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ABSTR.ACT

Coregionus artedii, 9" prognathus, C" autumnalis and

C. sardinella we::e the only species of císcoes judged to be

valid in collections from 81 localities in central Canada"

Sympatric forms (morphological types characteristic of

localities) of ciscoes, definitely found at 35 localities,
r^rere separated by mean square distance, d.iscriminant analysis

and gillraker counts; forms from all localities were grouped

by factor analysis, mean square distance and information

analysis. Gillraker counts, upper jaw length, mandj-ble length,

snout length, êyê diameter and interorbital r^/idth \^/ere of most

use in separating the species, but all 19 characters studied

showed interspecif ic dif f erences. Sexual dimorphism \^/as not

significant at the three localities were it was tested"

C. autumnalj-s and C" sardinella were found only in

the Mackenzie R" where they were sympatric with C. artedii;

there, C" autumnalis was dístinguished. from C. sardinella

and C" artedii by an eye diameter of less than 4"02 fork

length, and C" sard.inella from C. artedii by an interorbital

width of less than 4.72 fork length. There was no character

or combination of characters that separated all C. prognathus

from all C" artedii, but in central Canada all populations of

g" prognathus had a mean gillraker count of 40"2 or less, and

l_



9" artedii of 40"9 or more. Where 9. prognathus was sym-

patric with 9. artedii, all individ.uals were separable by

gillraker counts" Two or more sympatric forms of C. artedii

v/ere found in 26 localities, but their differences were not

consistent and were associated mainly with síze differences.

Differences between the gillraker counts of sympatric 9.
prognathus and C" artedii were not correlated to size dif-

ferences, but differences between the gillraker counts of

sympatric forms of q" artedii were correlated to size dif-

ferences. Differences between populations of C. artedii

r^¡ere associated with envíronmental and size differences.

The four species differed. in the shape of their dentary,

maxilla, supraethmoid and supralingual plates. A partial

key to the ciscoes of central Canada is given, but a multi-

variate approach is more effective because of the problems of

allometric growth and intraspecj-fic variation.
Suggested new synonyms for C" artedii are C. hoyi

(except from the Great Lakes and George L.), q. n. nigripinnis,

g. nipigon, 9. zenithicus from Attawapiskat L., g. athabascae,

q" entomophagus, 9" macrognathus, 9. churchillensis and 9"

nuelt.inensis. Suggested new synonyms for 9. prognathus are

g. zenithicus (except from Attawaspiskat L" ), g. cyanopterus,

q" reighardi, 9" hoyi from George L", g" artedii from Deer L"

and some C. artedii from Lac SeuI and Sandy L" It is sugges-

ted that C. alpenae, C. johannae and

LL
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be conspecific wit.h 9. prognathus, that C" hubbsi is con-

specific wíth 9. artedii, and that Great Lakes q-" hoyi and

q" kiyi are conspecifi-c and may be conspecific with 9" artedii"
From their morphology and distribution it was con-

cluded that each species is monophyletic and survived the

Wisconsin glaciation in one refugium; C. autumnalis and

ç." sardinella in the Bering refugium, and C. artedií and

g" prognathus ín the Mississippi refugium. The lack of
morphological equivalence between slzmpatríc forms of C.

artedii suggests that they arose postglacially by either
microgeographic or sympatric differentiation; probably they

behave as elementary populations which do not interbreed at

some localities but do interbreed at others" Intraspecific
variation in coregonids suggests that the selective regime

is more important than reproductive isolation in the

differentiation of coregonids "
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ÏNTRODUC TTON

The ciscoes, bloatersu chubs, lake herríngs and tul-
líbees are a group of siblÍng species placedu wíth the whÍte*
físh, in the genus coresonus" Their taxonomy is comprÍcated,

by phenotypfc plasticity, which often results in there being

greater differences between allopatric populations of the

sane speciee than between sympatric populatlons of different
speeies. This was not recognised fully by earry workers and

led to the description of 39 species of ciscoes from North

Americao of whieh only tlqelve !üere reeognised as vâIid by

Bailey et al, (1970) " A totat of twelve species have been

described from central canada (defined as the Arctic and Hud.-

son Bay drainages of mainland Canada as shown in Fig, 1);
five of these were considered valid by Bailey et al" (tgZO).

To date cisco taxonomy in ltlorth America tras been

based on Koelzes ft929, 1931) work in the Great Lakes basin

and northeastern U.S.A., and. Dymond.ts (1943) work on the

ciscoes of northv¿estern Canada" Koelzrs (f929) keys to the

ciscoes of the Great Lakee and L. Nipigon, Hubbs and Laglerss
(1g6lv) key to the clscoes of the Great takes region, and the

key to Manitoban ciseoes (ftinks ]-957) are not satisfactory
withín the geographical areas for u¡hich they were intended.,

and are even less sati.sfactory outside of these areas,

chiefly because of the phenoÈypic plasticíty of the ciscoes.



In the last decade several new techniques of analy-

sis have been íntroduced into taxoraomy (Sokal and Sneath

L963) " Some of these technfques are used, together with

some tradítional teehniques, to elucidate the systematics

of císcoes in central Canada and thelr ref.ationship to the

ciscoes of the Great Lakes basin and to the arctic ciscoes

(tfre ciscoes of the Arctic Ocean, BerÍng Sea, Yukon R' sys-

tenu and the anad,romous ciscoes of the Mackenzie R" ), The

study is based on collections made by the author trom l+2 new

localitiesu and on examínatíon of new or oLd material from

another 56 localities,



THE SEPARATÏON OF SYÞIPATRTC FORMS OF CTSCOES

FROM CENTRAL CANADA

û{aterials

A total of 1&93 ciscoes frora 8l- localities ín een-

tral Canada (Fíg, I and. Appendix 1) were examined" The

local-ities 1n Fig. 1, including the Localfties of extra-
limital materÍal used Ín later analysese were numbered from

the north-west to the south-east and the names correspond-

ing to ühe numbers are gÍven in the accompanying key" The

sequence of localitfes in all tables 1s alphabetic and the

corresponding location numbers are gÍven in Table If and

Appendix 1" Sample sizes are also gÍ.ven in Table II and

Appendíx 1. 1355 specimens from l*9 locallties, mainJ-y col-
lected from the Prairie provlnces and northwestern Ontario

by the author between l.967 and 197O, were exa¡nined at the

University of Manitoba; these fish were preserved in for-ma-

Lin and then transferred to isopropyl aleohol" An addi*

Èional J-J8 preserved specimens from 38 localitÍes vdere

exannined aÈ Ëhe Boyal Ontario Museum or the NationaL Museum

of Canada, Fish from Fort Simpson and the tr'ackenzie Delta

were eombined into one sample for analysis, refemed to as

the MackenzÍe B" sampJ-e,

Morphological Characters

18 or 19 morphological characters were determined



&.

Fí9" I, I{ap showíng t}re localitíes from.whÍch ciscoes were examíned"

Key: &,-Lae Laberge, 2-Hackenzie Del-tau 3*Dismal L,, l+-Great Bear L.,

!*Spark Plug L. u 6-Ke11er t. u f*Fort SÍmpson, 8*Great Slave L", g*

Pelly (or Garry) [¡.e 1O*Beverly L"u l]*Aberdeen R,, l2-Baker L"u J*3*

Tazin R,, l{-IIholdaÍ.a t., I!*Barrow t,, 16*L, Athabasca, If-Big
Peter Pond, I8-Churchill L,, lg*Littte Peter Pond, 20-I1e-a*1a-

Crosser ?L-Lac la Bicheo Z?-Col:d L", ZJ-Lac des Ïles, 2[-Flotten t.u
Zl-Greig L", 26-Vfaterhen L., Z/-Reíndeer L,, Z8-Bigstone L., Zp-Lac

Ja Ronge, 3O-lfaskesíu L,, J1-Montrea] Lo, l2-Churchill-, 33-I4anistik*
wan (Bie Is1and) L., J/¿-Neso L., 35*Bj.e Thin L,, 36-Little T\¡rin t.
J/-Payuk L., 38-Lít,t,Ie Athapapuskow, lp-Mink Narroiøs, 4.0-Big Atha-

papuskow, [l-First Cranberry L,o l¡2-Second Cranberry L", l+3-Rocky

f," r [d-CJ-earwater L", l+s-L" WinnÍpeg, 46-Last Mountain t", df-Pasqua

f , r l+8-Echo L" e l+g*Fishing L., 50-L" Manitoba, 51-Big Whlteshell L,,

l2-George L,, Jl-Falcon L,, 54-West Hawk L,, JJ-Waniplgow L" u 56*

Quesnell (Caríbou) L,, J/*Beresford L,, Jt-Pine Fal1s, lp*Bird
(Oiseau) L", 60-Ðavidson L,, 6r-r" of the woods, 62-sandy L., 6l-
Deer f¡.e 6l+-Nikip L", 65-Lac Seul, 66-Minnitakí L,, 67*L. St.Joseph,

68-0snaburgh L", 69-gig Trout L", fo-Attawapiskat L", 7l-Hawley t",
f Z-Janaes Bay, 73^L, Abitible 7b-L" I{atagami, /J-ltlaswanipi L., 76*L"

Otga, 77-Fort George, /8*Cape Jones, 79*Great Whale R,, 80-Richmond

Gulf , 81-Povungnituk, 82*L" Nipigon, 83-Long L", 8l*-Dunc f¡ø I 85-L"

Superiore 86-L. MÍ.chiganu 87^L" Huron, 88-Baby L"u B9-L" Erie, 90-

L. Ontarior 91-Lac du Loups s 92-Lae Heney, 93-L. Simon, Sd-!üilson8s

f¡, r p!-Meach L", 96-tittle Whitefish L, o 97*saguenay Fjord" Loca-

tíon unknown-Kapsawi R,u N.V{.T. Blaek and white line encloses area

defíned as central Canada, Solid Line shows limits of the Pre-

ca¡rbrian Shie1d "
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for each físh, on the l-eft side whenever possible, The

tv¡elve external measurements and tv¡o angles are shown in Fig.

2; fork length and profile were rneas¡rred on a measuring

board graduated to lmm", and the oüher measurements were

made with dial callipers graduated to 0,05mm" Angles were

rueasured by placing the fish on a board, marked, in degrees"

The followÍng counts l/ùere made: lateral line scales (a11

the pored seales; if scaLes were nnj ssing¡ scale pockets were

counted); giLlrakers of the first giJ-l arch (counted under a

binocular microscope and. i.ncl-uding all bony rudiments; counËs

of the upper and lower linbs were reeorded separately; a gill-
raker straddling the angle of the arch was includ.ed. in the

upper count). Gíllraker length (distance from the tip to

base on the venüral side of the second raker from the angle

on the lower limb of the first giJ-I arch) was also measured.,

Analysis

Gíllraker counts, appearance, and a numerj.cal taxo-

nomic method were used to detect sympatric forms (morpho-

logical types characteristie of a locality) of ciseoes Ín

eaeh l-ake, and to separate the forms if more than one form

was present, The samples from each lake may not have inclucÌed

every form present in that lake¡ or¡ if only a few individuals
of a form rdere samples, that form may have escaped detecËion.

Numerical. Iaxonomy. - ïhe following process 'rÁras
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Fig, 2" Díagrams shoning external measureroents and angles,

and measuremeats made on the dentary and maxilla. Measure*

ments follow liubbs and Lagler {lJ-96i,+) except where stated"

-T(ey.' A: O-horizontal axis (line from the fork of the caudal

fin to the premaxillae*ethnoid joint), l-profile angle (ttre

greatest angle between the horízontal axis and the nuchal

hump; not measured. for all locaIiËies), Z*premaxilla angle

{angIe between the horizontaL axis and the premaxillae) o 3-
body depth¡ {-pectoral lengthr 5-profíle (anterior Èip of
snout to greatest body depth), 6-fork length, /-pelvic length.
B: 8-head length (exctuding opercular membrane), 9-eye dia-
meter (greatest horj-zontal distance across the cornea), 10-

sn_out l-ength, l1--mandible length, l2-upper jaw length. C:

l-l-premaxillae width (width of snout between the two pre-

maxilla-maxilla joints, I4-interorbital width (least bony

v¡idth)" D: l!-dentary (maxinum distance from the most anter-
ior point to the anterior edge of the coronoid plate)" E:

16-maxi1la (ninimum vertical height at the JunetÍon of the

anterLor and posterior portions of the distal plate).
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repeeted for &.8 localities where the sample sÍze was greater

than four. The data of measurements, counts and angles were

transformed to 10910" The effect of overall size differences
was removed from the measurements by calculating the regres*
sion line for each measurement agaínst fork length, and. then

using the deviation of each ciscoss measurements from the
corresponding regression lineu A matrix of mean square d.is-

tance eoefficients (sokal and sneath 1963) was calculated

afËer the deviations and other characters had been standard-

ised" separate gillraker counts for the upper and Jower limbs

were included; the total number of gillrakers and fork length
were omitted, This rnatrÍx showed the similarity of each cLsco

to the other eiscoes from the sarne locality, Each clsco was

grouped with the ciscoes to which it was most similar" rf
this method showed ühat there was more than one form of
císco, the cÍscoes were arranged in their respective forms
(see Appendix 2), rf there were more than five ind.ividuals
in each sympatric form, discrimínant analysis (CooJ-ey and

Lohnes 1962; Seal l-?6l+) was used on the same stand.ardised

data that were used i-n the calcuration of nean so,uare dis-
tance coefficientsu except that fork length was Íneluded,
Discriminant scores showed wheËher any ciseoes had, been

grouped wrongry by mean square distance; if ciscoes had. been

grouped wrongly, they were regrouped by theÍr dfscriminant
scores and discriminant analysis ïras repeated, DiscrinÍnant
coefficie¡t¡fis showed which of the standardised. variables were



I

of use in the separation of sympatric forms" Chi-square

val-ues i.ndicated the degree of morphologicar difference
between sympatric forms. No statistical significance was

placed on these chi-square values since the same data were

used in discrj-minant anal-ysis and to separate the s¡rmpatric

forms, and discriminant scores were used to regroup ciscoes"
ïn the tests for sexual dimorphism and. intra-lake varÍationu
statistical significance was placed on the results of dis-
criminant analysis since separation of the groups was by

data not included in the analysis"

The use of deviations to negate size d.ifferences in
the measurements and thei-r subsequent use in numerical_ tax-
onomy requires that synrpatrlc forms of ciscoes have símiLar
size ranges, and that the regression lines for each form are
paralle1.

Further details of the numerical taxonomic method,

åre given in Appendix 4. all these caleulations and all
subsequent carculations were carried out on the university
of Ï,{anitoba TBI\IL 36A-65 computer, using programmes available
at the computer centre or written by the author, The dis-
crj-minant analysis programme was modified from Lee (MS lg7t),
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Results

Numerícal Taxonomy

Amongst the 48 localities with sample size over four,
examination of the matrices of mean square d.istance coeffi-
cients suggested thai there were three sympatrÍc forms of
cj.scoes at slx locaritles, two forms at 26 rocarities, and

one form at l-6 loeali-ties.
.amongst t]ne 32 roealities thus ind,icated as liavÍng

more than one form of cisco, discriminant analysis showed, co¡-
siderabl-e morphological difference among the three sympatric
forms in the same six localíties, and among the two sympatric
forms in 1s lakes (erri-square val-ues of zz.9 or larger; see

Table r)" The two sympatric forms in second cranbe*y L.

differed very litt,le in their morphology (chi-square : 5 "6)
and it was concluded that there was insufficient evid.ence

from mean square distance and. discrÍminant analysÍs to warrant
the separation-,of these ciscoes into two distinct sympatric
forms" Discriminant analysis was not used on the synpatric
forms in seven lakes (Attawapiskat, Falcon, First Cranberry,

Flotten, Montreal, sand.y, lrlest Hawk) since one or both forms

contained less than five ciscoes

0f the 2lp localities thus shown to have rnorphologic_-

ally different forms, d.iscriminant seores completely separ*
ated the two or three forms at 20 localities, The scores
never completely separated the üwo sympatric forms in cold
L'e Echo L'u and Last Mountaj.n L.; the scores and coefficients
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\^¡ere not calculated for Big Vühiteshell L. The discriminant

scores showed that an average of 11.1U of the ciscoes had

been grouped wrongly by the mean square distance coeffi-

cients. At the 20 localities where there was a complete

separation of the forms, nine per cent had been grouped

wrongly, compared to 22"5? in the three lakes where separa-

tion was not complete"

Table I gives the results of the discriminant

analyses, the discriminant coefficients and the mean score

for each sympatric form (lower, medium and higher refer to
gillraker counts see Table II and below) for the 24 localities

where morphologically different forms were found"

The discriminant coefficients show which of the stan-

dardised variables \^rere of most use in separating sympatric

forms at each locality. The coefficients for each variable,

except profile angle, v/ere squared and summed over all the

discriminant functions; the resultant sums of squares for the

variables were normalised. This showed how much of the total

variability between the morphologically different sympatric

forms at the 23 localities (coefficíents vrere not calculated

for Big Vühiteshell t.) was accounted for by each variable.

Gillraker counts vrere the only characters that completely

separated any sympatric forms"

Gillraker Counts

Since gillraker counts within a population are largely



Lo
ca

llt
y

T
A

B
I,E

 I

T
he

 r
es

ul
ts

 o
f 

dl
sc

rln
ln

an
t 

an
al

ys
ls

 u
se

d 
to

 s
ep

ar
at

e

sy
rn

pa
tr

lc
 p

ai
rs

 (
or

 tr
io

s)
 o

f 
fo

rm
s 

of
 c

Ls
co

es
.

C
oe

ffl
ci

en
ts

 g
re

at
er

 t
ha

n 
0.

30
 a

re
 u

nd
er

lln
ed

.

L.
 A

th
ab

as
ca

B
1g

 A
th

ap
ap

us
ko

w

B
lg

 P
et

er
 P

on
d

B
ig

 lV
hl

te
sh

el
l 

L.

B
ird

 t
.

C
hu

rc
hl

ll 
L.

c) tr 6 J (t qt I .r
{ E r)

rl
aa

F
IF

IE
.r

rlc
.O

(Ú
F

{Ë
do

rl-
{'Å

'ô
.r

ltl
É

l¿
Þ

hÞ
€q

{
't{

()
'd

-l(
Ú

O
C

)
öo

oo
ol

{Þ
r

ß
q 

Ê
. 

F
q 

P
{ 

Iq
 

ê{
 

t¡
l

1U
.9

 
.2

2 
.1

2 
.0

4

L9
9.

3 
,3

5 
-.

r2
 

.O
8

6?
.9

 ,J
Z

 -
.2

? 
.0

3

9?
.?

 ,
J2

 -
.o

3 
.0

5

73
.3

41
.4

 =
fi-

 .2
8 

-_
.O

?

59
.O

 -.
19

 ,2
5 

-.
L3

D
is

cr
lm

ln
an

t 
co

ef
fic

ie
nt

s 
fo

¡:
 e

ac
h 

va
ria

bl
e

-,
zi

;3
 ,1

6 
,o

S
 ',

t5

'-L
3-

 .0
7 

-.
1r

+
 -

.0
1

.2
O

 .1
5 

-.
10

 ,-
?¿

.I5
 -

.2
3 

-.
L9

 .2
2

-.
o5

 -
.2

7 
"2

È
 .O

5

.Is
 -

.?
8 

-.
t-

7 
.0

0

b0 H 6 (Ú r{ -a t4
 

r'l
x (Ú

{J É
ã

oo Í{
É

Ê
{ 

(n

B
;

ôF
{t

!.O
.

C
'c

0f
{-

lf{
'ù

9(
D

F
l

.;{
po

or
{F

l(Ú
J.

ì¿
J¿

E
j4

(Ú
rl 

ti
-o

d¡
l<

Ú
O

F
l 

0)

-t
'li

È
r¡

Í{
Ê

{o
.!-

lJ
'd

tö
P

.-
lX

d
È

tr
fr

ß
<

tr
'.{

rlr
Ú

tu
iD

iD
õo

od
qr

Ë
-1

rJ
lrO

.P
. 

lÉ
O

O
-{

¿
rÉ

P
.À

or
dt

ut
{'.

1
ts

T
 

È
 

Þ
 

Þ
 

É
 

E
 

p{
 

'P
. 

o

-.
08

 .
0l

r 
.0

4 
-.

15

-.
15

 li
tg

 -
.L

3 
.2

7

.1
8 

-.
17

 .
19

 -
"1

9

.2
3 

.2
1+

 -
.2

3 
-.

51
+

-.
00

 .À
5 

-.
o4

 .2
1

.0
4 

-.
02

 -
.1

6 
.6

0

.1
r 

::&
!

.L
z 

-.
"4

.L
h 

-.
29

.L
5 

.0
1

.r
9 

.L
5

.2
3 

.1
8

:fL
 .-

2L

'k
2 

''o
5

.3
J 

-.
00

.lg
 ,

o2

-.
r3

 -
.t5

.o
e 

-.
rg

M
ea

n 
di

sc
rim

-
ln

an
t 

sc
or

es
fo

r 
ea

ch
 f

or
m

.0
6 

"t
?

-"
2L

 .O
5

- 
"o

9 
-.

o3

-.
06

 -
.1

5 
-.

16

: 
-.

02
 -

.o
tr

-.
09

 -
.?

g 
-"

03

(c
on

¿
. 

)

Lo
ue

r 
M

ed
 H

ig
he

r

-"
93 -"
86

 -
39

.0
0 

-.
16

-.
.2

2

-.
1+

4

-"
29

.o
)

1t .2
r

.2
6

")
 I

.?
6 H H



T
A

B
LE

 f 
(c

on
ttd

)

Lo
ca

llt
y

C
oL

d 
L.

E
ch

o 
L.

La
c 

de
s 

fle
s

La
c 

La
 B

ic
he

La
c 

S
eu

I

La
ke

 o
f 

th
e 

W
oo

ds

La
st

 M
ou

nt
al

n 
L.

Li
ttl

e 
A

th
a-

pa
pu

sk
ow

Ll
ttl

e 
P

et
er

 P
on

d

o Ê
{ 6 I ct o I d .q C
)

F
l

a

F
l 

F
{

oq
to

.{
 

ß
{ 

tt 
C

, 
r{

 
F

l
O

 
.r

l 
'r{

.r
¿

.P
hÞ

'c
tq

{
l{(

,'c
tF

{d
o

ôo
oo

of
{

hO
"É

qÊ
{¡

É
Ê

1

6?
.?

33
.3

35
.L

?8
.0

Lï
L.

2

8o
.?

50
.3

L5
6.

8

34
.t+

89
.2

=
-e

 
,5

4 
-.

I3
 -

,2
3 

=
-W

. 
-.

25
 -

,o
t+

 .
oó

 ¿
Z

 
.I2

 .
19

 .o
l- 

.2
o 

.L
z 

-.
v7

D
is

cr
l¡a

Ln
an

t 
co

ef
flc

le
nt

s 
fo

r 
ea

eh
 v

ar
la

bl
e

:2
2 

.1
8 

,O
5 

-.
63

 .
L3

 -
.2

1+
 -.

Il+
 -

.0
3 

-.
1-

I 
-.

07
 -

.0
6

.2
6 

-=
-&

 -
.O

7 
-.

LI
+

 ,
22

 .5
1+

 .
27

 -
.L

5 
.0

3 
-.

1O
 -

.0
1

-.
?2

 .
24

 -.
O

l ,
-L

 
.0

3 
-,

06
 .o

3 
-,

o2
 .

L3
 .1

4 
.0

5

ù0
F

.
É

B
.d

O
F

{o
).

O
-É

6t
<

F
lf{

!b
0o

r{
d.

;P
oo

F
lF

: 
(d

. 
-{

 
¡ 

.r
{ 

J4
 

} 
.1

1 
cú

 
r'l

 
ß

r
É

;-
i,o

cú
d(

üo
'{o

A
:jF

{r
{t

{k
.D

Ír
-1

 
o.

.{
X

.:.
1 

X
 

'- 
(ú

 
ô 

P
 

-l 
X

 
6

Ù
¡d

{r
f{

Í<
ß

{Í
{f

{F
{'n

dt
i

-É
ib

öö
ài

od
tõ

cJ
È

r1
oi

D
b{

){
r9

<
Ê

È
É

qo
rl

Lf
{É

(Ú
É

È
À

o(
Ú

f{
t{

"'-
l

rå
'ri

irñ
È

F
ìÞ

Þ
È

E
Ê

.Ê
{c

j

.L
6 

-.
O

7 
.0

0 
.O

2 
34

 -
.L

6 
-.

12
 .

L!
 -

.2
2 

-,
O

I+
 .1

É

-J
5 

.L
9 

.0
6 

.O
7 

=
_?

2 
.L

5 
-.

27
 -

.1
2 

-.
O

? 
-.

O
2 

-4
!

-.
84

 :3
!. 

.O
) 

.1
4 

-.
05

 :ä
. -

.O
4 

.0
0 

.o
3 

.0
2 

-.
o8

-.
11

 .
60

 .0
8 

-.
28

 -
.?

. 
. 
.0

3 
.0

7 
-.

O
r 
-.

L6
 .O

3 
.,.

2L
 -2

O
 -

.0
6

-.
0À

 =
19

 -
.0

4 
,ß

. 
¿

J-
 -

.L
5 

_.
!! 

.o
2 

"1
4 

-.
02

 -.
19

 .
06

 -
.1

4

.2
8 

.2
9 

-.
O

2 
&

4.
 

.2
3 

-.
O

8 
¿

2 
-.

2t
 =

!2
 -.

16
 -

.0
1 

-.
05

 .0
6

.0
4 

.2
5 

-.
O

4 
-.

10
 -

.0
9

.t5
 -

.2
5 

-"
16

 =
3f

-
.1

8 
-.

10
 .1

5 
-.

01

r3
-å

 -.
r9

 r
.æ

, 
-'1

1*

.0
8 

-.
32

 "5
A

 -"
21

,

.0
6 

.o
5 

.o
o 

-.
r4

Itl
ea

n 
dl

sc
rim

-
in

an
t 

sc
or

es
fo

r 
ea

ch
 f

or
m

-.
18

 -
.0

6 
-.

L9

-.
o7

 .
t2

 
-"

53
.0

6 
-.

08
 -

r.
.6

1
.2

3 
-.

O
9 

-.
60

-"
04

 .
03

 -
.3

1+

-.
 0

1 
.2

g 
-.

 a
g

.1
3 

"O
7 

-"
2O

-"
00

 .
?0

 -
1.

e0

"L
6 

-.
L7

 
.0

6

.o
2 

-"
o3

 t+
26

"5

(e
on

t. 
)Lo

w
er

 M
ed

. 
H

ig
he

r

'3
L 

.I4
.0

4 
-.

o7

.0
8 

"1
0 

,I2

.:l
g

"3
0

.8
0

.5
1+

"6
0

oo .2
r

"1
6 

"7
8 

.

-.
20

 .
10

¡+
26

 "5

P to



T
A

B
LE

 I 
(c

ôn
ttd

)

Lo
ca

llt
y

M
ac

ke
nz

ie
 R

"

M
ln

k 
N

ar
ro

w
s

M
ln

ni
ta

kl
 L

.
N

es
o 

L.

Q
ue

sn
el

-I
 L

.
R

oc
ky

 L
.

W
as

ke
sl

u 
L.

lla
te

rh
en

 L
.

l. 
V

lin
ni

pe
g

o t{ d cr
.

tD
 

rl
l. 'r{
 

F
{ 

rl
.q

.q
t..

0)
C

)r
{¡

{d
oF

lF
{

O
 

..{
 

E
{

j¿
lrÞ

rÞ
ÎJ

c{
t{

oõ
"4

6O
O

O
O

O
O

f{
Ê

{ 
P

. 
Ê

q 
P

{ 
!É

 
Ê

r

t0
7.

4
b2

.I
-.

53
 -

.O
? 

.?
1 

.r
9-

 -
.r

2 
-,

rt
 

.2
2 

-.
23

 -
.L

8 
-,

r2
 -

.0
2 

-.
06

 .
O

7 
.2

5 
-.

tg
 

"O
3 

_.
tg

 _
r,

87
.6

7 
-.

O
3 

-3
3 

.3
5 

.0
7 

-.
10

 .
L?

 -
..O

7 
-.

t2
 

.2
? 

-.
t6

 
.0

4 
-.

20
 -

.2
5 

-"
L6

 
.0

4 
_.

r8
 

.2
4

.1
8 

-.
21

 -
.0

6 
-.

06
 =

¿
2 

,r
g 

-.
03

 :.
13

 .
rO

 -
.1

6 
,2

Ê
 .4

7 
-.

O
5 

,&
. 

.1
,4

. 
i¡.

12
 .L

3 
-L

,2
6

,9
. 

.0
9 

.L
8 

.0
6 

-.
27

 -
.2

? 
.L

0 
-.

04
 .L

L 
-.

O
5 

-.
29

 .
O

r 
,2

0 
.O

7 
-"

27
 

-.
37

 ,Æ
. 

-.
39

:2
. -

.4
1r

 .
01

 .1
4 

.0
1 

-r
4 

.O
t+

 -
.O

4 
-.

24
 .

07
 -

.1
1 

.0
1 

=
_ã

g 
"0

1 
.3

2 
.O

5 
.O

3 
-.

55
.o

3 
.r

2 
-.

t5
 

.t+
o 

-.
39

 -
.2

L 
.0

9 
:0

9 
,6

3 
-.

o2
 .

o2
 .L

g 
_.

04
 "o

7 
_.

34
 

.O
O

 _
.2

0 
_.

41

-.
7!

 -
.O

Z
 .

08
 .

æ
 

.0
9 

.2
t+

 .0
9 

.O
I¡

 .L
8 

-.
02

 .
06

 .O
¡È

 .O
Z

 .0
6 

.O
O

 
.Z

O
 -.

LL
 

-.
F

T
-.

53
 .

O
2 

.0
6 

-.
O

5 
.O

5 
.ü

- 
-.

O
r 

.0
6 

-.
11

 "
O

5 
-.

tZ
 

.O
g 

-.
55

. 
-.

O
S

 -
.Z

O
 

-.
13

 -
.O

O
 -

.2
8

;z
 

.1
0 

-.
o1

 -
.9

9 
-.

04
 .2

4 
-.

O
2 

.0
6 

-.
?L

 -
"O

3 
-,

I2
 

.0
6 

-.
r7

 -
.O

4 
"2

7 
-.

O
4 

-3
6 

-.
27

 
_"

75

=
32

 .0
1 

-.
22

 :3
2 

-.
tr

g 
.2

O
 .0

0 
.O

4 
-.

O
5 

.0
¿

¡ 
.p

g 
__

.I8
 -.

02
 .

O
5 

,æ
. 

.2
6 

_.
42

 _
.t+

5

-.
30

 -
.0

5 
"1

6 
=

3-
L.

 ,.5
8 

,Æ
. 

.0
6 

-.
01

 .
20

 -.
10

 .3
O

 -
.0

6 
-.

10
 .O

5 
-.

"4
 

-.
O

t+
 -.

23
 

.0
6

(c
on

t. 
)

5r
.4

\e
.o

Jt
+

'z

3L
.5

t+
5.

