue§1 glumbeus cannot be recommehded as the
d;fferences betueenlthem do not lend themselves to taxononicn

categorization.‘ In most northern areas the three stocks

have freely 1ntrogressed uhlle 1n the Lake Superior ba51n,‘-

'the "d1351mllls" and "plumheus" forms occur sympatrlcaily

\.7 r-{

_and seen to be good blOlOglcal spec1es. The\pr;mary

at

4.

o dlstlnctlon between "dlss1m111s" and "glumbeus" appears to

be ecologlcal. rThe “plumbeus" forn ls lentlc, only enterlng
streams to spawn (Radforth, 19uu- Hubbs and Lagler, 1958) ,
and is’ generally assoc1ated Hlth cold water spec1es such as

coregonids and salmonlds (Greene, 1935).'-Ihelﬁd1551mlllsﬂ.'

form; on the otherﬂhand;.is'loticuand appears.to be

S assoc1ated Hlth varmer uater fauna. In southern and central

Alberta 1t 1s rarely collected in" lakes, and 1= assoc1ated

..'ulth such spec1es as le_Ehgles grcmelas, Catost mus R

'ﬂxgggsgs g;g ;lés, and Lotg lota (personal collecthn

| sa£°stog-§. Qgtg '§=gg__ ersoni, E;hggstggaiszilg.~~ .
Phoxings eos,-Ehigishrhxs‘satérsgtés ulaea 1ncon°tans. 0

records). uorphologlcal adaptatlons between the "plumbeus"

o e

ahdh"gfs51m11is" fcrus bear out thls dlstlnCthD. Hopk1rk

.(1973), in llstlng fluv1at11e versus lacustrlne adaptatlons,

:f*cltes many of the major dlfferences observed between the two

”forms._lTaylor (19‘4) also 1nd1cated th1s ecologlcal

e

separation. He reporteﬂ the sympatf:cﬂoccurrence of the two

~

D '
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‘forms in the upper . pen1nsula of chhlgan fron only the Eagle
R1ver.\‘ﬂhereas ‘the "dlSSlmlllS" form vas taken at all
- upstrean localltles, the "plunbeus“ form was taken only at
'the mouth of the river uhere it outnumbered the “dlSSlﬂlllS"
-form 321 to nine.’ | | 4 ,
Svardson (19‘74&69) desbrlbed an analogous 51tuatlon of‘
morphologlcal similarity and ecologlcal dlver51ty in
Palearctlc wh;teflshes. He,suggested ecolog1ca1 tralts of a
‘species may be‘the'last to diSappear‘uhen introgreSSion

takes place and that 1ntrogre551on may be exten51ve in small_

?,lakes while sllght in large lakes. ThlS may be the

explanatlon for ‘the per51stence of separate stocks in the
Lake Superlor reglon. Slmllar 51tuat10ns have also been
_;descrlbed in Nearctlc thteflshes (Llndsey, 1963; McPhail

) and LlndseyJ 1970) as well as stlckleback (Bell, 1976;-‘
‘Larson, 1976) and cyprlnlds (Hopklrk, 1973). As additional
rnorthern freshvater. spec1es are examlned in greater ketall,b'
this. phenomenon may be dlscovered to be even more

'uldespread.
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! Table 4. Univaciate ANOVA P-test value among charaéter means
/ . ‘for temale and male Couesius. pPlumbeus from
: L thlrty-seven localltles. oL
| EEZES;EEZ'7f°"°’°"’°""°'5'§2;;I;""7f °°°°°° wate ’
| I F(36 106a) | F(36 1020)
. DFH ? L su.79wE 42, 12%+
'bsy ) 42.10%% w0.2uwx
| AFH Q: 38;57#*" '33,69**f
HL | 32.00%% 3776k
HDN 35.uSex 27.28%%
CPS / | 30.11%x 728.22*#“
crL - és.ostflf' 'A25.12#* A
oRBD vjmi“"25,37** o 24037
PECL -. L 230208k ¢ 18.u7ex
DOPEC - 17.11%% 1, 7u%%
PELTCY 15.86%% . 4. 08%x
AOTCY ETIRT T 13.65%%
. PECTCY | 12.69%% -:15.05;*'-
cEkD 1315 13.93%x
'sha - . 14.15#%  . 12, 55%%
DOTEV . - 13;77## 1. 46xs
e = pcoi01 . i =



Tab%e”S.

of determination for characters and canonical
varlate scores of female and male Coue51us

HL_'.'A
ORBD
'HDN
DOTCY
DdeC'.
aoTCY
PELTCV
’dpEeTCV‘
SNA
DFH
APH
PECL
CFKD

CFL . .

p<0.05

p<0.01
- 'p<0.001

*
#*
n|ru

——— D - — > . — " - — — -

Third degree polynomlal trend surface coeff1c1ent'

DS

~ Fenmale Male o
0.326%%% '0.237;*§"'
E 0-123' 0. 081
» 0.315***« _0.367***
0.128 o 0.098
- O,HQ7#**f' b,heﬁ***

;0;323*?f" o 381***"; '

>0.275%*¥  dl_ 0.262**

- 0.320%%% 0. 2u1%%
6-316*** 0. 418%x*
0;3&1**#: -39’556***'
'0-“51;**’_ ' ﬁd.auzk*#}

0.313kes 0. 367554

‘0;311*¥¥ eo,zu?*ée
’0.279**5 ‘o,zqs*d'

02158k 0.155

,,”05336**#; e‘0;275¥+*v
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- D D An P D D > D AP D D S A WP WD D D UD D S D D R - -

Character T T Tremate | kale
css_i—__i g  0.3,93=§¥* o 0.379%x
_},C_S37-’2 "0.2_37'*‘#*\:' R 0_5.309**;
€s37-3  0;275#¥*3 o yqugj***
cs3-1 ’:”"‘0-.3.6-8** 0. u33kas
cs3-2  0.505%%% *\—/ ©0.506%%%
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Flgure 2. Pr1nc1pa1 component scores along component axes I

T
vORD

_fdesxgnated C. p. dissimilis’ ;- open trlanglés

and. II for Eagle River, ‘Michigan, RA), femdle (30. 3% ..

: -and 15.8% ‘of .wariance, respectlvely) and B). male
(25.8% and 15.2% of variance, respectlvely) o
‘Couesius plumbeus. Size component reduced by ‘a

priori regression.. Solid triangles = UMMZ

UMMZ de51gnated C. B- Blumbeus-
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Figure 4,

%

Thirty-seven~-group solution canonical variate

~scores along canonical axes I and II for A) female
(34.6% and 16.9% of variance, respectively) and B)

male (33.2% and 1S5S.1% of variamce, respectively)
Couesius plumbeus fronm localities within Oor near

postulated ¥Wisconsin refugia. Square = Columbia.

River basin; triangle = Missouri.River basin;
circle = Atlantic coastal drainages. Locality

labels as in*Table 1.
R ‘ '

£
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r ¢ v
Flgure 5. Character vector magtutude and dlrectlon based on
three-group solutlon for ‘A) female and B)» male . 3
‘ Coues;u§ glumbeus. Character lahels as in’ Table 2. P
C " S ,;’ T :..
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Flgure 6¢3Three group solutlon canonlcal variate scores:
along canonical axes I and II for 1A) female and B)
male Couesius plumbeus from localities within or
near postulated Wisconsin refugia. Square =
Columbia River basin; triangle = HMissouri Rlver

: ~ basin; circle = Atlantic coastal drainages.

Ty . Generalized distance (D2) and 95% confidence

R © radius of centroid are ipdicated. The two axes
account for 100% of the variance. :
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APPENDIX A e
' Unlvarlaée descrlptlve statlstlcs (range, one. standard
dev1at10n, two standard errors of mean, and mean) of -
selected characters (d1agona1 scale rovs, hed§ 1ength orhltfl

dlameter, head depth at nostrll, and dorsal f1n helght),

multi%arlate statlstlcs,<and selected.trend‘surfaces for
N - ’ -
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.- AppendixA. Figure 12. Isometric .plots ©f third degree
o © . polynomial trend surface of th
- canonical variate scores along caponical axis I -
'fo:uA):femalefand;B)~male;Couesius‘
-~ Raised surfacefrepresents-geographic range - g
- viewed from 359 azimuth, 30° elevation, and
© 10,000 map units. - o N ’

-

eergroup solution



219

égree - o
group solution ,

Isometric plots of third d
trend surface of three-

Figure 13.

 _ip§endix'A@f

onical axis IT ..
lumbeus. -
a .

esius p
raphic. range

élévatioq;f

g cah

zimuth, 300

presents geo
- 710,000 map units.

_for A) female and B) male Cou

. polynofiial _
. canonical variate scores- alon
- Raised' surface re
. .¥iewed from 359 .a

L.



.(- .l .6 L o . Lt - . -

S8 T |A FEMALE
49 DOPEC
29

PELTCV .

' PECTCV .-

¥
CANONICAL - AXIS
T .

o
a

=16 F———TTTT T T
. _»_.,e__-.'4 -27 500 .2
_ 7. . CANONICAL AXiS |
, . N )%JF_ . '
o/%—ix .

Lppgndlﬁ Ao Flgure 14ﬁicharacter vector magnitude and

ff
‘ *labels as in Table 2.
'"@fy
o

e
~ b

- direction based on 37-group soluticn for A)
fenmale and B) male Couesius glumbeus. Character

o

220



221
TAC B N » :
: i 5 |
" ‘ R -
: I " -
| 2 . P R
e - N T
» n 5
. ™ 2 s g
7 - k1 » -“ - . -
=" » F ‘
[ Ja » o n }
> ! a
g 1) .";? '7%“ J2 # 18 » » 2%
2 P r . YT I g L
) : 2 X
g, o T gy P SRR L
E A M - : o
%1- oom M - . ’! o ]
© 0 T SR M EIO
' LRI B S SRR
»»n 20 o
-2 . .
. ‘
) = :
- » R .
»
4._‘ ." -‘i "‘! "l . i i T ‘
) ’ 5 CANONICAL AXIS 1
-| B
.. ‘~v ” .‘1
3 . e .
L ¥ » 5
i
B 2 J” . .
’ B ke o
. N R
e 1 - ‘u. iy '”p,‘ n s e
;4 - . F o . ] . ;{ e 1 ;- ‘g
% ' AP 5 s e
%ol ”_ e 12;';&5:07” o B
7 g + )
E, .‘..L‘, 2 . ’2 ) .’:o'go .
; ‘ n U . ” M i pﬂz‘l T )
2 Shrse ey , R SRS
& . : N . :
C . » B - I L .
. » 3
™ . ” IS SHN
e PR : e e
it 1 - PN e -
BT AN N TN D SN SR R .
: . "CARONICAL RXIS 1 S : v - -
-

Figure 15. Thlrty-seven-group solutlon canonlcal
~variate scores along canonical axes I and II for
A) female (34.6% and 16.9% of variance,’
espectlvely) and B) male (33.2% and 15.2% of
variance, respectlvely) Couesius- plumbeus from
~all localities. Locality labels as . 1n Table 1.,?

. Appendix A.




