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ABSTRACT

Two populations of ciscoes (subgenus Leucichthys)

coexist in Cedar Lake, Manitoba. They differ principally in

rate of growth. Slow growing ciscoes
age and have significantly fewer gill
twenty-four morphometric ratios, only
value in distinguishing the two forms

small form. There is little evidence

mature at a younger
rakers and scales. Of
eye diameter is of

and is larger in the

of habitat segregation

in Cedar Lake. Low relative abundance of fast growing ciscoes

aged I and II in the bottom nets suggests vertical zonation.

The large form is Coregonus artedii (LeSueur). The

small form could not be identified from previous records.
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INTRODUCTION

Sibling species are defined by Mayr (1963) as "morpho-
logically similar or identical natural populations that are
reproductively isolated." The genus Coregonus consists of
two holarctic groups of sibling species: the whitefish (sub—

genus Coregonus) and the ciscoes (subgenus Leucichthys).

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 (1963) points out that
sibling species are discovered because they have ecological,
behavioural and/or physiological differences. Morphological
differences, if any, are usually biomeffic; i.é. they consist
of statistical differences found in the measurements. Due to
this marked similarity sibling species are usually discovered
when sympatric.

In 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 (LeSueur) with the assistance of the taxo-

nomic keys in Hubbs and Lagler (1964) and Hinks (1943).

Identity of the small form was uncertain.



LITERATURE REVIEW

Ciscoes in Manitoba (Genus Coregonus formerly Leucichthys)

Dymond and Pritchard (1930) identified four species of

cisco from Manitoba waters: Leucicthys tullibee (Richardson),

L. nipigon (Koelz), L. nigripinnis (Gill), and L. zenithicus

(Jordan and Evermann)° All were previously described by
Koelz (1929) from specimens taken from one or more of the
Great Lakes. Dymond and Pritchard (1930) separated the above
speclies by the following key:

A. Gill rakers 55 or more on the first branchial arch,

L. nipigon,
AA. Gill rakers fewer than 43 on the first branchial arch,

L. zenithicus.

AAA. Gill rakers 43 to 54 on first branchial arch.

B. Head long, in specimens 10 inches or more in length,

3.8 to 4.0 L. nigripinnis.
BB. Head short, 4.1 to 4.4 L. tullibee

It was noted by Hubbs and Lagler (1964) that L.

nigripinnis differs further from L. tullibee (=L. artedii) in

that the body is deeper forward than medially whereas tullibee
is deepest medially. These four species also differ in Lake
Winnipeg in their growth curves. However, the'upper size
limit of the four species is similar: about 350 mm. standard
length (Keleher, 1952),

Leucichthyes hoyi, endemic in the Great Lakes and Lake

Nipigon, has been reported to occur in Lake Winnipeg by



Bajkov (1932). 1Its occurrence in Lake Winnipeg has not been

verified since. The gill raker range of Leucichthys hovi

in the Great Lakes (Koelz, 1929) and Lake Winnipeg (Bajkov,
1932) is respectively: 37 to 50 and 34 to 50.

Koelz (1919) noted that L. hoyi resembles young
artedii in the Great Lakes but that hoyi is distinguished by
fewer gill 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 longer than

the upper, and in artedii is shorter or equal.

History of Coregonus artedii (LeSueur)

Richardson (1836) first named Leucichthys tullibee

from Pine Island Lake (Cumberland Lake) Saskatchewan. Six
specimens were describea from the type locality by Dymond
(1928). The standard length varied from 295 to 354 mm. Gill
raker counts ranged from 48 to 54,

Dymond and Pritchard (1930) described Leucichthys

tullibee from Lakes Winnipeg, Winnipegosis, St. Martin and

from lakes in the Kenora district, Ontario and from six

lakes in Saskatchewan. The average standard length of
tullibee in Lake Winnipeg was 347 mm. The combined gill

raker range was 43 to 51.