L

2e
.8

36
.7

82
.5

22
.9

b0 É d d
.r

l
É

rJ
dú

 
...

{ 
Ê

{
.r

l 
X

dd
.r

j
É

5
oo

o
Þ

,L
É

f4
 

Ê
r 

rn

F
j

oF
{f

r.
vr

.
É

6f
{r

{f
{.

b0
or

{
.A

{r
O

or
l 

É
cú

r{
..{

}4
F

¡¿
dF

lf{
P

c6
tÚ

6o
-ì

(t
F

{ 
f{

 
fr

 
ì:¡

 
t{

 
F

{ 
O

 
'¡l

 
i{

dO
.o

F
lX

d
ti 

Í{
 

fr
 

fi 
þ 

r{
 

.r
{ 

cú
 

fr
oo

oo
oh

tc
'{E

F
{

{J
1J

Ê
.P

{t
É

O
O

.-
l

tÚ
É

P
.Ê

O
cÚ

f{
t{

'rl
F

¡H
Þ

Þ
dä

Ê
<

Þ
{(

J

M
ea

n 
di

sc
rin

-
in

an
t 

sc
or

es
fo

r 
ea

ch
 f

or
r¡

Lo
w

er
 M

ed
 H

ig
he

r

.r
7 

r"
32

-"
54

 
"3

4

.5
1

.2
8

"3
1+

.5
2 r1

. 
)L ^-

.a
 

l

"4
t+

"3
3 

1"
00

-"
29

 
.2

t+ H



Þ
E
o
þ
d

oFä

I
T
F
Þ
l)
o

¡\'ÚFO.cù \t{
o
o *:3

{6
E\t

H9t
'cr +- ÞJ

t¡c)
Ho t-+,
.o
Or tsJ

Èl
U'

@.Þ
--¡ C)

o
o

O\É .Þlr)ci
o
Ê N.tst

t\'OF

PÚo<(
Po

Þ
O\O .Èf
o

p
HÞJ .lJ.
\rr9,cf

H
O\O
oo

x ¡\) l) oo
Or ìd

ct
\tr ¡d
.T
\OO

Fl
P.

osP .O
HIt

5
+- 0c
.H
oo

ò)
\o

o\

F{
o()
p
H
P
ci q

Chi-square

ts3
Þtd
rtd
H

o
o
3cr

Fork I.

Pectoral 1.

Body d.

Pelvic ]-

Head 1.

Profile

Eye diam

Premaxilla ang.

Snout 1.

lateral 1i,ne

Interorbltal w.

Upper rakers

Upper jaw 1.

Lower rakers

Ifandlble 1.

Profile ang.

Prernaxillae w.

Gillraker 1.

+tT

ts
o
oF'

o
Þ

H.
ûr¡
!'
oFl

FbFÀU
o5(D tsJF g)

55 ocÞ g)9,
r,oP.
ìto ø

Oo Fà FI F'
ooP' r'l o Ël
ãtr



15

independent of body size above 120 mm" (Svardson 1957; It[cCart

and Andersen 1967), and are convenient taxonomically, the use

of this character was examined as a means of discriminating

and equating forms previously sorted by numerical taxonomy"

A form will be referred to as a lower, medium or

higher form, depending on the relationship of its mean gill-

raker number to the means of other sympatric forms" If only

one form occurs in a lake, it will be referred to as a medium

form; if tv/o, as lower and higher forms; if threer âs lower,

medium and. higher forms. The means and ranges of the gi1l-

raker counts found for each form at each locality are given

in Table II" The term "bimodal" will be used to describe

gillraker distributions that suggest the presence of s1-mpatric

forms, but do not clearly separate the forms found by numerical

taxonomy" Similarly the term "normal" will be used to des-

cribe distributj-ons that suggest a single form"

The range of gillraker counts clearly separated two

sympatric forms in 11 lakes, and three sympatric forms in

three lakes (Table Il). In Big Athapapuskow the gillraker

counts separated the lower form from the other two forms,

whose combined counts were "bimodal"" The counts were

"bimodal" in 14 localities where two forms had been found by

numerical taxonomy, and in Pasqua L., Palruk L" and at Churchill

where there was no firm evidence for the existence of Lwo

sympatric forms. "Normal" combined counts were found for

the Mackenzie R. where three forms were found, and in four
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TABLE TI

GÍllraker counts of ciscoes from eentral canada

arranged according to their relatíonship to
eounts of sympatric forms" Counts that dis_

tinguish sympatrÍc forms are uarderlined,

Gillraker countsLocality
(name and
number )

Lower Medium Higher
n Range Mean n Range Mean n Range }{ean

Aberdeen R. (1I)r z bt+-t+6 k5"o

L. Abiribi (zl) 5 55*60 57.t+

L.Athabasßa (16) 18 ?å-l+? ?9"7 26 ha"57 qZ.6

Attawipískat L. (7O) 6 r8=¿*¿o tþ]-"6 6 q?_F6 {lr.,I
Baker L, (rz )1 z &o*4r t+o,s

Barrow L" (t5¡L'2 V v-t+l ?9" q zL hh:qL t+.7 -s.
Beresford t" ISZ) 1g 42_r*g tú,6
Beverly L. (10) 5 bz-'t+6 t+h.t+

Big Arhapapuskow (40) L6 ?!*?6. z9-_L zlt, 3g^t+Z tnz,l 19 t+z*ttg t+5"6

32 l+3-5O tþ7 
"h.

BÍg Peter Pond (tZ'l 38 t+Z-t+g I+5,g

Bigstone L, (Zg) ZO h6-56 t+T "3
Big Trout L" (69)1 I iJ 3J- z uoTt+5 t+2,5

(cont sd )
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Table II (contrd)

Gillraker counts

Locality
(name and. number) Lower Medium Iligher

n Range Mean n Range Hean n Range Mean

Big Thin L, (gS) IÀ. t+5*jl t+7.9

Big lrutrfteshell L, (51 ) 7 48-fl hg.3

Bird L. (59) L5 l+]-l+7 4l+ "9
cape Jones (Zg)1

churchill ßzl5
Churchitl- L" (f.8) æ t,3* jA 4ó,0
Clearwater L. (44 )I Z jJ ??,g

32 37-t+6 hO.g

2 3å- 3 {.0

11 t+7-5h 50"1

1 b2 t+2

19 38*46 l+3 -4

3 l+3*l+7 t+t+ "6

4 b6-49 4?,7

L4 48-5t+ 51" 0

a5 h8-57 52 "5

1 4,r 4L

9 l+6-53 t+9 "j
18 42-50 4.5.8

26 45-51 4g.O

28 q_g-4a L2 "g

32 36-t+6 4I"Lv

2 qo_qz 6I"0

L9 49*55 5A,6

16 43:52 tþ6,8

cold L" (22)

Davidson L" (60)

Deer L" (61)r

Ðismal L, (; )1

Echo L" (+g)

Falcon L. (n)5
First Cranberry L"

Fishing L" (49)f

Florren L" (zU)3 1 Ë æ
Fort George (Zf )r

(+il5

3 bl-b7 t+2 "O

(conË rd )
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Table II (eonttd)

Gillraker eounts

Locality
(name and. number) Lower Medium Higher

n Range Mean n Range Mean n Bange Mean

George L" (Sz)

Great Bear L. (e)l
Great Slave L" (S)3 1

Great Vlhale R. (Zg)

Greig L. (zS)I

Hawley L, (lt)
fle-a-la Crosse (ZO)

James Bay 1z'lL
Kapsawi R, (unknown)l

Keller L. (6)l
Lac des Ites (zl) 7

Lac 1a Biche (21) Ig
Lac la Ronge Qg)ln 5

Lac seul |fS)b 39

Lake of rhe Woods (6I) tB

Last MountaÍn L" (t+0) 27

Little Âthapapuskow 08) 1/+

33-37 35.4

4'3-l+9 45 "l+

5

4 t+I*t+6 t+2 "g
2 4¿-46 t+5 "o

5 t+3-Itg ht+"à

¿+ t+l+*49 t+6.5

14343
14848
2 l+5-l+7 l+6.0

22 41-49

14

2L

I
l+h "2 2

T6

26

l+2 "7 19

5

5

^.1tÖE l+2-&,9 45,8

t+5-5I

t+3*5L

48-<r

?'t -?"-¿- ¿L

30-41

46-sø

"2*37

4,7 "O

1"6" g

10,?

??.8

36 "3

5L"7

?4, (

tþt+-5o

t+7-53

5L
q4-q7

trL-51

47 *57

t*8-Sto

48"0

49 "g

5Z
q', 

"5
46,0

51" I
{1" 413 40-46

( cont 1d )
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Table fI (contsd)

-
Gillraker Counts

Locality
(name and number)

Lo¡'ler Medium Higher

n Range Mean n Range Mean n Range Mean

Litt1e Peter Pond (19) g

Lirrle Twin L" ßA)
Mackenzie R. (2, 7) I
tr{anistlkwan L" (¡¡ )l
L" Manitoba (¡O)

L. Matagami 1ln)

Mink Narrows lrg)A I
Minnitalti L. (66) 17

l{ontreal L" (:f) 7L

Neso L. (f ¿. ) 11

Nikip L" (6t+)

L, olga (?6)1

osnaburgh L" (6S)1

Pasqua L. (toZJ5

Payuk L, (lZ)5

Pelly t. (g)

Píne Falls {¡S)1

Povungnituk (gr)l

l+5-&.9 Lþ7 "7

|O-t+b 42.4

1.4o ry
38-50 t+3 "?

3g-t+8 tû "2
l+6-fi t+g "7

11 t+9^53

10 39-4t+

2h 38^45

20 46-56

3 59*67

20 4?-t+7

9

51.1

b2.5 10

4.f"6

50,5

62 "g

4l+.7 I
23

3

18

4t+-5L h7 "8

l+I-l+7 44 " h

æ.ß

4L*)+9 l+4 
" 4

t+È*fi 50 " 6

t+8-57 5f .1

l+

1

1

28

35

4

7

1

l+2-l+l+ l+3.2

56 56

4? l+2

t+7 ^58 51,0

t+8*57 52,5

l+L-h\. l+2 "2

4f-46 I+t+"O

l+6 l+6

(cont Îd )



20

Tabl-e II (conted)

Gillraker Counts

Locality
(name and. number)

Lower Medium Higher

n Range Mean n Range Mean n Range Mean

Quesnell L" (56)

Reindeer L, (ZZ)

Richmond GuIf (80)I

Rocky L. (t+l)

L, St. Joseph (62)

Sandy L" (62)

Second Cranberry L,

Spark Plug L. (¡ )l
Tazin R" (f¡ )

Wanipigow L " (55)

IÂiaskesiu L" (30)

I$aswanipi L. (Z S)l
I¡/aterhen L. (26)

l¡Iest Hawk L. (SlìLr5

Vfholdaia L, (f+)1

L5 t+t+*5o t+6,2

12 UL*t+6 tú "b

7 "7-4 40"2

(t+z)t5 hq-jt L,?.6

2l+ I+2-5O 45 "6

10 45^52 49.2

5 34^38 35 "6
14r41

16 38-t+6 t+I.3

14848
13737

15 44-5I t+7 "O

40-+6 42 "?

40 40

(cont sd)

12 t+6-52 48,7

22 l+2*l+9 h5 "3

3 qJ .51+ 6?.-0,

1&ffi.

?5 44-52 47 "6

17 tþ6*54 t+9 .5

5555

13

1
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Tab1e II (cont td )

Gil-lraker eounts

Lower Medium HÍgher

n Range Mean n Range Mean n Range Mean

L " lfinnipeg (US)

u .M. g 38-UT h,z ,r zo hL^h.7 t+U.o 6 hz_t+g bt+ " 
t+

R.O.I'{. 5 a7 7L3 79.3- I æ N" | 61 6L

l*None used in numerical taxonomic analysis
2F"or Paterson (1969)

3Lo**" form not used in numerícal taxonomi-c anarysis

4Highu* form not used in numericar taxonomic analysis
5Possibly two forms present

Locality
(name and. number)
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lakes (BÍs Peter Pond., Blg ÞIhiteshelr, Littre peter pond,

I¡Jaterhen) where there were two formsu and in 26 localÍties
where there was only one form, 'îNormalff counts oecurred in
Falcon L", First Cranberyy L" and ìtlest Hawk L" where th¡o

forms had been suggested by numerical taxonomy but not
tested. There was only one specimen from twelve

l-ocalities,
Three sympatric forrns were found. in L. winnipeg" The

counts were llbimodartt for the specimens examinèd at the
universíty of ManÍtoba, but the three forms found in the
specimens examined at the Royal Ontario Museum had separate
ranges (Table If). The relationship between the University
and Museurn samples is not clear,

Appearance

The appearance distínguished, sympatric forms at
flve localÍties" In Barrow L" (also see paterson 1969) and

Flotten L" the lower forms vüere much larger and deeper-

bodied than the higher forms, and usually had. more vertical
premaxillae, The higher form Ín Montreal t" was much slim-
mer and had a longer head than the ro¡ser form, The rower

form in Big Athapapuskow had a greenish corouration above

the lateral line, andu usuarJ-y, the premaxirlae weæe nearry
vertical and the lower jaw was ineluded. rR the Mackenzíe

R' the medium form had Èhe deepesÈ body; the lower form had.
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reast pigmentation, and, the premaxiLlae were nearly verti*
cal with an lncluded lower jaw; the premaxillae were nearest
t'he horizontar in the higher form, v¡hich usuarly had. a pro_
truding lolver jaw 

"

0ther rnorphological differences between sympatric
forms are shown by the discrimi.nant coeffÍcients for the
localities where sÍgnificant differences Ìrere found between
the forms (table r)" where discrÍminant anarysis was not
used or the results were not significant, the following mor_
phological differences were noted, In Clear"rrater L, the lower
form had shorter gÍrlrakers than the hígher form; in Big Trout
L" and Deer L. the rower forms had shorter gillrakers and

shorter paired finsi in second, cranberyy L, the lower form
had longer girlrakers and. shorter paired fins" The lower
form ín sandy L. was sr.Ímmer with a longer snout and. longer
paired fins; the lower form in Great slave L. had a more

ovate profile and a shorter head than the higher form" rn
Mink Narrows the higher form had shorter girlrakers and a
deeper body than the medium form, and a deeper body and ress
vertical premaxillae than the lower form, The higher form
from Lac seul had a d.eeper body than the rnedium and. lo$rer
forms, and longer gillrakers and shorter upper Jaw than the
lower forn" The higher forms in Attawapískat L. and Lac la
Bonge were longer than the 1o¡qer fornrs, but the rack of
overlap in size range between the two forms prevented the
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discovery of any morphometric differences"

TraditÍonal Taxonomic Characters: Profile and Jaw
Characteristics

Profile and jaw charaeteristÍcs have been used

extensively in cisco taxonomy (Koelz LgZg, Hubbs and Lagler

196l+), but, because of the varÍation of these characters

within populations (Urietty outlined. below), they cannot be

relied upon as key characters in the separation of sympatric

forms of ciscoes, alÈhougþ statistícal differenees raay exist
between sympatric forms,

Large C" artedii from L" Erie and the larger ciscoes

from Long L, had ovate profíles, (d.eeper forward than med.i-

ally), whereas the smaller ciscoes had elliptical profiles
(deepest medially), Although g" iohannae and C, þ!¡5! are

are normally ovate, some specimens examined were ellíptical-,
and some C" rei4hardi from L. Nipigon were ovate, although

this specÍes is usualJ-y elliptical"
The l-ower Jaw protruded beyond the tip of the snout

in the large císeoes from Little 1'win L., but in Neso L. a

greater proportion of smaller ciscoes had protrudlng lower

jaws than did the larger ciscoes. In tsig ^A,thapapuskow, the

lower jaw protruded. in ¿+t+f'of the med.ium form and. j-n jØ9 oî
the higher form; the lower jaw was shorter than the upper jaw

in 78f' of the lower form (Clarke MS 1920),
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Sexual Dimorphism

Discriminant analysis was used to test for sexual

dimorphism in the lower forms from Big peter pond, Lac seul

and Montreal L. rn no lake was there a significant differ-
ence between males and females, nor did the d.iscriminant

coefficients show a conìmon pattern in the differences between

the sexes.

Hile (L937 ) found that male ciscoes had longer fins,
larger eyes, and slimmer, narrower bodies than females. In

Big Pet.er Pond, Lac seul and Montreal L., sexual dimorphism

in fin lengths was not consistent between lakes; if the

males had longer pectorar fins, they had shorter pelvic fins
and vice versa" I{ales in all three lakes had slightry deeper

bodies than the females" The data in this study does not

permit validation or negation of Hile's (1937) observations.

Intra-1ake Variation

Ciscoes were sampled from the north and south ends

of Montreal L., about 30 miles apart. Although the lake is
relatively uniform in its characteristics throughout (Mendis

MS 1956), the higher form was caught only at the north end.

Discriminant analysis showed that the lower form differed
significantly (p < 0"05) between the two areas, with differ-
ences in size, profile and the length of the jaws.
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Summary - Tn eentral Canada, three sympatric forms

of ciscoes were found at six localities, two sympatríc

forms at 29 localities, and one form at 39 localities.
Evídence was insufficient to decide if there was one or

Èwo forms aÈ six localities" Gillraker count was the most

useful sÍngle characËer in the separation of sympatric forms,

Other characters of use in separating sympatrfc forms $¡ere

fork length, pectoral and pelvic fín lengths, head length,

proflle, snout length, interorbital wldth and upper jaw

length, The use of profile and jaw characteristics as key

characters (Koelz ]-929) was found to be unsatisfactory,
Sexual dimorphism was not sígnificant,, but intra-lake varia-
tion in Montreal L, was significant,



THE EQUATTI{G OF FORIIS OF CÏSCOBS

FROFI CENTRAL CA¡IADA

Once the numbers of sympatric forms present in each

sampJ-e had been determined, the next task was to equate

forms between different samples, in order to determine how

many species are presenË in the whole arean

Maüerials

The same Ll+93 ciscoes from 81 Locallties in central
Canada, that were examined for s¡mpatric forms of císcoes

(Fig, I and. Appendlx 1) were used in the followíng analyses,

The same morphological characters were studied as were used

Ín the separatÍ-on of sympabric forms of ciscoes, except that

profile angle was not used,

Methods

Treatment of Data - Comparison of öhe forms of cis-
coes fron each locality required the calculation of one

val-ue for each character for every form" I,iean values of

fork length, premaxilla ang1e, lateral line seale numbers,

and upper, Iower and total numbers of gillrakers were cal-

culated for each form" Values for the neasurements of each

form were obtained by simple línear regression, after the

measurements ldere transformed to 1og1o. Body depth, head

lengthu pectoral lengüh, pelvic length and profile were

27
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regressed against fork length; eye diameter, snout lengbh,

i-nterorbital widthe upper jaw length, mandible length¡ prê-

maxíIlae width and gillraker length were regressed agaíns1:

head length" The resulËant regression equations !'rere used

to calculate the size of body parts at eÍther 200ÍLrr, fork
length or 45mm, head length (using to*r. values for 20Omm,

and 45mm, ); the anti*logarithns of these values were used Ín

subsequent analyses. The rnaximum fork length for each form

was also includ.ed in the analyses,

As meæn values and the regression technique vùere used

to calculate values for the characters of each form, not all
forms rJ\rere included in the subsequent analysêso Nine forms

'Brere excluded from the analyses since their sample síze was

less than three, Forms with a sample size greater than three

were included if the range in fork length of the form was at
least JOmm. and if the regression gave credíble estimates of
the size of body parts at 200mnr" fork length or l¡Jmm" head

length, At least one of the latter two criteria v'rerê not met

by the Clear:vuater L. higher form, and the Disma1 L", Fort

George, Great Bear L., I{anisti}cwan L.u Pine Falls and West

Hawk L" medium forms" It is questionable whether estímates

of síze of certain body parts for the lower form in Dunc L"

(an extralimitaL form ineluded because of its Iow mean giil-
raker count of 39 "3) and. for the lower form in ndÍnk Namows

were accurate, but these forms were Íncluded in the analyses
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except for R-mode factor anafysis and the index" Table II
shows, except for Dunc L" , the 86 forms trom 55 localit,ies
ruhich were included in, and the 16 forms excluded from the

analyses,

Numericgl Taxonomv - The following analyses used the

nean d.ata; the d.ata hrere transformed to IoSrO for use in
factor analysis and mean square dj.stance, Since each method

of analysis used the same data, these analyses do not give

independent eonfirrnation of results,
Correlations between the 19 morphological variables

lqrere investigated by R-mode factor analysis (Cattell L965ao

L965b), which starts from the correlation matrix of the

variables. Factor scores were calculaËed and used to group

the 8t+ forrns Íncluded in this analysis; tLre lower forms from

Dunc L. and Mink Narrows were not included" No statistical
sÍgníficance can be attached to the dÍfferences between the

groups, since the groups lüere constructed to be different,
The F-test from analysis of variance (ANOVA) (Steel and Torrie

1960) indicated the degree of difference among the groups,

rather than any forrnal statistical difference.
A simple index was constructed to separate groups

found by R-mode analysis,

The overall similarity of the 86 forms was investiga-
ted by Q-mode factor analysis (Catt,el-l I965a, L965b) which
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starts from the correlation matrix of the samples, by mean

square distance wíth the average linkage unweighted group

pair method of clustering (Sokal and Sneath l-96ú ) and also

by inforrnation analysis using ühe mutual informatlon statis-
tic (Orloci 1968). Maximum fork length and the total number

of gillrakers were not included in the distance and informa-

tion analyses, but the values for average fork length, and

lower and upper gillrakers vûere included,

Further details of the mean square distanee and

average linkage unweighted group pair method of clustering

are given in Appendix 4 of factor analysis in Appendix l,
and of information analysis in Appendix 5,

Methods of TesFing_:for Effects of the Environment -
R-mode factor analysís was used to investigate the associa-

tion between 19 environmental parameters and i) tfre morphol-

ogy of ciscoes; 1i) tfre magnitude of differences between

synnpatríc forms; and iii) the mean square distance between

sympatric forms" The latitudeo longitude and a1títude of

eaeh locality was obtained from the appropriate maps and

gazeteers, The folLowing climatíc data I^rere obtained for
each locality from the Atlas of Canada (Anon. 1957): mean

January temperature, mean JuIy temperature (Uotfr in degrees

Fahrenheit), number of d,egree days above 42oF, number of

frost*free days, number of days with greater than one inch



?l

of snov¡ cover and. mean annual precipitation (inches), The

following data for each lake rüere obtained from Rawson

(1960), Johnson fr9A¡7, Ryder (l¿g6tþ, Lg65), by measuremenr

of the appropriate maps or from data available at the

University of ioTanitoba: lake area (ni,z ) , length (mi 
" ) ,

width (mi.), shoreline J-engÈh (¡ai.), d.rainage basin area

(rai"2), nraximum depth (m,) and total dissol-ved. solids (ppm)"

Data for the latter two variables were not available for
some lakes, which were excluded from the anal-ysis, Values

for shoreline development were calculated for each lake¡ âs

r¡rere values for a flushing ind.ex (drainage basin area/l.ake

area) and for TDS/maxímum depth" Lake &rea, frost-free
daysu degree days, TDS, maximum depth, average and maximum

fork lengths were used Ëo predict values for the morpho-

logical variables by multiple linear regression (Snedecor

and Cochran 196l*); the 1aüöer two variables were not used

in the prediction of average and maximum fork lengths, The

data ?rere transformed to 1o910 before use in factor analysis

and multiple regression,



2.t

Results

R-node Factor .{nal-ysis

Eight factors were extracted from the correlation

matrix of 'bhe 19 characters for the 84 forrns (86 forms

minus the lower forms in Dunc t" and Mink Narrows). The

factor loadings are shown in Table ïïI. The first factor,
which accounted. for a third of the total variance, was

most heavily loaded on mandi-bIe lengtho upper jaw length

and body depth; long jaws vrere associated with a narrow

interorbital width and a less deep body" The second factor
was an association of head and paired fin lengths. The

third factor was a gÍllraker factor; more gillrakers were

associated with longer gillrakers, The fourth factor was

mainly size, showing a tendency for large forms to have more

scales. The fifth factor was a profiLe factor with an

assocíation between profile and gillraker length" The

slxth factor showed an associatÍon between increased eye

diameter and fewer lateral line scales" The seventh factor
was loaded mainly on premaxilla angle. The last extracted

factor shov¡ed that increased premaxillae width was associa*

ted with increased interorbital width and decreased snout

length,
Factor scores for each form were calculated from

the matrix of factor loadings" The factor scores had a
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mean of 0"0 and a standard deviation of 1"0" The factor

scores suggested that the forms should be arranged into

four groups: the Î?ir{ackenzie R. low groupetr the Î?Flackenzie

Rn high grouprll and the T?low groupll and the nhigh groupn

(so named here on the basis of their gillraker counts ), but

not to be confused with the lrlowertr and rthigherll columns in
Table II which were based soIely on the relative counts of

tv¡o or three forms inhabiting the same 1ake, Tabl-e ÏV shov¡s

the range of factor scores, their means and standard devia*

tions for the low and high groups, and the factor scores for
the Mackenzie R. low and Ï4ackenzie R" high groups. The

overal-J- dífference between the four groups i-s shown by the

F-value from ANOVA"

The two most atypical forms tlere the }4ackenzie R.

lower and higher forms" The þiackenzie R. lower form was

outside of the range of factor scores of alL other groups

on factors Vf and Vïïï, and the Mackenzie Ro hlgher form

?tas outside of the range of factor scores of the other three

groups on factor VII (Table IV) " A plot of the factor scores

of factor VII agai-nst factor VIIT shov¡ed the separation of

the ï,{ackenzie R" lower and higher forms from each other and

from the lov¡ and high groups (Fig. 3) " In ad.dÍtion the

tr{ackenzj-e R, lor'¡er and higher forms rdere separe.ted from

each other and fron the high and low groups on factor V,

and the Mackenzie R, higher form from the high group on
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Fig. 3. Plot of factor scores of each form from

aIÌ localities, for factor VII (based mainly on

premaxilla angle) and factor VIII (based mainly on

premaxilla width, interorbital width and snout

length), Note d.istinetiveness of the lrlackenzie

R" Lower and hÍgher forms. Key: low group o ,

high group @ , Mackenzie R. lower form a , MackenzÍ-e

R, higher form a o
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TABLE TI]

Rotated factor matrix of the nrorpho-

logical variables for the 8/+ forms"

Factor loadings greaLer than

O"30 are underlined"

Factor

vI ïï ïïr ÏV VT VÏ] VTÏÏ

Cum. /o variance

/o varianee

Ì4orphological
variable
Av, fork 1,

Max. fork 1,

Body d.

Pectoral 1,

Pelvic 1,

Head 1"

Eye diam"

Snout 1.

Upper jaw 1.

ÛiandÍble l- 
"

33 "79 48.13 58. 98

33 "79 LLr.3l+ 10,85

68 "21+ 7lþ"54 79 '71+

g "26 6.3O 5 ,2O

84"06 87.33

t+.32 3 "27

.11

.b2

&
t,

,25

-"áO

*.?3

-.48

-,71

-. 85

"12

,08

"i7

"79

tn

,10

.01

"08

"06

drrøU I

,29

2)

,?2

^áó

,27

-,08

-.r7
-,34

.rc}
- .t ¿i()

-"16

-.88

-.76

-.07

-.14
*.2I

"06

-.03
.15

.21+

"09

"!2

"r2
.18

=æ
.?1

- "o7

"o5
*.\2

-.25

.10

. 06 *.02 * "r7
-"01 -,10 -,13

-, 05 ,27 -.08

- " 
01 .26 .00

,0l- "29 " 
06

-"18 -,lo -"03

.o5 ,ÊJ- "r7
- .25 -,12 ,03

-"o5 "22 -"04

-"19 ,o9 -.13
(cont rd)
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TABLE ff] (contrd)

Factor

VT I] IÏI IV VI VT] VTII

I'torphological
variable

fnterorbítal w.

Premaxillae w"

Gillraker l"
Profile
Premaxilla ang,

Lateral line
s cales

Upper rakers

Lower rakers

Total- rakers

,60

.08

-,04
*.13

*,o7

-.L2
.21+

"22

"22

"o5

"29
*,12

,L7

-"01

-,I9
.08

,L2

.11

.1&

-.06

r-re

.42

-.06

-.01

,g
=2L

"94

-,17

-. l-4

"18

-.00
*"18

-,1+9

-.24

-.I3
* "I7

-,09

-.L5

-, q9

-,91_

-"0&

,08

- "o7

-"00

-,03

- "?5

-"03

.2r

-"06
*.06

-nO'/

-,o7

-,08

-.08

*'O7 *Æ
-"20 "81

"!6 "28

-"09 "01
*"92 'L6

,22 .25

.oo "o7

.o3 *"01

"o2 .o2
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TABLE TV

Differences in the factor scores of the four groups,

There was only one sample from both the Mackenzj-e R"

Lower and Mackenzie R, higher forms

Factor Group
Stand-
ard -t'-val-ue

?i;i.* iil3fo

Rq n cra

Mean
Lower Upper

l

ïr

Low

High

l'{ackenzie

I,[aclcenzie

Lov¡

High

Mackenzie

Mackenzie

Low

High

I'Tackenzie

lviackenzie

Lovu

High

l{ackenzi-e

it{ackenøie

*2 
"Og

*2 "58

Lower

higher

-l "o2

-2.66

lower

higher

*3 "95

-1.02
lower

higher

1, ryn
-\te I í

-2 "22
l.ower

higher

R"

D
.tL ø

-2 "l+3

-0.84

*G,26

-0.30

-0" 94

-o"06

*r,67

*L.97

r.7 5

r"gg

o "53

-0"06

-o,25

r "79

-0,84
0"14

1" 00

Q,93

1" 01

0" g8

o "95

o.70

0.83

o "gg

J"o

2,0

2.1+

??

ÞrL o

R"

IÏI *o.76

2,57

-2,r?
A.2l+

R"

D
lLa

TV 1" 83

2.77

0,13

0,04

R"

P
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TABLE IV (contsd)

Range Stand*
I,lean ard

Devia-
tion

F-Value
from
ANOVA

Factor Group
Lower [ípper

V Lo.w

High

Ivlackenzie

iriackenzie

Low

FI$.gh

Mackenzie

l.[ackenzie

Lov¡

High

I,Iackenzie

MackenzÍe

Lornl

High

Mackenzie

I'{ackenzie

-1,49

-r"78
Iov¡er

higher

-0" 83

*2 "r7
lower

higher

*2,20

-2 "85

l-ower

higher

*? "73

-2.9o
lower

higher

-L "73

3 "85

-0,04

1" 51

l+.72

CI'lo6

l+ "63 o" 19

2,gg -0,02

o.93 0"14

3 "o7 *O,O2

a,63 -0,61
1,71 -0"04

*o "95

0.03

1" 85

0.83

5.1

o "70
O "91+

7"2

0" 88

0.88

9,5

L"Oz L3,b

o,79

VÏ

VÏT

VTTT

R"

Ro

R"

R.