7 APPENDIX B

'Env"i‘ronmentaylv Correlati

~
. .
. '
. |
NE
o
I3 v
2
J o
: 222
.
. L3N



223

© . 10° 0>d = xx .mo ovm =

"-""-'-l’"’-""""'-'- "-'-'-"""'-""' - '-""-""""- - - "" - o w "'-""‘

x#%90h *0~ %xxEE€H°0~ €L0°0=  6EL" 0= - %%NTL"0 - #*%SSL"0 €ZL°0. 6EL°0 Nlmmua
xh8L "0~ .*wa.owm. *06€°0~ . LEL®0- - 090°0~ " ELZT®0- ~%x%xhGG5°0Q - *x£9G6°0 IL=£SD
- LZ0°0- " x£0Z°0 .  *x9Lh°0 €60°0- - Lhuh°0 LL0°0 - LEE®0 0oz *0- - E=LESD:
*%lGZ°0=-"" GhO*0- heL®0r - 0Z£°0 , 9iZ*0 *ZE9°0 . €hZ "0~ 6SE°0~ - T-LESD
S *x%CLT°0~- %x%xTBZ°0~- - 2S0°0 - - 291°0 _ *LSS°0  %%[G9°0 9920 whmno..m ”gthmmU
ZL0°0- 0n0°0- . #80H°0~  #6041°0~  %*BhS°0-  xE€9°0-  EHlL°0" 2000 - . 14D
LZL°0~ - 961 °0- %%SL1h°0-  *%6LG°0~ ELh°0- *x£0G°" 9020 . §80°0 - . a@3¥do-
"80°0-  LS0°0 - LZ0°0 i ZTOZ°0~ 6EC°0- #%x90L°0- . %ltih°0 _,mmwmwo_» . 1034
, 9hL *0 noL*Q. . HGL°0- . - G8Z°0- Z8€°0~ *m:m 0= 180°0.  G9L°0 .- " HAV
 23% F Ak *90C°0 9020~ . 8ET 0~ . L2go- Zih0- “ZLL*0 . szZZ*O0- . . . HAGQ
SSL*0 . t80°0 ~ x98€°0 ~ %BOH"0 - 9LT*0 .._.mmm.o - LSL°0 .. SBE°Q - - YNS:
9€L.°0~-"  L1h0°0 *%:m:.ol.L;&aamJol SLE®0- " HhZL®0~- .**hmm "0~ %xx9LL°0=~ AJID3d’
*%GZE®Q *98L°0 - LZ0°0~ ¢80°0- . 99L°0 ~  6mZ°0  G9E€°0- *6Zh°0- - -:ADLTAd
6L0°0 ZLO®0~- 8LT®0~ xLLE®0O~ h80°0 . LhlL°0- 9EE "0~ ~ *h6h"0~- ‘° ADLOY
- 9L0°0~ *0LL°0 - - hBO°0 " L0E"0  LEO®O0 - 08L°0" 6LL°0- LLL*O~ -~ J2doa
990°0 .. B00°0- - %STH"0~ . %xS51L9°0-  *LES"0- . ELH°0- LLZT®0~  49Z°0- -  ADLOQ
**Lh€°0~ xxl6E°0~- 1s2°0 - 9LE®0= . LLE®O 89€°0 . - TLE®O ~ . 99Z°0 .. NAQBE-
*S61L°0 xG0Z°0 . "*6LG°0 *%0LS5°0 - - ZZL®0- - . 06L"0- -TSZ*0  L8Z°0 IR £-¢: (o
- §Z0°0~ 8L0°0. 8LLto ®*CHE®O0 S0e*0 ~8LE"Q v‘1*NFmoow‘w**hmo.O R - IR
SL0°0 - €S0°0 - EETTO-  '090°0-. G910~ - 9LN"0-  xL9h°0 - CTSET0 - -1
S h0Lt0 . T L9L*0 Pwo.o-..,.rarwo ‘ _Naa.o- ~08%°0- ~ 9L070- . 600°0- o mma
(,e) (ootr) (z) (9. (zv) (zy) (s1) Ampw _umpumumau.
aTeN aTRmad - 9TeH - mﬁmawm oT®RH - aTewag aTeH . @Tewad . S
pautquo)d. - DIIWETIV - ° . . » - ©€IGEURTOD - .~ . TINOSSTW: ‘
l.-..lll!0!00'!00lltl!lllutllllt!ltc!lltl..l.-l....lolo...!u!ll!ovlll!lovnvllvl!ll|!4l| o
. : . SOTITTEO0T : o SR

\., . - C L . ~ ) P — e spe o '.'lr R

*apn3iTieT - SUOT3IBTSIIOD TeRIUdWUOITAUS STETENTd SNTSSNO .F wanua .m xaw:wmm«



- 22k

t

’

l.ll-l".ll'.l"'llll.l'.ll."l."-'l.'-".ll""'.ll',""'

f

*5pn3THUOT - STOTIeT2110D [eRIuUsWUOITAUS SHSGEAT wmwmm

i

e ettt

10°0>d = *k .mo ovm
£€00°0- L60°0~- oL0°0~ .mNOJOl, f¥NFh.QW: *§:wﬁ-o0 180°0~ . 69L°0~= Nlmmu
GZL*0~ L9L°0~ L62°0 ‘GE0°0 980°0 mmmmco h8E°®0- . *B0ON°0~ L-€S2.
LLO®0- x%xZhl°0~ 00€£°0~-. ©80°0- *h8G°0~ L60°0 " ZO0E0= . 6LL"O . E=LESD
LLo°0-  GOL°0O- 961 °0~ gLE “0=. - 0€0°0- . - *7Z9°0~- GEOT0~.  TLL®O-  MthmmU
€GL°0-  %BZZ°0-  9ZL°0-  98Z°0- #xZES'0~ #%659°0-  E€6L°0-  BLZ70- L=LESD
£x082°0 . ##LBE"D  #%MEG"0  #%08S°0  *E0G°0° - %985°0 ZEZ*0-  9h0°0-- °  TdD
«xLEZ®0 ~ #46LE"0 " ##h6S°0 . #xGn9°0 . CLE®0  8SH"0 L5Z°0-  8LL*0- @342
OLL*0-  60L°0  €90°0- - LLZ°0 ~ 00E°0 ~ #0S9°0 L6€°0-  LhwL*0=-. = 1034
Lh0°0  =CLL®O gl *0 - ‘*moswo .gEe*0 L6t 0 LZ0°0 - L1000~ N HdY
- 900°0- SoL°0 htZ*o *9EE 0 9€E*0 EENTO oLL"0- ZvZ°0- ‘ HIA
SAECE0— ##9CE0- «  60E°0- %kHBE0-  OLT 0=~ M6L°0- ##099°0- #x[Z8°0- UNS
*%8Z€°0 ~ ELO"O *%xChG°*0 #%xZ6h°0 96E£°0 .- QUQN.O . *vr:wo..ﬁh L6Z°%0 f.>UHDwa
Z60°0 - . %SLL"O : mrw 0. - 6L0°0 hEO0®0~ . 19C°0- LETTO 6C€°0 - ADLTdd
*x%x9EE°0  *x%6GE°0 *L0h*0 v *%x00G°0 Poooo ; Lho°0 .**hmwvo. L LL®0 . ADLOY
090°0- *%xGHE“0~ - 6Z20°0- 2LNE0=" £90°0 Lho®0~ 9Z€*0- - 6920~ 23404
*%x[B8Z°0 *%G67°0 **mﬁzwo *%xL£9°0 *8h9°0 *009°0 " 68Z°0 *mh: 0. -A2%04a
6€0°0~ €L0°0- *98€°0 *LEE"0 . L9E"0-" mmm 0~ *LES°Q—- L6E "0Or " "NQH
6L1°0~- 9¢0°0- %GLh*0= . %96E°0-- €zLo vomr 0 - -G0Z %0~ 6EZ°0- qdayo -
‘%Ll %0~ S9L°0~ LgL*0- . 00€°0~" coh*0- Lhh*0- 08Z°0- ..mmm-Ol TH"
Lho*o L80°0 @W\daN.o. GZ0°'0 9th°0 8EN*0 L6C 0~ ‘FWr 0l -840
hiLT0= ooL*0- ~ 2LO"O- LSZ°0-. *LhS°0 - *x1GS°0 - mmr.o Nr— *0 - 48a.
(L6) © (ooL) (tz) - (92) (L) (z1) . (81) Amﬁ*, uauomumau
aTRW - oTemag aTeN = eremad el eTeuad ‘- OTENW- oTREAI o
pauTquod . DTIWRIIV . ~ elquURTod - v TINOSSTH A
S9TITT®O0T

.m manma .m uauammm«



x ~hotexd =

.

*oIn3vleduef - SUOTIPTAIT00 Te3USUUOITAUS SHSIEATA

»

m! e e L e = e .mo-ovm *
#6LT°0 - %L0Z°0 881 °0 0n0°0-  #ZL9"0  %6LS°0 690 *0- nLLce e g €52
*%xGEE 0 *%xGLT°0 . 620°0~ L60°0 - TL0°0= - 1©9070- *%0LS"0 ,**owmho B L= mmu
gLOT0  *8lT°0 76Z2°0- - *%089°0 S6C°0 80L°0- 06Z°0 - £91°0~ _ ~ E-LESD
- L00°*0 - Lh0°0 8LL®O - h6el 0 A ARV G9€°0 hGZ 0~ - TLE®O- Z-LESD
. *%BZE€°0 *xLLE°0 *L8E°Q g8L "0 £9€°0 xInG* o Zhe"0 - LZE®O L-LESD
BLL0-. #%x05T°0-  *LEE"0-  *LEN®O0-. - 6BE"0- Z9n%0-  SLZ°0 ZEL*0 14D
- . 8G0°0-  %hBL°Q-  *69E£°0- %69€°0- ZLL0-  B8GE®0- . 99L°0. . ~ELD"O . axdo
\M\M\Lz £€GL°0. coo0° 0 “heTto o 100°0 - 6LC 0~ Bih°0- hom 0 . 0sL”0 - 12dd
LT .. 900°0 Z60°0~ - - £00°0 8l "0~ - L0Z*0- - EHEO- 0L0°0~ 7960°0 .~ Hay
) 1€E0°0 " 980°0~ . th0°0 LLoto~ H4C°0~ 08€°0~- 980°0. ~ -90C°0 . .- H4Q.
" . *%¥06€°0 *xhLE°0 x%xL9°0 - 8GZ°0. . 66L°0 6LL %0 - *0th°0 - xxLhG°0 - UNS
. . %%xG6Z°0- . *89L°0-  8G0°0- ,‘mwr.0|‘, 0820~ L62°0=  %xL09°0- %%65G°0- ~AJLI3d
*602°0= ﬁ**NhN 0-  *9G€°0- . TSL°0- 6GL°0~" Shi®°0 0Lz "0~ LZT 0~ ADL1d4d
*%L[2°0- #*%T6E°0~  *x%xl6h°0~-  *x8nE"Q- 000°0 - 9G0°0 ELhZ0- *%TL9°0-" ADLOY
CEBLT0 . x66L°0  *L9E"0.  hew"0 . ° GEL"0- . €20°0- . h60°0-  €LLT0-  Ddd0d
#%90E°0- %%xGHE O~ *%EGG°0~ #%x065°0- *L65°0- *B€E9°0~ .~ ~09L°0- . LZTL70- - . ADLOC
*x%ELE° 0 *%68C°0- ~E€8L %0~ tst°0~ ..68Z2°0 0s2°0 #*Ghh*0 ...m:m.o“ . .- NQH
- 8LL°0-~ -C60°0~ hitZg*o- - LiZ?0- . 262°0~-. She 0~ £SL %0 90¢2°0 - . agyo
 ##GLE®O0  ##09Z°0 | *GEET0  95L°0 SSL°0 9ZZ°0  *xLLS°0  *x909°0 CTH
' " 0E0°0- - CEL"0~ - %6GE°0- SoL°0- LEE®O- "LEE®0- *00h *0 LEZ®0 Sdd
680°0 . - mmo.o mwo.o €L2°0 .mo:go]. ngz°0- . 050°0 1900 ° gsa
(L6) .oopv _ Anmu (92) ﬁmru ‘NFv _,Amﬁv, S (8L) uwuomumgu
aTeHN aTemay eTeH aTemag 3TeN ~9Teusy CoTeN mamawm .
| 'P9UTqEOD E oavama»« . mdnasdou ansowmﬂn
mwaudamooq > .