Dymond and Pritchard (1930) noted the close relation
between tullibee and artedii of the Great lakes but preferred
to consider them distinct. They pointed out that

"Leucichthys tullibee suggests the large, deep-bodied, quick




growing form of the Great Lakes . . . which Koelg (1929)

regards as subspecies of Leucichthys artedii namely L.

artedii albus and L. artedii manitoulinus. "

Koelz (1930) described 24 subspecies of Leucichthys

artedii on the basis of § morphometric and 2 meristic char-

acters. He reduced Leucichthys tullibee of Lake Winnipeg

and Pine Island Lake to a subspecies: Leucichthys artedii

tullibee (Richardson). The gill raker counts of 14 speci-
mens from Lake Winnipeg ranged from 49 to 53. He also

reported this subspecies as occurring in Lake of the Woods
and its tributary, Rainy Lake, and from Lake Waskesiu,
-Saskatchewan. The gill raker range for 6 specimens taken
from Lake of the Woods was 43 to 52,

Koelz (1930) named a new subspecies: L. artedii winni-

pegosis, from 9 specimens taken in 1922 from Lake Winnipegosis.
Their standard length varied from 188 to 204 mm. Gi11 raker
counts varied from 4L to 49, Specimens from Wabigoon Lake

and three Michigan lakes were included in this subspecies,

Ba jkov (1932) gave the gill raker frequency of large
samples of the shallow water cisco from the three principal
Manitoba Lakes: Lake Winnipeg; mode 46, range 41 to 56, Lake
Winnipegosis; mode 45, range 42 to 51, and Lake Manitoba;
mode 46, range 42 to 571, Bajkov adopted Koelz's terminology
but considered these Ciscoes to be of one subspecies: L.

artedii tullibee.

Typical artedii i.e. Coregonus artedii artedii (LeSueur)

of the Great Lakes, was stated to occur in Reindeer Lake,



Saskatchewan by Bajkov (1932)° The seven specimens were
stated as having shorter heads and more slender body and
commonly attaining not more than 250 mm. standard length.
However this does not necessarily indicate subspecific diver-
sity. No other data were given. Ba jkov (1932) further noted
that "In Lake Winnipeg (especially along the eéstern shore)
specimens occur which cannot be distinguished from typical

L. artedii, together with a deeper form which cannot be dis-
tinguished from typical tullibee from Lakes St. Martin, Mani-
toba, Winnipegosis, Pine Island, and others. There are all
gradations of intermediate forms which often cannot be placed

definitely either in tullibee or artedii."

The Occurrence of Dwarfism Among Whitefish

Sympatric pairs of morphologically similar species
that differ in growth rate and size or age at maturity have
been reported by several authors.

Kennedy (1943) found two forms of Coregonus clupea-

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 line scale count with the large form having
the higher counts.

Kennedy found that the larger form has a longer grow-
ing season than the dwarf form. Differences in vertical
distribution were not outstanding. Kennedy concluded that:

"Since both groups occur in the same habitats during the



growing season the above differences cannot be the direct
result of the environment."
Svardson (1957) suggested that the dwarf form is

Coregonus pidschian (Gmelin).

Svardson (1959) referred to numerous cases of the
occurrence of dwarf species which were sympatric with other
whitefish species. When transplanted to barren lakes the
dwarf species resumed normal growth. The dwarf populations
were therefore considered to be stunted forms.

Fenderson (1964) studying forms of Coregonus clupea-

formis in eleven Maine lakes found 5 sympatric populations of

dwarfs. Dwarfs differed from normals in only one out of 12
morphometric characters. Lateral line scale counts differed
significantly in only one lake. Normals had high counts. The

sympatric populations all differed significantly in gill
raker number, with normals having a higher count. One lake
was unusual in that the dwarfs exhibited bimodality in gill
raker number. Two of the allopatric populations were unusual
in that dwarf populations had very high counts, similar to

normal clupeaformis. Furthermore, an allopatric normal popu-

lation was found which had an intermediate number of gill
rakers. Fenderson interprets this reversal by suggesting
that either phenotype may become dwarfed.

Dwarfs actually grew faster than normals in one of the
lakes, but had a shorter life span. In this lake the two
forms were completely separated on the basis of gill raker

count.




Fenderson concluded that: "The small size, slow growth
and early maturity of the dwarfed lake whitefish probably do
not represent a genetically fixed phenotype . . ." He sug-
gested that: "Dwarfism may be a physiological adaptation
having survival value in the face of adverse 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 advantage in per-

petuation of the species."