D
.rL s

Ro

Þ
f L a

R"

-].95
2.20

-3 "60

L ".23
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factor V, and the l4ackenzie R, higher form from the high

group on factor Ï and from the low and high groups on fae-

tor IV (Table IV), These differences i-nd.icate that the

It'lackenzie R" lower and higher forms are each distínctive
from all other groups,

The low group was separated from the high group by

a plot of factor I against factor IIf (Fig, 4), 0n factor
IITe the ranges of the two groups did not overlap, except

that the L" St, Joseph med.ium form (frigh group) naa a lower

score than the Sand,y L" lower form (1ow group). DÍfferenees

occurred between the low and high groups on factors f, IIf,
and VIIï (Table IV) " The following eight forms composed

the low group: the lower forms from L. Athabasca, Big

Athapapuskolv, Lac Seul, Lake of the ttroods, Little Athapapus-

kow and Sandy L"; and the medium forms from George L" and

Reindeer L.

The remaining 74 fowrts were placed in the hígh group.

It must be emphaslsed that 20 of the lakes are inhabíted by

two sympatric forms which both fall into this high group;

L" ÌJinnipeg has three sympatric forms in the high group.

In each case the separatíon between the forms was established

by the earlier analysis" One member of these slrmpatric forms

has been listed in Tabl-e f Ï under either lrlowertr or ltmediüffi, tt

but aecording to the present analysis al-l rnembers fall in
the llhigh group"r?



¿p0

Fig. 4. Plot of factor scores of each form from all
localities, for factor I (based mainly on mandibl-e

length, upper jaw length, body depth and interorbital
width) and factor Iff (based nainly on gÍllraker num-

bers and gillraker length), showing the separation of
the low and high groups, .$g, as in Fig, 3.
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There was a suggestion from the factor scores of

factor III that the five forms with scores greater than

1.5 (trre hígher forms from L, Athabascau L" Attawapiskat

and Sandy L,; the medium forms from L" AbÍtibi and Ln

. .\ .i{atagami) might form a separate group, but there vras no

other evidence from the factor scores for thís"

A símp1e index showed the separation of the 1ow group

from the high group" The best simple index v¡as snout length
* upper jaw length + mandible length - total number of gill-
rakers. The separation of the two groups was complete,

with values for the hlgh group ranging from -I7 "1 to 7 "7,
and for the lovr group from L2"3 to ?0,6" An alternative
way of showing this separation is to plot the total number

of gil]-rakers against the sum of the varues for snout length,
upper jaw length and mandible length for each form; this is
done in Fig. 5,

I''ïean Square Distance

A phenogram was constructed b¡r the average linkage

unweÍghted. group pair method (Soka1 and Sneath 1963) from

the matrix of mean square distances of the 86 forms (ttre

84 forms plus the lower forms from Dunc L. and Ì4ink l$arrorvs ) "

In drarr¡ing a phenogram, each form or cluster could be placed

to the left or right of the cluster which it joined, fn Fig.

6o each form or cluster was placed on the side of the main
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Fig" 5, Separatíon of the low

plot of mean total numbers of
simpl-e index (snout 1" * upper

Key as in Fig, l"

and high groups by a

gillrakers against a

jaw 1. * mandible L" ) "
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Flg, 6" Phenograrn of the 86 forms constructed from

a matrix of mean square di.stance by the average link-
age unweighted group pair method" The ÎtItÌ, nmrr or
rrhrl after each locality refers to the designation of

the form as lower, mediun or higher in Table ÏÏ'
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I'IÀCKIiNZTE R. L
GEORGE L. H

ItltlX tlrrntOtls l,
BIc ÀTIIAP¡\PUSKOW L
SANDY L. L
L. ATltl\t]^scÀ L
REINDNNR L. If
LÂC SDTII, L
L, 01¡ Tlili l,looDs L
LITTLE ÂTll¡\P^?USK0l^I L
BIC ATII P^-PUSKOI\I H

DAVIDSON L. H
MINK NARROI'IS }f
BIC ¡,TIIAPAPUSKOI.I H

LITTTE ÄTIIA-PÀPUSKOI.I M

IIAI.]LEY T.. }f
PELLY L. }f
BEVI1RLY L. I"f

GREÂT INTALE R. M

GREAT SLÀVE I. H

ILE-1\-LA-CROSSE M

DUNC T. L
CHURCIII]-L }f
}ÍACKENZIE R. If
BTG WHITESTIELL L. L
COLD L. H

COLD L. L
L. ST. JOSEPH }f
t. oF TrlE I'looDs H
SECOND CRANBERRY L, L
]-AC DES I1ES H

lAC DES ITES L
LAC LA RONGE L
FALCON L. M

MONTREA1 ].. H
I,ITIT,E TIiIN L. M

I,IÂSKESIU L. L
WASKESIU L. H

FIRST CRANBERRY I-. H
LITÎLE ÄTHAPAPUSKOI^' H

BIG TI,EN L. M

BERESFORT' L. Y
ROCKY L. H
ROCKY L. L
WANIPIGOI,T L. M

MONTREAT, L. L
LITÎLE PETER POND E
PAYUK T. M
BIGSTONE I,. }I
LITTLE PETER POND I,.
I.TATERHEN L. I{
WATERHEN L. L
CHURCHII,L 1. L
CHURCHII,L L. H
BIG PETER POND L
BIG PE'TER POND TT

FI,OTTEN L. ii
QUESNEL'. L. H
NESO L. i-
IAC,I.ê, BTCHE I{
LAC LA BICHE L
QUESNELL L. I.
BIRD I,. H
BIRD L. ]-
NESO 1. H

BIG Í.IHITESHELL L. H
ECHO L. H
ECHO I. L
IAST MOUNTI\IN L. L
LASÎ MOIJNTÂIN L. H
PASQUÀ L. M

ATÎAWAPISKAT 1. L
MKIP L. I.f

L. WINNIPEG H
1. HINNIPEG L
L. I,JINNIPEG M

MINNITAKI L. 1
}fINNITAKI L. H
l.A,C SEIJL H
L. }fANITOBA M

SANDY L. H

ATTAI,¡APISKAT L. g
1. ABTTIBI M

r. ÌrÂTÂc^Mt M

}ÍACKENZIE R. H

L. ATH.ABASCA H

2.5

MEAtl¡ SOUABE

l'5 ì'o

D ISTANCE
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cluster to which showed most resemblance in the matrix of

mean square distances.

The most atypÍcal form was the l{ackenzíe R. lower

form, which joined the main cluster at a level oî 2"56'

The I'f"cckenzie R. hígher form was the fifth from last form

to joín the main cluster, at l'58'
Six forms of Ëhe low group clustered together at

L.53 and they joíned the rnain cluster at 1.70" The Litt'le
Athapapuskow lower form, a member of the low group, joined

a small cluster of high group forms at 1"38" The eighth mem-

ber of the low groupo the George L. medium form, Joined wíth

the Mink Narrows lower form at 2.00, and both Joined the

main cluster at 2"26" Examination of the matri.x of mean

square distances showed that seven forms of the low group

were most si-nilar to other members of the low group; the

exception was the Litt1e Athapapuskow lower formo which was

most si-milar to the Mink Narrows rnedium form" Also the

Mink Narrows lower form was most similar to a member of

the high group, the Great Vlhale R. medium form.

R-mode factor analysis had suggested that five
forms of the hígh group (tfie higher forms from L" Athabascau

L, Attawapiskat and Sandy L., and the mediunr forrns from L'

Abiiibi and. L, Matagami) might constitute a separate group,

From the results of the mean square distance, the Ln Atha-

basca higher form was the most atypical member of the high
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group, joining the main cluster at I"75, The L" Attawa-

piskat higher form clustered with the medium forms from

L" Abitibi and L, I"tatagami at 1"11, and these forms joíned

the main cluster at I"36. The Sand.y L' hÍgher form joined

a cluster at 0.80, and. this cluster joined the main cluster

at L.IO, The Dunc L" lower form clustered with the high

group at I,29, All forms of bhe high group and the Dunc L.

lower form were most sirnilar to members of the high group"

Tt tn¡as conclud.ed that the Dunc L" lower form and the five

atypical hígh group forms, with the possible exception of

the L. Athabasca higher form, belong in the high group'

In summary, the results from the mean square dis-

tance ritrere in agreement wíth the results of R-mode factor

analysis in the division of the forms into four groups, but

raised questions as to the true affinity of the Little

Athapapuskow and ltlink Narrows lower forms and of the L"

Athabasca higher form"

Information Analysis

Information is a physical property of data related

to probability, with rare events having a higher informa-

tj-on content than conmon events (Orloci 1968). A phenogram

drawn from the results of information analysis of the 86

forms is shown in Fig, 7 " The analysis showed the existence

of three major clusters, which fused at i.nformation levels
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Fig' 7 " Phenogram of the 86 forms constru.cted, from

the results of information analysis, The ttlrtt nmn

or tlhir after each locarity refers to the designaËion of
the form as lower, medium or higher in Table IT"
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of 37.38 and 56"88. Although they ?rere not distinet from

these clusters, the last two forms to join with a cluster
T{ere the Ì'Tackenzie Rn higher and lower forms; the former

joined at 3.98 and the latter at 8,77,

The cluster that joíned the other major clusters
at 56,88 contained, the eight forms composíng the low group

(including the Little Athapapuskor,¡ lower form), the lr{ink

Narrows lower form, four members of the high group (trre cold

L. higher and lower forms, the Great ltrhale R" med.íum form and.

the Great slave L. higher forrn), and. the Mackenzie R, rower

form.

The five members of the high group, whose factor
scores had suggested they night form a separate group, did
not cluster together, The higher forms from Attahrapiskat L.

and. sand,y L' and. the medium forms from L" Abitibi and L.

Matagami clustered wíth the L. Manitoba medium form and the

Last l{ountain L" higher and lower forms as part of one of
the two high group clusters. The L. Athabasca higher form

was part of the other high group cluster" The levels at
which the five forms joined their clusters e L"ZO or less,
did not suggest that these forms vüere atypical" The Dune Lu

lower form joined the high group cluster that contained the
L" AbÍËibi medium form, Evidence for two d.istinct clusters
of high group forms was absent from the results of mean square

distance 
"
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In summary, informatÍon analysis gave similar

resu-Its to those of the preceding methods,

Q-mode Factor Analysis

One factor was extracted frorn the correlation

matrix of the 86 forms. The factor loadings ranged from

0.48 to 0"84, and a hístograrn of these loadings is shown

in Fig, 8"

The members of the low group had loadings ranging

from 0,1+8 to 0"66, and the high group had a range of loadings

between 0.58 and 0,8d" Three forns of the 1ow group (tfre

lower forms from Big and LitÈle Athapapuskow, and the George

L, medium form) and, the Mink Narrows lower form had loadings

of less than 0,56, outsíde of the range of the high group,

indicating that the Little Athapapuskow lower form is a

member of the low group, and identifying the Ì{ink Narrows

lower form as a member of the low group" The other five
members of the low group had loadings between 0"58 and 0.66,

overlapping with níne forms of the high groupo

The l,{ackenzie R. higher and lov¡er forms, with load-

ings of 0.77 and O"73 respectively, on this basis, could not

be distinguished from members of the high group"

R-mode Factor Analysis of Morphological and Environmental
Variables

Correlation between morphological and 19 environ*
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Fig" 8. Histogram of factor 1oadings from

Q-mode factor analysis for the 8ó forms,

Key : low grou pW, high g"or.p f-l, Mackenzie

R, Iower tormNl, Mackenzie R. higher formll*l.
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mental variables was investigated by R-mode factor analysis"

The lower forms from Dunc L" and Ìtiink Narrows v¡ere excluded

from the anal-ysis as were the Beverly L", L" l¡ratagami and

Pelly L. medÍum forms¡ âs the depths of those three lakes

were not known, and the forms from Churchill, Great Whal_e

R. and lt{ackenzie R.¡ âs these locafities are not lakes"

Thls left 76 forms to be considered. Ín the analysis"

The, main method of separating the high and low

groups had been the scores of factor fIf based on the gÍ11-

rakers (ta¡le rrr), vrlhen factors 'hrere calculated for the

morphological and the environmental- variables (ta¡le V), it
hras found that variation in the morphological- variables was

assocÍated with environmentaL differences, except for the

sixth factor which is largely a gillraker factor. Factor

scores of this sixth factor separated the high group, with
scores from O"95 to 2"Il-, from the ]ow group, with scores

from *LI"ZO to -I"26, except for the Sandy L. lower form

with a seore of -0.{1, but the Sandy L" lower form had not

been separated from the high group by the factor scores of
the gillraker factor in the orígÍnal analysis" Factor

seores of factor vf also showed that there was no distinct
sub-group withÍn the high group, rt was concruded that the

main basis of separating the low and high groups r,rras not

assocÍated with the 1p environmental variables " Envi_ron*-"

mental variation within the Low and high groups wÍ11_ be

dealt with more fu1ly below,
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TABLE V

Rotated factor matrix of the morphological

and environmental variables for the low

and high groups. Factor loadings

greater than 0"30 are underlined,

Factor
l7
VwïIrÏI VÏ V]T VTTT

Cum. fo varíance

f, variance

l'{orphological
variable
Av. fork 1,

ûiax. fork 1.

Bod¡r d,

Pectoral l.
Pelvic 1.

Head 1"

Eye diam.

Snout l"
Upper jaw 1"

I.iandible I"
Ïnterorbital w.

25 "36 Ì+O "43

25 "36 15 "O7

5I+ "I2 62 .O2

13.69 7 "gO

67 ,l+z 72 "zI
5 "44 Lþ"79

76,54 79 "83

l+'33 3.29

"L2

"09

"00
*,L7

* "42

=.&8
-" 36

-.39

-"41+

-.50
.2I

"oL

.7E

"ùz

"59

'32
,04

"05

- "51+

-'48
rr\-. 2Õ

.72

.11

"3L
-.2I
-.Ë

..49
* "26

-.6j
"2h

- "25

- "23

,16

-.o7

"04

.07

.08

"09

,07

- "2L

-.03

- "24
*.L9

.22

e!.
"27

- "I2
.08

"13

"5?

"02
)o

"2I
.13

*.22

.24 -.14 -,I7
,25 *"2O -"06

"23 "I2 -, 04

,25 -tX -"1-o

.26 .l_å -.10

-.04 "-&l "r5
*.16 -,10 -" 1l
*.23 "O7 "15
*.22 *"09 "Ig
* "06 -.16 " 05

.2O "O5 " 10

(cont td )
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TÁ,BLE \r (cont ?d )

Factor

wïïr]I VfI V]II

Premaxillae w,

Gillraker l-,

Profile
Premaxilla ang"

Lateral line
ssales

Upper rakers

Lorver rakers

Tota1 rakers

Environmental
variabl-e _

Latitude

Longitude

Alt,itude

January -r,emp.

July temp.

Degree days

Snow cover

Frost free days

Precipitation
Lake area

* "20

- "Ll+

-"4?

.og

"&o

"11

.1¡*

"13

,62

- "o2

.04

"2?

"09

¿g
rX
"Æ

-"16

-.19
* 

"Ol+

-:00

"52

"13

"10

.12

*,00

* "I7
-. ?0

-,23

^.29

"03

"05

"05

.06

*øáO

.08

*.o2

.22

.06

.04.

"45

-.06

-"09

-.09

-"06

" 0l+

-"10

-.01
*.o2

,09

-"06

"03

"7?

'25
* 

'21+

.07

.86
.ìã

-L9J-

_.87

"01 -"o2

"10 -"r0
-"04 "03

-.11 4
,23 ,26

-"01 .01

.01 ,o5

"00 .0&

-.11

-.03

"20

"2r
.16

"20

-.o2

.05

"05

-r%

^.o7

-"00

" 0l_

"11

"03

,T2

a.l
-"JO

-.08

"03

-,01

=-ó3-
.l rl

"Õö
:
"40

-"19

- "45

-"11

-.03

--" l+0

-. Bo

"03

-" oö

;

"??

*g&

"_93

"-%
-"öJ

.23

.20

_" 17

,o2 .L5 -"04

.o2 "?5 ^ "O7

,o7 ,n_ " 06

.o3 "25 -"04

-"04 -.38 ,L7

.03 -.o7 .06

.o3 *.25 ,2I

-.00 *"75 
"o5

* .o5 -.04 "L2

-"07 ,06 "04
( cont sd )
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T,A.BLE V (conËtd)

Factor

Vï If rïf VI VI] VÏÏÏ

Lake 1"

Lake vl.

Shoreline 1.

ShoreLine dev"

I'fax" depth

TDS

TDS/I'lax. depth

DraÍnage basin
area

FlushÍng index

-,11 -.CI4

-.2O * 
"O3

*.I? *"01

" 03 ,o9

-.27 "19

,01 -.6a
.26 --,61

.01 "06

"?B ,20

* "o2 "o3

.09 .08

-.03 .o5

-.22 " 06

.oB -.14

"11 "15

-"01 "22

- "97

-.90

-"97

-.7L

- 'hr7

^ "2L

")4

.1 .1
-'O()

**

- "o2

"04

^.1- o L'lÓ

- "2I
-"55

- "10

Æ-

- "U/.

* "42

.02

^ "o2

-"03

-.15
¡¡I

'J()
¡Á

"4ð

-.06

-.o5

-.L2

- "o7

- "o3

-.I5
.01

.15

"08

"26

"r3 -,35

"r2 -. 68

.05

.0/+
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ÐUegeay - Although d-iffering in details, the results

of R-mode factor analysis, mean square distance, information

anal-¡rsis and Q-mode factor analysis of the sarre data sug-

gested that the B6 forrns of ciscoes composed four groups.

The lriackenzie R, lorver form and the l,fackenzie R. higher form

composed two separate groups; the lower forms frorn L. Atha-

basca, Big Athapapuskoro¡, Lac Seu1, Lake of the l,tloods, Little
Athapapuskow, i{ink i\iaruov¡s and Sandy L", together with the

mediurn forms from George L, and Reindeer L. composed the 1ow

group; the remaining 75 forrns composed the high group, Two

forms in this high group occurred s¡rmpatrically in 2O lakes,

and three in L, l'r'innÍ-peg. Differences in gillralcers, the

main basis of diff erentiating betrtreen the low and high groups,

nas not associated with varÍation in any of the 19 envíron-

mentaL variables"



THE DIFFER,ENCES tsET;,IEEI.I FORÞTS

I'THE}.ï T}IEY ARE SIT.IPATRIC

idaterials and i{ethods

The same material v¡as used as in the previous sec-

tion" Ïn the equatíng of forms of ciscoes, a form of the

lovr and high group had been found sympatrically in seven

localities (1,. Athabasca, Big Athapapuskow, Lae Seul, L. of

the I¡Ioods¡ Little Athapapuskow, Þtink i'iarrows and Sandy L.).
Three sympatric forms of the high group occurred in L. l'trin-

nipeg, and tv,ro sympatric forms of the high group occurred

in 20 lakes (Attawapiskat, Big Athapapuslcow, Big Peter Pond,

Big lThiteshell, Bird, Churchill L., Cold, Echo, Lac des

Iles, Lac la Biche, Last l,lountain, Little Athapapuskovr,

tittle Pet,er Pond, l{innitaki, irlontreal, Neso, Quesnell,

F.ock¡r, lüaskesiu, I¡laterhen). The three synrpatric forms

fou.nd in the Mackenzie R. belong to different groups; Èhe

l'{ackenzie R" lower and higher forms each formed a separate

group, and the l.tackenzie R. mediun form v¿as placed in the

hÍgh group,

I.{ethods of mathernatical analysis were also similar
to those used in prevS-ous sections, except where outlined

belov¡ "

Variation in the Degree of Differences between Synrpatric Forms

The degree of morphological differences between sym-

55
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pairic fornis v¿as exarqi ned by calculating mean square dis-
tances " This value rvas highest ß .l-g) bet'.leen t,he }.,lackenzie

P,, higher and Ior,'¡er forms, the latter verl,¡ d.istinctive form

also dÍffering bi' 2"3O from its third syrnpatric partner, the

nediurc form (a mernber of the high group), The distance

beir.¡een the I,'lackenzie R. Ì:igher forrn and the syrnpatric rnedi_um

form lvas r"53" líhere forms of the high group and. of the lovr

group occurred sympatrically, their distances varj_ed from

0.d-9 (Lac Seul) to L,gT (Bíg Äthapapuskov¡), But r,vhen two

fov'ns of t'he high group occurred syrnpatricall;r, their differ-
ences ïrere usually much less, with distances ranging fronr

0.28 (Last i'iountain L.) t,o 1.16 (t'fontreal L.). In only five
or tlne 22 cases of syrnpa-tric occuryence of forms of the higf
group were the mean square distances as great as in any of
the cases of sy:npatric occurrence of forms of t,he low and

high grollp 
"

Hov¡ Envi-ronment Effects Ðífferences betr¡een Sympatric Forms

The effect of the 19 environmental variables on the

rleen square distance between sln'apatric forrns r.¡as investigated
"l:¡r R-mod-e factor analysis, This shovred that ihe presence of

a form of the lovr group and its distance from sympairic

forms of t,he high group tras associated most closel¡r l+ith

increased lake depth; the comelaiion betleen lake depth
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and distance between the syrnpatric forms of the low and hÍgh

groups was O,5tþ, sÍgnificant at p < 0"01 (critícal value :

OJT) " The factor aecounting for distance between syrapatric

forms of the high group had its next highest loading on

total dissoLved solids; the two had a correlation of O,32,

significant at p < O.05 (critical values¡ p ( A"O5 - 9"29t

p < 0"01 : O87J 
"

l¡fhÍeh Characters Differ between Groups when They 0ccur
Synpatrically?

Mean square distances were calculated between the

discriminant functions that had been found in the separatíon

of syrnpatric forms of ciscoes (table I) to see if the dis-
criminant functions separating syïnpatric forms were arrange-

able into groups corresponding to the four groups found in
the previous sectiono and to see v¡hich norphological varlables

differ between the groups when they occur sy:mpatrically. The

phenogram (Fig" 9) showed that all discriminant functions

that separated a forrn of the low group from a for"n of the

hígh group clustered at 28"6. The functions separating

s¡napatric forms of the high group and the Mackenzie R. forms

gave two clusters" The fírst high group cluster joíned the

low group cluster at 33 "2, and these two elusters joined the

second high group cluster at 36.4.

The sums of the squared coefficients and Ëhe.average
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Fíg. 9" Phenogram of the discri-minant functíons

separating sympatríc forms of ciscoes, constructed

from a matrix of mean square distances by the åvêr-

age linkage unvreighted group pair nethod. llI,owtt

refers to discrÍminant functions separatÍng sym-

patric forms of the low group from forms of the

high group; lrmediumll refers to discriminant func-

tions separating the l{ackenzie R. lower form from

the sympatric medi-um form, and lrhighn to the dis-
críminant funct,ion separating the Mlackenzie R"

higher and lower forms.



L. ATIIAiIASCA 1ow

LAC SEUL lov¡

ilIG AT]IAPAPUSKOI'/ lor¡

I'IINK NÂRROïiS 1ou¿

LITTLÐ ATHAPAPUSIíO1i' ]-.

L. OF TIIE Y/OODS lovr

L. I'IIIiI.iITAKI

BIG PETER POND

I,IT'fLE PETER POND

ECHo L"

I{'ATERIIEN L "

MACKEI'IZIE R" nediurn

BIG AT}IÂPAPUSKOI'J

NESO L"

LAC DES TLES

LITTLE ATHAPAPUSKOïJ

QUEST]ELL L "

BIRD L"

COLD L"

CI]URCIIILL L 
"

!'IASKESIU L.
l"ÍACKBIIZIE R. high
ROCKY L..

LAC LA BICI{E

LAST MOUNTAIN L"

L. WTNìIIPEG I

L" V/INJ{IP]'G 2

253035

MEAN SOUARE DISTANCE

20 t5
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of the eoefficients were calcul-ated for each of the three

clusters, and the values are given Ín Table Vï, These

results showed that gilJ-raker counts accounted for most

vartance 1n the low group elusteru whereas fork J.ength

accounted for most varlanee Ín the two high group clusters,
The tu¡o high group clusters differed main}y Ín the sign of

the coefficients" Mean square distances were calculated

between the averaged coeffícients of the Ëhree clusters.
VJhen the signs of the coefficients were included in the

analysis, the low group cluster vùas more similar to the

first high group cluster (11"3 ) than to the second híeh

group cluster (12"5); the distance between the two high

group clusters was t-5.6. When the signs of the coefficients
were excluded from the analysls the two high group clusters

were most similar (2.71; the low group eluster was more simi*

lar to the first high group cluster (8"5) than to the second

hígh group cluster (9.4).

Interactions between the Degree of Morphological Differ-
ence and the Environment in the High Group

Variation in the magnitude of the morphological dÍf*
ferences between synpatric forms of the hÍgh group was

investígated by R-mode factor analysis that included the

environnental varíables" lable VIf shows the matrix of fac-

tor loadings, the first factor showed. that an increased

difference in gillraker counts was associated wlth increased
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TABTE VT

Sr.m of squared coefficlents and the average of
coefficients for the three clusters of dÍs-
criminant functions found in the separation

of sympatric forms of ciscoes

Cluster:

Sunr of squared
coefficÍents

High

One T\oo

Average of
coeffícíents

Low Hlgh Low

0ne Tvço

MorgholoEical variable
Fork 1,

Body d,

Head L"

Eye diam,

Snout 1.

ÏnterorbÍtal w"

Upper Jaw 1

Mandible 1"

Premaxillae w.

GÍllraker L"

PeetoraL ]..

Pelvic I,
Profile

5.8 o,&1

0.4 0,02

11.5 O,0g

1"9 0"06

4',I -0,08
8, o -0"17

7 "2 -0"10
2 "7 *0" 0L

L"l -0"08

3 "5 -0,02

7,9 *0,12

5 "l+ ^O.Oz

1" 8 0,o2

?2"1+ 27,8

O,5 l-"¿¡,

5 "8 11,3

I+'2 0"3

5,l+ 8,3

5 "h' 6,3

7 "l+ 4.5

l+,6 Lv"5

3.7 3"8

3"7 3"7

LO "7 6.3

11. I l_0.0

8,1 g,L

'o'b6
-0"03

-0,12

o.o2

0,18

0,10

0.09

*0.Ll

o.01

*0"10

o "L7

0"f4

0.12

0,08

0,03

-0,09

-0" 0l+

-0" 12

o "22
*o "23

0"01

*0"06

0,L6

0" 08

*0.01

o "o2

(cont rd )
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fABtE VI (contsd)

Sum of squared
coefficÍeints Average of

coeffÍcients
Cluster:

Hish

One th¡o

High

One Tv¡o

Low

PrenaxllJ-a ang.

Lateral line scales

üpper rakers

Lower rakers

l"g
1,6

o.g

2"I

o,2 L.2

0.8 0.9

2.O 7 ,O

o.7 29 "g

o" 00

-o.04

0,06

0" 05

o.03 -0,06
0,01 -0.05
0"L1 0"22

0" 04 0"52
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ÎABLE VIT

Rotated factor matrix from R-mode factor analysis of

environmental wariables and the magnitude of

morphological differences between syrnpatrfe

forms of the higþ group" Factor loadings

greater than 0"30 are underlined.

Factor

ïï IÏÏ w VÏ VÏÏ VIÏT

Cum. /o variance

/o varianee

Morphological

Av. fork

Max, fork
Body d.

Pectoral l.
Pelvic 1"

Head 1"

Eye diam"

Snout 1,

Upper javr J.

2b"o8 39 "8t+

2b "o8 15 ,7 6

52 "36 62.88

12,52 ].O"52

70"86 76,55

7 .98 5 "69

81"36 8t+"94

4.81 3,58

1n

].

-JJ

"66

,11

.85

"7\

"35

,h3

"08
* '?6
*" 03

*.13

.05

"03

.38

*,Q5

"2L

-"09
*.08

,I0

"01

"25
* "23

*,u7

"16

-"25

*,05

"05
*.23

-.20
.11

-,08
.22

,03

-"18

"22 =JiO
.#. *"L7

.80 .L5

-.97 ,o7

"08 "?r
.73 "L9

-,o7 - " 3i-

*"18 *'00

.O7 *"77

"18 -.29

-,00 *"I5

.10 "01

"2O -"16

-"08 *"3|,+

,11

"L7

.09 -.r9

"11 "11

,.73 -.16

J? * "53

(cont rd)
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TABLE VIf (contrd)

Factor

VIT ÏV]II VT VÏÏ VÏTT

Morphological
gariable
Mandible L
Interorbital- w.

Premaxillae w,

Gillraker 1.

Frofile
Premaxilla ang"

Lateral line
s cales
Upper rakers
Lower rakers
Total rakers

Environmental
variable
Latítude
Longitude

Altitude
January temp"

July temp.

Degree da5'g

Snow cover

-,o2 ,L7

^.L2 t-fu.
*.26 .65

, ?4 
"?l+_

"01 "04

"10 "18

,lt|. .2O

"Bo -"03
.81 "zI
.8Q .r5

.29 "O5
*,OZ .17

,39 .ol+

.?? -.o4
,20 .01

-,08 -.?o

,?l+ -,29
*.Il+ *.28

,2O - "?4

'14 -"32

* "a5 - "6?

-.03 -.O2

-.06 .26

-"10 ,90

"I5 "þå
"r5 .92

"o7 -. B?

-.01 =-æ _ "79
- " 08 ,Æ -,1_3

- "21+ "3I -,Oz

-'I0 -.01 -r?8
.?2 -,03 -"€lq

*' q? 
"Æ 

*.4f-

"r9 "eg .o5

"o2 ,01 -,O7
*,08 ,23 

" 
l-3

* "02 ,18 .11

.06 "o4
- ,24 -.01
- "r9 -.10
*"08 *"L2

- "I2 *,20

-,L5 *.13

r3f *.06

.03

"26
*,oB

=-" 
hj

,03

^ "21+

*"4/-

*,I5
-.10
- "15

rlA
.%

"n
"CI6

-"?¿L

- "o7

- '21+

- " 
00 .L3 "O5

,04 "06 ,09

"25 "24 ,31+

"28 -.01 "19
*"2I -"?? -"30

-"08 -,03 -.16
,02 ,06 *.o5

(cont rd )
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TABLE VIT (eontsd)

Factor

ïï ïïï V VÏ VIÏ VÏÏÏ

Envirgnmental variable

Frost free days .-hk
Preeipitation "Oz

"02

.15

* "L2

"21

"å
"11

-q3o

,L6

-,01
,04

-,10

"03

.%
"Q?

*9Å

"94

¿å

"q?

--åå

-"04

"JJ
- "L6

-t6
- "92

' ll¡

-,0I
*,08

-"06

"28
*"09

,au

"o5

-,03

"06

,10

*.06

,16

"26

.33-

-,11
* '2L

-.00

-ølU

- "I5

-.03

-"03

- "o9

-,04

"L5

*å

*,L3

"47

,09

"02

"04

"12

,18

..ÊL

.ol
-"88

"15

- "O2

-"16 -'??

"10 ,16

.03 *,06

- "06 - "L2

"o7 ^ "o7

-,06 *"03

^ "28 ,lJ
- "O3 *,21

-'ll¡ -'10
^ "A6 ,08

,L0 "09

"L7 .16

Lake area

take 1,

Lake w,

Sfroreline 1.