"'--'-'---"'--""'-.l-""-"---""""- - - —- - 'lll"'l-"--.l - oo - - "'-""'l X

msamMﬂmw,.m.mHamaarm‘uﬂccwaa<



- e ot 4 Lt b et 4 e S e

S VORI VA S S

cred e sy e

S ——

-10%0>d = 4 150702 = #

-~ - - - ll.'ll'"-ll'""ll"ll-'-'l'-'ll"'

- - b o o

[ I . . .
(QV Bt oo e oo o - o e . o o TS e e ———— - - - e o -
_ *xLLH°0 . xxTGHh°0 HLZ0 .. *THH0 ELEc0 £g8z° 0 . 200°0 62ZL°0 T-€SD
**NBE°0  #*xT0H°0,- 6ZL° o- L. 8L0°0. 860°0-  hhZ°0~ ~ S80°%0 - 980°0  L-€SD
*GL1L°0 °6T0°0- xxLBH°0 “%0Lh "0~ 08L°0 - L00°0 . 2ZZO°0 ' . Z90°0- €~LESD-
LEL®O 8L0°0- . GT0°0 99L 0" GGE"0~- . 192°0 .:mm.o.‘l €L10°0 - ZT=LESD
. **6LG°0 . #x€SG°0 . €00°0-  *EGE0. . SENCO . LET0 €200 8TL"0" " L-LESD.
*GEZ°0~ *x6GE"0- o LLico- 00€°0~ 96Z°0- Lhic0- x_op.q. _.oﬁp.o- ~ 1142
LzZL°0- 960°0~ .° LG0°0-  €S0°0- GZH0- .- ZZESO- LOT®O0 -~ BEO®O asan
S80°0 S obL*o- " . thiv0- 22Z2°0~-- ZTE®O~ - - LhZ*O0~- 10€°0 .6H0°0 1024
#xLTE"0~ *xLZE"0~ = HZL°0-" = *hGE°0~ LLh®°0~ ~ EEE0= "  Hh0°0 . - GZO0°*0~-. . Hav
#»%hEE°0~ *%0GE°0-~ -  HEZ"O0- 0Z€*0~ LOK"0- ~  0GZ°0- 6LZ°0 %60°0 T HAQ
*€0Z°0  *%xGEE"0 . LLO°0- - €60°0 GOL*0-"  8H0"0~ %%9LL°0  ~ %%x99L°0 - NS
© 6L0°0- T LZ0°0. . 600°0- - -GE0°0 . ~ HS0°0. . GLO®O 10020~ . HtlL®0 ADIDId
*x6HE "0~  »G8L°0- 650°0- - 180°0-~" #80°0 - TBE®O0.  HEL®0~  19C°0- AD1134d
. #S6L°0- 20270~ Sho°0- LiL"0- 6L0°0 LOZT "0~ x%09G70=  #%TL9°0- ADIOY
S v GEL®O €ZL°0" 96C°0- - :LET°0-  9nL°0 smo.orxy**mro.o *x%G09°0 2Zdoa
: S 6TL0-"  ShOTO- S00°0- ' S90°0 9ZHn°0~ 68T°0=~""- ~0LT"0=- . *6€G°0~- ADILOG
x%GGH 0 %x9LG°0 050°0 LLL®0 . 692°0-  LOZ®0- LLE®0. . Z9Z"0. NQH
~ €00°0- . TB0°0 *E8E 0 LOE®O GLZ*0 €0L°0- ~ 2S0°0 .  .Sh0°0- - qg¥o0 -
*%x6E€°0  #xG8E€°0 YA OLE®O- ShE®O" £ST°0 1 960°0- - 0LO°0=" - IH
9L0°0 050°0 h0° 0~ LLO® 0~ ©8L 0 ‘8L0°0~ GL0°0  0h0°0-. Sdd
00L°0 LLLco .mhm.ow L0ZT®0= - Lh0°0- €LL°0- . 09Z°0- . H6L°0- .. usa
"-‘-""'--4'-"'n"'--'-----‘-""'l" 'nll- - - - .,lr" ™ — - ’ ..l"
(L6) ~ (ooL) (Lz) - {92) (zL) SAZe) Amrv - (8t) - . 3e3DRIRYD
OTeH T . 9Teuway’ 2TeH afeizagd aT®en: atemal - BTeW. " aTreudd
 pauIquod | DTIURTIV - . ~ eTqEniod _ .ﬁusommﬂa;
_ mwavaamoog . _

'Ol'lllllOlll'lll-ll"l!llllll'lllllll!lllll!!l"'ll"l!llll!'ll'llll'J'l'l!l'll'lllll'!!l.

NS

,qoﬁunuwwm - SUOT3ET8110D Hmu:uacouﬂbcmmwmmmmmﬂm SNTS3N 55 .s wanma q uacawmm<u

-
.

-]



- R 107053 .= #x $60°03d = x

--.l-.-"-'- --'-""-"'-"""'-""’--'Iv'-""'-" """""""""""Iv'.l"’-" """""

227

*061 "0 - *87T°0~ nZ0°0~ 09L°0~- . 68L°0~ L0~ hmm.ol Z60°%0 Z-€S2
260°0 x%LhZ°0 ¢sLto Zst®0 9SL°0 - L6T°O Aomz.o' *6€£S°0 1-€8SJ
*9LZ°0- - %0LZ°0. gez*0-  0LZ"0 LLL°0 . LS00 ALZTHCO. LLL 0= E-LESD
*xl L€ "0~ #*%xGTE 0= 0LL 0~ Z9Z°0- *hLG°0~ LEE®O- . #6Lh"0=" xhLh°0- Z-LESD
6L0°0 £0L°0- 290°0 oL 0~ - 660°0- .mmo.bo .omm.o_ .- T8T0 L-LESD
m,**mmm.o *xxEHT "0 *00n°0 - L9L°0 S61L°0 Zho°0 ‘mwm o . .h60°0 - 14D
x%x6LEQ0  *xLHh°0 *ZEN®0  *%xLhS°0 09h°0 - Z6E°0 LZL®0 °8h0°0= 44D

Ehl°0  *xSEN°O 690°0  ®=06E°0 oLZ®0 - 98L°0 ‘900°0 - OEL"0 1034
x*x9€E€°0 x9GE*0  x6SE°0 - . xLEETO LENTO. LZE®O €00°0~ - 15070 HaY
,‘**Nmm 0  Ax%ELE°O %0GE*0 - #TSE°0 0EE’0 _.:wm.o., Lh0°0 0€0°0 H4da
6£0°0 6£0°0 . HLL®O _ZHL*0- . SGH°0 . . mhL0 ¢ STO°0- 0€L"0- U ¥NS
hs0°0" 980° 0~ xx0hG°0 L8L°0 L6E®O- *mom "0~ *0G-°0- %860 °0~ AQLDI&
890°0  *%L6Z°0 16860°0 . 90€°0 GGL°0 gehi°0 0LQ 0~ 890°0 ADOLTdd
. Z10°0 *€61L°0 .  9£0°0- *69€°0~" OLn®°0- GEL0- .690°0-. . -0L0°0 ‘AJLOY
ENL®O. %9270~ ~ *hBE°0 8S0°0~ . %89G°0-  (9EET0='  HBE"0-  #0LW"0- 03400
€S0°0 *502°0 CELL°0-. hZ0°0 mmo Q= ~8HT 0~ 90L°0- T ELTT0 ~ DALOQ
*=xh0€°0 =061 °0 *x%x109°0. **aw: 0 mmm 0. HhZ*o 0EE*0  66C°0 NdH
gLL°0=---%8LL°0-  86C°0~- L6Z°0~ - TEO°O ZZ0°0- .. ERE"O - 96L°0. . qgyo
*%xLEE°0 . *LI9L°0 ——%ESE°0 .Nmo 0-  6hE"OD 6LZ°0 *.Smm *0  .*LTH"0 - 1IH-
*122°0 £9L°0 62070~ 850%0 . LLL"0. 90L°0 nLE*0 - LBZTT0 sdd
LeL°0 L60°0 LZL°0- v_hmr 0= mwrwouw who.o _mmm.o_ m.mmm.o 4sa-
(L6) ~(oo1) (Lz) Aomu Amrv AN-V (sL) . .mrv umuomumau;
aTew ) mﬂme.wh . 9Tel - QHMEwm w.m.m.z.» w.ﬂmswm - ®TeR: : w.ﬂd.awh v
pauTquUod - -DTIURTIV . eTqUNTOD ~ TANOSSTIK ,

- "'-'-4"-l.""nl'"nl."."'-"'l-

A

oT3uey) odilL Iaien o_maowumﬁwuuoo.Hmunmiwouwunm m

SeT3TIeP0T ..

"--"-"'-""""'-"' '-'-""'-"" """- '--"'-"'-"-

e

.

=
mllﬂm lmmwwlmu

|"|'||"'||"|||||l|"'1'-|""""|'|"|" ".l'" .

oauoa SNSIDA . v
wm wanwa °g xac:wmm<

P L X ) ',"." e ne e - e -e-ee-

'tllllq'l'"' I'l""'ll-"ll'"""'""'II""""'I!'



Articie 3. RELATIONSHIP OF COUESIUS TO CERTAIN OTHER

NOFTH AHERICAH CYPRINID GENERA

ABSTRACT o

2

.The :éiationship cf Couesius to genera associated with

_1 opsis sensu lato and Semot;lus s.1l. "(including

)

‘M ;gg iscus) 1s examlned usxng

both phenetlc and cladlstlc

methodologzes. Both analyses 1nd1cate that u us }s most

closely related to M g __gg;._

two be con51dered congenerlc.

It is suggested that the

g iu s. and Ma;gaglg_gs forn

Marggrlsggg, Semotllus s.s., and

 Nocomis appear to forn a ple51omorph1c 51ster group of

atygobio and Hybopsis s.s.

T
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INTRODUCTION

o

Pt P
-’

other Nortn Amerlcan cyprlnld genera has been unsettled

351nce Balley (1951) comblned it Hlth Hybopsis sensu strloto, .

gocomls, g;gggg;chtgis,1;r;g1§tax, uacrhyb0951s, g_g__ ius,

'and Y g_ 1nto an expanded _xb_251s. g__ gius

”subsequently has been removed from z _Rs;g (Balle& et al.,}

1970) but the 1n1t1a1 move stlrred con31derab1e controversy
dand served to empha51ze the lack of understandlng regardlng
the generlc 1nterrelat10n=h1ps of North Amerlcan cyprlnids
in general and the be0951s assoc1at10n in partlcular (see

Reno, 1969a). |

d Various authors (Jordan and Evermann;V1896}‘Bailey,‘,s,

~1951; uoore, 1968 Jenklnc and Lachner, 1971)"haVe
icharacterlzed H1b0551s sensu lato as. follows- 1) pharyngeal
-teeth 1n major rovw’ a u and ln mlnor ‘TOW 0 to 2° 2) mouth
subterm1nal to 1nferlor, no frenum, 3) barbels present,'v
‘thelr orlgln termlnal or‘nearly term1na1 on maxbllary, u) |
B 1ntest1ne usually not Hhorled, and 5) scale radii restrlcted
’to posterlor fleld Jenklns and Lacn’fr (1971) suggested
that crlterla 1, 2, u, and 5 were of guestlonable value
°'51nce most are shared Hlth a large number of extant Horth
Amerlcan cyprlnld specxes.’ The only feature that appears to
-, unite éxbggsls S. 1. and dlStngUlSh it from notr_gls lS the ;

'posse 51on of a barbel. Houever, Jenklns ‘and Lachner (1971)

po;nted out numerous examples of the lablle nature of this fd

: '?

