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ABSTRACT

Two populations of ciscoes (subgenus Leucichthys)

coexist in cedar Lake, Manitoba. They differ principally in

rate of growth. Slow growíng ciscoes mature at a yourrter

age and have significantly fewer gil1 rakers and scales. Of

twenty-four morphometríc ratios, only eye diameter is of

value in distinguishing the two forms and is larger in the

smafl form. There is little evidence of habitat segregation

in Cedar Lake. Low refative abundance of fast growing ciscoes

aged r and rr in the bottom nets suggests wertical zortation.

The large form is Coregonus artedii (feSueur). The

small form could not be identified from previous records.
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]NTRODUCTION

Sibling species are defined by Mayr (lg6l) as ilmorpho-

logicarry similar or identical natural popu.lations that are

reproductively isolated.I' The genLls coregonus corì.sists of

two hoJ.arctic groups of sibling species; the whitefish (sub-

genus Coregonus) and the ciscoes (subgenus Leucichthy").

The whitefish group is most diverse in Europe while the cisco

group is most speciose in North America and eastern Asia.

The taxonomy of the coregonids is very difficult due

to their extreme plasticity, which presumably represents

adaptations to the environment " Mayr (lgøS) p"ints out tlnat

sibling species are discowered becaLlse thar¡ harro annl6giç¿1,

behavioural. and/or physiological differences. Morphological

differences, if àfly, are usually biometric, i.e. they consist

of statistical differences found in the measurements. Due to

this marked simiLari. ty sibJ.ing species are usually discovered

when sympatric.

fn this study two forms of cisco from a central Mani-

toba lake are described under the hypothesis that they are

two sibling species. The dichotomy was first noted by Dr. E.

T" Garside in August, 1962. Evidence of two forms was then

based on- size at maturity. The larger form was identified as

Coregonus artedii (teSueLtr) with the assistance of the taxo-

nomic keys in Hubbs and Lagler (t964) and Hinks (lg4Ð 
"

Identity of the smal1 form was uncertain.



LITERATURE REVIEI{

ciscoes in Manitoba (Genus Çoregonus formerly Leucichthvs

Dymond and pritchard (rglo) iaentified four species of
cisco from Manitoba waters: Leucicthys tullibee (nicrrarason) 

,

L" nipigon (tcoe Lt) , L. nigripinnis (cirr) , and L" zenithicus
(.lordan and Evermann). Atl .r.,ìrere previously described by

Koelz (lgzg) trom specimens taken from one or more of the
Great Lakes. Dymond and pritchard. (lgso) separated the above

species by the folJ-owing: key:

A. Gill rakers 55 or nrore on the first branchial arch.

L" nipigon.
AA. Gi1l rakers fewer than 4s on- the first branchial arch.

L" zenithicus.
AAA. Gill rakers 4S

B. Head 1ong,

3.8 to 4.o

BB. Head short, 4.1 to 4"4

to

in

¿ l.)+ on I lrs

spe c imens

t branchial arch

10 inches or more in length,

L. nigripinnis.

L. tuflibee

that L.

=L. arted.ii) itt

whereas tullibee

ft was noted by Hubbs and Lagler (lget+)

nigripinnis differs further from L. tullibee (

that the body is deeper forward than mediaflv
is deepest medially. These four species also differ in Lake

winnipeg in their growth cu-'ves. However, the upper size

limit of the four species is similar: about jJo mm. standard
length (Keleher, 1g52) 

"

Leucichthves hoyi, endemic in the Great Lakes and Lake

Nipigon, has been reported to occur in Lake I{innipeg by



Bajkov (lgSZ). Its occurrence in Lake Wínnipeg has

verified since. The gil1 raker range of Leucichthys

in the Great Lakes (Koelz, 1929 ) and Lake Winnipeg (

1932) l" respectively: 37 to 50 and 34 to 50.

3

not been

hoyi

Ba jkov,

Koel-z (lglg) noted that L. hoyi resembtes young

artedii in the Great Lakes but that hoyi is distinguished by

fewer gi11 rakers and lateral. line scales, larger head.,

maxillary and ventral fins, and particularly by the lengths

of the lower jaw which in hoyi is equal to or J_onger than

the upper, and in artedii is shorter or equal.

History of Coregonus arjecLg (LeSueur)

Richard.son (lASø) f irs t named Leucichthys tullibee

from Pine IsJ.and Lake (Cumberland Lake) Saskatchewan. Six

specimens rvere described from the type J-ocali ty by Dymond

(lgZa), The stand.ard length varied. from Zg5 to 354 mm. citl

raker counts ranged from 48 to 54 "

Dymond and. Pritchard (lgSO) Oescribed Leucichthys

tullibee from Lakes I{innipeg,'[rrlinnipegosis, St. Martin and

from lakes in the Kenora district, Ontario and from six

lakes in Saskatchewan. The average standard length of

tullibee in Lake l,finnipeg was 347 mm. The combined giJ-l

raker range v¡as 4S to 51 "

Dymond arid Pritchard (lgSO) noted the ctose relation

of the Great lakes but r:referredbetween tullibee and artedii

to consider them distinct" They pointed out that

ts the 1arge, deep-bodied, quickrrLeucich thys tullibee s ugges
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growing form of the Great Lakes . r¿hich Koelz (lgZg)
regards as subspecies of Leucichthys artedii namely L.
artedii albus and L. artedii manitourinus. ,l

Koelz (rgso) ¿.scribed 24 subspecies of !g!s:sLì_?ryg
artedii o'. the basis of 6 morphometric and 2 meristic char_
acters ' He reduced Leucichthys turribee of Lake I{innipeg
and Pine rsfand Lake to a- subspecies: Leucichthys artedii
tullibee (nicharoson). The gi11 raker counts of 14 speci_
mens from Lake Winnipeg ranged from 4g to 53. He also
reported this subspecies as occurring in Lake of the l,{ood.s
and i ts tributary , Rainy Lake , an¿ f rom Lake .Waskes i u,
Saskatchewan' The gi11 raker range for 6 specimens taken
from Lake of the tr{oods .was 4S to 52.

Koe-rz (rglo) named a new subspecies: L. artedii winni_
pegosis, from p specimens taken i' ,rg22 from Lake winnipegosis
Their standard length varied from 1BB to ZO4 mm. Gifl raker
counts varied from 44 to 4g. Specimens from Wabigoon Lake
and three Michigan lakes were included in this subspecies.