ShoreLine
development

Max, depth

TDS

TDS/l{ax, d,epth

Drainage basín
area

Flushíng index

=.3-a

'24
-59

,20

-"03

',2O

EEru
-"68
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dÍfferences in fork length, paired fin lengths, eye díametere

head lengt'h, gill.raker length and lateral line scare numbers,

and all the increased differences were associated rølth a

hÍgher shoreline development, more díssolved solids, more

frost free days and a J-onger lasting snovu cover" Similarly
the remaíning seven factors in Table vlr can be seen to shovr

certain correlations between morphologieal characters and. the

environment, although the signifícance and underlying mechan-

ism of these correl-ations is not clear.
Multiple regression was used to predict the magnl-

tude of the morphologicaL dífferences between s]¡mpatric ß€û-

bers of the high group; lake area frost free days, degree

days, total dissolved solids and maximum lake depth srere

used to predict Ëhe differences" In addition dtfferences

in maxÍmum and. average fork lengths $rere used to predict all
differences except for maximum and average fork lengths,

MultipJ.e correlation coeffíeients ranged from O.Ut+ (snout

length) to O,82 (lower and. total- number of gillrakers)u but

the regressÍon was onry signifieant for average fork length,
eye diameter, lower and total gillraker numbers. Details

of the slgnificant regressions are shown in Tab1e VIII.
Frost free days and degree days were of most use in pre-

dicting differences in average fork length, and dÍfferences
in average fork J-ength were of most use in predicting the

differences in eye diameter, and, in lower and total gillraker
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numbers 
"

tonsistency of Differences between Sympatríc Forms

The sign test was used. to test the consistency of
the sign of each varÍable between sympatric forms of the
high group. rf the syinpatric forms r^rere arranged on the
basis of their relative gílrraker counts, the only signifi-
cant consístency in E},e 2J forms was that 7b% of the forss
with the higher gil-3-raker count had a higher average fork
length" If the sympatric forms !ùere amanged. by their
relaËive average fork lenglhs , 7l+/, of ühe larger forms had

higher gillraker counts, 7ffi had more laterar rine seales

and 8o/, had longer peetoral fins; variatlon in the magnitude

of these differences are associ.ated wÍth variation in some

envÍronmental variables (see above and factor I in Table

VTTT ) .

All seven forms of the low group had fewer gil1-
rakers, a longer upper jaw and. a longer snout than the slm-
patríc forms of the high group; six forms of the row group

had a longer head, shorter gillrakers and a larger pre*
maxilla angle than in the high group,

Gillraker Differences between Syrnpatric Forms

The interrerationships of differences in gillraker
¡number and average fork length rüere Ínvestigated, further



69

because gillraker numbers vÍere most useful in separaËing
sympatrÍc forms of the low and high groups, and, fork length
was most useful in separating synpatric for¡as of the hÍgh
group. rf a ¡nember of the low group occurred. sympatricarry
with more than one form of the high group, the d.ifferences
between the low group and. the for"ros of the high group hrere

averaged" The difference between glrlraker counts lqas

plotted against the difference in fork J-engths for sympatric
members of the low and higþ groì.¡p; there was no significant
correl-ation between the two variables, I : O,O3 (critical
value¡ p < o'05 : o.75). rn contrast the correlation between
the two variabres for synrpatric forms of the high group (Fig.
10) was significant, I: 0"83 (critical valuer p < O"0l :
o.55) 

"

summarv - study of the differences between sympatrie
forms of ci.scoes confirmed the distinctive nature of the
I,[ackenzie R" ]ower formo the Mackenzie R, higher form, the
1ow group and the high group, There vüas more consistency in
the differences between synpatric pairs of forms beJ_onging

one eaeh to the low and to the high groups, than between sym_

paËric pairs (or tríos) of forms both belongj.ng to the high
group" 'ltfhen occurring sympatrically with hígh group forms,
forms of the low group had fewer gillrakers and longer snouts
and upper jaws than the high group forms, whereas differences
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Fig, 10, Plot of the differences

raker numbers against d,ífferences

length for s¡napatríc forms of the

of gill*
in fork
high group"
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between sympatric forms of the higb group were rerated

mainly to differences in fork length" variation in the
differences between syrûpatric forms of the high group vrere

associat,ed with variation in certain of the 19 envÍronmental
parameters and with size differences.



ÞIORPHOLOGTCÄL VARTATION WTTHIN THE

I{IGI{ GROUP AND THE LOIJf GROUP

Morphological variation within each group was inves-

tigated by R*mode factor anaS.ysis using the environmental

variables for each group and the morphological data for each

form" The sarne forms were excluded as htere excluded in the

section entitled ftR-mode Factor Ana1ysÍs of }-{orphological

and EnvironmentaL Variablestt; t,his left 68 frigh group forms

and eight low group forms tå ¡e consid.ered, in the analyses,

It{orphological Variation withfn the High Group

The factor loadings from the analysis of the high

group are shown in Table IX" The first facËor showed that

decreased lake síze was associated with decreased lake

depth and dissolved soLids, and these were associated with

increased scale numbers, decreased profileo shorter jaws

and head, and a smaller eye. Factor If showed the precipi*

tatíon and, frost free days lncreased. and, d.issoLved sollds

decreased to the south and east; this was associ.ated lüith

increased eye diameter and upper jaw length, and decreased

scale numbers" Ïncreased gillraker numbers were associated.

with a longer fork length (factor III) " Fewer seales were

associated with v\rarmer temperatures to t,he south (factor

72
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TABTE Ï,7

Rotated factor matrix from R-mode analysis

morphological and environmental variables

the high grouP. Faetor loadings

greater than AJO are underlined.

of

of

Factor

vrvTIÏfII VI vïï VTÏI

Cum. % variance

lo variance

Morpho3-ogical

Av, fork 1"

l'{ax, fork l"
Body d,

Pectoral 1"

Pelvic 1,

Head 1.

Eye diam"

Snout ].

Upper jaw 1,

ÏdandÍble 1.

ÏnËerorbi.tal w"

23,97 39 "t+6

23,97 L5 "l+9

5L,Ol+ 60 ,92

11,58 9"88

6T.gT T3,ztt 77 "29 8o"57

7 "05 5 "27 I+"O5 3 "28

,L2

"lo
-.o7

- "2/4

-"Id
:*43
* "?9

-.22

='&
^"Lþb

"27

,05

-.10

"07

"L2

,L3

- ro?

.{?

* 
"21þ

-'?o

.27

* "23

"-çk
rÆ

"2h

,23

,2I

"09
* "23

- "L6
* "12
* "o3

,06

-.I7
*,01

.47

,14

"Lt+

.10

* "20

-.00

-,2L
_,14

.27

-,3I
- r?7

-,83

-,6Ê
* "66

.07

*.20

'Ôh

-Æ.

.l+6

^ "69

*,o5 - "28 --,38

.11 ^ ,L6 *.5L

-,11 *"r2 -,U7

*-5L *"15 *"o7

-"q8 *"L7 ,01

-"76 "o5 -"03

* ,L7 *,04 
" 
10

*.09 ,o5 "I7
-,11 "L3 ,fu
- " 

00 
" 
08 'It'|

"28 "O2 *"19

(cont 8d)
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TABLE TX (eontsd)

FacËor

VrVTTÏIIï VÏ VÏÏ VÏTÏ

Premaxilla ang, "O5

Lateral line scales .51

Upper rakers .10

Lower rakers ,08

Total rakers .09

MorphologÍcal
variable
Premaxillae w"

Gillraker 1,

Profile

Environmental
variab_le

Latitude

Longitude

Altitude
January temp,

Jul-y temp"

Ðegree days

Snow cover

- " 16 *,O2

"o2 -,09
,13 - "29

- "v/ - "18

- "O5 *Æ-

-,o2 -.05

-..79 , 06

.21 ^.26

-"06 -,0,l+

,o2 "al
-"01 .o3

*"01

-,L7
* 

"l+9

- "og

-,02
.2L

"15

"07

,89

"02

'21+

,L3

"11
*.01

*,1þ7

*.o2

*" 04

-"03

"27

.L5

"%
r9å

"Q7.

* "L6

-,36

.01

"o5

"Ol+

* 
""65

,14

,34

-,26

"13

-,09
*.o7

-"08

* "L5

"06
* "r2

.26

*,L5

-.0¿t

-,06

-,o5

* "þ6

-,89

- "62

-"04
.23

.06

.18

,05

,04

-.o2
* "o3

.09

,09

"u7

*"6?

.06

-Æ

"96

,82

"93

-"85

"20

"L5

-.08

-.Iô

-,01
*.L5

"Ll+

"1O "03 *"I7

,o5 *"00 *"29

- "27 ,03 "I7
-"I5 -"I2 "10

" 
05 "20 -.29

,o5 "06 *"o5

.08 "25 ,!2
(cont 8d)
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TABLE IX (cont rd)

Factor

Vï IT IÏÏ ÏV VT VTÏ VTÏT

Environmental
variable_

Frost free days

Precipitation
Lake area

Lake 1,

Lake w"

Shoreline 1"

Shoreline
development

I{ax" depth

TDS

TDS/IvIax. depth

Drainage basÍn
area

Flushing index

,01

"04

^ "95

-,97

-.8o

- "97

-,68

-.lel

=-:t8
,18

-. 8¿t

.07

-Já

"IA
-.IL
*,02

^.o7

"02

,3Q

*,28

- øQ4

;

*,09

,02

.1¿ü

-"14

-.08

-,06

- "L7

-,O7

*,03

- "L7
*,08

,Lz

-,0ó

"02

"3O

,11

- "L2

- "o7

-,18

-,06

.10

- "2È

-"01_

"28

,45

.28

"03

*.25

,02

.0¿l

* 
'O2

"08

,L9

"þJ
-" 01

* "7O

.07

"09

*Ë

-"28

- "03
*,Oz

-,11

-"o5

*.08

-.03

"-æ,
,29

ìr+
-eIO

*,25

,l-6 *.L3

"o5 "22
.0/+ "Ll
' 0lr, "O7

,o8 "06

"08 .11

'?5 "I2
*"L7 -"00

"2h, "O7

-3&" "o5

*. ?8 .O3

-"68 -"ro
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III ) , Fewer scales !¡ere associated with r¡rarmer temperatures

to the south (factor fV), Factor V showed. that íncreased.

lake depth was associated wÍth d,ecreased body depth, fork

length, paÍred fin lengt,hs, and interorbital and premaxill-ae

widths, and with increased snout length and jaw lengths.

fncreased dissolved solids and frost free days vrere assocÍa-

ted wlth shorËer paired fins and head (factor VI) " A

decreased flushing index üras associated with a decreased

premaxilla angle (factor VII)" Increased precipitation was

associated with increased gil.lraker and jaw lengths, and

decreased fork length (faetor VffI) 
"

Factor scores Ììrere calculated. from the matrix of

factor loadings, and díd not show any groupings of the forms

that could not be accounted for by environr¡enüal influences,
The facËor scores suggested that the seeond factor night

reflect the influence of the Precambrian shield: non-shield

forms had scores from *].-75 to -0.16, and forms from the

shield or the edge of the shield had scores from -0"18 to
1"85" The ühÍrd factor (gillrakers and. fork length) ai¿

not show any distinct grouping of the forms.

Multiple regression r{as used to predict values for
the morphological variables of the same high group forms from

values of the envi.rorunental rariables " The regressions were

significant for all variables except maximum fork length,
gillraker J-ength and premaxil-la angle, with multiple corre*
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lation coefficients rangÍng from 0"35 for maxímum fork
length to 0"84 for interorbital width" Det,aíIs of the

regressions are sholqn i-n Table x. MaxÍmum lake depth was

significant in the prediction of ten variabres: maxi-mum

and average fork lengths, body depth, eye diameter, i.nter-
orbÍtal and premaxillae widths and paired fin lengths

decreased with increased lake depth, and snout length and

profile increased. Lake area riras significant in the predic-
tion of nine variables: body depth, head. lengtho eye d.ia-

meter, jaw lengths and paíred fin lengths íncreased with
increased lake area, whereas scale numbers decreased." GÍrr*
raker numbers, scales and premaxilla angre increased. and

premaxillae width decreased with increased average fork
length. Totar dÍssorved sol-íds was significant in the
prediction of sÍx variables: head length¡ êr€ diameter

and paired fin lengths decreased., and. interorbiËar width
and scale nunbers i.ncreased with increased dissol-ved solids"
Eye diameter and mandibre length increased wíËh increased

numbers of frost free days, whereas interorbital width and

scale numbers decreased. rncreased maximum fork J-ength

ïfas associated with increased body depth, interorbital and

premaxillae widths, Eye diameter decreased. with increased,

numbers of degree days.
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Morphological Variation withín the Low Group

0n1y eÍght forms were included i-n the l-ow group

analysís¡ so factor scores and regression equatíons were

not calculated, Since the sample size was so smaIl, less

reliance should be placed upon the factor loadÍngs (table

XI) and the interpretation of the factors than for the high

group, The first factor is essentially the same as for the

high group, but increased lake size was associated with

inereased fork length and not with profíIe or scale numbers"

The second factor reflected clirnatic changes to the south

and east, with shallower lakes occurulng to the south and

east; this krê,s associated wÍth increased head and paired fin
lengths, decreased premaxilla angle and scale numbers, Higher

July temperatures and increased dissolved solids ürere âsso*

ciated wÍth fewer gillrakers, shorter paÍred. finsn jaws

and head lengths, narrower interorbital width, more scaLes

and, a more vertical- premaxilla (factor TII). Increased

dissolved soJ-ids, shallower lakes and more frost free days

were associated with an increased profÍIe, Ionger gillrakers,
increased interorbital width, premaxilla angle and body

depth, and. a shorter average fork length( factor fV) " The

fifth factor showed, that increased shoreline development

was associated with a deeper body, a smaller eye, narrower

premaxillae, shorter snout and jaws, shorter average fork

length, but increased maximum fork length" The sixth factor
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TABLE XT

Rotated factor matrÍx from R*mode analysÍs of
morphological and environmental variables

of the low group, Factor loadings

greater than 0"30 are underlined.

Factor

TT IIÏ VÏ VIÏ

Cum, /o varLance

/, variance

Morphological
variable
Av, fork 1,

Max" fork 1"

Body d"

Pectoral 1,

Pelvic I,
Head 1"

Eye diam,

Snout ]-

Upper jaw I.
I'{andible f,
Ïnterorbital w,

3t+"97 59.97 7r+"59

3 4 "97 22 "OO 17 "6r

84,89 92"33 96"95 gg"gg

10.31 7 "t+l+ t+"62 3.O4

*-qz

--gå

JA
.L7

"3"

r&.

"!Z
-,10
*.23

"33

"ah

,22

,01

.0&

=-bz
,6?

tÆ"

,10

^ "22

^.27

- "o5

,00

-.18

-.09

-,30

-.7I

=-"ég

- "L,J

-"03

-.26

- "Iþ6

* "q6

-"1+3

-.3b - "i2&

- "oB ,-æ

--æ, -22

"14 -,24
,24 - "2o

*.26 *,26

-,00 - "72

"13 -,81

" 
o8 

=_.78

- "'AZ :*éo

.þå 'L5

.09 -"09

"å -"0&

.16 "11

"26 .18

"o7 .22

"Og "?7

t-æ. - " 
ol

-"41t, "03

,22 ,09

*.06 "25

"I2 -,5Q

(cont ed)



85

TABTE XI (eonted)

Factor

IÏ TÏÏ T7IV VT VIÏ

Morphological
variable
Premaxil-Iae w.

Gillraker 1,

Profile
Pre¡aaxilla ang.

Lateral line seal-es

Upper rakers

Lower rakers

Tota1 rakers

Environ¡rental
vg.riable

Latitude

Longitud.e

Altitude
January temp"

July tenrp.

Degree days

Snow cover

Frost free days

-,03 "11

.ob .L6

-.09 -"05
* "l+9 ^,21+

*.1l+ -,39
*"O? *'09

*"L3 -"09

-.09 -,09

* "24 ,01

-"(I -,10
,86 -"08
.04 ,o7

*"o7 -"03

,06 - "16

"2L "Lg
.r7 -,l-g

no

*

'21+

"07
* "25

"3O

,0Ê

.L7

* "L7

-,27
*"0&

*.1+2

-,60

- "L7

-,06
-,11

- "96

- "79

,45

.08

-'39.

,03

,Ltrz

.63

* "92

- 'Q7

- "97

"Ol+

tc

"16

"20
1tr*

"16

.19

.E$

&.
"l+6

- "o2

,L5

^.L2

-.01

,08

*"1I1

-,11_

-,09

^ "22
* "22

.3L

"X.

* .51+

"01
*.og

*"33

"07

"o5

- "L2

-"06

.15

,12

'*"00

*"18

^,2O

*.32

* "Ol+

-. ?6

-"01

"L5

"L3

.20

"L
"L5

-,10
^.o2

o?

*
.88

*"90

"82

,10

.03

(cont 8d )
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TABTE XT (contsd)

Fact,or

T If TIÏ ÏV V V]T VÏT

Environmental
variablg
Precipitation
Lake area

Lake 1"

Lake w.

Shoreline 1,

Max" depth

TDS

TDS/Max, d.epth

Drainage basin
area

Flushing index

* "o2
*o

-%

"-%

"Æ&
&

-.68

-"61

*&
*.20

- "1Q

.02

-,18

-"9
"09

r5á

- "23

-,28

-.L0

- "29

- "23

-,r1
-"1_4

,22

*J-q

"03

*"25

*.10

,09

"2h

"13

"10

.07

4k
"R7

,Ã?

^ "o2

-.13
* "o2

" 
0¿F

,10

"02

'21þ

"L2

-.05

"13

.Æ- "17

-"05 -"o7

-"01 '08
*"12 -"19

,00 "01

-.o2 * "2b
* "23 .00

*,11 "L5

" 
0l+

"3O

.2I

"L6

ol

.88

^ "o7

-"10
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showed that precipitation increased with altitu.de in the

east, and Ëhat this vúas associated with increased eye dia-
meter and maximum fork length, and a shorter snout and

decreased premaxili-a angle. The last factor showed an

association between fewer scales, decreased interorbiËa1
width and increased fork length,

summarv _ Much of the variation between forms of
t,he high group and between forms of the 1ow group can be

attribut'ed to differences in climate, lake morphometry

and chemÍstry, and the average fork length of the form,
Environmental variables can be used to pred.ict the morphol-

ogy of a form,



OSTEOTOGY

Materials and Methods

Selected skull bones frorn 6J ciscoes and one white-
fish (Table XII) were examined, The ciscoes incl-uded.

representatives of most forms of the 1ow group and any

sympatric for¡ns of the high group, representatives of the
group that were separabre by gírlraker counts, representa-

tives of the high group from throughout its range (includ-

ing both tullibee and lake herring phenot,ypes), and. repre-
sentatÍves of the Mackenzie R" lower and higher forms"

skulls were prepared by pracing them in lØ" KOH for two or
three days" The folrowing cranial bones were examined:

angular (articular), autopalatine, dentary, hypethmoid.,

maxilla, premaxilla, prevomer, quadrate, supraethmoid,

supralingual plate and supramaxilla; nomenclature follows
Harrington (t955'l " The following measurements (Fíg, 2) v¡ere

found to be of taxonomic value: dentary--maximum dÍstance

from the most anterior poínt to the anterior ed,ge of the
coronoid plate; maxilla--minimum vertical height at the
junction of the anterior and posterior portions of the dis-
tal plate" Differences between the ¡reasurements for díffer-
ent groups were tested by analysis of eovariance (ANCOVA)

(snedecor and, Cochran Lg67) o using head. length as the eovar-

iate,

88
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TABLE XÏÏ

The localities and numbers of ciscoes and whitefish

used in the examínation of skull bones.

Key: ¡mL - Mackenzie R" lower form,

FIRU - MackenzÍe Rn higþer form"

LocaLity
Form Group

Lower Mediun Higher Low High MRL MRH Vfhitefish

L, Athabasca

Big Atha-
papuskow

Churchill
Cold L.

Dunc L.

Flotten L.

George ï,"

Lac la Bi.che

Lac la Ronge

Lac Seul

Lake of the
l{oods

l"íbtl-e Atha-
papuskow

Lyons L.

)

2

2

2

1

)

I

l+

2

2

)

I

?

2

I
I
I

2

I
I

1

1

1

I
I

1

t
I

I
I

3

2

9

l+

I

I

1

I

I

2

I

2

1

(cont ed )



9O

TABLE XII (conted)

Form Group
Locality

Lower Medium Higher Low High T.{RL MRH }fhitefish

MackenzieR" 2 I Z 1 Z z

MinkNarrows I 1 I I z

Montreall. 2 I 3

L" St, Joseph 1 I
Second Cran-
beruy L" I l- z

I¡Iest Hawk L" 2 z
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Results

The shapes of the angular, autopalatine, hypeth-

moide pre&axilIa, prevomere quadrate and supramaxilla were

not found to be of any use in distinguishÍng between the

four groups. but statlstical differences may have been over-

looked..

ïndividuals of the low and high groups showed con-

siderable varÍation ín the shapes of the dentary (FiS, 11),

maxilla (Fie. L2) s supraethmoid. (Fig, Ð) and. supralingual

plate¡ so that it was not possible to find a sÍngle char-

acter that separated a1l individuals of each group. Some

generalisations can be made as to the differences beüween

t,he bones of the two groups, but whereas the generalisatÍons

vûere of use in grouping indlviduals from one locality, they

eannot be refied upon in grouping indivj.duals from different
locaLities. The maxÍI1a of the low group tended to be ness

deep than in the high group; the supraethmoid had fewer

posterior projectÍons Èhan in the high group, and those

were often shorter; the supralíngual plate of the high

group was more spatulaten No consistent differences were

found between sympatric forms of the high group, nor between

the bul-libee and lake herring phenotypes"

One statistícal dífference between the high and low

groups hlas investigated. Thís was the maximun dístance ttre
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Fig, 11, Representative dentary bones of
the four groups. Key: upper left _ Mtackenzie

R. lower form; upper ríght - I¡Iackenzie R,

higher form; centre robr - two representatives
of low group; bottom row two representatíves
of high group.
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Fig. L2" Representative maxillae of the

four groups. Key as in Fig. 11.
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Fig" 13 "

bones of

FÍ9.11"

Representatíve

the four grouPs"

supraethmoid

Key as in
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dentary projected in front of the coronoid plate minus the

width of the maxilla (see Fig. 2). This ind.ex was higþer

in the low group, but varied with the si-ze; the values

were ptotted against head length and showed sone overlap

between the two groups (Fig. ]¿r,) ' Regression lines for
both groups were sígnificant (p < 0,01); ANOCOVA showed

that although the slopes did. not differ signíficantly (F :

0,52), the inbercepts did (F = 3L"65) ' Critical values are:

for slopes, p < 0.05, F : 4"O7; for intercepts, p ( 0,01,

P =1.25. The variance of the two regression lines dÍd not

differ significantly (F : L"26, critical value for p ( 0,05

: 2n95).

ltleak teeth rdere found on all indíviduals of the low

and high groups (fork lengths of the specimens examined

ranged from 95mm" to 295rnnù " Teeth rüere found. on the

supralingual p1ate, premaxíIlae, d.entaries, autopalatines

and occasionally on the vomer" The number of teeth varied

considerably, The indivÍduaLs of the low group had teeth

on the supralingual p1ate, premaxillae, dentaries and often

on the autopalatÍnes, and these were usually larger and

more numerous than the teeth on the correspondíng bones of

higþ group individuals; palatine teeth were rare in individ-
uals of the high grou-p" The two índivÍduals of the l{ac-

kenzie R, lower form had teeth on the dentary, premaxil-lae

and supralingual plate; the two individuals of the ITac-
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Fig, 14. Regression of dentary projection

minus maxilla width against head length for
the low and high groups. Key: Iow group O ,

high group @ o
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kenzie R, hígher form had teeth on the dent&Tys supralin*
gual plate and autopalatines"

The representatives of the Mackenzie R. lower and

higher forms differed from each other and from the hÍgh and

low groups, The dentary (Fig, 11) of the Mackenzie R" higher

form had a pronounced convex ventral edge. The maxilla of

the Mackenzie R" hÍgher form had a ventral projection on the

condyle, and the maxilla of the Maekenzie R, lower form had

a convexity on the dorsal surface (Fig, 12). The supraeth* -

noid of the Mackenzíe R, lower forn roas squarer and had

shorter posterior projections than in the other groups,

whereas the supraethmoid of the Mackenzie R, high forn had

a more pronounced wai.st and an anteríor projection (Fig,

13 ). The supralingual plates of the Mackenzie R" lower and

higher forms differed in shape and arrangement of the teeLh'

the Mackenzie R. lower form resenbled the low group, and the

Mackenzie R" higher form resembled the high group.

The maxilla, supranaxilla and supralingual plate of

the Flotten L" lower form (38 Sillrakers) most closely

resembl-ed those of the Lyons L" whitefish (Fig, L5 ) . How-

ever the Flotten L. loltrer form differed from the whítefish

in lacking a concavity on the posterior tip of the coronoid

plabe, and in having a supraethmoid that lacked a distinct
median ridge. The supraethrooíd did not resemble a supra-

ethmoid from a cÍsco" Ït was concluded that the Fl-otten L"
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Fig" J-5" The dentary, maxilla, supramaxilla and

supraethmoid of the Flotten L. lower form and

Lyons L, whiÈefish. Key: upper left - dentary;

upper right supraethmoid; lower left - maxilla;

lower rÍght --supranaxíI1a" For each pair of bones

the Lyons L" whiÈefísh is on the left, the Flotten

L. lower form on the right.
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lower form was a whitefish and not a císco, although it may

have been a hybrid between a cisco and a whitefish.



ÐTSTTNGUTSHING THE GROT'PS OF CÏSCOES

TN CENTR,AL CANADA

Differences between the Groups of Ciscoes

Discri¡oinant analysis was used to find the best

method of separating the nine members of the lova group

(íncludíng the Mink Narrows lower for¡n) from Eine 75 forns

of the high group (including the Dunc L, lower form. ) ttre

differences between these bwo groups and the }fackenzie R"

Lower form and higher form were not investigated by dis-
crimÍnant analysis as each of the latter tvro groups were

eonposed of onl-y one form" The results of separating the

Mackenzie R" lower and hlgher forms from each other and

from the }¡Iackenzie R. medium form, a for"m of the high groupe

were given 1n Table I,
The discrininant scores (FÍg, 16) separated the

forms of the low group from forms of the high group, The

Great l[ha]-e 8".. mediurn form, a form of the hfgh groupe had

a score of 1"L3 and was closer to the nearest member of the

low group (L, Athabasca lower formo L"t+7 ) than to the rrêâr*

est form of the hÍgh group (Cold. L" higher forn, O,77'l "

The differences between the groups ï{as large, with a cal-
culated chi-square value of 101+.81+, the discriminant co*

efficients of the 18 characters are given below i.n descend-

ing order of their use in separating the low and higþ group

forms: pectoral- length 0,64, lower raker numbers *A,l+60

L00
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Fig" 16" Morphological differences,
(expressed as discriminant scores)

separating forms of the low group from forms

of the high group" Key: low group @ ,

high group 0
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pelvic length -O"32, gil3.raker lengl..!'! *O.23, eye diameter

*O"2I, upper raker numbers -9"19r maxÍmum fork length
*0,19, interorbital wídth -0.14, upper jaw length 0,15,

nandible length 0.13, premaxillae widbh -0.13, snout

length 0.O5, lateral line scale numbers -0"09, head length

-0.08e profile 0.05, premaxilla angle 0.04', average fork
length g.0l+r body ddpth *0.0/e" f,ow group forms had higher

scores than high group forms,

Table Xïïï shows the range, mean, standard deviation

of each character for the four groups" The MÍnk Narrows

¿¡d Dunc L, lower forms were excluded from their respective

groups " The magni.tude of differences between the four
groups are shown by the F value from ANOVA"

The it{ackenzie R, lower form differed from all other

groups in eye diameteru interorbital width, mandÍble length,

premaxillae width, premaxilla angle, profile and lateral
line scale numbers; it differed from the low'group in
maximum fork length, from the low and high groups in aver-

age fork length, and from the high group and the Mackenzie

Rn higher form in head length, The Mackenzie R" hígher

form differed from all groÌrps in head length and premaxilla

ang1e" The low group dÍffered from the other groups j.n

snout lengthe upper jaw length and upper raker numbers,

The low group also díffered from the high group in maximum

fork J-ength, body depth, ínterorbital widbh, mandible



TABLE XIIT

Differences in the variables of the four groups" 103
There was only one sample for both the Mackenzie R"
Lower and Mackenzie R. Higher forms"

Range F
Standard Value

Variable Group Lower Upper Mean Deviation from
Anova

Max" fork 1" Low 190"A 295.0 232"5 40"L6 2"7
Hígh 159 " 0 485 " 0 289 "9 69 "84
Mackenzie R. Lower 381.0
Mackenzie R" Higher 347 "0

Av" fork 1 " Low 98 .8 220 "0 L72.6 38 .69 3 " I
Hish 106 " 7 340 " 5 209 "l sl " 33

Mackenzie R. Lower 336"8
Mackenzie R" Higher 254"0

Body d. Low 35"5 44"8 40.2 3"30 5.3
Hish 28"6 s9"s 47 "L 5"70
Mackenzie R" Lower 36"5
Mackenzie R" Higher 39"8

Head 1. Low 43.3 50.4 46.9 2"34 6.6
Hish 38"8 50"6 44"9 2"25
Mackenzie R. Lower 51"0
Mackenzíe R" Higher 39"0

Eye diam. Low 9"5 11.5 10"8 0"64 2"4
High 8"7 13"0 10"5 0.81
Mackenzie R. Lower 8"8
Mackenzie R" Higher 11.4

Snout 1" Low IL "2 L2 .4 l-I.7 0 " 49 11 " 0

Hish 9.1 L2 "6 10 " 6 0.55
Mackenzíe R" Lower 10"0
Mackenzie R. Higher 10.0

Interorbital w. Low 8"2 9"6 8"8 0"53 11"9
High 7 "4 L2"0 10"3 1.01
Mackenzie R. Lower L4"2
Mackenzie R" Higher 8.6

{Contod.)



T4Ìr,J xT{r (cont'd. ) r04

Variable Group
Range

Lower Upper
Standard

Mean Deviation

F
Value
from
Anova

Upper Jaw 1.

Mandible 1"

Premaxillae w"

Gillraker 1"

Pectoral 1"

Pelvi-c 1.

Profile

Low

High
Mackenzie
Mackenzie

Low

High
Ivlackenzie
Mackenz ie

Low

High
Mackenzie
Mackenzie

Low

High
Mackenzie
Mackenzie

Low

High
Mackenzie
Mackenzie

Low

High
Mackenzie
Mackenzie

Low

High
Mackenz ie
Mackenzie

R. Lower
R. Higher

R" Lower
R" Higher

R" Lower
R" Higher

R. Lower
R. Higher

Lower

Higher

Lower

Higher

16.0 18 .9
L3 "7 L6 "9

R. Lower I4.4
R. Higher I5.2

17 "T
1s"1

2L.4
20 "3

0"89
0"74

0"63
0"75

17 "5

12"4

r0.4

9"s

1"3

2"L

16"3

20 "3
18.9

23 "9
20.3

7"2
7.5
10"9
8.2

3.7
5.9

7"7
6.9

26 "7
26.r

35"4
3L "7

26 "3
25 "3

36.0
34.9

7r "7
72 "4

110"8
78 "5

22.3
23 "6

9"1
9.3

8"1
9"r

36"3
38 .9

35"9
37 "8

93"0
97 "6

I "4
8"7

6.3

0.70
0.39

R.