229
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character and suggestéd thntnit may'not be uniguely derivéd _
within fhé grenp. Addltlonally, Hlth the dlscovery of
typlcally barbeled populatlons of notr_gls, Gllbert and
_Balley (1972) concluded that cyprlnld barbels may haVe had N
as many as 511 1ndependent orlglns in North hmerlca.. This_}V
leaves llttle to Justlfy the recognltlon of Hxhgg§;§ls;1.;nsn
a natural, or nonophyletlc, taxon. Several anthnrs hnvé: |

_ expressed 51m11ar v1eus (Huhbs and Crove, 1956. Dav1s and

‘H.lller.‘1967' Reno, 1969b‘). o a4

e

. In'support of remeval of Nocomxs from H1b0251s Seles
Jenkiné and Lachner (1971) stated that__ g__g _asvmorenvA

_Closély.related,to the nest—bu;ldlng.SPQCies gi Semotllus .

(s. .._atrgmécp..l.ézsg nd S. corporalis). They added that .

gggg;;gg houed an’ afflnlty to’ S‘m_g;l Ss eSpedinriy

'qgggoti;gé.(nargarlscus) margarlta, and that if Se margarlta
nmerlts 1nclu31on in the genus Semgtllgs (Balley -and Allun,

1962 uoore, 1968), then so does Coue51us. -The 51m11ar1ty.

—— e s =

of Coue51us to Semoglluc, especxally Se mgrgg t 'has been'

dlscussed or 1mplled by numerous authors (Glrard 1856 kox,;:

) 1901; Hubbs, 19“2- Raney, 1969 ‘Reno, 1969b- wbPhall and

'LindSey, 1970 Paetz and Nelson, 5970;.5Ha:pe,u1970;,
fJenklns, 1971); - ' SRR

Clarlfylng the taxonomlc relatlonshlps of Coue31us

e - s S e v

_becomes 1mportant nomenclatorlally if the "dléSlmllls" forn

‘of Cougg_u

AP

is to be recognlzed as . a valld sPec1es or’

vsubspecxes. If so, and 1f Coue51us is comblned u1th 80t

ow

) ﬂxbog 1s, then,vas p01nted out by Taylor (195&) and Llndsey e

<
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'g1856 would become a Jnnlcr secondary hononyn of begggis\ o
-12;;_1§§_§) d;§§ 1 is (Klrtland) 1841 and uould therefore,
have to ‘be changed

Coad (1975), 1n hls numer1cal cladlstlc treatment of

o

“North Amerlcan cyprlnld genera, added con51derab1e neu‘

1nformatlon and summarlzed much of the exlstlng 1nformat10n"

';on the Jnterrelatlcnshlps of,gggg§;us §§ggg_lus, ﬁlbogs;_,"
and other related forms.: Houever, some of hlS methods do
rnot seen entlrely satlsfactory and appear to haVe led to
unacceptable concluC1ons. ThlS paper, u51ng mostly data .
-from Coad (1975) and other publlshed sources,,re examlnes

these relatlonsh1p= Hlth both phenetlc and cladlstic_‘

-methodologies.‘

s
.
Wy



'“iﬁhetween taxa, -’

- MATERIAL
L uost s}stenatists"bell
'vay,'reflect evolutlonary h
fphylogeny,‘lnvolves at leas
'?fylthln-llnevd;vergence,vor
"of.branching) cr cladoéenes
:types'of infornaticn, depen
taxonomio philosophy;‘*s th
'Ciassification.

Phenetlc methqu, such

“?analy315, measurg the degrm

Thls prov1de
'~“the degree of anagenetlc ch

',cladogenetlc eVents are 1gn

-‘convergence and parallellsm

. Prlmarlly for thls reascn,

' by. some as 1nappropr1ate fo
ibut see also Sneath and Sok

“a

A careful cladlstlc an

e Hennlg (1966), whlle 1gnor1

~

;useful in reconstructlng cl
- fault}n;th,the,methcdology
iin théor}} butlnany ohjeCt
'cladograms (Sneath and Soka
f1977

and numerous others).

: In practlce, cladlstlc

S AND METHODS
eve that taxonomy should, in sone
Lstory.< Such a_hlstory, or

t two hasic’components: 1) the

‘anagenesis,~and?2) the seQuence'

is,3 A knovledge of one or both
dlng on the systematlet's'f

erefore necessary~to‘formulate_ae

as ordlnatlon and clustet
of 51m11ar1ty or dlss1m11ar1ty

5 a useful method of estlmatlng

\

1nge. However, 51nce

3red,.d1fferences betueen

cannot be dlstlngulshed.

phenetlc methods are. con51dered

r taxonomlc analysls (Hayr,;1965

i

al, 1973).; r _
aly51s u51ng the methodology of
ng anagenetlc changes, can be

adogenet1c~events. Few flnd‘

f cladistic analysis, at least
o’classifiCations derived”f;on

’

1973; Mayr, 1974; Colless,

b
ke

Tethodologies are extremely

[}



fdlfflCﬂlt to apply to groups such as the- North American
,Cyprlnldae.» Plrst, as the number of 0perat10na1 Taxononmc'-
Unlts (OTU's) 1ncreases, the number of hypotheses to be o
v;_tested gulckly becones unmanageable, even for a computer.
| The 18 OTU's Hlth vhlch thlS study is concerned‘would |
tgenerate 6x103° different rooted blfurcatlng treesA
‘ (Felsensteln, 1978).‘ An even greater number is. generated if
-.multlfurcatlonc .are alloued. Clearlyhlt ls unrea=onable to
1‘test all generated hypothesec for the 18=0T0's,*1et’aloned
B _for all the appr011mately 250 spec1es of North Amét‘can
-cypr1n1ds., Second,.to dlcotomlze n OTU'S, one needs at
least n-1 unlguely derlved character states. _To date, there
appears to he too fev such knovn chara7ters to fully ekpress
;the relatlonsh;ps among the genera of North Amerlcanv; |
: mlnnovs. Part of thlS problem lles wlth the far&ure to

- di tlngulsh true hcmologles from convergences.A uost

.ltaxon mic characters in cyprlnlds appear morphologlcally

SN

‘rather 51mple and subject to repeated evolutlon in dlvergent n

llnes. Thls 1s further compllcated by the fact that genetlc 7
5,
v -varlatlon rn North Amerlcan mlnnows Ls apparently Hlthln the

«“ ‘>

'lower portlon of the range characterlsglc of vertebrates

s g

¥

.-»_-;u"‘\s"":':’;";‘?_‘" q,;e:;-., “

P AT

fd(Avlse and Ayala, 1976).. If so, North Amerlcan cyprlnlds“fizﬂ

”have undergone con51derable cladogene51s vlthout, 39em1ngly,lh
”"a great deal of anagene51s.h Thls vould make the dlscovery
iof evrdence reflecting these cladogenetlc events extremely

.. d1ff1cult if ‘not. 1mposslble, to flnd. Thlrd, as p01nted *hi

3 out by Szalay (1977),_the most cruc1al aspect of cladlstic

B-l's
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c

analy51s 1s establlshlng character polarltles; Although
some characters within the North Anerxcan Cygrlnldae are
falrly clear—cut ;n_therr evolutionary d;rectlon, rost are
<’not;'"If nan} charactersnare incorrectiy coded,~genera may
be mlstakenly unlted on the ba51s of shared prlmltlve
condltlons (symp1e51omorph1es) rather than on the ba51s of
'shared derlved condlt;ons (synaponorphles). )
In satuatlons such as these, phenetlc methods may prove

”useful in establlshln; 1n1t1al hypotheses of phylogeny.
Ordlnatlon and cluster analy51s can be used to.reduce the

~O0TU's to a manageatie number by 1nd1cat1ng vhat may be
:""natural" units. Although problems created by parallellsns

154

f_and convergences are stlll present, they are likely

‘1nfrequent and suspected 1nc1dences may be readlly tested byu
,cladlstlc methods._ Problens a55001ated vlth character
polarltles ‘can 1n1t1a11y be 1gnored since phenetlc methods
'do not regulre polarlty estlmates._ Relatlonshlps derlved
k'through phenetlc method= nay, to some degree, be used to
_test'postulated~character polaritles.?'
To answer questlons concernlng the relatlonchlps of

’gg uesius ; the p0551bllit1es Here narrowed to groups thch

g

~have heen trad1t1ona11y allied with Coue51us, i. e.”j_xbogs;s'

”;s.l. and Semotllus s.l.l(Flguré 1). E gl ssum and,'

ey B S e A ——

nPhgn goblus were 1ncluded .on the basxs of Coad (1975).
' g.mg_stcna uas omltted because of 1ts guestlonable
g -

relatlonshlp to the group and Pa ;exogl_gsgm vas. con51dered

f‘congener1C“with ,gglg§sum also~after_¢oad (19751. Hhether_x

AN
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this assemblage is holophyletic,'paraphyleticrgor'even

polyphyletic,'can not -as yet be definitely established.'llt

- is probahly at least paraphyletlc 1n that C campge t__g does

jbelong to thls group éﬂenklns, 1971). There appears to be
'no reason to suspect ‘that the group is polyphyletlc, '
vialthough the 1nclu51on of Orgg_nlc_thls is somewhat.
M‘V§USP1ClOUS on zoogeographlc grounds.‘ B I
Elghteen spec1es (Table 1) from 12 genera or subgenera
Here chosen to represent ,the growps in questlon. |

‘Orég;nichthys,'Cogesius, nargariSCus, Extrarlus, and

' Pl xggb;g vere con51dered uonotyplc and were represented hy -

the sole member of the genus or subgenus.v Tvo of three

:Phenacoh;us,-one of tuo =pec1es of Exoglossum s.l., two of -

seven. spec1es of con two of six spec1es of Erlmx tax '

3

three of. seven speczes of ﬂxbop is s.s., and both spec;es of._

9. .

-Mag__zb_psxs, gepresentlng the remalnlng genera, Here chosen
don ‘the hasxs of the ‘amount of publlshed 1nformat10n.
"nonotyplc Yurlrla 1acked suff1c1ent 1nformat10n to bev
'1nc1uded.' Although add1t10na1 spec1es of §1b0251s have been
dlscovered or desprlbed (Jenklns, 1976), 1nsuff1c1ent data.
‘made thelr 1nc1usxon unuarranted.\_‘ ,
| Informatlon on 31 characters (Table 2) for the 18 S
‘nspec1es was complled prlmarxly fron llterature sources and
tis sunmarlzed in Table 3. Prlmary sources vere Evans |

. «“,’__c

‘4(1952), DaV1s and Hlller (1967), Reno (1969%), Jenklns and

¥+

’ h:Lachner (1971), Lachner and Jenklns (1971),'and Coad (1975’,




. asuuell ‘as numerous regional works, su h'

Evermann (1896), Baxter and Simon (197 ), Scott and Crossnan'
(1973), Clay (1975), Pflleger (1975), and Hoyle (1976). Por

taua with 1ncomplete or confllctlng characterlzaticns,

»'counts or measurements vere made from specimens on hand or,

;

e-lf necessary, from publlshed drau1ngs or photographs. Data

”for characters 12 13, 1“, 26, 27. 28, and’ 29 vere entlrely

f,.';“?“»

from Coad (1975) and represent the typlcal staté for the
,genus or subgenus rather than the selected species.

Analyses excludlng these characters shoved that thelr
oF

1nc1us1on produced artlflcally coherent 1ntrageneric

,i‘clusters, but the overall patfern of relatlonshlps was not -

‘.51gn1f1cantly changed

Phenetlc relatlonChlps of - the 18 OTU's.Here examrned hy
pr1nc1pal co—ordlnate analysls (Gouer, 1966a- 1966b),'using
vprogram PCOORD (Blacklth and Reyment, 1971), and unuelghted
palr-group ulth arlthmetlc ‘means. (UPGMA) cluster analysis,
_(see Sneath and SOkal 1973), u51ng the CLUSTAN ic software'_

package (Hlshart, 1975). Gower's coeff1c1ent (Gower, 1971),

ehvhlch allous mlx;ng of guantltatlve and gualltatlve mu1t1~

.~state characters, uas used ln both analyses. Pr1nc1pa1 co-

,:.