Bajkov (lg:z) gave the gilr raker frequency of large
samples of the sha110w water cisco from the three principal
Manitoba Lakes: Lake l{innipeg; mode 46, range 4r to 56, Lake
trtlinnipegosis; mode 45, range 4z to 5r , and Lake Manitoba;
mode 46, 'ange 4z to 51 . Bajkov adopted Koerzrs terminol0gy
but considered" these ciscoes to be of o,'e subspecies: L.
artedii tul.libee.

Typical artedii i.e. coregonus artedii artedii (resueur)
of the Great Lakes, was stated to occur in Reind.eer Lake.
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saskatchewan by Bajkov (lgsz), The seven specimens were

stated as hawing shorter heads and more s.rend.er body and

commonly attaining not more than z5o mm. standard length.

However this does not necessarily indicate subspecific diver-

sity. No other data were given. Bajkov (lgsz) further noted

that rtrn Lake l,{innipeg (especially along the eas tern shore )

specimens occur which cannot be distinguished from typical

L" artedii, together with a- deeper form which canrlot be dis_
tinguished from typical tullibee from Lakes st. Martin, Mani_

toba, winnipegosis, Pine rsland., and others" There are afl
gradations of intermediate forms which often cannot be placed

def initely either in tu1líbee or artedii. rl

The Occurrence of Dwalfism Among I.{hitef ish

that

been

Sympatric pairs of morphologically

differ in growth rate and size or age

similar species

at maturity have

reported by several authors.

Kennedy (lg4:) found two forms of coregonus crupea-
formis in Lake opeonge. No difference was found between the
two forms with respect to allometric growth (six characters)

or vertebral number" The two groups differed in gill raker

count and lateral l-ine scale count with the large form having

the higher counts 
"

Kennedy found that the larger form has a longer grow-

ing seasorl than the dwarf form. Differences in vertical

distribution rvere not outstanding. Kenned.y coï1cluded that:

"since both groups occLrr in the same habitats during the



groÌ{ing season the above differences cannot be the direct

result of the environment.rl

Svardson (tgSZ) suggested that the d.warf form is

Coregonus pidschian (Cmelin) .

svardson (lgrg) referred to numeroLrs cases of the

occurrence of dwarf species which'r^¡ere sympatric with other

whitef ish species. I{hen transplanted to barren fakes the

dwarf species resumed normal growth " The dwarf populations

'vùere therefore considered to be stunted forms.

tr'enderson (1964) studying forms of coregonus clupea-

formis in eleven Maine lakes found J sympatric populations of

dwarfs. Dwarfs differed from normals in only one out of lz

morphometric characters " Lateral line scale counts differed

significantly in only one lake. Normals had high counts. The

sympatric populations all differed significantly in gi11

raker number, with normals having a higher count. one lake

was unusual in that the dwarfs exhibited bimodality in gi11

raker number. T\qo of the allopatric populations were unusual

in that dwarf populations had very high counts, similar to

normal- clupeaformis. Furthermore , ãfl al1opatric normal popu-

lation r.{as found which had art intermediate number of gill

rakers " Fenderson interprets this reversal by sLrggesting

that either phenotype may become dwarfed,

Dwarfs actually grew faster than normals in one of the

lakes, but had a shorter life span. fn this lake the two

forms vùere completely separated orr the basis of gill raker

count.



/

Fenderson concluded that: 'The smal1 size, slow growth

and early maturity of the dwarfed lake whitefish probably do

not represent a gerretically fixed phenotype . il He sug_

gested that; rrDwarfism may be a physiological ad.aptation

having surviwal value in the face of ad.verse conditions of

the environment which tend to retard growth and shorten the

.life span of individuals at an early age, under such condi-

tions early maturity would be a distinct advarrtage in per-

petuation of the species.rl



MATERTAL AND METHODS

Cedar Lake Investigations

Cedar Lake, 53o 15 ' north longitude, lOOo 15r west

latítude, has been investigated intensively by biologists and

field personnel of the Manitoba Department of Mines and

Natural Resources from 1960 to 1964. The specimens for the
present s tudy became awailable d.uring the 1964 season of
these investigations. Data from the summers of i962 and 1963

are included to supplement the 1964 observations orr growth,

matlurity, distribution and a'bundance.

Nylon thread gi11 nets vsere used in capturing ciscoes.

The mesh sizes used were 1"5, 2,O, 3.O, 3"75, 4.25, 4.25, 5.O

and 5.25 inches (:.S, 5.1, 7,6, g.5, iO.B, 12"1, 12,7, 13"3

cm. ). Eight experimental- gangs of nets were set between June

23 and August 27, 1964. All experimental gangs were set o''
the bottom and left overnight.

All fish caught were routinely examined by the field

party at the time of capture. only ciscoes from the four

experimental- gangs set in the southern part of the main basin

were retained for later morphological examinations. very few

ciscoes were caught in the other nets and none appeared to be

small immature f ish. A total of 31o ciscoes i.{¡ere retained "

The ciscoes were stored in 4 per cent formaldehvde

during transport. ciscoes approximately zo cm. in length or
less were later transferred to 4o per cent isopropyl alcohol

before examination-.
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Sex and State of Maturity

sex of even immature ciscoes is easily determined bv

noting the consistency or texture of the gonads. Female

gonads hawe a granulated appearance. State of maturit¡¡ was

con-sidered to be a-rr important criterion and therefore care

lras taken in its evaluation. Ciscoes were noted as definitely

immature if they showed no development of the gonad above the

thickness of the oviduct or I{olfian Duct, âs mature if ovarr¡

or testes filled the coelom, and r^/ere giwen a grade of one to

four for intermediate stage of development orr the basis of

the degree to which each filled the coelom and on the shape

of the gonad.

rt was later decided that all fish given a grade of

two or more would mature that year. Fish given a value of

OIte whiCh werê oettçhf in .Tune and July túere given mature

status, those caught in August were corrsid.ered immature.

This decision was made since it was later found that there

was a lower percentage of fish given a value of one in August

than in July.

ciscoes examined during the 1962 and 1963 seasons at

the time of capture were noted as mature, immature or unknown.

Those marked unknown were not included, in growth and maturitr¿

anal.ys is .