R.

R"

R"

31" 1

32"6

30"8
33.0

85.3
84 " B

1.35
0 " 66

2 "99
2"49

3"51
2.7 4

6.30
3 " 48

(Cont rd 
" )



TABLE XIII (Contrd. ) 10s

Variable Group
Range

@pÊr Mean

F
Value

Standard from
Deviation Anova

Premaxilla ang"

Lateral line
scales

Upper rakers

Lower rakers

Total rakers

Low

High
Mackenzie
Mackenz ie

Low

High
Mackenzie
Mackenzie

Low

High
Mackenzie
Mackenzie

Low

High
Mackenzie
Mackenzie

Low

High
Mackenzie
Mackenzie

40 "9 61" 3

38 " 0 64 "7
Lower 68 "4
Higher 29.7

R"

R"

7 L.0
80.9

14 "7
2I.6

25 "5
4L "3

40 "2
62 "9

49 "0
46 "0

68"9
7L"I

L2.8
I7 "T

22.7
30.2

35.5
47 "3

6 .47
4 "96

1" 38

3"93

1"34
r.37

L "99
2.7 2

3 "25
4"01

10"6

9"1

23.3

19"9

2L "9

R"

R"

R.

R.

R.

R"

R"

R"

66 "9
6r "7

Lower 89 " 0

Hi-gher 7 6 "7

10.3
L4 .9

Lower L6.4
Higher L6 "2

19.1
25 "9

Lower 26"0
Higher 28 "2

)q ¿.

40 "9
Lower 42.4
Higher 44 "4
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length, gilJ-raker length, pelvíc fin length and. lower

raker numbers, and from the high group and the MackenzÍe

R" higher form in total raker numbers"

Th" Grouping of Previously Ungrouped Forms fromCentral Canada

The ungrouped forms (Table If)r many with only one

or two individuars, rrrere placed tentatively in either the
low or high group; none of the ungrouped forms resembled

the Mackenzie R. lower or higher forms,

The low group had mean total gillraker counts

ranging from 29.1+ Eo laO.Z, the high group from 39"3 (Dunc

l. l-ower form) to 62.9 (TabLe XIII and Fíg, I?)" The Big

Trout 1,, Clear:r¡later L", Deer L. r Great Slave L" lower
forms and the Tazin R" medium form had. gillraker means of
less than 39.3 and were placed provisionalS-y in the low

group" The Barrow L. lower form (3g,5), the L. üIinnipeg

lower form from ühe Royal Ontario Museum ßg ô ) and the

'¡Iholdaia L. medium form (¿O) had gillraker means within
the region of overlap (39"3^\o"z) and were not grouped by

gillraker means, The Baker L. medium form (t+0"5) and arl
other unidentified forms had gillraker means within the
range of the high group wÍth which they ?rere grouped" The

range and mean t,otar number of gillrakers for each form

víere given in Table fI,
The index of snout lengËh * upper jaw length +



L07

Fig" L7. The use of mean gillraker

counts to group previously un-

grouped forms from central Canada" Key:

low group tr , high group f r forms not

grouped by mean gillraker counts N
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mandible length - mean total gillrakers ranged from -t?.I
to 7,7 for the hÍgh group, and from LZ.j to 20,6 for the
low group. Values esbimated. for bhe Barrow L" and. L.

winnipeg lower forms were 11.8 and. LZ,) respecËively, so

these forms were placed in the 1ow group" The T¡üholdaía L.

rnedíurn form had shorter jaws and snout and. was placed. pro-
visÍonally in the high group" The Ìower forms from Big

Trout f¡ne cl-earro¡ater L,o Deer L. and Great slave L" also
had long jaws and snout and so fitted the low group in these
characters also, The Tazin R" medium form and the forms

placed tentatively in the high group had shorter jaws¡ so

all these forms were pl-aced in the high group"

summarv - The Mackenzie R" lower form i-s best separ-

aflød. from all other groups by its high lateral rÍne scale '

count, profile, interorbital wídth and premaxílla angre,

and arso by its long head and s¡nalr eye (table xrrr), The

low group is best separated, fro¡r the other groups by its
fewer gillrakers; the range in totar number of girlrakers
for the low group is from 29.4 to 40"2 and only overlap
with the Dunc L" lower form (39,3) of the high group, but

the index of snout length * upper jaw length + mandible

length plotted against the total- number of gillrakers (Fig.

5) separated all the 1ow group from all the high group.

The l{ackenzie B. higher form is best separated from all
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other groups by its low prenaxilLa angle, and al_so by its
short head, although two forms of the hígh group had. shorter
heads (Table xrrr). Differences between sympatric forms

of the high group were mainly in fork length"
ït should be stressed that the above applies to

the values obtained from regression or the mean values of
the 19 morphological charaeters for each form.

Forms of the low group v,rere found at L5 localities,
and were found sympatrically with one form of the high gr.oup

at nine localities and with two or more forms of the high
group at four l-ocalities. High group forms were found at

78 localities with two synrpatric forms of the high group ar
24 localities and with three to five s¡rmpatric forms in L,
'rtlinnipeg" The I4ackenzie R" lower and higher forms were

found at only one 1ocaLity, where they were sympatric with
a form of the high group"
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REVÏ814I 0F THE TÁltgNg¡,üC HIST'RY OF

NORTH AMERTCAN CISCOES

The statements and nomencl-ature in this section
represent a review of past and current beliefs prior to
this study; theír inclusion here is to ind,icate the prior
state of knowledge and does not Ímp1y agreement by the
author" The authorrs opinion as to the nomenclature of
central canadian eiscoes is presented in the section
enËitled ftNomenclature of ciscoes in centrar canad.a.Tl

Generic Norlenclature

ciscoes have been separated, from whitefish on the
basis of having many long gillrakers, antrorse premaxillae,
and maxíllae ending beneath the pupil" v/hitefish have been

placed in the genus corer"onusu following Linnaeus (tZ5g),
North American ciscoes r,vere first described, under the
generic name of coreEonus by Lesueur (1919), and. then
under salmo by Ríchardson (rð6)" Between 1950 and l9rr,
most American v¡orkers followed Agassiz (fS¡O) in placing
ciscoes in the genus Arqvrosomus, though sone (e,g" Bean

1881; Jordan and. Gílbert lB83) contÍnued to use the gen_

erie name of coreAonus for the ciscoes" Gilf pointed. out
to Jordan and Evermann (1911) tnat 4rgyros-emuq was occupied
by the sciaenid Argrr-9_E_smus a.quila d.escribed by de la pyraie
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in 1835. Therefore they replaced Areygo_Epmug by Leucich-
thvs, first used by Dybowski ín ldz4 for the coregonÍd,s

with a terminal mouth (císcoes). Jord.an and. Evermann

(1911) also introd.uced the subgenera Thrissomimus, giEqg. and

Ållosomus for the slend,er-bodied ciscoes (lat<e herrings),
the deep-water ciscoes (chubs), and the deep*bodied cis_
coes (tulribees) respectively, Most AmerÍcan workers, rike
the Eurasíanse no?r consider that the differences between

ciscoes and whÍtefish are insufficient to waryant generÍc
separation and both should be included in the genus qgrg-

Eonus (l¡Ialters L955), This is because L" autunnalis, the
type species of Leucichthys, sometimes has retrorse pre-
maxillae (trtla1ters 1955), and some Eurasian whitefish have

nlunerous long gillrakers (Berg 1948), and. this cond.ition
also has evol-ved in Prosopi.um genuriferum (Nord.en 1196l).

some authors prace ciscoes in a separate subgenus, Leu-

cichtb¡rs, from the whitefÍsh, and others (""g. Scott and

smith 1962) stiLl retain the separate genus, !e.ucl-qh!hïs,
for the ciscoes.

current Taxonomic Differences bet¡qeen i\lortF¡ American
C iscoes

Earry workers did not recognÍse the great pheno-

typie plastielty of coregonid.s, ando in consequeneee

described new speci.es on the basis of morphological dÍf_
ferences that are now thought to be non*genetic" rn
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addition the early descriptions often were vagu.e and. based.

on a síngle specimen" The result has been the d.escriptíon
or 3p species of císcoes from N, Arnerica, of which 36 are

endemic" These 36 ciscoes are listed, ín Tabre xrv, each

with its type ÌocaIity, the source of its origlnal descrip-
tion, and its present taxonomic status" At the present

time, onry twelve species are considered to be valid (gailey
et al e I97O) 

"

The following is a revíew of the current taxonomy

of N' American ciscoesu based largely on Koelzrs (rgzg,

l-g3l-) work on the ciscoes of the Great Lakes basin and

northeastern U" S. 4., and Dymondss (fgß ) work on ciscoes
from northwestern Canada. The characters used most exten*
sívely in cisco taxonomy are gillraker counts, Iaùerar line
scale counts, profì-le, and. jaw characteristics" Table Xv

shows the differences for these eharacters between the
twelve currently recognised. species, together with the
geographical ranges of the species, Details of the species
distribution can be found in Hubbs and. Lagler (lg6t+) ,
McPhail and Lindsey (rg7o) , and. paetz and. Nel_son (tgZol 

"

Geographical distribution separaÈes the three ârc-
tic ciscoes, c". autumnalis, fu laurettae, and. !* sardinel_l-a,
froro the other nine specÍes, and also separates g- autumn-

_alis from 9. Ieurettae (McphaíI J-966),

Gil-lraker counts usually separate != johannae, g*
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laurettae and C" reighardi, with less than 40, from C" artedii"
q. autumnalis, C. nigrípinnis and 9" sardinella, which usually
have between 40 and 50, and from C" nipigon, which usually

has more than 53 gillrakers"

Generally q" hoyi, 9. reighardi

have fewest lateral line scales, and C.

and C" zenithicus

johannae and the

arctic ciscoes have the most"

In the Great Lakes basin, the three most abyssal

species, C. johannae, C. kiyi and C" nigripinnis, have an

ovate profile (deeper forward than medj-ally), whereas the

other species are elliptical (deepest medially). Outside

the Great Lakes basj-n, C. nigripinnis is often elliptical"
The mandible usually protrudes in C" alpenae, C. hoyi

and 9" kiyi, and usually is included ir 9. autumnalis, C"

laurettae, C. reighardi and C. zenithicus" The premaxillae

often approach the vertical in the latter four species" The

jaws of Èhe other species are usually equal.

The relative size of body parts has been used.

extensively, although growth is usually allometric, and

morphometry varies v¡ith growth rate (Hile 1937) " The

shorter prepelvic distance of C" sardinella separates it
from C" artedii" The following generalizations on the

relative size of body parts of sympatric species may be

made from Koelzrs (1929) work in the Great Lakes, but the

results do not always hold true for L" Nipigon:
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Head! Cu êrlediå the shortest; C" hoy-i-, C-- johanngg and

C* kivi the longest,

Snout: C, artedií and [* hoUL the shortest 3 C" Alpe¡a-e,

C, .i_ohannae, C, t<iv! and C, zenilh:Lggs the longest'

Eye : C " alpenas and C, .ighgnnag_ the smallest ; _C., hoy:L and

C_s kiy! the largesb 
"

Upper jaw: C, art'edii the shortest; C" hoyi and 9. zenith-

icus the longest,

Paired fins: C, asjUedii and C. terÆgld! the shortest i C 
"

hoyÍ and C" kivi the longest,

Gillraker length: C " .ioþannag and C,- reiehêxd! the shortest ;

9.'- artedíiu C. hov! and C" nigripínnis the longest.

Koelz (1929, L93l-) described 24 subspecies of C"

artediÍ, four of C, nígripinnÍs, and two of C" kiví and of

C. reighardi. He recognised subspecies on the basis of

differences Ín gillraker and lateral line scale counts, and

morphometry.

The Distribution and Curcent Taxonomy of Ciscoes from
Central Canada

Syrnpatric forms of ciscoes are known from several

localities in central Canada and have been referred to
five species (taUle XVI). Tv¡o or three forms occur at

these localitiesu except L. trüinnipeg, where five have been

recorded. (Bajkov lrg3?J. Up to eigþt sympatric forms are

known from the Great Lakes basin (Koelz L929) " Tabte



TABLE XVT"

The recorded Canad.ian occurrences of C. hoyi,
q" nigrì-pinnis, C" nipigon and C. zenilthlãrs
Tinffi.diJrj-neïghärmreursidãoE-Effi t
Lakes basin, and their sympatry with C" artedii.
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Sources

ol'fl !D

--' f;l Gr g

€t 3t st f0)l '-ll ${l '.{l .-l

Ël sl il 3l ft

Lakes

L" Abiribi

L" Athabasca

L" Athapapuskow

L. Attawapiskat

Baby L"

Barrow L"

Big Trout L.

Black Sturgeon L.

Burntwood L.

Clearwater L"

Deer L"

Eagle L.

Eva L.

Fishing L"

George L.

Great Slave L.

Heart L"

Lac 1a Ronge

Lac Seul

Lake of the Woods

x

x

x

x

x

x

x

Dlrmond & Hart (L927 )

Dymond & Pritchard (1930)

Clarke (MS I97 0)

Ryder et al. (1964)

R.O.M.1

Paterson (L969)

Ryder et al " (L964)

Bajkov (1932)

Dymond & Pritchard (1930)

clarke (lvls 197 0 )

Ryder et al " (1964)

Dymond & Pritchard (1930)

Lindeborg (1941)

R" O"M.

Gibson & Johnson (MS 1969)

Dlrmond (I9a3) ¡ Rawson (L947)

Dymond & Prítchard (1930)

Rawson & Atton (MS 1953)

Dymond & Pritchard (1930)

Hinks (1957)

x

x

1¿

x

x

x

x

x

x

x

X

x

x

x

x

x

x

x

x

x

x

x

(Contrd " )
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Sources

rnl
-.1 I ut
.1 I d-¡r -Sl Ér i'.{l Ol Ol .q-dl -.rl rnl Ð

C.ll ..ll !l .¡l .-t
Ðl >l b',1 gl É

Hl .31 Ël Ël $

Lakes

Little Trout L"

Long L"

Manistikwan L.

L" Manitoba

Matagami L.

Olga L"

Reindeer L"

Rocky L.

Sand.y L 
"

Tazin R.

Trout L.

Twelve Mile L"

Wabigoon L.

Waskesiu L"

trVaswanipí L.

White Partridge L.

L" Winnipeg

x

Dymond & Pritchard (1930)

Harkness & Hart (1927)

Clarke (MS L97 0)

Dymond ç Pritchard (1930)

R"O.M"

R. O.M"

Bajkov (L932) ¡ Dymond (1943)

Clarke (MS I97 0)

R. O "M.

Dlzmond (1943 )

R. O. M.

R"O"M.

Dymond & Pritchard (1930)

Dymond & Pritchard (1930)

N.M.C.2

R" O.M "

Bajkov (1932)

x

x

x

x

xx

xx

xxxxx

xx

x

xx

x

x

x

lRoyal ontario Museum

2Nutiorral Museum of Canada
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xvï is a col-lation of published records and. museirrn labels
of four species of ciscoes from a1l Canadian localities
outside of the Great Lakes and st. Lawrence basin,

T\n¡o forms of c* artedÍiu the slender lake herring
and the deep-bodied tullibee, are saíd to be wídely dis-
tributed in centrål C¿¡¿d¿" Richard.son (f8e¡) was the
first to ídentify a císco, L artedii, from central canada

(t¡re cÍscoes he eaught at the mouth of the coppermi_ne R.

r¡¡ere probably c, sardinella ) . Later he concluded that these
fish should belong to a new species, C, tullibee, whose type
locality is Pine rsland L, (now cumberland L., saskatchewan);

also he described c. lucid.us from Great Bear L. (Richardson

1Ð6), Specimens of C" tullibee vrere redescribed by Dymond.

(fge8). Koelz (1929) consÍdered g, rullibee to be a sub-

species of ç-- artedii" l.[ost workers have forlowed this,
though Dymond and Pritchard. (tg3o) and Hinks (]rg)57) pre*
ferred to consider C, tullibee to be a distinct species"
Dyrnond (rgl+3) suggested that the tull1bee may be more closely
related to C. nigripinnis than to C" arbediÍ, but Íts rela_
tionship was not clear, Dymond Egl+l) considered that c.
Åqcidus, described from Herschel Is. (Scofield 1899) and

Hudson Bay (na¡fov 1932), as well as from Great Bear L" r

was conspecific wit,h C. arteslii. Scofield,rs (IS99) report
of c" luqÍdus probably referred. to c. sardinella" Koel-z

(1931) described. two other subspecies of c, arËedii from
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central Canada: fu a" mag4ug from Lesser Slave L", and. C.

g* r.finnipegqs¿g from L" trfinnipegosis and several lakes in
northwestern 0ntarío and also from Tdichígan.

McPhail and. Línd.sey ft97o) referred alt the ciscoes

of central Canada that have 40 to J0 gÍllrakers to the
rrc. artedii compl-exr11 recognising that siblíng species may

be involved.. All populations referred to as qg agtedii,
C, lucidus and C. tul1iþCe (above ) , or C. niEriULnUþ and

C, hoyi (below) would belong to the ttg_- artedii complext?;

C" nÍniEon and C" zenithicus rvould not"

C" niEripinnis is said to occur in several 1akes in
central Canada¡ often sympatrically with Ç-"_ artedíi (Table

xvr)' Tt dÍffers from c" niEripi.nnis of the Great Lakes

basin in being elliptical rather than ovate" In appear-

ance it is very similar to C. tullibee, but it usua1J_y has

a longer head and more pigmentat,ion especially in the fins,
C, niEripinnis was reported to occur sympatrically with
'G' artediÍ in l^laskesiu L. (Dyrnond and Pritchard 1930), but

Kooyman (I'ls 1970) consídered both specíes to be members of
one phenotypically variabre species, which he referred. to
as the rr0, artedii complex,rt Raluson (l-gl+T ) record.ed C.

nieripinnis from L, Athabasca and Great Slave L" ITe sug-

gested that the specimens from L, Athabasca may be variants
of the tullíbee, which also oecurs in that lake, The

specimens from Great slave r,. were slend.er, suggesting that
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they may be variants of the lake herring that occurs there.
C. hovi was first recorded from L" l'finnipeg by

Bajkov ft932). It has since been record.ed from four other

lakes in central Canad.a, and Clarke (l'[S 1970) tentatively
identifíed ciscoes from four norbhwestern it{anitoban lakes

as this species (Table XVI).

C, nipigon is reported. to occur sympatrically with
C* artedii in Lac Seul and L" itiinnipeg, and is the onl.y

cisco in five Ontario and Quebec Lakes (Table XVI)"

C. zenithicus has been record.ed from twelve lakes

in central Canada (ta¡Ie XVI), The ciscoes, similar to C.

zenithicus, from L, Athapapuskow and Clearwater L" were

described under the name of C" reishardi (C1arke MS 1970),

Harper and Nichols ¡9I9) collecred. 25 speclmens

of C, entomophagus from the Tazin R" 0f these 2& r¡¡ere less

than È7 rrw. fork length, They also collected and. named. one

specimen of C" athabascÊg from L" Athabasca, and one of C.

maeroEnatþus from Great Slave L" They recorded the gill-
raker counts of the three type specimens as 33 u 35 and l*L

respectively, Dynond. (fg$ ) record.ed. their counts as 35,

35 and. 37 , and on this basis consid.ered al-l three species

to be synonyms of C" zenithicus. McPhail and Lindsey

(lçZO) recorded. the counts as 37, dO+ and þ2. This,

together v¡ith their published descriptions, suggests that
C" athabascae, and Ç* macrognathus should belong to the
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î1C" artedii complexrrr v¡hereas C, egþomophaEus probably

represents a d.istinct species (ptcphail and Lindsey 1920),

possibly C.- z_enithÉcfis, Kend.all (lgZ¿+) states 9*_ ellra-
bascae to be most like the tullibee.

Fowl-er (fg+8) described, C. nue-ltinensís from

i[ueltin L, and. C. cþurchi]-Iensis from Churchill, each on

the basis of one specimen, They are not recognised as

valid species (gailey et al. I97O) 
"

l{any lakes contain unidentifÍed populations of
ciscoes, often as sSnnpatric pairs or sympatrícally wÍth e-*

artedii" Unidentífied populations of ciscoes occur in
Dore L" (Johnson it{S 1968), Greig L. (Lane MS 196Z), and

Beverly and. Kathawachaga lakes (l'tcprrait and Líndsey LgTo) "

Dwarf ciscoes occur sympatrically with c, artedii j.n Great

Bear L. (Kennedy l-9l*9) and in Ced.ar L, (schweitzer MS

1968).

Some Nomenclatural Confusion

Confusion has arisen

several ciscoes. Table XVII

synonyms, recognised. in five
onomy between 1866 and 1931.

in Cisco Taxonomy

in the nornencLature of
lists the species, and their
major reviews of cisco tax*

but

the

Lesueur (fgfg) referred. to C. albu-s as a whitefish,
Koelz (lgZg) pointed out that since l,esueur illustrated
deep-bodÍed L, Erie cisco and failed to point out the



TABLE XVTT.

Some changes in the taxonomy of
American ciscoes (excluding the
ciscoes) between 1866 and 1931.

North
arctic
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Authority

Original
Name

Gunther
(1866)

Jordan &

Gilbert
(rBB3)

Jordan &

Evermann
(18e6)

Jordan &

Evermann
(1e11)

Koelz
(1929, 1931)

tullibee tullibee tullibee tullibee
clupeiformis clupeiformis artedii

tullibee arted ii
artedii . ...3arteol_l- artedii

albus

artedii

harengus

lucidus

1nr-grr-pr_nnl-s

sisco

osmeriformis
1proginaËnus

eriensis

whitefish
clupe j-f ormis

harengus

lucidus

artedii artedii

artedii lucidus

whitefish
artedii

hoyi

nigripinnis

whi-tef ish

arted.ii

. ,2noyr_

nigripinnis

artedii

whitefish
artedii

harengus

lucidus

hoyi

nigripinnis

sisco

artedii

artedii

artedii

hoyi

nigripinnis

artedii

. .1noyr-

osmeriformis osmeriformis artedii
prognathus

huronius sl_sco artedii

zenithicus zenithicus

prognathus

eriensis

johannae

cyanopterus

manitoulinus

nigripinnis
artedii

j ohannae

nigripinnis

artedii

1zenl_tl1t-cus

johannaer

cyenppterusl

manitoulinus

ontariensis

supernas

birgei

macropterus

ontariensis artedii

supernas artedii

artedii

(Contrd " )

artedii
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Authority

Jordan & Jordan & Jordan &

Original Gunther Gilbert Evermann Everman Koelz
Name (1866) (1883) (1896) (1911) (1929,1931)

kiyi
-1aJ-penae

- 
-.trer-gnardr_

nipigon

hubbsi

bartletti bartletti

Nos" of spp"
recognised: 4

kíyi

alpenae

reighardi

nipigon

hubbsi

1116

1"". Table XVïII

2b,rt not of Bean (1882) = osmeriformis

3b,rt not of Agassiz (1850) = harengus
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obvious differences in the mouth of whitefish and Q*

arted.ii, Lesueur vras describing a cisco. Jordan (18S4)

recognised. C*,. afþUg to be a cisco, but until KoeLz (L929)

considered it to be a subspecÍes of C". artedii, all other

wonkers considered it to be eíther a dístÍnet species of

whitefÍsh or a synonyn of the vrhitefish, I, clupeaformis

(ta¡Ie xvrr),
De I(ay .l-81+Z) described a cisco from L, Ontario and

caIled it q" clupeiforr:ais, the classically correct spelling

of the specific name of the whitefish, C. clgBglrfo.rmÍs-,

deserÍbed by l"Litchill {18f8) " However only Evermann and

Smith (fgge ) confused C" clupeiformis wit,h the whitefish,

atthou-gh Gunther (fS00) red.uced C" arbedÍí, described by

Lesueur in 1818, to synonomy with C, clupeiformís, presum-

ably as ge- l:lupeaformis had precedence" This was foll-otr¡ed

by Jord.an (L875). C. clupeiformiÊ is now considered to be

a synonym of C. artedii (Koelz ]-929]..

Although C, macropteruå, described by Bean (191ó)

from L. Erie had a gillraker counr- of 30, Koelz Q929)

considered it to be a synonyn of -C" prtedii. Following the

discovery of C" alpenae in L. Erie, Scott and Smith (L962)

considered that C. macroþ.terus ïras a synonym of C" a_Lp-g4e-e_"

Smith Og6l+) re-examined. the type specimen of C" macrop*

1,erus and fou-nd the gillraker count to be l+7t he concluded

that C, macropterus was a synonym of g* êË!g5!iå"
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0f the 24 subspecies of C" artedii that Koelz

(1931) recognised, 1J vaere described originally as specÍes'

p* huroni_us was regarded by Jordan and Evermann (f9ff ) to

be a subspecies of C ' Éggg.¡ but Koelz (L929 ) considered

both to be subspecies of C' artedii (fatle XVII).

Hoy (LBZZ) gave an inadequate description of fu

þgg,i," Milner Oe7 4) redescribed C " hovå, but Koelz {.l-929)

believed that MiLnerts material was a mixt,ure of C. hoyi-

and fo zenithicus. Bean (rgge) found c. hovi- in several

New York lakes, but Jordan and. Evermann (1896) ídentified

these ciscoes as C' A-Emgrifermisr no'w a subspecíes of h
egtedÍå (Koetz 1931)' The description of -C" hovi by

Evermann and Smith (1896) was a mixture of C. johannae

and. C" zenit,hicus (Koel-z L929)" C, hoyå of Jord.an and

Evermann (fgff) is C. zenithlcus, whereas the true C. hovi

was d.escribed with C" alpenae as !L ;Lohannae (Koe1z 1929).

C" proEnathus of Evermann and. Smith (1896) refers to a

mirbure of several species, probably C. alpenae, 9* hg¿'it

part of C. niEripinnis, and. C. reiEhard.i (Koelz 1929).

Clemens (tgzZ) identified C" prognathus from L' Erie, but

Koelz (1929 ) believed it to be S" artedií. The confusion

in nomenclature of L þÉ, C" þhangre, .%- proEnathus and

C, zen-ithicus is shown in Table XVIII.
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TABLE XVTÏT"

Koelz ¡ s opini-on as to earlier
confusion in the nomenclature of
certain Great Lakes ciscoes"

Species of
Koelz (L929) (L874) (1896)

Previous nomenclature
Evermann Jordan &

Milner 6¿ Smith Evermann
( 1e11 )

alpenae

hoyi

johannae

n. nigripinnis

n. cyanopterus

n" prognathus

reighardi

prognathus johannae

hoyi prognathus johannae

zenithicus hoyi hoyi

hoyi

nigripinnis nigripinnis
prognathus cyanopterus

prognathus prognathus

prognathus

zeni-thicus + hoyi
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The Arctíc Ciscoes and Synonomy with Eurasian Ciseoes

Three species of ciscoes have been named from the

arctic coast of N" America (Tables XIV and XIX), and four

species orÍgínally named from Russia have become involved

in theír synonomy (Tabte XIX), Three species of arctÍc

ciscoes are recognised now from N' America" These are

C. autumnA!¿g, C. laurettae which used to be a synonym of

C, autumnalis, and C, sardinella (McPhait and Lindsey 1970),

C " Afe-E-ç-qgus, and probably C. subautulgnalùs, used to be

synonyms of C. laurettae (McPhail 1966) t and C' pusillus

of C. sarclinella (Dymond I9lû) , There are two morphologic-

a1ly dístinct and allopatric forms of C' sardinella, which

McPhaíL and Lindsey (1970) therefore refer to as the 1?C"

sardinella complex" 11

Two other Eurasian coregonids have been involved in

the synonomy of the arctic císcoes and' C" AI!9df¿ (Table

XTX). Some Eurasian workers (Svardson 1957; Nikolsky and

Reshetnikov I97O) consider L. artedii and fu qardinel-Ia to

be conspecifÍc vrith C" aLbula, but McPhail and Lindsey

0970) report that there are protein differences between

C, artedÍÍ and C" sardj'nella"



S
pe

ci
es

al
h:

la
 

Li
nr

ae
us

 (
17

58
)

ol
¡r

h]
¡n

ch
us

 L
:i¡

na
eu

s 
(1

75
8)

au
tr

¡m
al

is
 

P
al

la
s 

(L
77

6)

T
he

 N
om

en
cl

at
ur

e
to

 C
" 

al
bu

la
, 

C
"

O
rig

in
al

D
es

cr
ip

tio
n

ar
te

di
i

sa
rr

di
-:

re
lla

T
A

B
LE

 X
ÏX

"

of
 A

rc
tic

 
C

is
co

es
ox

yr
hy

nc
hu

s 
an

d 
C

.

la
ur

et
ta

e

T
V

pe
Io

ca
lit

y

ne
rk

i

Le
su

eu
r 

(1
81

8)

V
al

en
ci

en
ne

s
(1

84
8)

B
ea

n 
(1

88
1)

Jo
rd

an
 &

 G
ilb

er
t

(1
88

3)
, 
no

t 
of

G
rn

th
er

 (
18

66
)

B
ea

n 
(1

B
B

B
)

S
co

fie
ld

 (
18

99
)

Ih
ga

no
w

sk
y,

 i
n

B
er

g 
(1

93
2)

pu
si

llu
s

al
as

ca
nu

s

su
ba

ut
r-

nr
ra

lis

E
ur

op
e

E
ur

ro
pe

R
us

si
a

N
. 
A

m
er

ic
a 

ar
te

di
i

R
:s

si
a

E
vs

:n
an

n 
D

la
no

rd
 

V
fa

lte
rs

 
S

va
rd

so
n 

l4
cP

ha
il 

R
es

he
tn

ik
cn

¡
(1

8e
6)

 
(1

e4
3)

 
(1

e5
s)

 
(1

es
7)

 
(r

e6
6)

 
(1

e7
0)

an
d 

th
eí

r 
pr

op
os

ed
 r

el
at

io
ns

hi
ps

ar
te

di
i.