MATERIAL AND METHODS

Cedar Lake Investigations

Cedar Lake, 53° 15' north longitude, 100° 15' west
latitude, 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 study became available during the 1964 season of
these investigations. Data from the summers of 1962 and 1963
are included to supplement the 1964 observations on growth,
maturity, distribution and abundance.

Nylon thread gill nets were used in capturing ciscoes.
The mesh sizes used were 1.5, 2.0, 3.0, 3.75, 4.25, L.,75, 5.0
and 5.25 inches (3.8, 5.1, 7.6, 9.5, 10.8, 12,1, 12.7, 13.3
cmo)° Eight experimental gangs of nets were set between June
23 and Augﬁst 27, 1964. All experimental gangs were set on
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 fish. A total of 310 ciscoes were retained.

The ciscoes were stored in 4 per cent formaldehyde
during tranmnsport. Ciscoes approximately 20 cm. in length or
less were later transferred to 4O per cent isopropyl alcohol

before examination.



Sex and State of Maturity

Sex of even immature ciscoes is easily determined by
noting the consistency or texture of the gonads. Female
gonads have a granulated appearance. State of maturity was
considered to be an important criterion and therefore care
was 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 Wolfian Duct, as mature if ovary
or testes filled the coelom, and were given a grade of one to
four for intermediate stage of development on the basis of
the degree to which each filled the coelom and on the shape
of the gonad.

It was later decided that all fish given a grade of
two or more would mature that year. Fish given a value of
one which were caught in June and July were given mature
status, those caught in August were considered 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 maturity

analysis.

Age Determination

Séales were removed from just below the dorsal fin and

above the lateral line on the left side of each fish. Five
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to ten scales from each fish were placed between glass slides
and were projected with an enlargement of 22.8 times by a
Bausch and Lomb microprojector.

The assumptions underlying age determination from
scales were validated by Van Oosten (1929) who studied Core-

gonus artedii. The principal assumption is that one annulus

is laid down per year. The definitive character of an annulus
was two or more anastomosing circuli in the anterior-lateral
field. Very often this was associated with dark bands of
closely spaced circuli (light bands of negative prints, Fig.
3) corresponding to the period of winter growth.

Accurate age determination was impeded by the occurr-
ence in cisco scales of accessory and double annuli. Accessory
annuli 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 during the 1962 and 1963
seasons were assigned a definite age on first reading by a
professional scale reader of the Fisheries Branch, Manitoba

Department of Natural Resources.

MERISTIC SERIES

Gill Rakers

The first gill arch on the left side was removed by

cutting across the basibranchials between the first and second
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gill arches,. The upper gill attachment was cut away from the
roof of the pharynx.

Gill arches were stained in a solution of alizarin red
and sodium hydroxide for 24 hours. The staining solution was
modified from Hollister (1934) as follows.

a. Stock solution: 1 part glacial acetic acid.
2 parts glycerin.
12 parts one per cent chloral hydrate.

- add alizarin red until orange color is
reached.

b. 4 per cent NaOH
c. Mix 1 part stock and 3 parts NaOH to get orange-red
solution.
Total count of gill rakers including small rudimentary
rakers were made using a binocular microscope.

Lateral Line Scales

Scales in the lateral line were counted from the sec-
ond most anterior scale near the head to the scale at the end
of the vertebral column. The end of the vertebral column was
marked by a pin driven through a small opening just posterior
to the last vertebra.

Scales were counted on the left side unless many
scales were lost. Scale pockets were counted if it was possi-
ble to do so accurately.

Peduncle Scale Rows

Horizontal scale rows around the narrowest part of the

caudal peduncle were counted.
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Measurements

All measurements were made on the left side unless
impossible to do so. The measurements shown in Figs. 1A and
1B followed those of Hubbs and Lagler (1964) unless otherwise
noted. Twenty-one measurements were made by three methods:
a. A vernier caliper graduated to .025 mm. was used for mak-

ing fthe following measurements:

1. Mandible Length (Mand. L.).

2. Maxilla Width (MW) - the greatest width of the maxilla
including the supramaxilla.

3. Peduncle Depth (PD).

b. Five measurements of small distances on the head were made
by needle point dividers. Spread of the dividers was mea-
sured on the vernier rule and was considered accurate to
0.25 mm.