Age Determination

scales 'were removed from just below the dorsal fin and

above th e lateral line on th e lef t s id.e of each f ish " Five
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to ten sca.les from each fish r^/ere placed between glass sl_ides

and were pro jected with arr enlargement of zz.B times bv a-

Bausch and Lomb microprojector.

The assLlmptions underlying age determination from

scales were validated by van oosten (lgzg) *ho studied core-

g:onus artedii. The principal assumption is that one annulus

is laid down per year. The definitive character of an annul-us

was two or more arrastomosing circuli in the anterior-l-ateral

fiefd. very often this was associated with d.ark bands of

closely spaced circul-i (rigLrt bands of negative prints, Fig.

3) corresponding to the period of winter growth.

Accurate age determination was impeded. bv the occurr_

ence in cisco scales of accessory and double annuli. Accessory

annu,Li are additional annuli separated from the true annuli

by a period of summer growth. All the fish were aged. twice

and the discrepant scales aged a- third time and assigned a

definite age" Fish scales aged from four to eight were again

examined.

The fish scales collected

seasons r,\rere ass igned a- def inite

professional sca"l-e reader of the

Department of Natural ResoLlrces.

MERISTIC SERIES

Gil-f Rakers

during the 1962 and 1963

age on first reading by a_

Fisheries Branch, Manitoba

left side was removed by

between the first and second

The first gi

cutting across the

11 arch on the

bas ibranch ials



gi11 arches. The Llpper gill attachment was

nnnf nf fha nÈ-narynx.

Gi11 arches were

and sodium hydroxide for

modified from Hollister

a. Stock solution:1p

ined in a- s o lut i on of

hours. The staining

34) as foflows.

glacial acetic acid.

cut away

11

from the

alLzarLrt red

so.lution was

.loral hydrate.

l orange col-or is

^ l.¿+

\ r7

art

b.

2

12

4 per cent NaOH

Mix 1 part stock

parts glycerin.

parts orre per cen-t ch

add alLzarin red unti
reached.

and J parts NaOH to get orange-red

so].ution.

Total count of gill rakers including small rudimentary

rakers were made using a binocular microscope.

Lateral Line Scales

Scales in the lateral line \^/ere counted from the sec-

ond most anterior scale rrear the head to the scale at the end

of the vertebral co.lumn. The end of the vertebral column was

marked by a pin driwen through a. smal1 opening just posterior

to the fast wertebra.

Scales !{ere counted orr the .left side un].ess marrv

scales were lost. Scale pockets were counted if it was possi-

ble to do so accuratelv.

Peduncle Scale Rows

Horizontal scale rows around the narrowest part of the

caudal- peduncle were counted.
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Meas urements

A.l 1 measurements were made orl the lef t side unless

impossible to do so. The measurements shown in Figs. iA and

1B fol-lowed those of Hubbs and Lagler (1964) unless otherwise

noted. T\,venty-one measurements l,{ere made by three methods:

a-. Ä vernier caliper graduated to .OZJ mm. was used for mak-

ing the following measurements:

1. Mandible Length (tøand.. L. ) "

2" Maxilla Wid.th (t"tW) - the greatest width of the maxilla

incJ-uding the supramaxil-J.a.

3" Peduncle Depth (PO).

Five measurements of smal.l- distances orr the head \^rere made

by needle point diwiders. Spread of the dividers was mea-

sured on the vernier rule and was considered accurate to

O.25 mm.

4. Head Depth (UO) measured obJ-iquely from the midline

of the occiput to ventra.]- union of the sub and inter-

opercular.

5. Snout Length (Sm) 
"

6. fnterorbital l4lidth (fW) - the least bony width.

7 " Eye diameter (Bl) 
"

B. Upper Jaw Length (U.ll) - length of maxilla.

c. The remaining measurements were made by large dividers

with one arm pointed, the other rournded. The spread of

the dividers was measured against a ru.le judged accurate

to O.5 mm.

9 . S tandard Length (SI-) .
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Figure .1.4

Figure 1E}.

I[ead Measurements: hearl depth, (ttO] , maàdibJ.e

length (Uand.I-), upper jaw length (U"fl) ,

maxilla width (UW), snout length (S¡t), eye

diameter (n¡), interorbitaJ- width (fW).

Measurements Lateral View: standard length
(sl), body depth (st), peduncle length (pl),

ped.uncle depth (pn) , pred.orsat tength (enl) ,

head to anal distance (H-A) , hearl to ventral_

(U-V), head to pectoral fin (ff-p) , head length

(gl), dorsal fin height (nH), anal fin height

(lH), pectoral fin length (ee.l), ventral fin

lensth (vl) .





io.

13.

ILt+.

15.

16.

17 .

18"

19.

PD/SL

PL/SL

BD/st-

1i

12

14

Peduncle Length (pl) - the oblique distance from the

end of the ana.l base to the end of the last vertebra

Body Depth (eo) .

Body l{idth (BW) - measures the greatest width. This

is found just anterior to the dorsal insertion.

Head Length (Ui.) - including opercular membrane"

Dorsal Height (nH).

Anal Height (aH).

Pectoral Fin Length (P". L).

Ventral Fin Length (V¡-) .

Predorsal Length (eOl) 
"

Head to Pectoral - the distance from the tip of the

snout to pectoral. fin insertion.

20. Head to ventral - the distance from the tip of the

snout to ventral fin insertion.

21. Head to Anal- - the distance from the tip of the snout

to anal fin insertion.

Measurements 19 and 20 were used to cafculate r:ectoral

to ventral distance (e-v) " Measurements zo and 21 were used

to calculate ventral to anal distance (V-A).

The measurements were converted to ratios of standard

length or head length or some other character in order to com-

pare fish of different sizes " The following ratios were cal-

cul-ated for each sïf,ecimen:

- /^ -ve. L/5L

vL/sL

P-v /sL

UJL/HL

HD/HL

-- - /---rw/HL
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BWISL V-L/SL ÐD/HL

HL/SL Mand .t-/sr. pDL/H_v

HD/SL UJL/SL v_A/P_v

ou/sr sMlsl vn/er
tu/sr vn /ut vm/ur

Frequency distributions of each ratio were mad.e with
the fish grouped in intervals of two centimeters of standard
length. Sex and state of maturity were indícated by different
symbols "



RESULTS

Growth Characteris tics

Two rates of growth are apparent in Fig. 2, with the

possible exception of six specimens, aged v and vr which are
intermediate in si-ze. The growth rate of large ciscoes aged

IV to VIII appears to confluent with age IIf immature ciscoes
and perhaps with the larger immature ciscoes aged f and rr.
Mature ciscoes of age rrr appear to belong to both groups.