N
" 

A
m

er
ic

a 
la

r:
re

tta
e 

au
tr

¡n
r¡

al
is

R
rs

si
a 

pu
si

llu
s

au
ü¡

nn
al

is
 a

ut
r¡

nr
¡a

lis

N
" 

A
ne

ric
a

N
"A

ne
ric

a

R
:s

si
a

ar
te

di
i 

ar
te

di
i

sa
rd

i¡e
lla

 
sa

rd
in

el
la

al
bu

la

pu
si

llu
s

sa
rd

in
el

la

al
bu

la

o>
cw

hr
¡n

ch
us

...
..4 oc

lz
rh

yn
ch

us

al
bu

1a

al
bu

la

o>
qæ

hl
m

ch
us

sa
::d

in
el

la
 s

ar
di

ne
lla

 a
lb

ul
a

au
tr

m
na

lis

au
tr

¡n
na

lis

au
tr

¡n
na

lis
 a

ut
rm

m
al

ís

au
tw

m
ra

lis

au
tr

¡r
¡:

al
is

al
bu

la

al
bu

la

sa
::1

in
el

la
 a

Ll
cr

:1
a

la
ur

et
ta

e 
au

tr
-r

m
r¡

al
is

sa
rd

in
el

la

la
ur

et
ta

e 
au

tr
¡n

r¡
aI

is

la
ur

et
ta

e 
au

ttm
na

lis

ts (¡
.) o



131

NOMENCLATURE OF CISCOES IN CENTRAL CANADA

This section is the author's opinion as to the correct
nomenclature of the ciscoes of central Canada"

An additional Il-4 ciscoes from 16 localities in the

St. Lawrence drainage basin and from one locality on the yukon

R. system (fig" 1 and Appendix 1) were examined as well as the

material from central Canada"

In this secti-on some reference is made to the charac-

teristícs of individual ciscoes; this subject is discussed

more fully in the section entitled "Identification of

Individual Ciscoes".

Mackenzie R. Lower Form - Coregonus autumnalis (pallas).

The original descriptions of C. laurettae (Bean 18B1)

and C. alascanus (Scofie1d 1899) are inadequate" The Mackenzie

R" lower form is similar to the descriptions of C. laurettae
(Bean 1881; Dymond L943) and C. alascanus (Scofield 1899) in
general appearance, the small ey€, long mandible, almost

vertical premaxíllae and high scale count. Dymond (1943)

considered. that C. laurettae and C. alascanus were conspecific

with C" autumnalis, originally described from Siberia by

Pal1as (I776) " This view was supported by V'Ialters (1955), but

McPhail (L966) showed that C" laurettae was distinct from

C. autumnalis in distribution and in having 25 or fewer gilI-

rakers on the lower limb of the first arch, whereas C. autumnalis
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had 26 or more gillrakers " The total number of gillrakers on

the fírst arch ranged. from 33 to 40 for C" laurettae and from

4L to 48 for N" American 9. autumnalis (t4cphait and Lindsey

L970) " McPhail (L966) concluded that C" laurettae was a

distinct species from C. autumnalis, and that C. alascanus

was a synonym of 9" laurettae. The gillraker count of the

Mackenzie R" lower form ranges from 40 to 44 (Table XX), and

26 or more gillrakers occur on the lower limb of the gill
arch if the central gillraker is included in the count of the

lower limb rather than in the count of the upper limb. The

Mackenzie R" lower form occurs in the geographical range of

C. autumnalis, not C. laurettae (McPhail L966)" Tt is conclu-

ded that the Mackenzíe R" lower form probably belongs to the

species C. autumnalis.

Mackenzie R. Higher Form - Coregonus sardinella Valenciennes.

The original description of C. pusillus (Bean 1888)

is inadequate, but the descriptions of specimens in Dymond

(1943) are similar to the Mackenzie R" higher form in appearance,

morphometry and the short pre-pelvic distance" The Mackenzie

R" higher form differs from the Mackenzie R. lower form in its
larger eyes, smaller head, narrov\¡er interorbital width, fewer

scales, more gillrakers, less vertical premaxillae and more

pJ-gmentation, similar to the differences between C. pusi-llus

and. C. autumnalis (Dymond L943) " Dymond (L943) and Walters

(1955) recognj-sed that C" pusillus was a synonym of the Asiatic
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C" sardinella. The short. prepelvic distance (McPhail and

Lindsey L970) is a common feature of the Mackenzie R" hj-gher

form, 9." pusj-lIus and C" sardinella, whereas all other ciscoes

in N" America have a longer prepelvic distance" Specimens

examined from Lac Laberge (fig" 1 and Appendix 1) are similar
to the Mackenzj-e R" higher form ín having a short prepelvic

distance. Both forms had been identified. as C" sardinella at
the Royal Ontario Museum" It is concluded that the Mackenzie

R. higher form probably belongs to the species C" sardinella"

Low Group - Coregonus prognathus Smith"

The following original descriptions of species or

specimens from type localities are similar to the low group:

a) original description of C. johannae (Wagner 1910) fits low

group in gillraker count and appearance; b) original d.escrip-

tions of C" prognathus (Smith L894), q. cyanopterus (Jordan

and Evermann 1911), q" kiyi (Koelz I92L) , 9" alpenae and 9"

reighardi (Koelz L924), and C. bartletti (Koelz 1931) inter-
mediate between the low and high group in gillraker count, but

general appearance, morphometry and gillraker counts of

specimens from type localities (original descriptions, Koelz

L929, and specimens of C" cyanopterus and 9" kiyi examined at

R.O"M") fit. 1ow group; c) original gillraker count of holo-

type of C" zenithicus (Jordan and Evermann 1909) is wrongi, and

corrected count (Koelz L929) fits hígh group, but general

appearance and morphometry (Jordan and Everman 1909; Koelz L929)
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fit low group"

fn the Great Lakes and L. Nipigon, C" zeníthicus from

all localities except L. superior, and all forms of c. alpenae,

q. johannae, C" L" kiyi and C. reighardi have mean gillraker
counts of less than 40 "2 (Koelz L929) , similar to the low group

in central canada. g" zenithicus from L. superior had 40.3

gillrakers, and C" prognathus and C. cyanopterus have 40"5

gillrakers (Koelz 1929) but. in having long upper jaws (Koelz

1929) are similar to the low group.

The low group from central Canada had been named

g" zenithicus, C" reighardi, C. artedii and C. hoyi (see Table

xvl), but specimens from the type localities of the latter two

species are most similar to the high group (see below). The

holotype of C. zenithicus (Jordan and Evermann 1909) from

L" superior has 45 gillrakers (Koelz rg2g) , not 42 (Jordan and

Evermann 1909) " In this it is more similar to the high group,

but in the long snout, long upper jaw, long included mandible,

greater premaxilla angle and the pale colouration except for a

dusky margin to the ana1, caudal, dorsal and pectoral fins
(Jordan and Evermann 1909; Koelz L929) it resembles the 1ow

group" Examined specimens of C. zenithicus from the Great Lakes

and L. Nipigon and those described by Koelz (Ig2g) resemble the

1ow group in their gillraker counts and morphometry" g.

zenithicus and c. reighardi are very similar in all respects

(clarke MS 1970) and several forms of the low group are more

similar to c" reighardi than to c. zenithicus in having fewer
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gillrakers and sIight.ly different morphometry. The 1ow group

from Big Athapapuskow most closely resembres 9" johannae in its
low gillraker count (Tables II and XV) i KoeLz (L929) distinguished

9. johannae from 9" zenithicus and 9" reighardi by its ovate

profile and fewer gillrakers, but both characters vary within or

between populations (see above) " q" alpenae differed from C.

zenithicus and 9" reighardi in its larger size, smaller body

parts and a mandible that usually protruded (Koelz I92g), but

the mandible protruded in only 503 of g. alpenae from L. Erie
(Scott and Smith L962) ¡ these differences may be associated

with a large size since the Barrow L. low group is the largest
form of the low group in central Canada and resembles C" alpenae

in its morphometry. The ori-ginal descriptions of C" bartletti
(Koelz 1931) and C" kiyi (Koelz I92L) are more similar to the

Iow group than to the high group" The description of
C" bartletti (Xoelz 1931) does not differ greatly from the low

group in any respect, but C. kiyi (Koelz L92L, L929i specimens

examined at the R"O"M") differs from the low group in having a

larger €y€, much longer paired fins and a mandible that usually
protrudes 

"

Koelz (1929) considered C" prognathus from L" Ontario

and C" cyanopterus from L" Superior to be sub-species of C.

nigripinnis" They resembled typical C_" n" nigripinnis in
profile and general body shape, but differed from typical C. n.

nigripinnis in having fewer gillrakers, longer head, snout and

jaws, less body depth and less pigment especially in the fins
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(Koelz 1929) " In these characters they resemble C. zenithicus
and c" reighardi more closely than they do c. n. nigripinnis.
Also in having d.usky edges to the anal, caudal, dorsal and.

pectoral fins (Koelz 1929'), they resemble c. zenithicus and

q" reighardi. specimens of c" cyanopterus and c, zenithicus
from L. superior \dere examined at the R"o.M.; q" cyanopterus

differs from 9. zenithicus in its larger síze, deeper body,

ovate profile and shorter maxillae, similar to the differences
between c. prognathus and c. reighardi in L. ontario (Koelz

L929). The largest specimen of c. reighardi from L. ontario
that Koelz (1929) examined was intermediate between sma1l C.

reighardi and 9. prognathus in having a more ovate profile, a

deeper body and a smaller eye than smarl c. reighardi. Large

g" zenithicus in L. superior had. a smaller head and eyes, a

larger snout and longer fins than small c. zenithicus (Koelz

7929) | and in this respect are similar to 9. cyanopterus. rt
is suggested that 9" cyanopterus and c. prognathus are not sub-

species of g" nigripinnis, but that C. cyanopterus and 9.
zenithicus from L. superior are conspecific, and that c. progna-

thus and 9." reighardi from L" Ontario are conspecific.
Of the names applicable to the low group, g" prognathus

(Smitn j-894) has precedence over C. zenithicus (Jordan and

Evermann 1909) and other possible names" unfortunatery, the

condition of the holotype of q" prognathus is such Lhat it is
impossible to confirm that it is similar to the low giroup, and

q" prognathus is ext.inct in its type locality of L" Ontario
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(w" B" scott, personal communication) " However the original
description of 9" prognathus (smitrr LB?A) and its subsequent

description (Koelz 1929) are sufficient to show the similarity
of q. p¡ognathus to the low group of central canada. Therefore

it is suggested that the name of the 1ow group in central Canada

should b" 9" prognathus. Alternative methods of arriving at
the correct nomenclature for the low group are: i) to use the
name c" zenithicus since this name commonly is used at present

for members of the 1ow group; ii) to examine, in order of their
original descri-ptions, the holotypes of q. zenithicus (Jord.an

and Evermann 1909), q. johannae (Wagner 1910), g" cyanopterus
(Jordan and Evermann 1911), g. kiyi (Koelz r92L) , g. alpenae and

g" reighardi (Koelz 1924), and g" bartletti (xoe1z 1931) to find
the earliest designated holotype which is in good enough con-

dition to form the basis of the nomenclature of the low group.

The author prefers the first suggestion, that c. prognathus

should be used for the name of the low group in central canada.

Therefore c. zenithicus (Jordan and Evermann 1909), g. cyanopterus
(Jordan and Evermann 1911) and. c" reíghardi (Koe1z 1929) should

be junior synonyms of C. prognathus (Smitfr 1894). Additional
synonyms of c. prognathus from central canada should be c. hoyi
from George L" (Gibson and Johnson MS 1969) and. from Sandy L.
(R"o"M" identification), g" artedii from Deer L. (Ryder et ar.
L964), and some C. artedii from Lac Seul and. Sandy L. (R.O"M.

id.entifications); it is suggested that c. prognathus shourd not

include c. zenithicus from L. Attawapi-skat (Ryder et al " L964) "
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The status of q" alpenae (Koelz L924) ,

1910), q.. E. kiyi (Koelz J-92L) and q"

is not cIear, but they may be synonyms of C. prognathus.

High Group - Coregionus artedii Lesueur"

The following original descriptions of species or of

specimens from type localities are similar to the high group:

a) original descriptions of C. artedii and C" albus (Lesueur

1818), g. tullibee, 9. lucidus and 9" harengus (Richardson

1836), 9" clupeiformis (De Kay 1842),9" nigripinnis and C. hoyi

(ci1l, in Hoy 1872) and C" sisco (Jordan 1875) are inadequate,

but specimens from their type localities (Koelz 1929, 1931;

Dlrmond L928, L943¡ and specímens of C" artedii and C" hoyi

examined at R.O.M. ) fit high group in gillraker count, morpho-

meÈry and. appearance; b) descriptions of holotypes of g"

osmeriformis (Smitfr L894), C. eriensís and C. huronius (Jordan

and Evermann 1909), g" supernas and 9" manitoulinus Jordan and

Evermann 1911), 9. macropterus (Bean 1916, but original gi1l-

raker count wrong, see Smith L964), g" athabascae (Harper and

Nichols 1919, but original gillraker count wrong, see McPhail

and Lindsey 1970), 9. nipigon (Koelz L925) and 9. hubbsi (Koelz

L929a) fit high group in gillraker counts, morphometry and

appearancei c) descriptions of holotypes of C" ontariensis
(Jordan and Evermann 1911), g" birgei (Wagner 1911), 9"

macrognathus and C. entomophagus (Harper and Nichols 1919, but

original gillraker counts r,ì/rong, see McPhail and Lindsey 1970)

q. johannae (V,iagner

bartletti (Koelz 1931)
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and C" churchillensis and C" nueltinensis (Fowler L948) are

intermediate in gillraker counts, but their general appearance

and morphometry t ox gillraker counts of specimens from the

type localj-ties (Koelz L929, 1931) fit. high group"

In the Great Lakes and. L" Nipigon, mean gillraker

counts for all populations of q" artedii, C" hoyi, q" kiyi

orientalis, 9" n. nigripinnis, 9" n. regalis and 9. nipigon are

greater than 40.9 (Koelz L929 ) and hence are similar to the

high group in central Canada" All other populations of ciscoes

examined from the St. Lawrence d.rainage basin (nig" 1 and

Append.ix 1) are similar to the high group in their mean gilI-

raker count; all had been identified at the R.O"M. or N"M"C"

as C. artedii except in Long L" (q. nigripinnis) and Baby L.

(q" nipison).

Forms of the high group in central Canada had been

identified as 9" artedii, 9" hoyi, 9" nigripinnis, 9. nipigon

and C" zenithicus (see Table XVI) " Koelz (L929) distinguished

9. hoyi from the other species by íts protruding mandible, 9"

nigripinnis from the other species by its gillraker counts of

54 or more, and C" zenithicus is most similar to the lovi group.

In central Canada these species in the high group form a

continuous series with no distinctive features separating them;

g" hoyi is the smallest with least gillrakers, then C. artedii,

q. nigripinnis, and C. nipigon is the largest with most gil1-

rakers. C" tullibee is intermediate between C. artedii and

C" nigripinnis. Examination of C. lucidus from its type
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locality, Great Bear L., show it is símilar to the high group

with no features that warrant its separation from the high

group. Dynond (L943) concluded that C. tullibee and C. lucidus

were synonyms of C. artedii. Of these names C" artedii
(Lesueur 1818) has precedence, so it is suggested that

9" lucidus and C" tullibee (Richard.son 1836), g. nigripinnis
and 9" hoyi (ci11, in Hoy 1872) (except from George L" = g.

prognathus), q. zenithicus from Attawapiskat L. (Ryder et al"
1964) (a11 other 9. zenithicus = q. prognathus) and C. nipigon

(Koelz L929) are synonyms of C. artedii; some C. artedií from

Lac Seul and Sandy L. (R"O"M. identifications), and all C.

artedii from Deer L" (Ryd.er et al " L964) are suggested to be

synonlzms of g. prognathus.

Dymond (1943) considered that C" athabascae, C" macrogi-

nathus and 9" entomophagus were synonlzms of C. zenithicus, but

his recorded gillraker counts are wrong (McPhail and Lindsey

1970). The holotypes of these three species \iüere examined at
the N"M"C. g. athabascae and C" macrognathus are in fact more

similar to the high group at their type locality than to the

low group. The L7 gillrakers on the upper limb of the first
gill arch of the holotype of C" athabascae (the lower limb is
incomplete) identify it as a member of the high group, and the

long pectoral fins of C" macrognathus (2L"04? fork length) also

identify it as a member of the high group; also the general

appearance of the two holotypes resemble typical forms of the

high group" The holotype of C. entomophagus from Tazin R. is
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identified as a member of the high group by its interorbital

wídth (6 "57 ? form length) ; in general appearance it is most

similar to the Mackenzie R. medium form, the only other riverine

form examined and a member of the high group" On this basis it.

is suggested that C. athabascae, C" entomophagus and 9" macrog-

nathus are synonym-s of C. artedii "

There are no distinguishing features between the

original description of C. churchillensis (Fowler 1948) and

the Churchill medium form which was included in the high group;

the original description of C. churchillensis (Fowler 1948)

enables it to be identified as a member of the high group by

its head length (20.53% fork length) and inter-orbital width

(7"08? fork length) " Only the general appearance and coloura-

tion in the original description of C. nueltinensis (Fowler

1948) identify it as a form of the high group. q" churchillen-

sís and C. nueltinensis are probably synonyms of C" artedii"

Summary - the Mackenzie R. low form is identified as

C. autumnalis, the Mackenzie R. high form as C. sardinella, the

high group as C. aqteclii, and the correct name of Lhe low

group is suggested to be 9" prognathus" Suggested new synonYms

of C. artedii in central Canada are C. hoyi (except from George

L"), 9.. nigripinnís, 9" nipigon, c" zenithicus from Attawapis-

kat L., C. athabascae, C" entomophagius, C" m19l9-9!e$us' C.

churchillensis and C" nueltinensis" Suggested new synonyms of

q.. prognathus are C. zenithicus (except from Attawapiskat L"),

q" cyanopterus, C. reighardi, C. hoyi from George L. ' q" artedii

from Deer L., and some C. artedii from Lac Seul and Sand.y L"



MORPHOLOGÏCAL DTFFERENCES AND DTSTRTBUTION

OF CTSCOES TN CENTR¿,L CANADA

Operations involved in delimiting species are either
divisj-ve or agglomerative, and may be based on geographical,

phenetic or reprod.uctive information (Sokal and Crovello
1970) " Since species are defined by reproductive isolation
(Mayr 1963), reproductive informatj-on should be used in
separating sympatric specj-es and in grouping allopatric
populations. Even under ideal conditions this would be very

time consuming, so in practice the species d.efinition is non-

operational and. decisions that should be based on reproductive
information are based on phenetic information. unfortunately,
because of polymorphisms and phenotypic plasticity, phenetic

similarity or dissimilarity need not refrect interbreeding

or the lack of interbreeding" As practical taxonomy is based

on phenetic, rather than reproductj_ve, information, it is
imperative that the rang'e of variation in morphological

characters of the group under study is known. However it is
necessary to know the taxonomy of the group before full
knowledge of phenotypic variation within a species can be

known, and conversely ful1 knowledge of phenotypic variation
within a species must be known before species can be d.elimited

correctly.

This circularity in taxonomy is usually not important

L4l-
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in practice, as most taxa have some characters that are

recogni-sable as being constant withi-n species but varying
between species" rn cisco taxonomy this circularity is very
important because their phenotypic plasticity has hindered

their taxonomy" No characters are known at present that are

constant within speci-es but vary between species, nor is the
ful1 range of variation of characters known. The problem in
cisco taxonomy is Lo separate the environmental component of
the phenotype from any taxonomic component. Factor analysis
provides a method to identify some of the more obvious

factors as modifiers of morphological characters, so this
circularity will not be referred to in the following discussion.

The study of the taxonomy and phenotypic variation
wit.hin a group d.epends upon the sampling of specimens.

rdeally specimens from all localit,íes should be studied t ox

from localities spread evenly throughout the area under stud.y.

Poor access limited the number of sampling sites in the north
of central canada and in northern ontario, resulting in a

disproportionate number of samples from the southern part of
central canad.a; confidence in the interpretation of some

results should reflect the unbalanced sampling of ciscoes.
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Intraspecific and Interspecific Differences in
the Morphology of Ciscoes

Factors affecting the Value of Morphology in Cisco Taxonomy

Three factors reduce the value of most characters in

coregonid taxonomy. Firstly, growth of body parts is rarely

isometric, larger fish often having relatively smaller body

parts (Hile L937) " Secondly, sexual dimorphism occurs

(Hile L937; Loch MS L97L). Thirdly, environmental differences

result in extensive intraspecific variation (Hile 1937 ¡

Svardson 1950) ; transplantation experiments (Svardson 1950,

1952) showed that much intraspecific variation j-s a result

of phenotypic plasticity rather than selection upon the

genotype "

The size of body parts usually is compared by analysis

of covariance (Martin L949; Loch MS L97I) as this counteracts

the effect of allometric growth, but heterogeneity of

variance discovered in preliminary analyses rendered ANOCOVA

unsuitable for this study" Instead each body part was re-

gressed against either fork length or head length, and values

were calculated from the regression equations for the sj-ze of

the body parts at either 200mm" fork length or 45mm" head

length; Lhese values were used in subsequent analyses, As

the accuracy of this technique is dependent upon the size

range of each form, it is probable t.hat some error occurred
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because of an inadequate size range of certain forms, although

forms in which the size range was obviously inadequate were

excluded from the analyses. There was little correlation

between size of body parts and fork length of the different

forms of ci-scoes and this was associated. with environmental

variation (Tab1es III, VI and X). Since the regression

technique is not applicable to the ident.ification of individuals,

the relative size of body parts was used for this and in the

key to the ciscoes. For these two purposes it is hoped that

the size range of the specimens of C. artedii and C" prognathus

(Table XX) was sufficient to counteract the effects of aIlo-

metric growth, but no g. sardinella smaller than 175mm. fork

length nor C. autumnalis smaller than 300mm" fork length were

examined" This was reflected in the relative size of body

parts of q" autumnalis, which was consistently the smallest;

the relative size of body parts based only on large fish showed

that C" autumnalis had the shortest mandible, whereas this

species had the longest mandíble when calculated by the re-

gression technique (Table XIII) "

Sexual dimorphism is known to occur in C" artedii

(Hi1e L937), with males having longer fins and heads, larger

eyes and less deep bodíes than the females" In C" clupee€erm+'

males often have longer fins and more slender bodies than

females (Hart 1931; Loch MS L97L) ¡ some characters showed

sexual d.imorphism in one lake but not in another (Loch l4S I97I) ,

while in other lakes there \,üas no evidence for sexual dimorphism
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(Kennedy L943; Fenderson L964) " Discriminant analysis

showed no significant or consistent differences between

sexes of C. artedii in Big Peter Pond and Montreal L", or

of q" prognathus in Lac Seulr so the effects of sexual

dimorphism \^Iere ignored although they may have been sígnifi-

cant at other localities" It is possible that the degree of

sexual dimorphism is affected by the environment.

Koelz (L929, 1931) recognised the great intraspecific

variation in cisco morphometry, but overemphasized the use

of profile and of jaw characteristics (whether the lower jaw

j-s included in, equal to or longer than the upper jaw) in

separating and identifying species of ciscoes" In central

Canada, ciscoes had been identified on the basis of their

gillraker counts, profile, jaw characteristics and pigmenta-

tion without any adequate study on the variability of these

characters in central Canada" In the Great Lakesr âr ovate

profile separated the three most abyssal species of ciscoes

(9" johannae, C. kiyi and C" nigripinnis) from the other

ciscoes (Koelz 1929), but some C. johannae and C. kiyi' and

smaller C. nigripinnis were elliptica1, and some larger

C. artedii \^/ere ovate " The prof ile of g. artedii from central

Canada is more ovate in shallow lakes (Table IX) " Svardson

(L949) showed by transplantation experiments that, ât least

in some cases, the profile of some coregonids may be pheno-

typically plastic. Populations of g" artedii in central

Canada had been id.entified as C" nigripinnis by their ovate
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profile, which has been shown to vary between lakes in a

predictable way (Table x) , and by the presence of d.ark pig-
ment' especially in the fins. Like an ovate profile,
pigmentation is usually more pronounced in shallow lakes,
especially in shallow, Lurbid lakes. Koelz (Ig2g) recog-
nised. that the jaw characterj-stics of c. zenithicus \^/ere

variable and that deep water races of c. artedii and c. hoyi
had longer mandibles. variatj-on in jaw characteristics
occurs in L" Erie c" alpenae (scott and smith Lg62) and

within and between forms of c. artedii and c. prognathus in
central Canada.

fn central Canada, the phenotypes of populations
previously identified as c. hoyi, 9." ârtedii, c. nigripinnis
and c. nipigon form a continuous series with no distinctive
features separating them" Differences between the popula-
tions may be attributable to differences in lake morphometry,

chemistry and climate (Table rx); water depth (Koelz rg2g)

and temperature (Vladykov 1934) can also affect morphometry.

Likewi-se the phenotypes of populations previously id.entified
as g" zenithícus and c. reighardi form a continuous series
with no distinctive features separatj-ng them. sympatric
forms of C" artedii occur in 26 lakes, but differences between

them are not consi-stent and are associated with size differences
or environmental variation (Tables VfI and VTII).

Morphometric differences result from variatíon in
growLh rate, with fast growing fish usually having relatively
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smaller body parts and greater body width (Hile 1937).

Growth rate is known to be affected by population density

(Hile 1936) and the trophic conditions of a lake

(Kozikowska 1961) " The correlation between growth rate and.

coregonid morphometry was shown by transplantation experi-

ments, which also showed that intraspecific variatj-on in

both was mainly phenotypic rather than genetic (Svardson

1950, L952). The early development is more important than

the subsequent growth rate in determining the relative size

of body parts (l4artin 1949) ¡ size at the four inflections

in growth controls subsequent morphometry with a larger

size at the eyed egg stage or ossification, and a smaller

size at hatching or at maturity, all resulting in larger

body parts" Little is known about how environmental condi-

tions on the spawning grounds affect early development.

Besides affecting morphometry, the rate of early

development is capable of modJ-fying meristic characters

within certain limits (Mottley L937), with factors prolong-

ing development associated with an increased number of

somites and of most meristic parts (Hubbs 1926) " Intra-

specific variation in scale counts is maj-nly phenotypic as

Svardson (1952) showed by transplantations that modified

lateral line scale counts by up to eleven units. Variation

in scale counts of C" artedii is associated with climatic

differences (Table IX), but differences in scale counts of
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s]¡mpatric forms of C" artedii are associated with síze

differences (Table VfI) " The high scale counts for

C" autumnalis may result from the large size or the low

temperaturesr or it may be partly genetic. Size of fish

bear the same relationship to the environment as do the

number of segments (Vladykov 1934), so vertebral counts

vary with the average body length of spawning females , egg

size and time of spawning (see Lindsey and A1i I97L) " The

exact role of temperature in the modification of somite

numbers is in question (Tatarko 1968).

Gillraker number is one of the least plastic charac-

ters used in coregonid taxonomy and is apparently controlled

by a polygenic complex (Svardson 1952) " During transplanta-

tions, gillraker numbers never changed by more than two

units (Svardson 1952; Loch MS L97L), but aquarium reared

C. clupeaformis (Koelz 1929) and Oncorhynchus nerka (McCart

and Andersen L967) had gillraker counts modified by up to

four units" Although not very plastic, gillrakers are res-

ponsive to selection pressure (Svardson J-949) and both their

number and length are correlated to diet (Svardson 1952¡

Kliewer 1970). Also mean gillraker numbers are positively

correlated to average body size in the Eurasian cisco

C" a1bu1a (Himberg 1970) and in C. artedii (Tables IX and

X). The range of mean gillraker counts in C. arted:ii and.

C" prognathus are 2L"8 and 10"8 respectively, suggesting a

genetic difference in gillraker number of some populat,ions
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of each species in response to size or trophic condj-tions.

Gillraker counts of g. artedii form a continuous seriesr so

it is artificial to consider that ciscoes with more than 54

gillrakers belong to a separate species, C" nipigon,

especially since these populations have a large fork length,

and several populations are known each with more than and

less than 54 gillrakers (rable II) " Size differences are

correlated to the differences in gillraker counts of sympatric

forms of g" artedií (ni-g" 10), but, at least in some cases,

the differences are probably genetic rather than phenotypic,

as the differences may exceed two units. Gillraker counts

in C. lavaretus form two genetíc clines, wtth high counts de-

creasing and low counts increasj-ng with increasing temperature

(Himberg 1970). No cline was found in central Canadian

ciscoes, but populati-ons of C. artedii from the North VÍest

Terrítories and Hudson Bay generally had lower mean counts

than had populations from elsewhere (Tab1e If).

Interspecific Differences between Ci-scoes in Central
Canada

Study of intraspecific variation within C" artedii
and 9. prognathus shows that much of it is associated with
environmental variation (tables IX and X), and Svard.sonrs

(1950, 1952) work suggests that much intraspecific
variation results from phenotypic plasticity rather than

from genetic variation caused by selectj-on. The exception
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is variation in gillraker numbers, which is primarily

genetic, but is correlated to differences in size and

trophic conditions"

With only one sample of C" autumnalis and

C" sardinella it was impossible to judge to what extent the

differences between these species and between these

species and C" artedii and C" prognathus were inter-

specific or associated with environmentál variation, It

is probable that part of the differences in scale counts

and morphometry result from phenotypic plasticity, but

the overall morphological dissimilarity of g. autumnalis

and C. sardinella and the other cj-scoes (rig. 3, Table

XIII) as well as distinct differences in their osteology

(Figs. 11 to 13), warrant their separation as distinct

species. Also protein differences have been reported.

between C. sardine,lla and C" artedii, but C" sardinella

may be a complex of species (McPhail and Lindsey 1970) "

Factor analysis enabled separation of inter-

specific variation between C" artedii and C. prognathus

from variation associated with environmental differences.

The separation of populati-ons of C. artedii from popu-

lations of C. prognathus was essentially multivariate

(Figs. 4 to 8), and the major difference between the

two species, their mean gillraker counts, was not
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assocíated with any environmental variable (Table V) 
"

The gillraker factor (Tables III and V) separated all
populations of C. artedii from all populations of C.

prognathus, except for sandy L" c" prognathus. This raísed
doubts as to the true affinity of sandy L. 9. prognathus,

but in all measures of overall similarity (Figs" 6 to B)

it was grouped with the other C. prognathus, and its
actual mean gillraker count was not in the range of mean

counts for c. artedii" unlike the differences between

sympatric forms of C. artedii, the differences between

sympatric C. prognathus and C" artedii were consistent;
q. pqqgnathus always had fewer gillrakers (Table XXI),

longer snouts and jaws than sympatric C. arted,j_i. fn part,
these differences may be associated with the occurrence

of C. prognathus in deep water (Table V). Tnter-lake
variation in the morphology of c" artedii and c. prognathus

meant that there was no orr" "fr.rr.a"t or .o*Or".a*
characters that separated all indivi-dua1s of c. arted.ij-

from all individuals of q. prognathus. Despi-te this and.

the large size of the C" autumnalis examined, a partial
key (see next section) was made to the ciscoes of central
canad.a, but it is questionable if a key in the traditional
sense is of much use in coregoni_d taxonomyr âs a multi-
variate approach is better in theory and in practice,
whereas a simple key is likely to lure the unwary into
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un justif ied id.entif ications.
Besides differences in morphometry, meristics and

gillrakers, interspecífic differences were found in the

skuIl bones of the four species. In Eurasia, Gasowska (1960,

I970) and Shaposhnikova (L970) concluded that the dentition,
jaw bones and ethmoid region are of taxonomic importance"

It was found that the shape of the supraethmoid, dentary and

maxilla (Figs. 11 to 13) separate C. sardinella from the

other three species, and the shape of the supraethmoid and

dentary separate C" autumnalis from C" arLedii and C. prog-

nathus" These bones, especially the supraethmoid, are too

variable to separate all individuals of C. prognathus from

g" artedii, but usually could separate sympatric individuals
of the two species" Sympatrj-c forms of C" artedii were

usually more similar to each other in their osteology than to
any other possible grouping of forms of C. artedii. The

dentition of the supralingual plate differed between the four

species, and the dentition of C. prognathus h/as usually better

developed than in C. artedii.
Norden (1961) reported that all young ciscoes (up to

B0mm") have teeth on the d.entary, premaxillae and autopalatines,

with the palatine teeth retained in adult C. sardinella, and

weak premaxillary teeth occasionally retained in adult

g" artedii. Dentary teeth were found on adults of all four

species, and premaxillary teeth on adults of all species



except the two C" sardinella.
both C" sardinella, often on C.