4. Head Depth (HD) measured obliquely from the midline
of the occiput to ventral union of the sub and inter-
opercular.

5. Snout Length (SN).

6. Interorbital Width (IW) - the least bony width.

7. Eye diameter (ED).

8. Upper Jaw Length (UJL) - length of maxilla.

c. The remaining measurements were made by large dividers
with one arm pointed, the other rounded. The spread of
the dividers was measured against a rule jﬁdged accurate
to 0.5 mm.

9. Standard Length (SL).



(e

Figure 1A.

Figure 1B,

Head Measurements: head depth. (HD), mandible
length (Mand.L), upper jaw length (UJL),
maxilla width (MW), snout length (SN), eye

diameter (ED), interorbital width (IW).

Measurements Lateral View: standard length
(SL), body depth (BD), peduncle length (PL),
peduncle depth (PD), predorsal length (PDL),
head to anal distance (H-A), head to ventral
(H-V), head to pectoral fin (H-P), head length
(HL), dorsal fin height (DH), anal fin height

(AH), pectoral fin length (Pe.L), ventral fin

length (VL),
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10. Peduncle Length (PL) - the oblique distance from the
end of the anal base to the end of the last vertebra.

11. Body Depth (BD).

12. Body Width (BW) - measures the greatest width. This
is found just anterior to the dorsal insertion.

13. Head Length (HL) - including opercular membrane.

14, Dorsal Height (DH).

15. Anal Height (AH).

16. Pectoral Fin Length (Pe. L).

17. Ventral Fin Length (VL).

18. Predorsal Length (PDL).

19. 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 calculate pectoral
to ventral distance (P-V). Measurements 20 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-
culated for each specimen:

PD/SL Pe.L/SL UJL/HL
PL/SL VL/SL HD/HL

BD/SL P-V/SL IW/HL
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BW/SL V-A/SL ED/HL
HL/SL Mand.L/SL PDL/H-V
HD/SL - UJL/SL V-A/P-V
DH/SL SM/SL PD/PL
AH/SL ML/HL MW/HL

Frequency distributions of each ratio were made with
the fish grouped in intervals of two centimeters of standard
length. Sex and state of maturity were indicated by different

symbols.



RESULTS

Growth Characteristics

Two rates of growth are apparent in Fig. 2, with the
possible exception of six specimens, aged V and VI which are
intermediate in size. The growth rate of large ciscoes aged
IV to VIII appears to confluent with age III immature ciscoes
and perhaps with the larger immature ciscoes aged I and II.
Mature ciscoes of age III appear to belong to both groups.
This size dichotomy is very evident in the size of the scales
from fish of the same age (Fig. 3). Growth differences be-
tween the sexes were not significant; P(tz [0.2438]) > .05,

The length frequency distribution of the 548 ciscoes
taken in 1962 and 1963 (Fig. 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 range of the fast growing ciscoes
aged V and VI suggests that the intermediate size ciscoes of
Fig. 2 belong to the fast growing group. A tendency towards
leptokurtosis in the length distribution of the slow growing
ciscoes is evident in both Figs. 2 and 4. As a result several
intermediate sized ciscoes aged III to VI (Fig, M) appear not
to belong to either stock,

Relatively low numbers of fast growing ciscoes aged I,
IT and III (Fig. 2 and 4) are apparent from comparison with
the small form, and from the expected number usually observed

on a catch curve. Low numbers of ciscoes of each age group



17

Figure 2. Length Frequency at Each Age of Ciscoes Collected

in 1964,
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Figure 3. Scales of Ciscoes Aged VI. Top: from mature
male, 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 cm. ,
although non-selective 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 2 and 3 inch
mesh nets and the girth frequency in the same meshes (Appen~
dix 1 and 2) overlap sufficiently in this length interval to
sample 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 I and the
slow growing ciscoes would be sampled with equal effort by
the 2 inch mesh nets.