'OTU x OIU;assoc1at10n matrlx (Q-technlque) uhlch accounts

;.

Vfor succe531ve1y lesser amounts of var: ance among OTU's.

~

Thrssallcws a large amount of variation to be: v1sua11zed in
el

"fg‘reduced number of axes._ Unfortunately, as’ ‘in pr1nc1pal

P

&

C A
s

component ana1y51s, dlstancec between major grcups may be .

L.
PR
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@
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N falthfully represented uhlle near nelghbor dlstances nay be

greatly dlstorted Por thls reason, cluster analysxs, uhich

4

generally exhlblts oppos;te propentles, vas also used.:
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"ANCESTRY
Determining the direction of evolution~presents a major
'problen in phylogenetlc reconstructlon. Correct character

polarlty can often be establlshed in reference to the fossil

’._record (Crlterion of geologlcal character precedence -

"-‘preserved in f05511 materlal.. However, 1t nay bgﬁof value

;Hennlg, 1966 95).j Ihe cyprlnld f05511 record is of 11tt1e
h;help in dlrectly 1nd1cat1ng pr1m1t1ve character states as

' many of the characters used in cyprlnld systematlcs are not

‘in establlshing uhlch extant spec1es are likely t.2 be near
. the prlmltrve condltlon. The oldest known North Amerlcan'- K

'ﬂ‘f05511 cyprlnlds appear to represent western genera,

e

“espec1ally Glla and. Etychochellus (Plgure 2).

" Coad (1975) arbltrarlly regarded the 'astern‘genus'

.de ropis as’ ancestral to North Amerlcan f"ms, Houever,

B 'thls ch01ce seems unfortunate as the foss 1l record 1nd1cates

;}wAhat Notr opis 1s 11kely cf comparatlvley recent orlgln. . \i
:"Lower Pllocene reccrd cf ﬁgtroE (Wllson, 1968) is hlghly
'questlonable sxnce it was based solely ‘on a broken rlght

' 1nfrap'aryngeal. The tooth formula of thls fragment ( u 2)

' considered dlagnostlc 51nce thls formula 1s found‘

s1n many o.her genera. A Hlddle Pllocene spec1men ¥as
'guestlonabl' a551gned to ﬂotggp;g by Smlth (1962) on’ the
_ba51s of large scales, general appearance, and absence of
'any other dlstznctlve characters..

The f0551l\record suggests that -a more 11ke1y choxce of
T . 238 - DR
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these flndlngs, llkely character polarlty estlmates may be ;""

kY

W e 3

'ancestors may be anong the uestern genera, espec1a11y the

: _ila -llke forms such as Glla, 1ghateles, ‘ 1chgg ellus,'
Rlchard_gg; S, and Po n;_hthxs (seqapxller, 1958~ Uyeno,

1961; Uyeno and Hlller, 1963, 1965; . H:Lller, 1965; Avise and

;Ayala, 1976). Hopklrk (1973) belleved that the western.
Pogomlchthx represented the most primitive North Ame gan'

‘cyprlnld-genus, although he dld not helleve it to he derived

':nfromaﬁrla or a G_;a -like ancestor as’ dld Uyeno and Hlller

"(1965). - He lndlcated that ngog chthys vas closely allied

genera uxlgghg;lus, §§gg~;lus,‘and Plgtxg_blo. Coad (1975)

also fonnd a close llnk betveen Semotilus s.l. and several

.__,-..._.-_
N

Hestern genera, 1nclud1ng go nlchthxs, on the ba51s of

\

major rov pharyngeal.tooth count, supraorbital pore count,
1ateral line decurvature, and number of vertebrae, but

attrlbuted these 51111ar1t1es to parallellsn.. In vlev of

obtalned by conszderlng such genera as Pogv;;ghghxs,

-

Acrochellus, ﬂxlochellus, Mylo gharodon, bila, Ptxchochellgs,

——— e et > . ——— p—— P —n Y1 - p—p—P =

-,géﬁﬂ Trlbolodon as ‘mear the ancestral condltlon.4

[
E'S J{ﬂ Jﬁ
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dralnage system, and those 1n the more uestern drainages.,

The western genegaﬁare typlcally spec1es-depauperate groups

e o sy -———-—-———

vPog_.eehthx_. ﬂz.grh don. 2.1.h2§§§llus. and Gila, vhlle .

the u1551551pp1, or eastern, groups are often speciose and
_‘1nc1ude such- genera as Notrogls, H1b0251s, §gg___ us
’ggggs;;§. ;x_esnéthgen E%E;;nnerlzeneahelee. anQ ‘
“ggtggiggng§,r ﬁo;eVer,ball.forns are generally referred to a
ﬁ_singlehsnhfaniiy,JLenciseinae. | ' | a

_ Vithin the ﬁzbggsis - Semot lgs complex all 1ncluded

specxes,'eXCept Oregonlc zs and certaln populatlons of

T ¥

- - ———— —

‘COue51us, are: found exclus1vely east of the Rocky Hountalns.

: Coad (1975) con51dered a western distrlbutlon as derlved,
however, the f05511 record seems to 1nd1cate the reverse.
,Although the dec1dedly eastern dlstrlbutlon of the ﬂxbgg_;s

-_S l complex may have 1mportant evolutlonary

':'51gn1f1cance and 1ndlcates a ba51c homogenelty among these :

',spec1es, the use of dlstrlbutlon patterns in establlshing

f;'phylogenetlc hypotheses sLould be dlscouraged as t;i"cann

"unknowlngly lead to 01rcu1ar1ty When 1nvestlgatingf»“ L

v zoogeographlc patterns.‘ FOI-thlS reason dlstrlbut;on'uas;r;‘

not cons;dered. '

NUPTIAL COLORATION - Nuptlal color patterns often take

240
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"the'form of'yellow, orange, or red pignentation usually"

along the ventral portlon of the body and on the fins.

§_movilg§ and ﬂgggmis develop an overall reddlsh cast durlng

B str;pe. Both m&le and fenale Coue51us develop orange—

.reddiSh reglons 1n ‘the. pectoral axlls and around the mouth,.’

Nuptial color patterns occur in nany vldely scattered .

. groups. ,g__bglodon and _ullochelluc develop reddish_w_.

_coloration in the mouth”reglon whi Pogonlchthys develops a

red tlnge on the f1n tlsz Therefore, the development of

‘these color patterns should,be con51dered aSva prlmltlve ‘p
condition. A loss of this condition may be associated with

v

habitats vhere'vision'is'limited, Such as“turbid“waters.

- The exact degree of s1m11ar1ty betueen these color"'

patterns may not heggs great 1mportance. It seems p0531b1e ,

- that,-as these pattern= form a ba51s for species

_recognltlon, a form of character dlsplacement may occur.
Closely related species mlght, therefore, have vldely o
mdlvergent color patterns..' | ‘ d‘ |

| NESI BUILDING - Nest bulldlng appears to be a derlved
.behav1or generally characterlzed by manlpulatlcn cf the .

‘ substrate by the male to form elther a mound or depre551on.v
4‘(Jenkla 1971).' uale Margarlscus have keen observed to

' defend‘a terrxtory (Langloxs, 1929) and thus may show a.

preregulslte ‘of nest bulldlng._ Reports of nestlng hehavlor

in Coues1us are somewhat contradlctory. Brovn (1969) noted'

ta



thar”spawningitook'place unde
1nd1catlon of nest bulldlng.
personal communlcatlon with V.
H:Lchlgé Coues:Lus bullds p.l.t

furthe

5lBrova 1nx}orthq§giﬁjjf”theua

ff&rm of Couesius. In’g=.”iééf

. 23( g
: “d1551m1115" forms are sympat

242

3.

r'rocks and_observedvno
'Hoiever; he(did*cite a
. C Applegate that, in

-like nests. 'The situation is

ompl:.ca&e@d becauseo % populatlcns observed by

are,very neag the ﬂplumbeusr

beus" and

rlca

7“(.

' blologlcal species (Wells, 1978). As Broun (1969)

'sugges;ed, it is gnglhle tha
l"dlsslmllls" form.. For the a
.considered as hav1ng a pogent

CEEHALIC NUPTIAL TUEERCL

" tubercles are preséent in Pogo

t Applegate observed the

L4

naly51s, Coue51us uas

— — — s > ——

4

1a1 for nest bulldlng.
E SIZE - Small cephallc nupt1a1

nlghthys, Acrochellus,

, Mylocheilus,_gllcgharodon, Ptyc hochellus, and T;;gglodon as

'uell asfmost‘other cyprlnlds.

Sgg lus complex only E 1

B tubercles. ‘The possessxon of

otubercles should be con51dere
Although tubercle hlstology a
'31mportant ln 1nd1cat1ng phylo

-detalled comparlsons aJallabl

'_7possess a roughened patch of
1Koster (1939), Hubbs (19&2),
'ment;oned a 51m111ar, hnt les

‘region of male nassareeggs-

’Wlthln the beog_ls -

s nd Semotiluys develop large

St - —— .

small cephallc/nuptial
a as a prlmltlve condltlon.
nd patterns are undoubtedly
geny, there are insuff1c1ent
€ (see Branson, 1962).
scales on. the breast reglon.
and Fava and Tsal (1976)\

ser, modlficatlon in the breast

Thls character was not 1ncluded

/
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in the phenetlc ana1y51s but appears to be a shared derlved
vstate beﬁueen only g___g;gs.ahd gggg_rlscus within the ;
th_psxs - §__ ilu | complex. S gp, ”QQJ" |
NUEIIAL CREST - Svelllng of the dorsal reglon of the
head appears to he a derlved condltlon unique to ﬁogou;_.
PHARYNGEAL TOOTH. NUMBER (major and minor tooth rovs) -
Phyletlcs of pharyngeal tooth numbers are dlfflcult tO'&&

establlsh Tﬁe sometires major dlfferences ulthln a genus

and 51m1larlty betueen apparently unrelated genera 1nd1cate

. extreme plast1c1ty 1n thls character. Even wlthln some

specxes counts can be-varlable._ Brown (1969), in a northern;
Saskatcheuan populatlon of g_ue31us, found 71% vlth the‘

‘usual formula of 2 u—u 2; 9% u1th'1 u-u 1- 7% Hlth 2 5-4,2

m

ranglng fr%m 0 4-4,0 to 2,5- S 2. -Iyplcal‘pharyngeal tooth

numbers of Pogonlchthxs (2 5-5 2), nylochgilusg(1,5~5;1);: p:
Mxl_phgggdon (2,5-4, 2), Gila (2,5-4, 2),,pt1;_ggh§;;_s (2,5~
.4,2), and Trlhol_gcn (2,--u 2) lndlcate that the prlmltlve ‘
b_ condition is most llkely 5-5 or 5- u in the major row and 2~2
v1n the minor row. The extinct Hestern genus gggggg,may also
have had a pharyngeal tooth count*of 2,5-4,2 (Uyeno and -
- niller, 1965). [ a | |
LATERAL STRIJE - promlnent, dark, lateral strip; 1S
"commonly assoc1ated Hlth elcngate body form (see Barl~1r

i1972). This character occurs wldely throughout fishe= in

. general and 1nd1cates repeated evolution. . It should s
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complex. dark lateral strlpe is best developed in»
. Couesi us, Hargg;; cus,-and young of §ggg§;;g§ and Nooog;§;

Loss oﬁ%the lateral strlpe nay ‘be assoelated ulth habitats

Hhere V151on 1s llﬂlted.