This size dichotomy is very evident in the síze of the scales
from fish of the same age (pis. 3). Growth differences be-

tween the sexes were not significant; p(t2 [O.Z43SJ) ; .05.
The length frequency distribution of the 549 ciscoes

taken in 1962 and 1963 (nig. 4) which were aged and measured.

by personnel of the Fisheries Branch, Manitoba Department of
Mines and Natural Resources revealed a- similar dichotomy of
growth rate. The length r.a-rLge of the fast growing ciscoes
aged v and vf suggests that the intermed.iate síze ciscoes of
Fig. 2 belong to the fast growing group" A tend.ency towards

leptokurtosis in the length distributÍon of the slow growing

ciscoes is ewident in both Figs. 2 and 4. As a result several
intermediate sized ciscoes aged rrr to vr (nig. 4) appear not
to belong to either stock.

Relatively low numbers of fast growing ciscoes aged r,

ff and. rrr (nig. z and 4) are apparent from comparison with

the small form, and from the expected number usually observed

orr a' catch cLlrve" Low numbers of ciscoes of each age group
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Fígure 2, Length Frequency at Each Age of ciscoes collected

in 1964.
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IB

E-i^"ra ? cnales of Ciscoes Aged VI. Top: from maturet ¿Ys¿e vvc

mal-e, 287 mm" in length" Bottom: from mature

male, 196 mm" in length" Enlarged x 8"5"
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Figure 4. Length Frequency at Each Age of Ciscoes Collected

in 1962 and 1963. Open bars represent immature;

closed bars, mature fish.
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are common however in the length interval of 19 to 23 cn.,

although non-selectíve samplings of the length interval does

not appear to be the cause of these low numbers. The length

frequency distribution of ciscoes caught in the z and 3 inch

mesh nets and the girth frequency in the same meshes (appen-

dix 'l and 2) overlap sufficientry in this length interval to

sampre the fast growing group with equal or even greater

effort than that used to sample the slow growing group.

Furthermore the fast growing ciscoes of age group r and the

slow growing ciscoes woul-d be sampled with equal effort by

the 2 inch mesh nets.

Growing variation is normally attributable to two

components : genetic and environmenta.l- variability. As the

growth data of the present study were collected. at different

times during the years 1962 to 1964, two additional_ components

of variation are present: seasonal and annual. The relatíve

significance of the seasonal and genetics components of vari-

ation orl the length-age distributions of Figs " 2 and 4 is not

obtainable due to the use of a non-standard experimental garrg

and to the small sample size in comparable nets" The l_imited

number of tests possible (ratre I ) hawe shown that environ-

mental variation attributable to spatial d.ifferences 1¡ras not

statistically significant. variation in growth of the smaff

form between the years 1962 and. 1963 was found to be highly

s ignifi cant 
"
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Age at Maturity

A significant difference between the slow and fast

growing ciscoes is noted in the observed ratio of immature

to mature at each age (nigs. Z and 4), with the large form

maturing later and thus having the greater ratios. Practic-

aILy al-l of the small form are mature vt açõ TT an¡t ofder.

From the large sample of fast growing ciscoes aged III

to V in Fig. 4 it is apparent that maturi t-r¡ i s nearly com-

plete at age V, and 68 per cent of age IV ciscoes are mature.

The mature fish within age groups IIT and fV of the

large form are somewhat larger than the immature ciscoes

(pig. 4). This same relationship is nor apparenr among the

sJ-ow growing ciscoes.

Morphometric Characters

No differences between the sexes \^/ere apparent from

the frequency distributions of each of the 24 morphometric

ratios.

On.ly head length/eye diameter showed partial separation

of the fast growing ciscoes from the slow growing ciscoes

with the fast growing ciscoes having the sma.ller eye (pig " 5).

This separation is attributed to eye diameter alone as a plot

of head length on standard length gave a rlarrow scatter indi-

cating very strong corre.lation.

Eye diameter however did not prowe to be a totally

dichotomous character as ciscoes aged I and II were not

separated by a plot of eye d.iameter on head. length.



2?

lrigure 5" I'Iead Length (mrn. ) Versus Eye Diameter (mm. )
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MERISTIC CHARACTERS

GAIT HAKETS

Gi11 raker frequency distributions are given in Fig

6 " trast growing ciscoes age rv to vfrr hawe significantly

higher raker counts than sfow growing ciscoes of the same

ages: e(t à lf.ZfZl ) < o.ot. The means are 48.o and 44"4

r.espectively.

Since most of the immature and mature ciscoes aged I

to rrr appear to belong to the fast and slow growing forms

respectively, a test of the means of the meristic series of

immature against mature for ages r to rrr may tre made with

the inference that the tests are being made between the fast

and slorn¡ growing stocks " Tmmature ciscoes aged r to rrr hawe

a significantly higher gi11 raker count than mature ciscoes

in the same age group; e( t

46.g and. 45.O respectivel¡¡.

The rrintermediate'r sized ciscoes of Fis " Z have been

shown- prewiously by the large sample distribution of tr.ig. 4

to most probably belong to the fast growing stock, Hower¡er

(and in lieu of the small number of intermediates), tests

l{ere made to refate theserrintermediates'r to either form.

Most of the rrintermediate tt síze ciscoes of Fig. 2 (solid bars

of Fig. 6) al-e in the region of or¡erlap of raker cor-rnt " How-

ever they were not statistically different from either form.

Lateral Line Scales

The four frequency distributions of l-ateral line



.)

scales (Fig. 7) appear also to have been drawn from tr4¡o popu-*

lations" The mealf counts for the large form and immature

ciscoes are significantly higher than those for the small

form and mature young ciscoes respectively" The lateral line

scaf e counts of the rrintermediates " are signif icantly higher

than the counts of the small form but are not significantly

different from the counts of the fast growing form. The

statistics are:

Large Form, aged fV to VIII 67.7

Sma.rf Form, aged rv to vrrr 62.3 
P( t à ls ' ze91) ¿ o ' oi

fmmature, aged I to III

Mature, aged I to III

68 "3

62.9
P(t> L6"2671) 4o.or

lr Intermediate r' , aged TV to VIII 66 . B p(t: p.z46l ) <o.o¡
Small Form, aged IV to VIIf 62.3

Peduncfe Scale Rows

The distribution of peduncle scafe rows (nig" S) fol-

low those of gi1l rakers and lateral line scales, in that the

large form and immature ciscoes have significantly higher

counts than the small form and mature yourrg ciscoes respec-

tiwely. Quite unexpectedly, the large form has significantly

higher counts than the 'rintermediate'r size ciscoes. The

dwarfs and the rrintermediatesil were not sì p"ni fi r:anf iy differ-

ent. The statistics for these comparisons are giwen below:

Large Form, aged IV to VIII 23.2

Small Form, aged IV to VIII 21 .4
P(t.r [r"rrrJ) 4o.o1
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Figure 6 " Gi11 Raker count Frequency Distributions

(n = 291) .