Growing variation is normally attributable to two
components: genetic and environmental 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 relative
significance of the seasonal and genetics components of vari-
ation on the length-age distributions of Figs. 2 and 4 is not
obtainable due to the use of a non-standard experimental gang
and to the small sample size in comparable nets. The limited
number of tests possible (Table 1) have shown that environ-
mental variation attributable to spatial differences was not
statistically significant. Variation in growth of the small
form between the years 1962 and 1963 was found to be highly

significant.
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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 (Figs. 2 and 4), with the large form
maturing later and thus having the greater ratios. Practic-
ally all of the small form are mature at age I1 and older.

From the large sample of fast growing ciscoes aged III
to V in Fig. 4 it is apparent that maturity is nearly com-
plete at age V, and 68 per cent of age IV ciscoes are mature.

The mature fish within age groups IIT and IV of the
large form are somewhat larger than the immature ciscoes
(Fig° 4). This same relationship is not apparent among the

slow growing ciscoes.

Morphometric Characters

No differences between the sexes were apparent from
the frequency distributions of each of the 24 morphometric
ratios.

Only head length/eye diameter showed partial separation
of the fast growing ciscoes from the slow growing ciscoes
with the fast growing ciscoes having the smaller eye (Fig. 5)°
This separation is attributed to eye diameter alone as a plot
of head length on standard length gave a narrow scatter indi-
cating very strong correlation.

Eye diameter however did not prove to be a totally
dichotoméus character as ciscoes aged I and II were not

separated by a plot of eye diameter on head length.
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Figure 5. Head Length (mm.) Versus Eye Diameter (mm.)
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MERISTIC CHARACTERS

Gill Rakers

Gill raker frequency distributions are given in Fig.
6. Fast growing ciscoes age IV to VIII have significantly
higher raker counts than slow growing ciscoes of the same
ages: P(t > [5.757]) < 0.01. The means are 48.0 and 44.4
respectively,

Since most of the immature and mature ciscoes aged I
to IIT 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 I to IIT may be made with
the inference that the tests are being made between the fast
and slow growing stocks. Immature ciscoes aged I to III have
a significantly higher gill raker count than mature ciscoes
in the same age group: P(t > [5075f1) £ 0,01, The means are
46.9 and 45.0 respectively.

The "intermediate" sized ciscoes of Fig. 2 have been
shown previously by the large sample distribution of Fig. 4
to most probably belong to the fast growing stock. However
(and in lieu of the small number of intermediates), tests
were made to relate these "intermediates" to either form.
Most of the "intermediate!" size ciscoes of Fig. 2 (solid bars
of Fig, 6) are in the region of overlap of raker count. How-

ever they were not statistically different from either form.

Lateral lLine Scales

The four frequency distributions of lateral line
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scales (Fig° 7) appear also to have been drawn from two popu-
lations., The mean 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
scale counts of the "intermediates" are significantly 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 IV to VIII 67.7

P(t>[5.289]) ¢ 0.01
Small Form, aged IV to VIII 62.3
Immature, aged I to III 68.3

P(t> [6.267]) ¢0.01
Mature, aged I to III 62.9

"Tntermediate", aged IV to VIII 66.8
P(t> [2.246]) ¢0.05
Small Form, aged IV to VIII 62.3

Peduncle Scale Rows

The distribution of peduncle scale rows (Fig. 8) fol-
low those of gill rakers and lateral line scales, in that the
large form and immature ciscoes have significantly higher
counts than the small form and mature young ciscoes respec-
tively, Quite unexpectedly, the large form has significantly
higher counts than the "intermediate" size ciscoes. The
dwarfs and the "intermediates" were not significantly differ-
ent., The statistics for these comparisons are given below:
Large Form, aged IV to VIIT 23.2

P(t> [5,1133) £0.01
Small Form, aged IV to VIII 21.4
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Figure 6.

Figure 7.

Gill Raker Count Frequency Distributions

(n = 291).

Two upper distributions: ciscoes over IIT vears,
separated by size. In LARGE FORM, solid bars
are fish with a standard length of 290 mm. or
less. Lower distributions: ciscoes aged I to

ITY years separated by state of maturity.

Lateral Line Scale Count Frequency Distributions
(n = 295).