DORSAL, PELVIC, and ANAL FIN RAYS'~ MOdal dorsal'and '

pelv1c fln ray counts for all members of “the beops;s -
Semotilus omplex vere 1nvar1ahle and therefore not
~.'con51dered. With respect to the hypothe51zed ancestraL //

\
forms, the trend is touard a reductlon 1n the number of

.

“common among teleost flshes and numerous parallellsms may be

expected. For thls reason, these characters vere used/ s:
phenetlc evidence . only. o .

- BODY sIzﬂE - The gen‘evr’_a gggggi'shzhls. hilgghg;lgs. .
ﬂi%gghgg_d don, and htxghgghg;lvs contaln amomg themfthelt

- largest mlnnows in North America. Trlbolodon is also a

relatlvely large mlnnou (Coad, 1975).‘ Thxs would seenm to

'1ndlcate that a large body 51ze 1s'@ prlmltlve condltlon-'

BARBEL - Hlthln the H1h0251s - Semotllus complex_at

——— e e -t

1east two dlstlnct types of barbels occurs -beop_ig;

EEE;Z_EQ_ rhx_gps;g, Blat tygo obi g ygcom;§, gxt;g us, and

Oreg_nlghthzs possess a Hell developed harbel at the

'termlnal end of the maxlllary. That of Coue51gs, uhlle ‘
51m11ar, is generally less Hell developed and someuhat
forward of thls p051t10n (uoore, 1968). S 1_s and

Margg; u possess a small flap—llke barbel 1n the groove

~alomg. the upper jau.. Phenacoblg_ m_;gb l;g lacks a barbelp

)
R . . -

ey s aar

20

dorsal, pelv1c, and anal fin rays._ Thls trend appears to be
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“tut was scored as havxng ‘the potent}al to develop a
- § lus -like barbel 51nce one occurs 1n all other members_v'

of ggobl Se Hlth reference to the hypothetlcal

Ty

ancestral forms, termlnal barbels are found 1n Pogonlch thys

and gllochellus.v Thls suggests that posse551on of term1na1
barbels is a prlmltlve condltlon in North Amerlcan cyprxnlds
and as such, cannot be used to unlte the H19_2s1s :

s.1. groups. Untll the homologles of the other barbel typeS”

~can. be establlshed, they are best regarded as’ phenet1c

.ev1dence only. . 3 _ ' _ o

2

T C . . : 5 -

4 PR

THIRD URODERHAL EONE -1 agree Hlth Coad (1975) that :
'-the absence of the thlrd urodermal is probably a derived.
v character state._ Presence of thls bone in all the
.hypothesxzed ancestral forms supports thlS notlon. ’Houever,-
' »derlved states-brought about by a 1oss of a 51mp1e structure'
'should not be Helghted heavlly. _ ‘ .
. POSTEROVENTRAL METAPTERYGOIb STRUT —iﬁlthln the
't'ﬂibgggig-é‘g_ggt l omplex Coad (1975) found a 51ngie

posteroventral metaptery901d strut, rather than the usual

agaln, thlS seems. to be the result of a loss

3o .
of a: s;mple structure.-

.F*?. UROHYAL ARHS - Fu51on of the urohyal arms to forn a.

-

.1975)._ Coad - noted that large Phenacoblus i abiiis~

--——.———--d ——— e - S o

‘occasionally approach_th;s condltxon.:_
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~ PEEDING TYPE - Davas and glller (1967) classified :
] .
species of ﬂxbogs;s s.l. 1nto three feedlng types on the

‘ba51s of braln pattern and taste bud dlstrlbutlon.'.Group I,:

sxght feeders, anluded Ng_omls,gggg_x tngio _’ nic hthx

s ety - ——

_g_g_glg and some Extgg use. /Group II, skin tasters,

/
:1ncluded la xgob;c, ggc; b0251s, and some g;t us while

vgroup III, mouth tasters, 1nc1uded most _lbgg_;s SeSe Evans‘

‘(1952) found ilus atrom_gulatus—to bs a s1ght feeder.

-...—- - e

%

Slnce thls character has been little studled 1n the

-remalnlng Cyprlnldae, I somewhat arbltrarlly consmder sight
ki i
vfeedlng to be’ the prlmltlve condltlon.g An 1ncreased~~\\;;
i

rellance on. tastlng may be assoc1ated wlth 1nva51on of
A :
s

,habltats wlth limited vlslblllty. In the phenetlc analy51s,

-the evolutlon of 51ght feedlng was scored 1ndependently fron
' "tastlng. ' . 5 c e },

RIS

‘;PERITONEUH COLQR - A darkened perltoneum appears to be

derlved state, usually as=0c1ated Hlth 1ncreased gut

1ength and a herblvorous d1et._ Its presence 1n many wldely

-scattered groups, even out51de of the Cyprlnldae, 1nd1cates o

-g;-multlpie orlglns. A darkened perltoneum occurs 1n Noco_;

e~

'jﬁand Erlmxstax. The recent 1nc1usxon of forms Hl h a dark,

:.perltonégu and elongate gut, such as Dlgnda ngbili 'nd?f"':

- Not ; 215 meklstochglas ,ulthln NOttOBlS 1nd1cates a
. |
1
'1essen1ng 1mportance of thls character in establlshlng

A

_generlc relat1 nshlps (see dlscussaon 1n Hubbs and Blller, ,f“

197D .

LATEBAL INB DECURVATURE - Coad (1975) used the ratio

0 -
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a

of . scales ahove the lateral 11ne d1v1ded by scaLes belou the r

'71atera1511ne to measure the degree of lateral line

>

decurvaturer He consxdered a non-decurved Aateral llne as ‘l,:v,

? (
‘the pr1m1t1ve condltlon hut stated that the character vas of

o

only phenetlc utlllty. . With respect to the uestern and ??

-

A51an ancest5a1 types (mean ratlo = 1 u9) a clear trend

1 ) N

toward a. lessenlng of. the decurVature is apparent (mean

"ratlo = 1 23 for°§1b9251s - Se

_;l complex).' I-cons;der

©d

‘a non~decurved lateral 11ne as derived.

~ ’ R

' SCALE COUNIS (above lateral llne, belou lateral llne,

predonsal, and along lateral llne)-- ngh scale counts 7.

.(appr011mately 61-89 lateral llne scales) are typacal;nf_ghe__.

uestern and Aslan ancestral genera. Lou scale ccunts are
-therefore con51dered as der1ved.~ These characters are

2 K

obv1ously 1ntercorrelated 51nce 1n¢reased scale 51ze would
'decrgase each of thesencounts._ A trend tovard a decrease in
scale 51ze appears to be common among teleost flshes and‘ls
vundoubtedly‘suﬁject'to numerous parallellsms and reversals.;‘
SCALE RADII - Slnce all members of the beops;; -

§gmot11us complex, -as . uell as most of the hypothe51zed
fancestral forms, pcssese radll restrlcted to the posterlor
' fleld, thlS character must be consxdered as a shared
| pr1m1t1Ve character state andvtherefore of no value in '
: descrlblng the ﬂzbcp gggg§;.§ § ;;g; relatlonshlps.é_-:

(The total numher of scale rad11 may, houever, he of some

o utlllty. The hypothe51zed ancestral forms typlcally possess

i a modal number of total scale rad11 less than approx1mately

3

S

..C "
AN
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\\gzs (except Ptxghgg' ‘_u ) (Coad.75975). uodal rad11 nunbers
- greater than thls ‘are. found in Ngcg ;s and §eng ilus: and nay

:;he\con51dered derlved. It should also be noted that

qg__g;s o;ilgg, gggg_ us, Co e51usf and Phen oblus
f’have prev1ously been lxnked on the basis.of several écale
‘characters (Cockerell and Alllson, 1909; Jenklns and
Lachner, 1971).5
VEHiEBRAL COUNT - ngh modal vertehra connts are

'typlcal of the hypcthe51zed ancestral group - gogonlchthx_
(‘33). Acroche_lus (43) , !111 e.l.- (‘45): “MLELE..QB (‘37).
Rtych gb_;;gg (uo-uv);~an Tribolodon (us-soy.(Coad 1975).
- Spec1es in the Hybcpsis -~ §_g§__;_§ omplex generallg%have.i

much louer counts (36 QS). Thxs uould seem to 1ndlcate a

trend. touard .a reductaon in numher of vertebrae. Agaln, - ',<$;
.e/’ Y - KN '

o oY
Vthls appears ‘to be a u1despread teleost trend and S ///;
parallellsns uay be conmon.' his trend nay also be ;j
‘ assoc1ated Hlth a rgductlon in body 51ze. gl

A

CEPBALIC LATERAL LINE CANAL PORES (1nfraorb1ta1/v
preoperculomandlbular/ supraorbltal/ supratemporal) - Hlth

/
» respect to Pogonlchthxs (26/21/18/10), Acrochellus

(25/16/13/11), Qz;oghg_;us (26/17/15/10), _Xlopharod_g
(27/20/16/12), g;la (29/22/16/11), and P.l__oche_.g.
'(u6/38/2u/19) (Coad, 1975), there appears to be a trend
”fftouards reductlon of the number of - cephallc lateral line
- canal pores. Low nunber of pores in each serles may be g

_'consrdered derlved Reno (1969b) doubted the utlllty of the

fiateral 11ne systen in systenatacs since it is hlghly

B



| 'léﬁf'

'respon51ve to env1ronnenta1 factors such as turbiﬁlty and

R

current velocrty. Houever, he dlg@mote un;gue cephalic
’ b

: . D

lateral 11ne systems ‘for Qr_gon1¢ht_15,~Co 1lesius, and
) A

Nocomis, uhlle Er;gx ax, Hacrbxh' sis,

LI

appeared srmllar to one‘another,T

turbld uater gxb_pcls s.s.f.t

o
o L]
1

Hopk}rk (1973) belleved that the dorsal f1n 1naadvance of
:; the pelv1c flns was’ the pflmltlve condltlon for Mgrth

'Amerlcan cyprlnlds 51nce thls is the p051t10n in

Pogonlchthzs. The dorsal fln is also sllghtly in- advance of

f

the pelv1c flns -on Mxlochellus. Thls trend, 1f correct, is

ﬁnot readlly apparent and uould probably be subject to
1numerous parallellsms and reversals.." ‘ :

. e k

. RATIO OF HEAD LENGTH TO: QOTAL LENGTH - The head tc body

Ay

.ratlo vas lntroduced entlrely as a phenetlc character,

' dhovever, there mnay ‘be a sllght trend towards a

h}proportlonately larger head. ', .

| CHROMOSOHE HUMBER (2n)/- A dlplOld chromosome count oﬁ]

50 is typlcal for North Am%rlcan and European cyprlnlds ' .
'(Uyeno and Smlth, 1972 Av1se and Gold, 1977) and probably
' represents the ancestral nunher fer North Amerlcan

: dcyprldlds._ Unfortunately, counts for ‘most spec1es 1nvolved

‘“1n the ﬁl__p.ls f §gggt_igs questlon are. unpubllshed.

"fCounts for Sggggglus (2n 52), Maggar _gs (2n 50), and

n .

Couesius (Zn.= 50) are from Legendre ah 'Steven (1969).

-
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. Phenetic
The relatlonshlp among the 18 0T0's resultlng from the
pr1nc1pa1 co-ordlnate analy315 is dlsplayed in Flgure 3. |
'The three-dlmen51onal space accounts for 60. 6% of the total
‘ varlance between centr01ds. g;_;lggb;g crhxbog_¢s, and

—-...---——

vto the three representatlves of glh ps s. Both the

[

glgtzggggg_and-ﬂzh9251s clusters are dlstant from Nocomis,

—

';gmoti;gsi'Cong_;us, and uaggarlsg-s. The nearest nelghbor

in full hyperspace to Co u_ is. ;g;ga; gs (Flgure u).t.