ç." artedii-; vomerine teeth \¡/ere

and C" artedii.
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were found on

occasionally on

ç_. Prognathus

Palatine teeth

prognathus and

found on a few
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Identification and Distribution of Ciscoes

in Central Canada

Identification of Individual Ciscoes

An attempt was made to separate all ind.ividuals of

the four species from central Canada, using morphological

characters, with body parts of each individual expressed as

per cent fork length. The range of values for each character

of the j-ndividuals of the four species are shown in Table XX.

Various other ratios were used, but they hrere of little
additional heIp.

It was possible to separate all individuals of

g. autumnalis, C" sardinella and 9" prognathus from

but it was impossible to separate all individuals of

from all individuals of the oLher three species " It
remembered that individuals of the C" autumnalis and

nella came from one locality, whereas C. art,edii and

each other,

C" artedii

g" progna-

thus were examined from several localit.ies"
C" autumnalis ind.ivid.uals were separated from

C" sardinella individuals in having an eye diameter of less

than 4"02 fork length, a pelvic length of less than 14"82

fork length and 83 or more lateral line scales" Eye diameter

and number of lateral line scales also distinguished

g" autumnalis individuals from C. prognathus individuals, as

did an upper jaw length of less than 6"758 fork length and a

should be

C. sardi-
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The range of individual characters
characters for separating the four
body proportions are expressed as

Character

Individual values

Fork 1. - rnm.

Body d.
Head 1.
Eye diam.
Snout, 1.
Interorbital w"

Upper jaw 1.
Mandible 1.
Premaxillae w.

Gíl1raker 1"
Pectoral 1"

Pelvic 1.
Profile
Premaxilla ang.
Lateral line

scales
Upper rakers
Lower rakers
Total rakers

Form values

C. autumnalis

Lower Upper

300

r7 "44
16"93
2.89
4 "25
4 .46
5"75
7 .48
3"15
2 "36

L2 "68
L2 "04
36 "29

51

83

15

25

40

C. sardinella

381

20 "37
2I"40
3.93
4 "99
5 .45
6.50
9.27
4"03
3.45

15"10
L4.77
43 "67

95

98

18

27

44

Lower Upper

and selected other
species. Individual

? fork length.

l-75

L7 "94
16.84
4"47
3.69
2 "95
5"67
6"74
2 "96
2.28

14.68
14.85
35.18

10

72

15

25

4I

c"

347

27 "09
2I "20
5"09
4 "63
4.54
7 "09
q )Á.

3.83
3.35

r7 "89
18"19
40"36

68

82

1B

30

47

prognathus q-.

Lower Upper

B9

13"23
20 "82
4.L2
4"08
3"30
6 "94
e:46
3.38
1" 91

12 .13
12"11
31.20

25

60

I
T6

24
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Upper jaw 1"
Total rakers
Index

Known SrfmpatryÆ

447

28.36
27 .28
7.49
7 .46
5. 91

10.05
13"s0
5"s8
5.00

19.40
19. 0B

59"42

74

78

16

28

43

artedii

Lower Upper

7B

12"55
18"36
3.38
3"88

3. 18

4.22
7 "59
2 "35
2 "06

12.15
10.96
31"02

10

55

L2

23

36

485

33.7 4

30 .14
7 "31
6.92
7 "2I

10.00
13.31

5"98
5 " 90

2r.33
23.09
s4"81

83

89

24

43

67

14"4
42"4
4.9

with
and
C" sardinella

C" artedií with

L5.2
44"4

1.1

C. artedii
and-
C" autumnalis

16"0
29"4
t2.3

18.9
40 "2
20.6

with
C. artedii

13 "7
40 "9

-L7 "I

16.9
62 "9

with
g" Prognathus,
C. autumnalis
ana
C" sard inella



mandible length of less than 9"35? fork length. A mandible

length of less than 9.35å fork length also d.istinguished

9" sardinella individuals from c. prognathus individuals.
The key in McPhail and Líndsey (I970) separated all ind.ividuals
of c" autumnalis, c" sard.inella and c. artedii. c. artedii
individuals were separated from c. autumnalis indíviduals by

the presence of pigirnent on the pelvic f ins, and from

9" sardinella individuals by a longer prepelvic distance.
g" artedii individuals fromthe Mackenzie R. (Mackenzie R.

medium form) were separable from Mackenzie R. C" autumnalis

and C" sardinella individuals; the C. artedii individuals were

distinguished from C. aut.umnalis j-ndíviduals by an eye diameter

of greater than 4"02 fork length, and. from c. sardíne11a

individuals by an interorbital wid.th greater than 4"72 fork
length "

some individuals of c. prognathus and c. artedii were
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separable by their gillraker counts; s}z of c. prognathus

indivj-duals had total gillraker counts of 35 or 1ess, and 772

of 9" artedii individuals had total gillraker counts of 44

or more" After ten more characters (upper rakers, lower

rakers, upper jaw length, gillraker length, mandible length,
pelvic length, pectoral length, snout length, êyê diameter

and head length) were used,GgZ of C. prognathus individuals
and 85u of c" artedii individuals were grouped correctly"
g" artedii occurred sympatrically with C" prognathus in 13



lakes, and the total number of gillrakers distinguished all
individuals of the two species at eleven localities (Table

xxr) " rn Lake of the vÍoods, one individ.uar of each species

was found with 4L gillrakers; individuars could be grouped

correctry by the number of gillrakers on the lower limb,

g. prognathus individuals had from 18 to 26, and C. arted.ii
individuals had from 27 to 31" Discriminant coefficients for
all localities were given in Table r. There was no simple

way to separate all individuals of c. artedii and c. prognathus

from L" Winnipeg.

Populations of C" artedii and 9" prognathus were

separable by their mean total gillraker counts, with c. progna-

thus having means from 29.4 to 40"2 and c. artedii from 40.9 to
62"7 (Table XX) " Several forms, composed. of only one or two

individuals, had been grouped by their mean gillraker counts,

although the individuals were not placed with either species

by their individual characters. This raised doubts as to the

correct grouping of the Great slave L. lower form and of the

Baker L., Cape Jones, Fishing L", James Bay, Osnaburgh L.,
Richmond Gu1f, Tazin R. and Wholdaia L. medium forms. The

overall similarity of these forms suggested that they were

correctly grouped by their gillraker count except for the

Tazin R" medium form, which is a form of C. artedii.

I57

External Appearance, Diagnostic characters and Distribution
of the Ciscoes of Central Canada

C" autumnalis: the Mackenzie R" low form" Body elongate
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between

TABLE XXT

Use of Gillraker Counts in Distinguíshing

Sympatric Forms of C" prognathus and C. arted.j-i.

Locality

L" Athabasca 18

Barrow L. 15

Big Athapapuskow 16

Big Trout L. I
Clearwater L. 2

Deer L. 2

Great Slave L. 1

Lac Seul 39

Lake of the Vüoods 18

Litt.le Athapapuskow 14

Mi-nk Narrows I
Sandy L. 7

L. Winnipeg 5

9" Prognathus
E--Tansìã

34 43

37 4I

24 36

35

33

35

3B

31 37

30 4L

32 37

34 4A

37 43

37 43
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C. artedii
E--ãïrse

26

2L

43

2

28

2

5

24

16

32

2T

3

37

49 57

44 51

38 49

40 45

38 49

50 52

42 49

41 57

41 51

40 s4

43 58

51 54

38 6L



and slightly compressed, premaxillae usually at an angle to
the snout, tips of upper and lower jaws usually equal when

mouth is closed, eyes smaIl" Pigrmentation weak, especially
on fins. For range of morphological characters see Mcphail

and Lindsey (r970) and Table XX, for population value see

Table xrrr" Distinguished from c. sardinella, c. artedii
and 9" prognathus by immaculate pelvic fins, from

c" laurettae by 26 or more gillrakers on the lower limb
of the first gillarch; occurs sympatrically with C. sardinella,
g. artedii and C. laurettae" Distinguished from sympatric

9" sard.inella and 9. arted.ii by eye diameter ress than 4.oz

fork length.

Distribution: northern Europe, Siberia, \nrestern

arctic N. America, except for Bering sea area where it is
replaced by c" laurettae. rn central canada it occurs in
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Mackenzie R. up to Fort simpson and along arctic coast west

of Bathurst rnlet. For dj-stribution map see Mcphai-l and

Lindsey (1970) and Hatfield et a1 " (L972) 
"

9. sardinella: the Mackenzie R" high form. Body elongate

and somewhat compressed, premaxillae usually form straight
1i-ne with snout, tip of lower jaw usually projects beyond.

tip of upper jaw when mouth is closed, eyes large. Dark

pigment present on upper surfaces and fins. For range of
morphological characters see Mcphail and Lindsey (1920) and

Table xx, for population value see Table xrrr" Distinguished



from C" artedii, C. autumnalis and C" prognathus by short

prepelvic distance. Occurs sympatrically with C" autumnalis;

also disti-nguished from Mackenzie R" g" autumnalis by eye

dj-ameter greater than 4"02 fork length, and from Mackenzie R"

g" artedii by interorbital width less than 4.7e" fork length"

Distribution: Arctic Ocean and river mouths of
Siberia and western N. America, and extensj-vely throughout

Yukon R" system. In central Canada occurs in Mackenzie delta
region, and on arctic coast west of Bathurst Inlet. For

distribution map see McPhail and Lindsey (L970) and Hatfield.

et al " (L972) 
"

9. arted.ii: the high group. External appearance variable,
ranging from smal1 slender forms to large deep-bodied forms;

often dj-fferent forms of C" artedii occur sympatrically.
Body usually compressed, premaxillae usually form straight
line with snout but may be at an angle, tip of lower jaw

equal to or projecting beyond tip of upper jaw when mouth is
closed. Pigmentation variable but dark pigment present on

upper surfaces and usually present on fins; fins often tipped

black" For range of values of morphological characters see

Table XX, and for range of population values see Table XIÎI.
Distinguished from C" sardinella by long prepelvic distance
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and from C" autumnalis by pigmented fj-ns. Occurs slanpatrically

with C" autumnalis and. C. prognathus; in Mackenzie R.

distinguished. from C" autumnalis by eye d.iameter greater than



4.0e" fork length, and from C" sardineLla by interorbital
width greater than 4.7e" fork length; usually d.istingui_shed

from sympatric 9" prognathus by more gillrakers (Table xxr),
shorter upper jaws and shorter snout.

Distribution: endemic to N. America, present in
upper Mississippi, Great Lakes basin and central Canada.

In central Canada is absent from western tributaries of
Mackenzie R", upper Peace R., southern Alberta (except for
introduced populations in Minnewanka and Spray lakes),
southern Saskatchewan except Qu'Appe11e vaI1ey, and south-

western Manitoba" The N" American range and. arcÈic records

of C. artedii are shown in McPhail and Lindsey (l-970),

Mackenzie R. records in Hatfield et al. (1972) and Alberta
records in Paetz and Nelson (1970). Fig. 18 shows the

Canadian range and selected records of C" artedii.

g" prognathus: the 1ow group. External appearance variable"
Body usually compressed or slightly compressed, premaxj-llae

usually at an angle to the snout, tip of lower jaw included

in, equal to or projecting beyond tip of upper jaw when mouth

is closed" Pigmentation variable, often weak, fins pale with
a dusky margin (especially on caudal), sometj-mes darker. For

rang:e of values for morphological characters see Table XX,

and. for range of population values see Table XTII" Distinguished

from C" sardinella by long prepelvic distance, and from
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C" âutumnalis by pigment on pelvic fins. Occurs sympatrically



Fig" 18.

Canada" Localities from which

specimens were examined O , introduced

populations @ Reported natural range

of C. artedii indicated by black and white

line (from McPhail and Lindsey ]97O) 
"

DistributÍon of C. artedii in
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with C" artedii; usually distinguished from sympatric

g. artedii by fewer gillrakers (Table XXI), longer upper

jaws and longer snout.

Distribution: endemic to N. America. Occurs in
Great Lakes and L" Nipigon, and reported from Trout L. and

White Partridge L. in the St. Lawrence drainage (fig" 23).

Occurs in L" of the lVoods, Lac Seul, Sandy L., Big Trout L.,
Deer L., George L", L" lVinnipeg, Clearwater L., Big and

Little Athapapuskow, Mink Narrows, Reind.eer L., L. Athabasca,

Barrow L., and Great slave L., and. reported from Lac la Ronge

in central Canada (Fig. 19) 
"

A Guide to the separation of the ciscoes from central canada

It was not possible to separat.e all individuals of
c. prognathus from c" artedii using the guide below, although

it was possible to separate all populations of these species

(r'ig. 5 ) .

diameter less than 4"02 fork length " " " " "..2
diameter greater than 4.02 fork length ""..3

Tip of lower jaw does not project beyond upper jaw when

mouth closed, pelvic fins immaculate.. " "q" autumnalis

Tip of lower jaw projects slightly beyond tip of upper

1 Eye

Eye

jaw when mouth is closed.; pelvic fins never

immaculate" " C. artedii
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fig" 19. Dist.ribution of g" prognathus.

Localities from which specimens

were examíned 0 , reported localities @
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Pelvj-c fins inserted forward, the distance from the snout

to front of pelvic base equals distance from front of
pelvic base to a point on the caudal peduncle ahead of
the caudal flexure g. sardinella

Pelvic fi-ns inserted back, the distance from the snout

to the front of pelvic base equals distance from front
of pelvic base to a point on the caudal ped.uncle

posterior to the caudal flexure .".."".4

Gillrakers 35 or less on

Gillrakers 44 or more on

36-43 gillrakers on first

first gillarch".. g. prognathus

first gi11arch.. " C" artedii
gillarch ..."..5

Mean gillraker count

Mean gillraker count

population known

population not knovsn . " ... .7

prognathus

artedii

of

of

Mean gillraker count of population less than

40.5 ....." c.
Mean gillraker count of population greater

than 40.5 . ". ". " C.

Either 9" prognathus or C.

for differences between

differences in gillraker

certain localities 
"

artedii. Consult Table XX

individuals, or Table XXf for
counts of sympatric forms from

It should be remembered that this is essentially a
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guide to the specimens examined by the author, and that the
rang'e of values in other speci-mens may be greater than that
reported above, due to allometric arowth or phenotypic

plasticity 
"



EVOLUTTON OF NORTH AMERTCAN CTSCOES

There has been much controversy whether the occurrence

of sympatric sibling species of coregonid.s has been the result
of allopatric differentiation followed by multiple invasions
(svardson L970), or of fewer i-nvasions followed by micro-
geographic (Behnke I972) or by sympatrj-c d.ifferentiation
(Steinmann 1951). If differentiation had been allopatric,
clustering of equivalent populations from different localities
should result in monophyletic groups, but if sympatric

d.ifferentj-at.ion occurred at each localityr âny attempt to
cluster equivalent populations from different localities
would result i-n some polyphyletic groups" rf on the other
hand differentiation had been microgeographic there would be

monophyletic groups in a single area, and clustering the mor-

phologically equivalent populaùions from different areas

would result in polyphyletic groups. As knowledge of the

history of each population is lacking, the choice between

allopatric, microgeographic and sympatric differentiation has

to be based on morphological and zoogeographic information.
The morphological similarities of all popu'l ations

of c. prognathus and of all populations of c" artedii (rigs.
6 and 7) can be interpreted as evidence for the monophyletic

origin of each species, as can the consistent morphological

differences between sympatric populations of the two species,
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and the lack of correlation between the gillrakers and any

environmental variable (Tabte V) " An alternative explanation

is that one species is polyphyletic v¿th C" prognathus being

d.erived f rom separate C " artedii populati-ons or vice versa,

and that the morphological similarity of populations of one

species results from their existence in similar environments.

The distribution of all four cisco species in central

Canada is explicable by the presence of each species in one

refugium at the end of the Wisconsin glaciation" The present

range of C. sardinella and C. autumnalis includes the Bering

refugium, and it is believed that both species survived the

glaciation in this refugium and have spread subsequently

along the Arctic coast (McPhail and Lindsey 1970). The

present distribution of C. artedii includes just one refugium,

the Mississippi refugium, and it is belíeved that i-t survived

the glaciation in this refugium and subsequently dispersed

through a series of proglacial lakes (¡tcphail and Lindsey

1970) " The present range of C" prognathus (Fig" 19) includes

no refugia, but its distribution pattern is explicable by

d.ispersal from just the Mississippi refugium" Since each

species was present in just one refugium during the Wisconsin

glaciation, it is suggested that only one basic stock of each

species has invaded central Canada" The only possible ex-

ception to this is C" sardinella whose populations in the

Yukon R. basin are morphologically distinct from those along

the Arctic coast (McPhail and Lindsey 1970). Even if
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9." sardinella populations along the Arctíc coast were separate
from those in the yukon R. basin, there is as yet no evidence
to believe that the yukon R. form has crossed into central_
Canada 

"

q. artedii is much more widespread in central canada

than is c. prognathus, but it is possible on the evidence
presented so far that the c_. prognathus phenotype could have

been deri-ved f rom the C.

environmental pressures.

artedii phenotype as a result of

The morphological and zoogeographic evidence is
consistent with the belief that extant populations of
c. sardinella, c. autumna,1,is, 9. artedi-i and c. prognathus

are derived from single stocks of each of the four species
at the end of the vüisconsin glaciation. Behnke (rg72)

believed that the species \^/ere distinct before the Wj-sconsin

glaciati-on, whereas Hile (1937 ) and Booke (1968) believed
that differentiation occurred in the refugia or in postglacial
times 

"

Although i-t has been suggested that c. arted,ii is a

monophyletic species, this does not account for the occurrence
of two sympatric forms of c. artedii in 24 central canadian
lakes, and four forms in L. winnipeg; in addition to the
populations examined, sympatric forms of allied ciscoes are
known from at least six other lakes (Tabre xvr). The

differences between the sympatric forms are not consi_stent,
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and are associat.ed with differences ín size and in the environ-
ment (Tables VII and VITI) " The sympatri_c forms were not
separable into different groups by any multivariate techniques
(Figs' 6 and 7) " since c. artedii was present in only one

refugium during the last glaciation, it is considered un-
1ike1y that two distinct. stocks of c. artedii existed at the
end of the glaciation as there is no morphological equiva-
lence or explicable distribution pattern of the sympatric
forms" Differentiation of sympatric forms of C. artedii may

have been sympatric, microgeographic t oy macrogeographic

during the reLreat of the ice.
rf macrogeographic differentiation occu.rred between

stocks of c" artedii during the retreat of the ice, most

likely it would be between stocks in the I,. Agassiz basin
and in the L. Barlow-ojibway basin. The reason to believe
this is that all populations examj-ned from the L. Barlow-
ojibway basin (r," Abitibi, L. Matagami, L. olga, L. waswanipi)

had high gillraker counts, from 55 to 67 gillrakers, and many

lakes in the L. Agassiz basin had sympatric forms, one having
high gillraker counts (Lac seu1, L. vüinnipeg, second cranberry
L., Mink Narrows, Lac Ia Ronge).

L" Barlow-Ojibway was formed about lOrOO0 Bp (prest

and was probably colonised by C. artedii from the

Lakes" L. Agassi-z and L. Barlow-ojibway became confluent
91300 BP, but the Aguta ice readvance severed this

r970) ,

Great

about
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connecti-on until further retreat of the ice re-established
it about 8,600 BP; by 81400 BP both lakes drained. separatery

into Hudson Bay (Prest L970) " The time of isolation for the
two stocks was short, and even then they stil1 \^/ere connected

indirectly via the Great Lakes, but the d.ifferentiation of a

high gillrakered stock in L" Barlow-ojibway could. account

for the occurrence of high gillrakered c. artedii in L.

Attawapiskat and the L" Agassiz basin. A fact not fitting
this hypothesis is the occurrence of high gillrakered. popu-

lations in areas remote from the L. Agassiz basi_n (lfaterhen L.,
L. Athabasca), which vüere apparently isolaÈed from L. Agassiz

before L" Agassiz was confluent, with L" Barlow-ojibway. A1so,

high gillrakered ciscoes are absent from the Great lakes,
southern ontario and euebec despite being able to colonise
these areas from L" Barlow-Ojibway"

The correlation of mean gillraker count with síze,
and of size with environmental conditions (Table rx), and

t,he distribution of the high gillraker counts suggests that
the high gillraker counts result from local selection rather
than from one distinct genetic stock originated in L. Barlow-

ojibway" This is supported further by the overall similarity
of the L. Barlow-ojibway populations with the other populations

of c. artedi-i (Figs. 6 and 7), and the lack of low counts in
Lhe L" Barlow-ojibway basin. The differentiation of two

stocks may have been partially responsible for the occurrence
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of sympatric forms of c " artedii in some areas of central
Canada, but that other factors are involved j_s

by the occurrence of four sympatric forms of C.

in L" Winnipeg, and by the distribution of high

populations.

suggested

artedii
gillrakered

Behnke (I972) considered that, in some cases, slzrripa-

trj-c species of coregonids result from recent allopatric
differentiation caused by minor read.vances of the ice margin

during deglaciation t oE by fluctuatj-ons in water Ieve1s.

This latter mechanj-sm is similar to that proposed by Fryer
(1959) for speciation in East African cichlid.s. If this
happened for C. arteilii, the sympatric forms in a 1ocal area

should be arrangeable into different clusters. Sympatric

forms of q. artedii from five lakes in the cranberry portage

area of northwestern Manitoba were not equivalent to each

other in their overall morphology (Figs. 6 and 7) or gilI-
raker counts (Table rr) " For instance in ivlink Narrows and

Little Athapapuskow the two sympatric forms have counts that
can be equated., but in Big Athapapuskow the counts of both

forms are closer to the lower counts in the other two lakes;
at present the three lakes are interconnected by navigable

channels " This does not rule out the possibility of the

two forms resulting from microgeographic isolation, with
the low counts of both forms in Big Athapapuskow resulting
from introgression (Svardson IgTO) or selection" It i_s also
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possible that microgeographic isolati_on played a role in the
differentiation of four forms of g" artedii in L. winnipeg by
water level fluctuations, minor ice readvances, the great
distances involved or by homing to different spawning grounds.
There \dere significant morphological differences between the

9" artedii from the north and south ends of Montreal L. such
mechanisms may account for the multiplicity of coregonids in
the Great Lakes basin.

Differentiation within a lake by homing to different
spawning grounds is one mechanism suggested for sympatric
speciati-on (smith L966) " This may be a factor in the
differentiationofthreeormoreformsofg.@.in

L. Baikal as it. is possible to d.istingui-sh as many forms,
differing in their ecology, gillrakers and morphology, as

there are spawning rivers (Smirnov l-969). Duri-ng their
migration, g" arted.ii in L, Nipissing form distinct groupings
(Ery L937) , which are interpretable as elementary populations.
Lebedev (L969) believed. that the formation of erementary
populations could lead to sympatric speciation. S'mpatric
speci-ation was used to explain the origin of sympatric core_
gonids j-n Russia (Berg 1949) and in the Alps (Steinmann 1951) "

That sympatric forms of c. artedii in nine central canadian
lakes rÁ/ere more similar to each other than to any other form
of cisco (r'ig" 6), and that there is no firm evidence for
the eguivalence between members of paírs sympatric of C. artedii
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even within a restrícted area, are suggestive of sympatric

differentiation, but does not rule out the possibility of

microgeographic differentiation" Sympatric forms of

C" artedii appear to be reproductively isolated in some

lakes (Kooyman MS J.970), but not in others (Clarke MS L970) |

suggesting that sympatric forms of C. artedii may behave as

good species in some locali-ties, but in other lakes may

behave more as elementary populations.

The available evidence suggests that sympatric forms

of C. artedii arose since the end of the Wisconsin glaciation

by microgeographic and,/or sympatric differentiation. The

lack of equivalence between sympatric forms from different.

lakes and the lack of an explicable distribution pattern

does not suggest macrogeographic differentiation or the

presence of two distinct stocks at the end of the glaciation"

Differentiation of stocks in glacial L. Agassiz and L" Barlow-

Ojibway may explain partially the occurrence of sympatric

forms of C" artedii in the L" Agassiz basin" There is no

evidence to suggest whether the original differentiation of

the four species was macrogeographic, microgeographic or

sympatric, but their morphology and distribution suggest that

each species was distinct at the end of the Wisconsin glacia-

tion, and occurred in only one refugium" Each species is

considered to be monophyletic"
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Evolution in other Coregonids

Analysis of the morphology and zoogeography of
N" American ciscoes failed. to answer conclusively whether

their differentiation was allopatric, microgeographic or
sympatric" other studies on coregonids may suggest whether

allopatric, microgeographic or sympatric differentiation has

played the major role in their differentiation t or whether

all three are equally important.

Svardson (1957) believed that five species of core-
gonids invaded scandinavia at the end of the last glaciation,
as the maximum number of sympatric populations in Scandinavia

is five, and that all populations of Eurasian coregonids are

derived from the same five species. Besides his taxonomy

being erroneous in the affinities of Scandinavian coregonids

to the coregonids from elsewhere (Behnke rgTo; svardson l9Z0),
his theory fails to deal with three points. These points
are that seven sympatric forms of coregonid.s occur in
L" Ladoga and L. onega (Berg L94g), that two of his species

hybridised extensively with a third species when the third
species was introduced (svardson Lg49), and that an intro-
duced population of one species remained reproductively
isolated from the indigenous population of the same species
(Svardson 1970) " He explained the last two points by intro-
gression dependent upon the 1ocal environment; to him

(svardson 1970), introgression included the incorporation of
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g:enes of one species into the genotype of another species
by extensive i-nterbreeding, leading to the possible
differentiation of isolated populations of the same species.
This concept of introgression therefore implies that repro-
ductive isolation can break down between speci_es under

certain circumstances, or can occur between populations of
one species.

Whereas Svardson (L957) believed that the sympatric
coregonids in Eurasia had differentiated arlopatrically,
Steinmann (1951) asrd Berg (I948) considered. that the multi_
plicity of sympatric forms in the Alps and in Russia

resulted from slzmpat.ric d.ifferentiation, and that the resul_
tant taxonomic categories based on t.he equivalence of forms
at dífferent localities r^rere polyphyletic. Kosswig (1963)

also believed that the scandinavian coregonids arose

sympatrically at each 10ca1ity, but that the sympatric
differentiation was aided by the genetic heterogeneity of
the original colonisers, which had been increased by hybridi-
sation of dífferent ôrms in a proglacial Iake. Himberg (Lg7o)

believed that hybridisation played a rore in the origin of
scandinavian whitefish in that. 9" muksun and 9. pidschian
hybridised to prod.uce c. lavaretus, and. these are the only
whitefish in scandinavia; this fails to account for the
occurrence of more than three sympatric forms of whj_tefish in
some 1akes"
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IfcCart (1970) believed that allopatric differentiaLion
followed. by hybridisation could account for the two or three
sympatric forms of P" coulleri in the Bristol Bay drainages

of Alaska" During the last glaciation, two forms of p. coulteri
became differentiated in the yukon-Bering refugium and. in the
columbia refugium. Forms from each refugium subsequently

invaded Naknek, Aleknagik and chignik lakes, and. in chignik L.

the two forms have hybridised to produce a third form.

However the morphology of two recently described populations

of P. coulteri from Elliot L" and waterton L. suggests that
the systemati-cs and zoogeography of p. coul,teri are more

complex (Lindsey and Franzin L972) 
"

Both Behnke (1972) and Miller (1965) believe that the
endemic Prosopium in Bear L. have evolved by microgeographic

isolat.ion caused by fluctuations in the water leve1 of
L" Bonneville"

Lindsey (1963) originally believed that the two

sympatric forms of whitefish in squanga L. represented two

species, c. pidschian and c" clupeaformís, that had invaded

Squanga L" from Siberia and the Mississippi refugium respective-
1y. Recent studies of gene frequencies of N. American white-
fish show that all whit.efish in the yukon basin are more

similar to each other than to whitefish from elsewhere in
N" America, and that there was no obvious equivalence between

sympatric forms in squanga L., opeongo L. or in several lakes



L78

in Maine in their biology, giene frequencies or gillraker
counts (Lindsey et al " L970) " Nor was there any equivalence

between the sympatric forms from different lakes in Maine

(Fenderson 1964). Behnke (L972) and Lindsey et al" (1970)

favour microgeographic isolation to account for the

differentiation of the sympatric forms, but there is nothing

in the data to rule out the possibility of sympatric

differentiation (Lindsey et al" 1970). Endemic ciscoes are

absent from all lakes in, N. America where slzmpatric forms of
whitefish occur" The absence of ciscoes may have enabled

sympatric d.ifferentiation in whitefish to fill an unoccupied

niche t oy may have allowed different stocks of whitefish to
invade and coexi-st in different niches. The two forms in
squanga L" were separated by their gillraker counts, feeding

ecology and distribution, and reprod.uctive behaviour
(Lindsey 1963) " Despite apparent differences in their repro-
ductive behaviour, a study of their glycerol-3-phosphate

dehydrogenase alleles (w" G" Franzin, personal communication)

showed that separately the frequency of alleles in either form

does not satísfy the Hardy-weinberg equilibrium, vrhereas the

frequency in the combined populations does" Taking into
account the apparent di-fferences in reproductive behaviour,

the gene frequencies suggest that the two forms are becoming

differentiated within squanga L., but it is possible that. the

two forms are introgressing with selective pressure maintaining
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differences in the gillrakers and ecology t or that they are

two morphs of one population. squanga L" whitefish certainly
are worth further study

There is no consensus of opinion among workers on

coregonid.s as to the mechanisms to account for the d.íverse

array of sympatric coregonids in some localities. Allopatric,
mj-crogeographic and sympatric differentiation have their
advocates, and some believe that any of the above processes

was aided by genetic heterogeneity of the invading stock

resulting from previous introgression of different forms. rt
is possible that all processes have been involved in the

differentiation of coregonids"

Evolutionary Theory and Taxonomic practice

Mayr (1963) believed that gene flow between populations

of a species has a cohesive effect, and that the lack of gene

flow would enable differentiation of populations if they were

under different selective regimes. Ehrrich and Raven (1969)

concluded that the selective regime was more important than

reprod.uctive isolation in the dif f erentiation of populati-ons,

and that reproductive isolation may result from differentia-
tion rather than be a cause of it" Their reasons for this
belief is that gene flow between adjacent, populations usually
is more restricted than was thought previously, that
populations isolated for a long time often show little
differentiation despite Lhe lack of gene fIow, and that
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interbreeding does not necessarily stop differentiati-on
(Ehrlich and Raven f969) " They point out that the local
populatíon is the unit of evolution, as i-s illustrated well

by the genus Coregonus. Sympatric and allopatric populations

e¡ Coregonus often have gillraker counts differing by more

than two units (Tabl-e IX), presumably a genetic difference
(Svardson 1952) , and differ in the gene frequenci-es of

certaín proteins (Lindsey et a1 " 1970) " Genetic differences

accumulat.ed in allopatric or sympatric populations may

result in reproductive isolation, and this and different
selective regimes explain why sympatric populations may or

may not be reproductively isolated. Apparently the sympatric

whitefish in Squanga L. do not interbreed (Lindsey 1963), nor

do C. artedii and C" prognathus in Big Athapapuskow (Clarke

MS L970), nor the sympatric forms of 9. artedii in Vüaskesiu

L. (Kooyman MS 1970), whereas the sympatric forms of

C. artedii in Big Athapapuskow do interbreed (Clarke ItlS 1970).

The greater importance of the selectj-ve regime can also explain

why isolation between two species broke down when a third
species was introduced (Svardson 1949), and why two

populations of some species may become reproductively

isolated (Svardson 1970). Selection for the utilisation of

different spawning beds or time of spawning would help

maintain existing differences and create new differences

between sympatric forms; conversely selection for similar
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requirements may enable J-ntrogression to occur" If
differentiation is caused by different selective regimes,

the models of allopatric, microgeographic and slzmpatric

differentiation are essentially similar, differing only in
the degree in which gene flow may affect the process of
dif .f,erentiation.