T\,vo upper distributions: ciscoes over III vears.

separated by size. fn LARGE FORM, solid bars

are fish with a standard length of Z9O mm. or

.less. Lower distributions: ciscoes aged f to

fII years separated by state of maturitv.

Fì-gure 7 " Lateral Line Scafe count Frequency Distributions

(n = 295).

Two upper distributions: ciscoes over IIf vears.

separated by size" In LARGE FORM, solid bars

are fish with standard length of Z9O mm" or

less" Lower Cistributions: ciscoes aged I to

III years, separated by state of maturity"
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fmmature, aged I to IfI

Mature, aged f to III

Point of Max. Separation

G,R. between 48 and 4g

LLS " between 6S and 66

P(tì [z.s5s] ) < o.or

Utility of Separation

29/35 or B3/.

30 / 35 or 86/"

21 "2

Large Form, aged IV to VIII 23.6
p(t ¿ [2.B6oJ ) <o"o¡

"Intermediatesr' 22.3

Character Index

A character index was calculated by summing the indi-

vidual merístic counts for each ciscoe. The frequency distri-

butions of the character index for immature, mature and the

two forms separated on the basis of age and size are given in

Fig. 9' statisticaf tests were not corrsidered necessarv.

The region of overlap between the large and smarl

f orms is quite narro\^/: character index 131 to 135 " Only
2Á ( non nanl-Lv6) yer uç¡ru of the specimens fall in this region,

Utilitv of Separation

The utility of each meristic character in separating

the two forms was estimated by calculating the percentage of

individuals whose classification as on.e or the other of the

two forms, based orr age and growth, corresponded with their

cl-assif ication abowe or below a giwen meristic count. The

point of maximum separation and the utility of separation are
ô;-,^- l^^-I^-- ft.lverr rre-Lo\.^/ ror ciscoes aged rv to vffr. The ciscoes of

intermediate size were grouped with the large form.



2B

PSR. between 22 and 2i 27 /34 or 79/.

The points of maximum separation of immature from

mature ciscoes aged I to III were found at 49 to 50 for gil1

rakers and 68 to 69 for lateral line scales. These are close

to but not identical. with separation points for older fish 
"

The point of maximum separation of immature and mature

ciscoes for peduncle scale rows was the same as that for

ciscoes aged IV to VIII.

The character index was found to have a hiEher util-

ity of separation for the two forms of ciscoes aged IV to

VIII than had each meristic series taken separatelv. The

utility of separation of the character index is 31/34 or 91

per cent 
"

Standard Length and Character Index

It was previously shown that ciscoes aged fV to VIfT

are clearly separated into two groups orr the basis of

standard. length (nig" Z) and by the character ind.ex, with

the exception of three "intermediaterr size ciscoes (¡'iS. 9).

A plot of character index against standard .length for age

groups I to III (pig. 1O) also produces a partial separation,

with larger ciscoes har¡ing a higher character index, l.^Iith

the exception of four or five age IIf ciscoes, those ciscoes

in age I to IIT that are distinctly separated with a high

character index and large size are immature 
"

The relationship of high count and large size may

appear from Fig. 'l O to be the result of regression or corre-

lation within age grollps T and III"
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Figure B. Peduncle scale Row count Frequency Distributions

(n = 3oz).

Two Lrpper distributions: ciscoes over fII years,

separated by size. fn LARGÐ FORM, solid bars

are fish with standard .length at 29O mm" or

less. Lower distributions: ciscoes aged T to

III years, separated by degree of maturity"

Figure 9. Character Tndex tr'requency Distributions

(n = 275) .

Two upper distributions: ciscoes over age TII,

separated by size. fn LARGE FORM" solid bars

are fish with standard .length of Z9O mm. or

less, Lower distributions: ciscoes aged I to

III years, separated t,y degree of maturity.
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Figure 1O. Standard Length and Character Index.
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Distqibution and Abundance of Ciscoes

The number of ciscoes captured in each experimental

ga''g of nets is given in Table 2 along with the depth of set,
average catch per mesh of both forms, percentage of al¡erage
catch of both forms in each net and the number of assignable
fish of both forms in each net. The calculations are only
approximate since ciscoes from the l rLn mesh nets and those

of which appeared intermed.iate in síze w'ere omitted from the
cal-culations and since there was undoubtedly some error in
the assignment of individ.uals to their respective forms.
(assignment of indiwiduals rdas made in the lab on the basis
of size and age) 

"

The positions of the experimental gangs set in ced.ar

Lake during the 1962 to 1964 seaso''s are giwen in Fig. 11.
ciscoes were absent from nets set near shore at depths of
three metres or .less" These 7 experimental gangs we.re

unfortunately a1f set in the north arm or the northernmost

regions of the main basin. Apart from the above, ciscoes

appear to be relatively rare in these regions even at greater

depths: ciscoes lvere absent from net sets Bb and 21 and orle

cisco only (length unknown) was taken in set number 5"

Estimates of relative abund.ance of the two forms of

ciscoes in cedar Lake can be made in several ways, but cer_

tain limitations inherent in the d.ata make most of these

estimates inaccurate. rnitially it appears that the slow
growing form is more abundant: in only two of the experimental_
gangs, 11 and 20, is the fast growing form more abundant,
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Figure 1 1 . Cedar Lake Netting Locations.
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The average relative abundance between the two stocks is

approximately equal (leO to 346). This is attributab]-e to

orre exceptionally large catch of the fast growing form (wet

set No. 11), and also to the use, seweral times, of incomplete

experimental gangs with large mesh nets on1y. Furthermore,

duplication of effort for the large form is evident from an

examination of length frequency and girth frequency distri*

butions per mesh size (Appendix 1 and 2), approximately 80

per cent of the ciscoes caught in the nets of 3-3/4 to 5 inch

meshes were within the effectiwe size range of the 3 inch

mesh nets. Therefore roughly equal fishing effort would be

the use of the 2 and 3 inch mesh nets only. The owerall

relative abundance woufd then be approximately 2"0921

(387/185) in fawor of the small form. However, as mentioned

earlier, reJ.atively low numbers of the fast growing form

aged I, II and III were caught in Cedar Lake (most probably

due to a different vertical distribution). Therefore accurate

comparison of relative abundance can tre made orr ciscoes aged

fV or older. The relative abundance is then 1 :2 "6 (lø¡3r',

in favor of the large form"

The density of the fast growing form does not appear

to be correlated with 1ocation or with the date of capture.