. These two. are, in turn, nearest Sg otllus. Nocomls 1s

;]phenetlcally closest to §gmgt11us. or egonlohthxs, N

Exogl ssum, Eg;gx_t and Phenacoblus are dlstant, but

- o=

i

Janearest ﬁz._gs;s. :
. ru Cladlstlc'

The cladlstlc analysxs con51dered only those spec1esb
ndlcated by the phenetlc analySLS to. be of major concern =

Couesius, Margariscus, Semotilus (2 specles). Nocomis (2

e s e

| SpeeieS), Plgtxgobig, and gxgggsisw(B species) . g_tgarlgg,f

" Macrhybop i§;'E;igi§tag,,and ggenag_gggsrappear_related to

| E

gogs;s, but there are insufficient_Charaoters;to fyliy'
',resolve the relatlcnship
The least rejected hypothe51s is summarlzed in Flgure

v

5. No evolutlona y reversals are noted Parallellsms occur

in develodaent of a 81ngle netapterygoid strut, reduction of

; -
I
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pharyngeal‘toeth nusber ie"bothfmajp: and miner rovs,
red;cticn’i?enneber gf_VerteBree, :éductignyihypumher‘of

I scales,:endyiess Ofeﬁaxillaty bafbei;"?a:alleliéﬁe in thgse
| -_chatac_'f"e:.‘s do -n'o'tl_ seem ‘gnu'sual‘-(see/cmnc'-:,gé, A.NVALYSIS';);. _

Phylogeny

A phylogeny of the _yb0951s - Semotllgs com;lex was
‘yreconstructed frem both the phenetlc and’ cladlstlc analyses
v(Flgure 6).5 Tge Lranchlng sequence was derlved from the

: cladogram vhlle the amount of dlvergence vas based on tHe.y'

‘phenogran.



 DISCUSSION
Both]pheneticgand,cladiStic analysis_resultsfaref
reasonahly compatible.v Each indicates'tha Couesius is most °
| closely related to ngggrls;us. However, the associatlon is
based prlmarlly on the nutual retensxon of ptlmltlve 3
characters- only the shared derlved occurrence of nale

breast tuberculatlcn unltes then. It should be noted that

thls pattern of breast tuberculatlon also occurs 1n Ph nus

‘—

Eégmnes and starnes, 1978) . and C11 tomus (Koster, 1939),

kand’a relatlonshlp betueen PhOXIDUS, Cllnostomus, and

s s e s i P
-

ggggggigcus has been proposed by several vorkers (see

—

Legendre, 1970). Coueslus and_ua_garlscus appear to form”a'

is. The

'plesiomorphic131ster group of §gggt%¥us and N g is
51m11ar1ty betueen Sg lu d Margggggggs also appearS'to

f_be based on the mutual reten51on of prlnltlve characters.(
' Dlvergence in the Ngggg;s llneage is most 11kely assoclated
*vu1th reproductlve adaptatlons.lrg;ggxgﬂblo appears to be a
j plesxonorphlc 51ster group of gx_opsxs and the beop__s -
dg_atgaoblo llneage appears to be the result of several |
.Qadvanced trends (reduced vertebra numbers, enlarged scales,:'
1etc.) coupled Hlth several adaptlve trends assoc1ated Hlth
.‘1nhab1t1ng turbld uater env1ronments (loss of coloratlon,l‘
development of skln and mouth tastlng, etc.). Thls llneage
probably represents a ples1cmorph1c slster group of Not__pi_'
ioand related genera, but in llght of the current lack of -

y
-.knouledge regard;ng these groups, further speculatlon iS‘

. -
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: unvarranted.

—

: lunplng seems excess1ve, espec1ally in view of arguments for

\fcloser to co §3

253

: Polloulng a: phenetlc phllosophy, the results could

-suggest Several dlfferent taxonomlc 1nterpretat1cns. Pirst,

an extreme v1ew would be to expand beopsis Se1l. ‘even

‘further to lnclude at least Semot_;us, gagg_;l_gus,

Eggg; su 'and Ehegaggblus. Houevor, this degree of

lumplng gx_ g 1s ;;zh Notrog S (see Coad, 1975 473~ 475)., A

v second 1nterpretatlon would 'be to: recognlze _xbog_ls in a

genus, as presently done (Balley, et al 1970). If'this

course is. followed, then it vould appear unJustlflable to'

,,1nclude _gg_rlsgus ulthln s _;; us since. Marggrl scu is;

lm

A thlrd 1nterpretat10n uould be to
includehgo ‘u v1th1n Seggt;;gs s.l. as done by Raney
(1969) and Sharpe (1970). Thls appears justlflable ‘when one k
cons1ders that if genera currently recognlzed as valld by

the Amerlcan Plsherles 50c1ety (Balley, et al.,‘1970) are.

used to establlsh a generlc phenon level'~thls level fallsd_

hetveen approx1mate1y 0 68 and Oe 50 in Flgure u.» The'

§gg tllU§ - goue31us - ﬂarggglscus snmlla ty lxes near
\ Ny
center of thls reglon., Thls procedure also 1nd1cates th; t

Coue51us and ga;g rlscus, con51dered together, are well
belou the leVel to be recognlzed as dlStlnCt genera.’
Thegproblem remalns much the same u51ng cladlstlc _ -j-

pr1nc1pals. Aga;n, all Hxh g s - § otl;US groupc could be

. comblned 1nto a 51ngle genus, but as mentloned previously,v



12}
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» this Seems unwise. goue51us, Margariscus, Semotllggi and

-Noconis could he comblned 1nto a single genua, but this

tseems premature in that the relatlonshlps of the nestcm.

A

comblned 1nto another genus.ff-‘”

. ;} Koo n "
%

“73 u,-, W

or synthetlc approach whlch recognrzés theégapld dlvergence

;_s lxneage. Thls may be accompllshed by removrng
gggg r;_g us fro s ;g. l.<and recognlzlng con ;g as a
’ «

s

distinct genus. The crlterra whlcg Balley and Allu{'(1962)

) ’>
used to Justlfy the’ 1nclu51on of Marggrl g vlthin o

1]

ilus »appear to ‘be, for the most part,.based on shared

-q. s e

~griuitiue characters.u nargarlscus,_more approprlatély,v

: _should ke placed in the genus Coue51us followrﬂ@ Cox (1901).

The dlfferences betueen then do not seem great enough to

'Harrant the recognltlon cf two monotyplc genera.

I suggest the best solutxon is to adopt an evclutlonary
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Platygobno

. Mar’garlscus

R N _'-,j__-.__.'.-Sem}ot;lus

Campéstoma

5

'P‘henacb'b'ius N

~
,‘;_\-4

Couesnus

w7

) .___. Hybopsns1

R Nocomls

{, o NOthplS'

Hybognathus

leephales ete.

Pagure 1. Relatlonshlps of §1b0251s, Segotllus, and related

genera as proposed by Coad (After Coad, 1975:328; -

 “ \ ‘_- " no 51m11ar1ty index given). H1b0951S'=_Hybop515

SeSe, gglmxstax, Hacg zb 9515, Oreqonicgthys;.and '

g__rg s.

s Exoglossum

Parexoglossum"”.,_f’j-;

5 .
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Arucle u.v, uoms on POSSIBLE axanxnxzmxmr amnzzu

EQ.ESIU§'2LU§EE§§ lND SEH.IILQS &éBE.BIEA |

thle 1dent1fy1ng sp%clméns for the Unlver51ty ofyﬁ,

'i5shlberta nuseun of Zcology (UAHZ), it was nofed that sone of};fQ

e .

";]the°spec1mens collected fron the Sass Rlver, Hood Buffalo

Y

i’ﬂxNatlonal Park (60° Ou'N"113° ﬂe'W). 1n 1977 by the Canadian

a’r, >

':hﬂlldllfe SerV1ce coudd be readll‘

1dent1fied as elther

-s'" 4‘- )
&

~_g_gg_ us*ﬁ;umbeus or*§emot11us_:§a§§§gi§§§§1_ rga;__g vh'le

e PR 'T\

o o .

”’7’.

:others,'although.@p@earmng to he of one speC1esTbr t e
. e \..,,“ ¢ C"W’ : R B 7_.
i;other, uere dlffléglt to assrgn to elther._ Generally th R

tvo specnes, whiie 51m11ar.1n appearath\ can be

/ .:..

r_rdlctlngu shed by several characters._ For exanple, xhe o
n barbel of C. g;gggeﬁs 1s moderately well developed and is 'f S
‘ ‘51tuated near the term1nal edge pf the uaxiggary, uhlle that

. ;of S. garlta, except when absent, 1s small flap-lxke,';

'lqcated lere anterlcrly, and partlally concealed in th@ '

L)

o 7. SRR G
“wgroove above‘the maxlllary.~ Trenchant dlfferences occur 1nva,;-_

‘V‘,

Aﬁxi number %f predorsal scales, ranglng from abgut 25 to 27 ln'~d

glumﬂegs and 38 tc' QB 1n s.- rgar (Coad, 1975),

‘thle scne of the Sass R1ven spec1mens possessed barbels d-d@

RTINS

‘2ffntyp1cal of one spec1es or the other, several posseSSed

.

fjpoorly develOped fi;p-llké barbel% near the terninal end of
~3;the maxlllary. Addltlonallq, alt ngh state.of preservatlpn,'l"'
"and relatlvely small size g?7-57 ‘- standard length ié;n*éﬁi'
3fu6 GL'of the specafens nade accurate scale counts dlﬁflcult,}_;

»predorsal scale-connt' appeared to brldge the two Spec1es.




Unfortunatily} the range of varxability in barbel position

-

fﬁliand developnent as vell as 1n predorsal scale counts has not

Tgﬂfbeen well documented. Hubbs (19#2) noted that a barhel nay
& _ £

*ﬁffnot be vell developed tn one or both 51des of young

p;umbeﬁs, vh;le 1n S; mggggrlta thg barbel is: sonetines

‘)

”fﬂl absent ‘en one or hoth srdes (HCPhall and Llndsey’ 1970- 5

‘;Paetz and Nelson, 1970).‘,,9ffz :

i In an effort to 1dent1fy these spec1nens the following L

c-nlne morphometrlc characters vere used to construct a _'7

®

dlscrlmlnant functlon. standard length, predorsal dlstance,"h
'T:Idorsal f1n base length, caudal peduncle depth, 1nterorhita15f”

W W : o
~rfdlstance, dorsal fln otlgln to term1na1 caudal vertebra o

]dlstance, Pelvlc fln orlgln to term1nal caudal vertebra T

~i°kappeared to he cf pcssahle dlscrlmlnatlng value or those-“‘"

75'us§h by HcPhall and Llndsey (1970) and Hubbs (19“2).f

&

.Vparental types of appr011mately egual 51ze to the 1977 Sass

V-larger spec1nens from‘thee1977 Sass Rlver collectlons (UABZFF

:3905 and 3907) were con51dered as unknowns for

dlstance, head length, and dorsal f1n length.

éi:haracters

. lchosen to dlStngUlSh the tuo spec1es Here elther those thatfr

' rRlver mater1a1 were selected from 1nd1v1duals judged‘to he”‘

'i3cla551f1catlon by the dlscrlmlnant analy31s (BuD 07H' Dlxon,fff

“1173).‘ Allometry and dlfferences 1n nean length vere not

e . Yo

R



Lo

lyﬁi.analysis.»*;f iv!

ffg;fg;umbe . However, an~unexpectedly large nunber of R

'

b
!
o B
N
)

-

et

o" SRR T B ,. : N . ' - . . o~
LSa ® . . - : :

conszdered a prohle:ﬂsince a narrou 51ze range vas 1nvolved ,;7

4

and average standard lengths of the tvo known groups vere
not sxgnlflcantly dlfferent [F(1 28) = 0 3“. p > 0. 10]..