If, as appears the case, the selective regime, not

reproductive isolation, is the major factor in determining

whether differentiation or introgression occurs, the species

concept based on reproductive isolation (Mayr 1963) should

be abandoned" The species concept is neither necessary for
practical taxonomy nor for evolutionary theoryr so species

should become just another taxonomic category, based on

phenetic resemblance, to indicate the relationships of
populations (Sokal and Crovello 1970). Simpson (1961)

believed that all taxonomic categories should be monophyletic

to indicate a common genetic lineage, and Behnke (I972)

suggested that species status should be given to each

di-stinct genetic lineage of coregonids that invaded northern

N. America at the end of the lvisconsin glaciation" Evidence

has been presented to show that c" autumnalis, c. sardinelra,

9. artedii and 9. prognathus are morphologically distj-nct
and that extant populations of each species are derived from

one ancestral population at the end of the Vüisconsin

glaciation, and so meet, the criteria for species status.
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These criteria v/ere not met by the sympatric forms

of c. artedii, which are probably of postglacial origín and

are probably polyphyletíc" where two or morefcrms occur

sympatrically in N. America, it has been customary to give
each form ful1 species status, but this has not been the

case in Asia, where several taxa of c" lavaretus occur

slnnpatrically in many lakes (Berg Lg4.g), and three or more

taxa of C" migratorius occur in L" Baikal (Smirnov Lg69).

As there is no greater difference between sympatric popu-

lations of c. artedii than between allopatric populations,
and as reproductive isolation is no longer an acceptabre

criterion for distinguishing species, there is no reason why

species status should be given to each sympaLric form, any

more than species status should be given to each allopatric
populat.ion" That sympatric forms are reproductively isolated
at some localities and not. at others is a result of differ-
ences in the environment and the process of differentiation
at d.if ferent localities 

"

Genetic differences exist between slmpatric and allo-
patric populations of c. artedii, but within the present

system of nomenclature there is no method to show the simi-
larities and differences of so diffuse an array of forms

within a spec j-es. The use of polytopic subspecies (l,Iayr

L969) would enable forms of c" artedii to be classifi-ed
within the present nomenclatural system, but this would show



183

apparent relationships
As it does not indicate
polytopic subspecies is
(L972) that a shorthand.

classifying genetically

a system that indicates

rather than the real relationships.
the genetic lineages, the use of

unacceptable" I agree with Behnke

system should be developed for
different populations of a species,

their true relationshi-ps.



TAXONOMTC SPECULATTON

The nine species of ciscoes in the Great Lakes and.

l. Nipigon (Koelz L929) can be arranged into four g'roups on

the basis of their phenetic similarity (clarke MS 1970).

fn t.he Great Lakes, C" zenithicus is most similar to
g" reighardi and vice versa; c. hoyi to c. kiyi and vice versa;

9" artedii to 9. l. nigripj-nnj-s and vice versa, and c. nipigon
to c" 1. nigrj-pinnis. g. johannae resembled c. alpenae most

closely but C. alpenae was most similar to 9" kiyi;

9" alpenae in L. Erie (Scott and Smith Lg62) is intermediate

in severar characters between typical c. alpenae and c. johannae,

suggesting that these two species form another group. The

species in each of the groups differ from each other only
slightly in morphometry and in gillrakers (except c. nipigon),
but were separated from each other by profile or jaw character-
istics, characters that vary within and between lakes and are

not considered to be useful taxonomic characters. rn the

Great Lakes basin and in central canada the phenotypes of

9" prognathus, c. reighardj-, c. zenithicus and c. cyanopterus

intergrade, as do the phenotypes of C" hoyi, C. arted.ii,

9. nigripinnis and. c. nipigon, but c. ¡r"t t"ih" ct'""t Lakes

may be distinct from C. hoyi in central Canada. It is possible
that C. johannae and C.

C. prognathus (including

alpenae are conspecific with

C" reighardi, C. zenithicus and

r84
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9" cyanopterus) as some populations in central Canada have

characteristics in common with c. iohannae or c. alpenae.

Tf c" alpenae and 9" johannae are conspecific with c. progna-

thus, then c. prognathus occurs in L. Erie; in fact clemens

(L922) reported the occurrence of c. prognathus in L. Erie,
but Koelz (1929) beli_eved this referred. to C. artedii.
g" hoyi and c" kíyi in the Great Lakes may be a distinct
species groupr or they may be conspecific with c. artedii
(including C" n. nigripinnis and 9" nipigon) for the L.

ontario forms of c. hoyi and c. kiyi are intermediate
between typical c" aîtêdii and typical c. hoyi and c. kiyi.
rt is considered that c" bartlê,tti is a form of c. prognathus,

and C" hubbsi of C" âItêdii. The above grouping of the

Great Lakes ciscoes into two or three species must be classi-
fied as t,entative speculation"

Svardson (l-957) and Nikolsky and Reshetnikov (1970)

concluded that Eurasian c. albula and c. sardinella were

conspecific, and were conspecific with N" American c. artedii
and c. sardinella, and that Eurasian and N. Ameri-can c.
autumnalis were conspecific. The shape of the maxillae j_n

Fig" 16 and i-n Gasowska (1960), and of the supraethmoid bones

in Fig" 17 and in shaposhni-kova (1970) support the theory
that Eurasian and N. American g. autumnalis are conspecific,
as are Eurasian and N" American c. sardinella" rt has been

concluded that C" artedii is distinct from C" safd,inella, but
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there is no further evidence as to the relatíonship of

C. albula with either C. sardinella or C. artedii.

North American ciscoes can be distinguished from

g" clupeaformis by the shape of the d.entdry, maxilla, suprae-

thmoid. (Figs" 11 to 13, 15), supralingual plate and supra-

maxilla" The Flotten L" whitefi-sh was i-ntermediate between

typical C" clupeaformis and the ciscoes in the shape of the

supraethmoid and. dentâry, but was similar to C. clupeaformis

in other respects (fig. 15) " The Flotten L. whitefish may

be a cisco-whitefish hybrid" Gasowska (1960) grouped

C. clupeaformis with C" pidschían on the basis of the shape

of the maxilla and supramaxilla. These two species are

similar in the shape of the supraethmoid as we11, but

differ in the shape of the dentary (nig" 15' and Gasowska

1970). The dentary of C" pidschian has no concavity at the

posterior t.ip of the coronoid plate (Gasowska L97 0) , but

this feature is present in some N. American C. clupeaformis

as illustrated in Fig. 15 and in Cavender (1970). This

character separates C. clupeaformis from C" pidschian and

from the high gillrakered (38 gillrakers) whitefísh in

Flotten L", presuming that the latter is not a cisco-whitefish

hybrid. Perhaps this character and the shape of the suprae-

thmoid are worthy of further study in an attempt to elucidate

the taxonomy of N. American whitefish and theír relationship

to Eurasian whitefish.
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CONCLUSTONS

Four species of ciscoes, C. autumhâlis, 9" sardinellao

q. artedii and 9" prognathus, occur in central Canada. All
L9 characters studied showed interspecific differences, but

gillraker counts, upper jaw length, mandible length, snout

length, €ye diameter and interorbital width \,üere of most

use in separating the species. fntraspecific variation in
the morphology of q" artedii and 9. prognathus was associated

with size differences and environmental variation. It was

concluded that each species is monophyletic and survived

the Wisconsin glaciaLion in only one refugium. Sympatric

forms of q. artedii arose postglacially by either micro-

geographic or sympatric differentiation; probably they behave

as elementary populations, which do not interbreed at some

localities but do interbreed at others. Intraspecific
variation in coregonids suggests that the selective regime

is more important than reproductive isolation in the

differentiation of coregonids,
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APPENDIX T

Samplíng Localj-ties, and the Numbers of
Ciscoes Examined from Each

Place Name and Number in Fig.l Drainage
Lat 

"
N

Long.
üï

Nos.
Fish Examined
æìã%*r

Aberdeen R., NWT (1f¡

L" Abitibi, eue" (73)

L.. Athabasca, Sask" (16)

Attawapiskat L., Ont. (70)

Baker L. , NVüT (tZ¡

Barrow L", Alta" (1S)

Beresford L. , Man. (SZ¡

Beverly L., NVüT (10)

Big Athapapuskow L., Man. (40)

Big Peter pond, Sask" (17)

Bigstone L., Sask . (29)

Big Trout L., Ont. (69)

Big Twin L", Man. (35)

Big Whiteshell L., Man. (51)

Bird (Oiseau) L. , Man. (59 )

Cape Jones, eue" (78)

Churchi-11, Man. (32)

Churchill L., Sask. (19)

Clearwater L., Man. (44)

Cold L. , Alta " (22¡

Thelon

Abitibi

Mackenzie

Attawapiskat

Thelon

Mackenzie

Manigotogan

The,lon

Saskatchewan

Churchill

Churchill

Severn

Saskatche!^/an

Winnípeg

Bird

Churchill

Saskatche\Aran

Churchill

64030 '

48 40

59 07

52 18

64 00

s9 L7

50 52

64 36

54 33

56 00

55 04

53 45

54 40

50 05

50 29

54 30

58 47

55 55

54 0s

54 33

100000 '

79 31

110 00

87 54

96 00

111 14

95 14

100 30

101 40

108 s0

105 24

90 00

101 27

95 2r

95 20

79 45

94 12

108 20

101 00

110 05

2

5

422

t2

2

6

18

5

59

70

20

3

L4

16

33

1

195

49

30

64

(Cont'd. )
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APPENDIX 1 (Continued)

Place Name and. Number in Fig"l Drainage
Lat.

N
Long.

I/ü

Nos,
Fish Examined'r-----=
UM- RoM" NMC,

Davidson L", Man" (60)

Deer L., Ont" (63)

Dismal L., NWT (3)

Echo L., Sask" (48)

Falcon L., Man" (53)

First. Cranberry L", Man. (41)

Fishing L", Man. (49)

Flotten L", Sask. (24)

Fort George, Que " (71¡

Fort Simpson, NhJT (7')

George L", Man" (52¡

Great Bear L., NWT (4)

Great Slave L. , NWT (8 )

Great Vühale R", Que" (79)

Greig L., Sask. (25)

Hawley L", Ont. (71)

I1e-a-1a-Crosse, Sask" (20)

James Bay, Ont. (72)

KapsawJ- R", NWT (unknown)

Keller L., NWT (6)

Lac des Ï1es, Sask. (23)

Lac la Biche, Alta " (2L)

Lac la Ronge, Sask " (29)

Lac Seul, Ont. (65)

Bird

Severn

Coppermine

Red

I,finnipeg

Nelson

Red

Churchill

Mackenz i-e

Winnipeg

Mackenzie

Mackenzie

Churchill

Sutton

Churchill

Location unknown

Mackenzie

Churchill

Athabasca

Churchill

Tlüinnipeg

soo27,

52 38

67 26

51 42

49 42

54 35

50 44

54 38

53 50

61 52

50 15

66 00

61 23

55 17

54 27

54 30

55 40

52 14

64 00

54 26

54 45

55 0B

s0 29

g50og'

94 25

LI7 07

103 s3

95 15

101 18

100 42

108 30

79 00

T2I 23

95 30

L20 00

115 38

77 45

108 43

84 39

I07 45

81 36

L2L 30

109 26

tL2 05

105 00

92 L6

4

z

30

l4

15

T7

13

5

5

5

4

1

1

2

2t

40

6

62

(Cont'd " )
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APPENDIX 1 (Continued)

Place Name and Number in Fig"l Drainage
Lat..

N
Long.

vü

Nos "Fish Examined

u¡¿I Ro¡r2 NMc3

Lake of the Woods, Ont" (61)

Last Mountain L", Sask " (46)

Little Athapapuskow L.rMan. (38)

Little Peter Pond, Sask. (19)

Little Twin L., Man" (36)

Mackenzie Delta, NWT (2)

Manistikwan (Big Island) L",
Man. (3S¡

L" Manitoba, Man. (50)

L. Matagami, Que " (7 4)

Mink Narrows, Man. (39)

Minnitaki L., Ont" (66)

Montreal L. , Sask. (31)

Neso L", Man" (34)

Nikip L", Ont" ßA¡

L. O19a , Que . (7 6)

Osnaburgh L., Ont. (68)

Pasqua L", Sask " (47)

Palruk L", Man. (37)

Pel1y (or Garry) L., NWT (9)

Pine Fal1s, Man. (5a¡

Povungnituk, Que" (8f¡

Quesnell (Caribou) L. , Man. (56 )

Reindeer L" , Sask " (27')

lriinnipeg 4go],5'

Red 51 05

Saskatche\^Ian 54 40

Churchill 56 45

Saskatchewan 54 39

Mackenzie 68 12

Saskatchewan 54 45

Dauphin 51 00

Nottaway 49 53

Saskatchêwan 54 36

Vüinnipeg 49 5I

Churchill 54 20

SaskatcheÌvan 54 40

Severn 52 53

Nottaway 49 47

Albany 51 L2

Red 51 47

Saskatchewan 54 38

Back 65 59

Winnipeg 50 35

60 02

Manígotogan 50 55

Churchill 57 15

g4o 45'

105 10

101 40

108 35

101 27

135 00

34

56

46

18

11

5

101 45 24

98 45 20

77 30

101 37 29

92 00 40

105 40 74

101 33 29

91 53

77 15

90 09 1

103 s8 28

101 32 35

101 L2

96157

77 10

95 39 27

I02 40

10

4

I

(Cont'd. )
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APPENDIX 1 (Continued)

Nos
Fish Examined

Lat. Long. 1Place Name and Number in Fig.l Drainage N u¡tl Rol¿2 NMc3

Richmond Gulf , Que. (80) - 56015 t 76oL7 | l_

Rocky L", Man. (4S¡ Saskatchewan 54 09 101 30 34

L. St. Joseph, Ont. (67 ) albany 51 05 90 35 16

Sandy L., ont" (62¡ Severn 53 02 93 O0 I0
second cranberry L", Man " (42) Nelson 54 3g 101 11 L6

Spark Plug L., NWT (5) Mackenzie 66 07 IL7 Sz

Tazin R", NWT (13) Mackenzie 60 35 I1O 23

lfanipigow L", Man" (55) Wanipigow 51 07 96 OO t5
Vtaskesiu L., Sask" (30) Churchill 53 57 106 15 49

!üaswanipi L., Que. (75) Nottaway 49 34 76 29

lVaterhen L., Sask " (26) Churchill 54 Zg 1Og 25 27

!üest Hawk L", Man" (5+¡ Ì,{innipeg 49 46 93 11 13

!{holdaia L., NVüT (14) Thelon 60 43 104 10 1

L" Winnipeg, Man. (45) melson 52 OO 97 00 35 7

1

I

Extralimital Localities
Baby L", Ont" (88)

Dunc L., Ont" (8a¡

L" Eúie (89)

L" Huron (87)

Lac du Loups, Que" (91)

Lac Heney, Que. (92¡

Lac Laberge, YT (1)

St" Lawrence 45 16 79 47

St" Lawrence 48 43 85 42 4

St" Lawrence 42 00 81 00

St" Lawrence 45 00 82 30

St" Lawrence 45 4L 76 L2

St" Lawrence 46 02 75 55

Yukon 65 11 135 12

10

2L

3

4

2

(Cont'd. )



205
APPENDIX 1 (Continued)

Nos "Fish Examined
Lat. Lonq. - 

--
Place Name and Number in Fig.1 Drainage N uMl RoM2 NMC3

Little Whitefish L. u eue. (96) St.Lawrence 45o42' 74053,

Long L., Ont" (8S¡ St.Lawrence 49 30 86 50 4

Meach L", Que" (9S¡ St.Lawrence 45 32 75 54 2

L. Michigan (80¡ St.Lawrence 44 0O g7 OO 10

L" Nipigon, Ont " (82) St.Lawrence 49 50 BB 30 13

L. ontario (90) St.Lawrence 43 45 7g 0O 16

Saguenay Fjord, Que " (97 ) St.Lawrence 4g 26 70 52

L" Simon, Que" (93) St.Lawrence q5 58 75 05

L" Superior (85) St.Lawrence 47 40 gg 0O L4

lVilsonf s L., Que" (94) St.Lawrence 45 38 76 12

1*fish in collections at the University of Manitoba.

2-.-fish examined at the Royal Ontario Museum.

3_.-fish examined at the National Museum of Canada"

3

1
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APPENDTX 2

The Choice of Numerical Taxonomi-c Method

Sokal and Sneath (1963) defined numeral taxonomy as

". . . the numerical evaluation of the affinity or similarity
between taxonomic units and the ordering of these units into
taxa on the basis of thej-r affinities". The first step in
numerical taxonomy is to calculate a matrix showing the

similarities of the units. For this all characters should

be of equal weight., and. as many characters as possible should

be used, but the characters should not be redundant or

correlated. with each other (Sokal and Sneath 1963).

Much work has been done using various methods of

numerical taxonomy, but no one method has emerged as being

best in all situations. The choice of method should reflect
the type of data being analysed and the computational facili-
tj-es available. The data, basically metric, consisted of

counts and measurements made on a series of ciscoes"

The Choice of Similarity Coefficient
The choice of similarity coefficient depends partially

on whether the data to be analysed are metric or non-metric,

Assocíation coefficients are used with non-metric data

(wittiams and Dale 1965), but metric data can be coded, with

subsequent loss of information, so as to be useable with
association coefficients. Information statistics, correlation
and distance coefficients can be used with both types of data,
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though information statistics primarily have been used with
non-metric data" The correlation coefficient has been used

most widely in numerical taxonomy, but it can result in
fortuitously high similarities between samples (Eades 1965).
Distance statistics have a better theoretical basis than

correlation coefficients for calculating similarj_ties, but
all distance coefficients are affected by size, including the
shape coefficient (Boyce l-964) " If the effect of size is
negated, the simplest and best distance coefficient is the
mean square distance coefficient.

Calculation of Mean Square Distances

The effect of size in the data \,vas negated by the
following method" The data were transformed to 1og10 and then

regression lines were calculated for each measurement (oj )

against fork length (l) . The deviations ("ij ) of each

ciscots measurements from the regression firr"= were calculated.

( a. + b.x. )I lr-

The €.:-.s are appropriate for use in the calculation of distancer-l
statistics if: i) different forms of ciscoes have a similar
size distribution; ii) the regression lines of different groups

are paraIlel" Tf size distributions do not overlap, the

different forms will clusLer together; if regression lines are

not parallel, large fish of one form may cluster with small

II II



fish of another form.

The e.,_,s and the counts were standardised with ar-l
mean of 0"0, and a standard deviation of 1"0, to make the

variables of equal weight. Mean square distances were then

calcurated for all possible pairs of ciscoes. The mean

square distance was used in its square root form.

kIj=1

208

= (*

(eij-",j_

d.
J

L

')'msd. -r-J

where )2

Analysis ofthe Similarity Matrix

Factor analysis and cluster analysis have been used

to analyse similarity matrices (sokal and sneath 1963), and.

both methods were used in preriminary investigations to see

if either was suitable"

Factor analysis (Appendix 3) is applicable to the

analysis of a matrix of distance coefficients only if the

distances are replaced by proximities (a constant minus the

disLance), calculated by subtracting each coefficient from

a const.ant (Boyce 1964) . The distance matríces from several

lakes were analysed in this way. Tn each case the number of
factors extracted was equal to the number of ciscoes included

i-n the analysis" Each cisco \^/as associated with one factor,
and in consequence thís method was of no use i-n grouping the

ciscoes "

2
d. =

J
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There are several methods of cluster analysj-s (Sokal

and Sneath 1963) " Sneath (L969) concluded that methods of

average linkage were best, then complete linkage, and single

linkage was the worst. The latter method results in straggly
clusters, the others in compact clusters" The matrix of

distance coefficients of 16 ciscoes (a subsample from Lac

Seul) was analysed by single linkage and the average unweigh-

ted group pair method. Both method.s produced approximately

similar phenograms" Eventually a computer progranìme was

written for the averagie linkage unweighted group pair method"

Wíthout computer progranmes, cluster analysis is lab-

orious and time consuming', so a sJ-mpler type of analysis was

used in most of the work. By examining the maLrj-x of

distance coefficients, each cisco was g,rouped with the ciscoes

with which it was most similar" For example, íf ciscoes A

and B h/ere both most similar to C, and D was most similar to

A, then the four ciscoes would be placed in a single group"

The members of each group were examined to see if they \,vere

more similar to ciscoes of their owln group or to ciscoes of

another group" If the latter was the case, t\nro or more

groups might be merged or ciscoes moved from one group to

another. Extremely atypical ciscoes were found by inspecting

the sum of distances (sdr) for each fish¡ âs they would have

a high sum of distancef

n

sd.r- 
-1 

tt

and each one might constitute a separate group"
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APPENDTX 3

Factor Analysis

Factor analysis is an a.naIytical, rather than

hypothesis testing, branch of multivariate statistics that
attempts to describe the complex relations of many variables
in terms of the simpler relations of fewer hypothetical
variables, the factors" The factors represent influences
underlying the original variables. underlying influences
are investigated by R-mode analysi-s, in whj-ch factors are

extracted from the correlation matrix of the variables.
A subsidiary aim of factor analysis is to develop a

classificatory scheme. This may be achieved by e-mode

analysis, in which factors are extracted from the correlation
matrix of the samples r or by the calculation of factor scores

following R-mode analysi_s.

Good accounts of factor analysis are given by cattell
(1965a; 1965b) and Spencer (MS l-966) .

The model underlying factor analysis is:

bvvr = Z- a,,8. + a. F + a. F3 i=l al a ju u --je- e

The a., . s are the f actor loadings, and. represent both ther_l

correlation of the facLors and the variables (v-) , and the
J

weights to be given the factors in a regression to estimate

the variables. The F.s are the common factors of which there
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are two types (I¡Iallace and Bader L967); general factors

having high loadi-ngs on all the variables, and group factors

havíng high loadings on more than one variable, but not on

all" F.- is an unique factor associated with each variable,u

and F i-s an error factor.e

There are two types of factor analysis depending on

the values present in the principal diagonal of the corre-

lation matrix" Closed or principal components analysj-s has

1"0 in the principal diagonal. If this is the case, analysis

will extract only coflrmon factors, but in accounting for all

the variance the common factors will be distorted by the

unique and error factors. It is unrealistic to believe that

variables are perfectly correlated with themselves (Cattell

1965a) so the principal diagonal should. not contain values

of 1.0. open or factor analysis places communalities (n.2)
J

in the diagonal" The communality is the amount of variance

of a variable accounted for by the coiltmon factors. When the

common factors are extracted from the correlation matrix,

2
(J.

J
+d

e-t
.2 2n, + d-1 tlr
¿, J,

k:¿\o.
I¡

-2h. =
J

there is a residual left that is accounted for by unique and

error factors" By setting communalities in the principal
diagonal, the common factors are not distorted by the unique
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and error factors. The communalities and the number of

factors extracted from a matrix are interdependent and it is
usual to decide upon the number of factors to be extracted

from a matrix by mathematical concepts, statistical evalua-

tion or by the factor structure criterion (Cattell 1965a) "

The assumptions for factor analysis are:

i) Tndividual factors and variables are linearly related"
ii) There is no interaction effect between variables"
iii) Factors act additively in respect to a variable.
iv) There are no assumptions as to the distribution of

the samples on the variables"

ff these assumptions are violated, factor analysis gj-ves an

approximate solution (Cattell 1965b).

Calculations

The open factor analysis model was used"

i) In the principal factor method, factors are extracted.

from the correlation matrix (R) by analysing it for its latent
roots (L, the diagonal matrix of eigenvalues), and the associa-

ted vectors (y) to give the pri-ncipal factor matrix (å) . The

square roots of the successive latent roots give

3 = AA'

E = Vl,Vt
LL

AAf = VL'?L2Vt

-L- 
-

A=VLz
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the relative size of the successive extracted. factors" The

centroid method is a labour saving approximation to the

principal factor method" The principal factor method was

used 
"

ii) The principal factor matrix usually does not permit

simple explanation (Catte1l 1965a) and has to be rotated to
produce an interpretable simple structure solution (Thurstone

L947). There are many possible methods of rotation, of

which only varimax was available at the University of

Manitoba Computer Centre" Varimax rotation gives as many

high and low loadings and as few intermediate loadings as

possible. Rotation occurs to maximise

S- 4 ..- - 22- ar'r while 2_ ai is kept constant; this maximises the

scatter among the loadings and tends to prevent a variable
having high loadings on more than one factor.

This rotation produces orthogonal (uncorrelated)

factors" It is i-mprobable that the underlying causes are

uncorrelated (Spencer MS L966) " Oblique rotations produce

correlated factors that themselves can be factored to give

an hierarchy of primary, secondary factors etc. Oblique

rotation also separates the correlation of factors and

variables from the loadings of the factors on the variables,

which are fused. in orthogonal rotations (Cattell 1965b).

iii) Factor scores measure the influence of the factors upon
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the samples, and \^/ere calculated to have a mean of zero

and a variance near unity (Spencer MS 1966). The factor
matrix (F) is calculated from the factor loading matrix (A)

and the standardised d.ata matrix (Z) 
"

-lP = (AAt) 'A'Z
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APPENDTX 4

Discriminant Analysis

Discriminant analysis tests the differences between

g predetermined groups, and creates m new vari-ables, the
discriminant functions, that best separate the groups. The

number of discriminant functions in an analysis is the lesser
of k (the number of original variables) and g-1. Accounts

of discriminant analysis can be found. in cooley and Lohnes

(1962) , Seal (1964) and. Green (I97L) 
"

The model for díscriminant analysis is:

rj = Itii * Y:', * l¡j*g 'Lj*k

The x, are the original variables, and the v" _ are ther - -J----- "lj
¿i scliminant coef f ic ients .

The assumptions for discriminant analysis are:
(i) The samples are from a multivariate normar population.
(ii) The variance-covariance matrices, wi, of the g groups

are homogeneous. ïf the matrices ar" rrãrogeneous, the

tests on the significance of separation are affected, but
the discriminant functions are stil1 of value in separating
the groups"

(iii) The d.iscriminant functions are linear and additive i-n

respect to the original variables.
(iv) The g groups are defined. a priori.

In addition each group should contain an equal
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number of samples, and this number should be of the order

10k or greater.

Calculations

The calculations folIow Seal (1964)

i) For each group calculate the variance-covariance matrix.
ii) Calculate the dispersion matrix (U), which is analogous

to the error sum of squares in analysis of variance.

iii) Calculate the matrix of total deviation (T) " This

matrix is similar to the gürr except that the samples from

each group are pooled.

iv) Calculate the among populations deviation (â),

analogous to the treatment sum of squares in ANOVA"

cf

[¡J = S- Vü.1l
.L --L

e=T_E

v) Invert E and postmultiply bV â" The resultant matrix
(w-la) represents the proportion of variance among groups

to within groups"

vi) Analyse w-le for its latent roots f\rl and associated

vectors (Vj ) .

l*-to-\'l=ot--t
I -r I

I \.r - w-ralv. = oI I -l rl-l-
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The vectors are the dj-scriminant functions, and the propor-
tion of the variance accounted for by the'jth. function is

m

\/ç\
j¿- j

- i=1-

vii) Test the significance of separation on each d.iscrimi-
nant function by seei-ng if all the roots after the pth. can

be given zero values. Calculate chi-square with (!-p) (g-g-!)
degrees of freedom.

viii) standardise and normalise the coefficients of each

discriminant function" The coefficients then represent the

relative contribution of each character in the discrimination
of the groups.

ix) calculate discriminant scores of each ! sample from the
normalised, but not standardised, discriminant functions.
The discriminant scores

r
V- = I ,u-r, - (h J gll r"n" *tr, rr + \r2l

L - J l=p+.'

k
d.. = S- vr+ ( xr, - x-a )r-l i¡ 1l r_l_ ' t

are of use in classifying samples whose group affinities are

unknown 
"
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APPEND]X 5

Information Analysís

Information is a physical property of data related
to probability, with rare events havS-ng a higher information
content than common events (Orloci 1968) " lrlhereas most

multivariate techniques have rigid assumptions that should

be met by the data to be analysed, inf ormation analysi-s d.oes

not require any assumptions to be made (orloci 1969), making

information analysis more suitable for certain analyses of
biological data than the traditional multivariate techniques.

There are several information statistics that are

sui-table for taxonomic work. These include total informa-

tion, joint information and mutual information (Orloci 1969).

The mutual information statistic, also known as the error
or independence component, was used in the work on cisco

taxonomy.

Calculations

The calculations follow Orloci (1968). The quantity
x.,-, is the value of the jth variable of the ith individual,r-l
ñ 

"r, 
** and N are the row, column and. grand totalsr- _)

respectively of the data matrix" The mutual information is
defined by
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2L=
nk

2>
IIl_=I l-L --L

1-

t x.Inx. )FrJ)
J- J-

nk
= 2(>_

!=1 j=r

ln (Nx . . /x.x .l' al'al-

x. .lnx. +Ll l-l

n
__=_

NlnN -
¿I1:l-

Tf

2T

two individuals are identical, 21 = 0, and the value of
j-ncreases with decreasing similarity between individuals"

Classification

Two forms of classification are possible: non-hier-

archic sorting of indivj-duals into previously defined classes,

as in discriminant analysis; clustering individuals to form

an hi-erarchy (Orloci 1969) .

Cluster analysis was used to create an hierarchy

among the forms of ciscoes. The hierarchy r,ras formed by

fusing the two indivíduals or clusters that produced the

smallest increase in informat.ion, and this \,vas repeated until
all forms were joined in one cluster (Williams et al. 1966) "