The most consistent catches (slightly below average) were

made in the east arm of Cedar Lake" The largest and the

smallest catches r.{ere obtained rrear the west shore, numbers

11 and 14 and n-Llmbers 7 and 16 respectiwely. The exception-

a11y large catch of August 11, 1962 (m". 11) r^ras 4S per cent
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of the total catch of fast growing ciscoes, and therefore has

greatly raised the figures of average catch per net set and

has similarly lowered the percentage of average catch cal-

culated for the individual nets.

The density of the slow growing cisco stock in the

east arm appears very low as only one cisco was taken in the

two experimental gangs capable of catching the small form

(No. 12 and 20)" ff the catch in the 1lt mesh nets is

included in comparisons, then the population density of the

small form would appear to be consistentfy highest in the
/-- . ^-\ /--south (Net Sets No. 22 and 25) and southeastern (Net Sets

No. 19 and 24) regions of Ced"ar Lake. The 1+ inch nets were

not employed uniformly however, so these catches may affect

the distributíon of net sets, not of the slow growing ciscoes

Four of the fíve nets set in the western regions and one of

the three nets set in the northern regions caught less than

average numbers of slow growing ciscoes. There is no appar-

ent correlation between densitv of the smafl form and date

of capture.

Other spatia.l segregation within the two stocks r¿ith

respect to age and maturity status was not apparent.

Ciscoes of both the fast and slow growing stocks were

found to occur also in Moose Lake, Manitoba from data col-

lected by the Manitoba tr'isheries Branch personne.l in 1962 and

1963. Moose Lake is approximately 5 Km. north of Cedar Lake

and is connected to it by its outlet, the Summerberry Riwer,

and marsh which joins the north Saskatchewan River before
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entering Cedar Lake.

The Moose Lake data were examined. briefly for depth

distribution and relative abundance of the two forms. of
three shore sets (ro depth given) two caught appreciable num-

bers of the fast growing form. The other shore set r.{as

empty. ciscoes of both forms were found at depths from J to
20 metres and in arr areas of the rake sampled. A cursory

examination revealed that there are reratively low numbers

of fast growíng ciscoes aged f and rr. unfortunately alf the
nets l{ere set on the bottom and therefore there are ïro data
on verticaf distribution.

An estimate of the relative abundance of the two forms

was made from the ciscoes aged rv and ofder which were caught

in the 2 and 3 inch mesh nets only. The relative abund.ance

of ciscoes in the three principal areas waried corlsiderabry:

Big l{ave Bay: 113/4, East Arm; t43/43 and pickeral channel:

29/4 all in favor of the large form.
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Growth Rate

Rate of growth of coregonus artedii was shown by Hile

(lgse) to vary widely in different l-ocaf ities. He sLrmmar-

ized the data of 11 allopatric cisco populations. A brief

comparison can be made by arbitrarily using average length

at age v. Most of the populations vrere fast growing: eight

fel.l between 24.4 and 34.2 cm. The large form in cedar Lake

averages 32"1 cm. at age v. Three of the populations studied

by Hile r.{ere very slow growing, falling between 15.8 and iB.1

cm. This is smaller than the smallest cedar Lake ciscoes 
"

Hile (lgs6) found" the Browth rate of the four cisco

populations studied to vary directly with the length of the

growing season and inversely with the density of the cisco

population. The slow growing ciscoes !./ere therefore regarded

by Hife as stunted populations of coregonus artedii"

Hile (lgse) maintains that certain corlsistent growth

simi-larities are apparent for coregonus artedii populatiorrs 
"

These are: greatest growth in the first year, large but less

in second, marked decrease in third, increments coï1s tant in

later years. carrander (lg4s) studying coregonus artedii

tullibee in Lake of the I.{oods found growth in the third and

subsequent years to differ from the abowe description. He

further pointed out tlnat Hilets clear Lake cisco population

diverged in a simifar manner" Both groups of cedar Lake

ciscoes would undoubtedly show greatest growth in their first
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year. A description of growth is not possible beyond that

age due to the error in assignment of indiwiduals to the two

forms.

ft is doubtful, howewer, if any of Hilers growth

characteristics are valid taxonomic characters for ciscoes.

The four cisco species of Lake Winnipeg cited by Keleher
/.^-^\\1952) probably grow the most during their first year, aI-

though this graph does not show growth below age fII.

't{hether or rrot any of the above growth characteristics are

restricted to the members of the subgenus Leucichthys is not

known.

The only substantial ewidence supporting the Llse of

growth data as a taxonomic character is giwen by Keleher

(lgfZ). He found that the four species of ciscoes in Lake

I,{innipeg hawe d.if ferent growth curves. Koelz (lgZg ) Ald not

analyze growth rates of the 9 cisco species in the Great

Lakes, but commented only ort the maximum length : only Core-

gonus hoyi and Coregonus kiyi are distinguished by their

smaf I stze from the other cisco sÌf ecies "

The occurrence of several ciscoes intermed.iate in sLze
/^. r\(I-ig" 4) suggests the occurrence of hybrids assuming that the

two stocks are distin-ct species.

Maturi ty
- | ^^-/\Snith 11956) summart-zed data on age at maturity for

coJ.lected by 12 workers

from I to IV. Maturity

artedi itl' r^+; ^-q of Core,c¡onns! T tJVI.JUTA UIUTIÐ ur vUr sóv¡ru

Àoe zf r^¡Ìrì nh '-^+,--j +-- L^-imaru-ra ry Degatls var]- e s
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in the f irst year !,üas reported from severr populations.