Both sexes were 1nc1uded 1n.the knovn groups and ‘no sexual

v

dimorph;sl uas apparent in the characters ;nvolved 1n the

»oe

P . . . - . . -

P081t10n of the unknowns along the canonléal axis) 7U;;

(Flgure 1) 1nd1cates that a majorlty of the 1977 Sass River

-

spec1mens were prohably S. m_ggarl a and a few were

-, - . (

specxnens were 1ntermedlate to Ce plumbeus and S. mar ggi;g

uhlc““_ay 1nd1cate a hybr;d orlgln for at least sone of

th se 1ndlv1duals.‘vInvolvement of any spec1es other thanr

R ugbeus and S.‘ ﬁrg; 't ' eems,unllkely since “the: only

i’other cyprlnlds ébllected were Phgg s eos, Phoxl_g§

. g_ gae s and leephales pronelas. Presence of a barbel and

di'a llght perltoneun in, the suspected hybrlds makes ‘these

other spec1es unllkely parental forms.' Althoug ggp;,':
hud : has beeu reported from Sass Rlver (Nelson and
Paetz,‘_ 2);_none were pyesent 1n the 1977 collectlons.;v_

Huhbs (19&2)Thoted no valld reports of hybrldlzatlon

‘ .:

between these _ spec1es.: He con51dered Schultz s (19“1)

report of hybrldlzatlon hetveen c. p;umbeus 9_551_;l;s and

the 1mpress1on hybrldlzatlon had occurred vas due ta a_(//s.lpe

fallure to con51der°sexual dlmorphism.ﬁ As 1ntergeneric

cyprlnxd %ybrxds are relatlvely connon (Hubbs, 1955)'_lt

I



. L
; .
y

» seens-onusual that thxs cophination has not been: prev1ous1y
‘;reported (Schwdrtz, 1972), espec1a11y vheu one consrders
athat Ceo" plumbeus and s._ggrg__;tg apparently share a close
.;phylogenetlc relatlcnsth (Jenklns and Lachner, 1971), are
sympatrlc over ;-large portlon of thelr respectlve ranges L
f‘(Scott and Crossnan, 1973),'and have 1dent1ca1 chromosonebﬁv
.numbers (2n SQB(Legendre and §teven, 1969). Hovever, the.
A

o great rorphologrcal 51m11arity betveen these tvo 5pec1es nay f

offer part1a1~egplanatlon for the apparent fallure to

- '\

Zrecognlze hybrldlzatlon, as a hybrld hetueen tvo 51m11ar
'h;spec1es may ?ot be suff1c1ently dlstlnct from one or both
parentals to be recognlzed.4 Thls appears to be the.

51tuatlon Hlth the 1977 Sass Rlver materlal A perfectly

"-;wlntermedlate hybr1d Hould be Just beyond two standard

O

-fdev1atlons frcm elther parental mean.v It Hould be llkely o

tt’that a 51ngle hybrld 1nd1v1dua1 uould Qe recognlzed as only

a sllghtly unusual C. p;ggggg§ or §. ga;ggr ita. It is only ‘
the unusually large number of nearly 1ntermed1ate spec1mensf~'
:;that suggests hybrldlzatlon has occurred.

' \\//éhe p0551b111ty of hybrldlzatlon between Ce plumbgg_

“and S..marg r1ta should ‘be examlned in greater detail._ Ifﬂ

:‘ <3

”féfahybridlzatzon betveen these tvo can be substantlated, the ;

”1move to con51der these s;ec1es as: congeners, as Raney (1969L-1'5

‘ana Sharpe (1970 ) have done. could have added validity.
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E Pigure 1. . P051t10n ot known Cou951us glumbeus (open) and.

Semotilus pargarita a (solid) from Sass River and:
Preble Creek and 1977 Sass River ‘unknowns (barred)

£ and rd'

'along canonical. gxls I. uean.itvo standatd errors,‘f'
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PO -+ THESIS DISCUSSION

?llnes.» Fzrst hoq,does the 1ntraspec1f1c varrablllty of

L’;fof norphologlcal covariatlon between northeastern

,‘?-(u1551551?p1 agd Great Lakes ba51n) C. plumh_gs and

'fconnterparts? Thlrd. can thlS stsgy reflne prev1ous

Aside fron the speciflc conclusxons reached 1n each

artlcle, thls research, Hhen con51dered as a vhole, poses

:t%everal guestlons and 1nv1tes speculatlon along several

:'?Coue51us gi beus compare to that of beoggathus g_gk19§99$?

“dQSecgnd, what lS the has;s fqr the apparently sinllar pattern

hank;_sonl versus thetr southwestern (Hlssourl baSLD)

e g S R

’"d‘generallzatlons concernlng the zoogeograph1c patterns of

.1 —

‘,fother Ncrth Amerlcan freshuater f&shes?

, " ;.

The relative degree df 1ntraspec1f1c varlatlon wlthin

ouesxns g beus and gx nathns hank i vas assessed

2L e

M - R

2; mtgg§ (average D ,705 variance = 1 56-3‘ 666)

d .

;“p-" i '
g .(rlgure 1) 1s 51gn1f1cantly greater (p < 0 05) than that of

t’_{Vhetveen populatlcns of g. hggﬁ g gn; (average-D»— u,os.

A .

‘:"[;varlance = 0.84- n = 234) (Flgure 2)., If rates of evolution

k] . k2

s'gxn closely relaﬁed organlsns can be considered relatively

Afgconstant over tine, as suggested by several recent studaes

(hv1se and Ayala, 1976 Gornan. K;l.'and Rnbinoff, 1976-

R ‘-123
Gornan and Kll. 1977°;and others), then 1t night be expected

e

'~;¢?f:§3f,tw;?ﬁ7'

T

‘ufron sgnare root transformed palr-vnse generallzed dlstances}'”
'"Qf_fcalcnlatedvfrom 1dent1cal character sets.‘ Average palr-visehf*'

”-generallzed dlstance (D) and varlance betveen populatlons off’.}
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AR : L e
that}the/GVerage pair-uise-dntraspecific deneralized-
dlstance betveen~popu1at1cns of c. p;gggggs and
g? hank soni ay reflect thelr geologlc age of orlgln.‘ The‘

'fgreater the average generallzed dlstance, the greater'the
perlod of dlvergence. ThlS vould seem to 1ndicate that;h“
vhlle of relatlvely 51m11ar geologlc age. 95 Eiumheusvisdan5.
’»evolutlonarlly older spec1es.’ This appearshcon51stent w1th h
cthe postulated 1ntergener1c relatlonshlps of C. glumbegs
- since ﬂ. hanklg f ppears closely related to Net;gg;s, a

o

f_derlved group,‘through g;_ (Coad,»1975).; However, thls

'h51mply reflect 1ts greater range and- broader ecologlcal

tolerance, but then 1ncreased range and habitat. dlver51ty,'

'”1n 1tself, may be a functlon of evolutlonary time.

Ve .

Generallzathns concernlng dlspersal routes of flshes_
‘:1n northern North Amerlca may 51multaneously explaln the
_isourceuof the 51m11ar trends 1n character varlatlon Hlthln
“ig.iglggb us nd He hgnkqgsgnl. Several spec1es shou a

Y
'dlstrlhutlon pattern 51m11ar to that of the "plumbeus" forn

——— i e sm————st Ty S ERE 2lslZsalida L2808

S

of Coue51us Elumbeus.' These 1nclude Salvel;nus namaxgush,*

n"

Coreqo ggg hoy;, g__egonus Johannae, Coregonus k111,

-ggreggééeveinzinihnaet'Qgreggnus reighardi, Coreggnu

zenlthlcus, Coreqonus cl_geaformls, Prosoplum coulterl,

gggsog;_g 11 g;anum; Phgxl us - neogaeu§, Catostomus
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'*f5cott and Crossnan, 1973). " The dlstr;butlon‘oﬁ.thesé
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.species is characteristical}ly throughout the Great Lakes,*

. ‘Lahrador, Quebec,-and northwestvard through Ontario, hut

»

absept or rare from the upper H1551351pp1 dralnage systen.v

HcPhall (1963) and HcPhall and Llndsey (1970) consldered

"many of these spec1es to be derlved from the upper

: valley, and lower Hudson Rlver valley region of Dadswell, j

Underhlll, 1957, or the eastern Ohlo,'upper Genesee Rlver B

-HlSSlSSlppl refuglum Hlth subseguent extlnctlon 1n thls,

'reglon brought about hy postglac1al cllmatlc changes.[

Hovever, an eastern lower Great Lakes refugiun (of
- 4

1974) better explalns thlS pattern wlthout postulatlng large/ ;

scale extlnctlons. Slnce many of these spec1es are . ﬂ‘L

SN

' assoc1Qted wlth cold, deep, ollgotrophlc lakes, thls may

'1nd1cate evolutlon in a 51m11ar enV1ronant. ‘The geographlc '

prox1m1ty of the eastern lover Great Lakes refuglum, as well .

as the upper HlSSlSSlppl "Drlftless Area"' to the

"Plelstocence 1ce margln would be favorable for the creatlon

."expected to develo; many of the characterlstlcs llsted by

of such lakes. Spec1es eVQ1v1ng in thls reglon mlght be

: Hoperk (1973) as lacustrlne adaptatlons., These 1nc1ude g

: numerous and flne glll rakers, a termlnal to superlor mouth,

vglll fllaments.i

-large eye dlameter, increased 1ntest1ne length, a narrou,

bcompressed body, 1ong flns, llght color, and numerous, 1ong

s o . <% e~

Mlssour;’form of He hank1nson1 1nclude- Hiodon 310501dg§,f



HX_QBS ;EQIQI Q lb sis gracx;_s, §1b02§l§ Qel.gér I
'*fﬂzbopgls meekl, No g_gp;g.gleng;g _1Qgggath_§ a_gyri i§' Ly
) ¢ PN ¢ : -
,and ngggbus gxpg _g;1_§3 Thelr dlstrlbutlon generally

: 1ncludes the.ulssourl and mlddle H1531551pp1 bht w1th
T'llmated occvrrencejln‘the upper H1551ss1pp1 and Great Lakes
tba51nﬂw This pattern appearc assoclated Hith ‘a ulssourl,.L vajhu
lower: H1551551pp1,:and “Preglac1a1 Plalns stream" orlgln.
:iThese dra1nage< vere llxelyrless 1nt1mately assoc1ated Hlth
~the ice. margln and of a more fluv1at11e nature., Spec1es

_‘dlsplaylng thls dlstrlbutlon pattern are generaily

assoc1ated ulth rlvers, agaln p0551bly 1nd1cat1ng evolution

"Qﬁln a similar enV1ronment. Adaptatlons that mlght be

o o

expected under these condltlons 1nc1ude- fev, coarse 9111
rakers, 1nferlor mouth,dsmall eye dlameter, a- short
1ntest1ne, deep body, chort flns, dark color, and short,_
less numeroas glll fllament | ‘ ”

These racustrlne versus flg%latlle adaptatlons are SRR

—easSes

plgggggg and ﬁxhogn u hanklnsonl wlth respect to thelr -/
more southwestern counterparts.-'51m11ar patterns of

) covarlatlon mlght be expected in spe01es thatvhave-

' dlstrlbntlons encorpassnng both of these: patterns. 'Indeed

. Metcalf (1966) has demonstrated this to be so for such

. i - -

—— . e — - ——

Catostomus commersoni." Buture work y;ll most‘llkely shou_

similar patterns of’variationein‘additional species.
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- Figure 2. UPGMA cluster analysis: for ‘averaged female and

. . male Hybognathus hankinsoni interpopu¥ation .
~® . generalized distances (D2) based on 16 chagacters.
. Locality labels as in Article-1, Table 1. S '
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