The age of maturity of ciscoes in Manitoba waters has

been given by seweral workers. Bajkov (lg:o) reported that

neither coregonus zenithicus nor coregonus tullibee (= c.

artedii tullibee) spawn before reaching the age of TV.

Dymond (lg:s') referred to Lower (rglg).= stating that on

the west coast of James Bay a.ll specimens examined .r^/ere mature 
"

The smallest specimen was I ínches 1ong. carrander (lg4s)

reported that s ome of the Lake of the I,{oods tullibee .r^rere

mature at age I and afl were mature at age fI 
"

Assuming one species only is invorwed in all the above

cases and that it is Coregonus artedii, then the cause of the

above wariation in age at sexua.l maturitv is unknown. It

does not seem to be attributable to growth rate, âs the four

populations of Coregonus artedii studied by Hite (lgle)

differ ¡¡¿¡þsc1 1rz in onnr^¡ih rate , yet all are mature at age I"

Age at maturity has not been reported for the sympatric

cisco species found by Koelz or other authors in North Amer-

ica, therefore its taxonomic walue is uncertain"

rt has been shown for indiwidual populations that the

faster growing individuals with arr age group generally mature

earlier in the seasoï1 (,tfm, 195g). S¡nith (tgfe) noted this

relationship for Coregonus artedii of Green Bay, Lake

Michigan" As mentioned earlier this relationship appears to

be true of the fast growing stock of ciscoes in ced.ar Lake.

Assuming this relationship is interspecific as well as intra-

specific, then maturity of the sfow growing ciscoes at a
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younger age indicates that the two forms are most probably

onnd cnani aq

Morph ome try

The Si.on-i f inânnê ^f morphometric Charaçters in

coregonid taxonomy has had considerable stud¡¿ since other

more usual taxonomic ch a.'ra.cters are unreliable. The methods

of expressing comparisorrs have not been standardized and in

most cases have been showrr to be incorrect. This, howewer,

can be attributable for the most part to lack of knowledge

of all the soLrrces of such wariability and, in some cases,

to low sample size.

Error in methods of comparison is attributable to

severa,l soLrrces: all-ometric growth of many characters

necessitates the comparison of specimens of the same standard

length and correfation with growth rate can make comparison

even of fish of the same standard length invalid. Further-

more the Lrse of plotted graphs of ratio against standard

length has been shown by Marr (lgSS) to incorporate a-

mechanical error of significant dimensions unless the re-

gression is J-inear and passes through the origin" He sug-

gests that graphs of part length against standard length

( o" other suitable part) ¡" used although he admits that the

tios of fish of the same small size interval

^^ \29 ) f'ound only three morphometric ch ara.cters

comparison of Ta

is al-s o of value

Koelz ( I g

that tî/ere fair I w constant for each of the 9 cisco species of
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the Great Lakes. These were body contour, length of the

lower jaw, length of maxillary ( 1... Llpper j..') . hrithin

1akes, Koelz (lgzg ) found a few other characters which were

of value in separating species, but he cautioned that they

could not be relied orr a.l-one. These .r¡/ere z ur/øn, HL/SN,

HL/HD, P-v/P, and v-A/v. The distribution of the characters

overlap considerably between species, possibly because fish

of different .length were compared.

Hile (lgSZ) 
"tudying Coregonus artedii found that

populations with the most rapid growth had shorter head,

maxillaries, paired and dorsaf fins but wider bodies and a

smaller eye diameter" Martin (lg4g) pointed out however that

the mechanics of environmental control of body form in fishes

is also inf J-uenced by rate of early d.ewelopment.

From the dichotomy observed in the growth rate one

would expect differences in relafirro s-owth conforming to

Hi.lers analysis, i"e. fast growing individuars with smaller

heads, etc. , if one species r{ere present. The fact that eye

diameter alone bears this relationship in ced.ar Lake would

then be discorrcerting unless the other correlations with

growth found by Hile were not vafid'but were produced by

different rates of development in the different habirars 
"

Fortunately Hile (lgSZ) p""sented further evidence used in

support of the finding between populations. He compared- the

body ratios with a length group for dífferent ages within

each population. Head length/Sl- anc eye diameter/sL were

wel] correlated with growth rate in the four populations;
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body width/SL was correlated for three populations; maxillary

length r.{as correlated within one population only. An apprai_

saf of the refation of fin length to growth rate was not made

by this method. Since the two forms of cisco in cedar Lake

did not differ in head length and body width the observed

difference in eye diameter is most likely a. genetic differ-

ence.

GiIl Rakers

Gi11 raker counts hawe been used extensiwelv in core-

gonid taxonomy. Koelz (lgzg) consid.ered their distriL¡ution

to be of great taxonomic significance in separating the nine

cisco species in the Great Lakes. The significance of gi11

rakers has been investigated on whitefish bw Srrarrìso4 (lgSz) 
"

He maintains that gi11 raker number is regulated by a number

of polygenes and that environmental effects are slight. His

corrcl-usion is based on 1Z whitefish transplantations made bv

himself and several made by others. Svardson stated that

the maximum variation was found to be plus or minus two.

Hile (lgsz) found the mean gill raker count of four

populations of coregonus artedii to vary from 45.1 to 4g.4"

considerable subspecific diwersity is sLrspected howewer.

Hubbs and Lagler's key to the coregonids of the Great

Lakes region (1964) a"scribes coregonus artedii as harring

usually 4l to 52 gil1 rakers. This range was presumably

derived from Koelz's description of Coregonus artedii artedii

from the Great Lakes which had a- s1i,oht1y larger range, 41 to
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55 ail1 rakers" The gill raker frequency, of the fast grow-

ing cedar Lake ciscoes is most probably within this range and.

only very few slow growing ciscoes have a lower girl raker

count. rt is therefore apparent that identification of

either form as coregonus artedii is possible on the basis of
gi11 rakers, with the fast growing form being most likery.

Lateral Line Scafes

Scale counts, particularly along the rateral lines

hawe had widespread use in coregonid, taxonomy. However the
degree of ge''otype control of this character appears to be

much less than for gill rakers.

Koelz (lgZg) founa the number of scales in the fateral

fine to be wariable within a species but found them useful in
distinguishing subspecies (rg¡o) " svard.son (rg5r, jg5z)

found similar variation between populations of whitefish

species, but noted that within the same population the annual

variation seems to be slight. svardson concluded that the

number of lateral line scafes can be used- to distinguish be_

tween sympatric populations and recommend.s that they not be

used to distinguish allopatric populations.

Swardson (195r, 1952) pointed out that scale number

is in part dependent on temperatures ,rn the main, popu-

fations that spar/¡n early in the autumn get m¿¡1y scales, as

they are hatched early in the spring" conwersely populations

that spardn. late in the autumn or during the winter get a.

smal-f number of scales.rl
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Another modifying factor, egg size, is definitely

known to operate here" Toots (1951, in Svardson 1952) rras

shown that the size of the eggs of whitefish is positively

correl-ated with the body rength. swardson noted that there

is sufficient empiracle evidence suggesting that a smaller

îry gets fewer scales.

The evidence therefore suggests that scal_e number is

ultimately due to body length of parent fish. Lateral line

scales then may not increase discrimination be¡¿ond that al_

ready achieved by growth rate.

Peduncle Scale Rows

The significance of this character has not Lreen

inves tigated

qrrqqâqfad h-t" *bb

th oro ugh 1y A large phenotypic component is

the data presented by Hite (tglZ). Four popu_

coregon i d snecies

which is a plank-

lations of Coregonus artedii vary from 20"B to 24.3. Sub-

specific diversity may account for some of this variation,

under condition of sympatry however the number of

peduncle scale rows are considered. to hawe equal weight as

latera-l line sca.Ies.

Horizontal and Vertical Distribution

KoeTz (l9Zg) stated that at1 of the

of the Great Lakes ". except artedii (

feeder and therefore normally takes its food abowe the
,\tom/, so far as known, are confinec to a bottom stratum
water of a thickness of not more than five feet

ton

bot

of

He further noted that rrEach occupies a rather broad zar:e
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defined by the depth of water at its margins The zon.es

overlap at their margins .I' rt is apparent then that

horizorttar distribution in refation to depth is of some

vafue in distinguishing species in the Great Lakes.

The data presented here does not show anv h orizontar

segregation of the two forms. The horizontar distribution

of the fast growing form may be slightly greater than the

slow growing form; howewer this is not sufficient to produce

the differences obserwed in growth rate through differences

in feeding sites. The absence of ciscoes from shallow water

of fess than three meters in Cedar Lake suggests that ciscoes

prefer greater depth, ãt least during the time interwal of

sampling" since the depth at which ciscoes were found in

Moose Lake shallows is not known, the information gathered

there is of no help in establishing the validity of this

^ + i ^'.ÞuõõçÞ urvrr.

The wertical distribution of Co".gc.or artedii in

relation to size of the fish was studied by Davidoff (tus

thesis, in smith 1956) and smith (lgf6) . Both authors found

a tendency for the larger fish to be near the surface" The

.ìrlrìôsi te rolati onshin i s q¡F¡,crêstofl fnn the faet qrowin,o fnrm-yY, ru66sÐ uçu rur r4Ð u 6r vw___o

in cedar Lake. The immature ciscoes aged r and. rr are most

likely near the surface over deep water. ff this is the

case then the young of the fast growing form may be feeding

on plankton or on surface insects. Further studies are in

order to determine the.location of the young of the fast

growing ciscoe" It has'been suggested. by K" Stewart (p.".
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comm.) that an alternative hypothesis is present: namely,

that the fast growing cisco population has drastically

decfined. The raising of the water level by the completion

of the Grand Rapids Hvdro-Electric Dam cou.ld not be the

cause as it was not completed untiT 1964"



CONCLUSIONS

1. None of the morphological or ecological characters

studied clearly separates all of the Cedar Lake ciscoes

into two discrete groups. Nevertheless bimodality of

the characters suggests that two forms are present.

2" Two growth rates are evident above age II. These are

roughly confluent with immature and mature ciscoes ap.-¡f

I and ff. This divÍsion was used throughout in studying

the distribution of other characters.

3. Most of the slow growing fish mature at age I. The fast

growing form begins to mature at age TII. Practically

all are mature at age V.

4. Mean count of gí11 rakers, lateral line scales and

peduncle scale rows were significantly different for the

1znça \rê¡sLls the smalf ciscoes aged IV to VIII and for

mature verslìs immature ciscoes aged I to IIf. The large

form and immature had the higher count"

5. A character index of meristic series had a higher utility

of separation than each meristic series taken separateJ-y"

A graph of character index against standard length pro-

duces a partial separation of ciscoes aged I to III. The

allocation of indiwidual ciscoes to their resÐective

f orms .was still somewhat arbitrary.

6. Morphometrically the ciscoes in Cedar Lake are very simi-

Iar, differing onJ.y in eye diameter. This is most likely

a genetic difference as other correlations of the stze of
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7

ate in size (Pie" 4) 
"

hr¡hri di z,a tion between

9 " The morphological- and

body parts with growth rate which would

one species was inwolved were not found.

The two groups do not appear to differ s

horizontal distribution, but may differ

distribution. The yoLrng year classes of

ing form are coÍrspicuously absent and are

be distributed near th,e surface over deep

is, however, opposite to the distribution

ported by Smith (tgf6).

be expected if

isn'ilicantlv in

in vertical

the fast grow-

suspected to

water. This

the occLrrrerlce of

fn \raT\/ r^¡ìdaìr¡ r^¡-ifhin

artedii is considered to

palfern re-

B. A small- number of individuals are definitelv intermedi-

/'l-\1-; ^ ^,.-^^^+-trrrs su88es LS

the fast and s low growing forms.

eco I opi r:a I r:h aracters used here

were found from the literature

coregonid species. CoreéTonus

10

be particularly variable " Gi11 rakers are perhaps the

best taxonomic character. Under conditions of sympatry,

all morphological and ecological characters studied here

are considered to hawe taxonomic significance.

Both forms of cisco in Cedar Lake fit the description of

Coregonus artedii (leSueur). This species in Manitoba

generally grows to a large size. The subspecific desig-

nation tullibee does not seeml/¡arranted from the gi11

raker range of

Several cases

tvpical artedii of the Great Lakes 
"

of dwarfism have been rellorted amorrs

coregonid fish. That these cases are analagous to

consiste.nt with the obse rvations of

11.

stnntin¿"-ìs not
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general

s ent ed

logi ca1

59) and Smith (lgSø) trrat fast growing fish

1y mature first. Svardson (lgfg) however pre-

evidence to show that dwarfism may be a physio-

adaptation to the environment.
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