Two upper distributions: ciscoes over III years,
separated by size. In LARGE FORM, solid bars
are fish with standard length of 290 mm. or
less. Lower distributions: ciscoes aged I to

11T years, separated by state of maturity.
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Immature, aged I to IITI 22.5

P(t> [7.858]) ¢0.01
Mature, aged I to IIT 21.2
Large Form, aged IV to VIIT 23.6

P(t >[2.860]) ¢0.05
"Intermediates" 22.3

Character Index

A character index was calculated by summing the indi-
vidual meristic 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. Statistical tests were not considered necessary.

The region of overlap between the large and small
forms is quite narrow: character index 131 to 135. Only

26.5 per cent of the specimens fall in this region.

Utility of Separation

| The utility of each meristic character in separating
the two forms was estimated by calculating the percentage of
individuals whose classification as one or the other of the
two forms, based on age and growth, corresponded with their
classification above or below a given meristic count. The
point of maximum separation and the utility of separation are
given below for ciscoes aged IV to VIII. The ciscoes of

intermediate size were grouped with the large form.

Point of Max. Separation Utility of Separation

G.R. between 48 and 49 29/35 or 83%

LLS. between 65 and 66 30/35 or 86%
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PSR. between 22 and 23 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 gill
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 higher util-
ity of separation for the two forms of ciscoes aged IV to
VIII than had each meristic series taken separately. 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 IV to VIII
are clearly separated into two groups on the basis of
standard length (Fig. 2) and by the character index, with
the exception of three "intermediate" size ciscoes (Fig. 9)o
A plot of character index against standard length for age
groups I to IIIX (Fig° 10) also produces a partial separation,
with larger ciscoes having a higher character index. With
the exception of four or five age IITI 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. 10 to be the result of regression or corre-

lation within age groups 1 and III.
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Figure 8.

Figure 9.

Peduncle Scale Row Count Frequency Distributions
(n = 302).

Two upper distributions: ciscoes over III years,
separated by size. In LARGE FORM, solid bars
are fish with standard length at 290 mm. or
less., Lower distributions: ciscoes aged I to

11T years, separated by degree of maturity.

Character Index Frequency Distributions

(n = 275),

Two upper distributions: ciscoes over age IIT,
separated by size. In LARGE FORM, solid bars
are fish with standard length of 290 mm. or
less. Lower distributions: ciscoes aged I to

111 years, separated by degree of maturity.
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Figure 10. Standard Length and Character Index.
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Distribution and Abundance of Ciscoes

The number of ciscoes captured in each experimental
gang of nets is given in Table 2 along with the depth of set,
average catch per mesh of both forms, percentage of average
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 1%” mesh nets and those
of which appeared intermediate in size were omitted from the
calculations and since there was undoubtedly some error in
the assignment of individuals to their respective forms.
(Assignment of individuals was made in the lab on the basis
of size and age).

The positions of the experimental gangs set in Cedar
Lake during the 1962 to 1964 seasons are given in Fig. 11,
Ciscoes were absent from nets set near shore at depths of
three metres or less., These 7 experimental gangs were
unfortunately all 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 were absent from net sets 8b and 21 and one
cisco only (length unknown) was taken in set number 5.

Estimates of relative abundance of the two forms of
ciscoes in Cedar Lake can be made in several ways, but cer-
tain limitations inherent in the data make most of these
estimates inaccurate. Initially 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 11. Cedar Lake Netting Locations.
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The average relative abundance between the two stocks is
approximately equal (360 to 346). This is attributable to

one exceptionally large catch of the fast growing form (Net
set No. 11), and also to the use, several times, of incomplete
experimental gangs with large mesh nets only. 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 dinch
meshes were within the effective 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 overall
relative abundance would then be approximately 2.09:1
(387/185) in favor of the small form. However, as mentioned
earlier, relatively low numbers of the fast growing form

aged I, II and IIT were caught in Cedar Lake (most probably
due to a different vertical distribution). Therefore accurate
comparison of relative abundance can be made on ciscoes aged
IV or older. The relative abundance is then 1:2.6 (96/37)

in favor of the large form.

The density of the fast growing form does not appear
to be correlated with location 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 were obtained near tﬁe west shore, numbers
11 and 14 and numbers 7 and 16 respectively. The exception-

ally large catch of August 11, 1962 (No. 11) was 43 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). If the catch in the 14" mesh nets is
included in comparisons, then the population density of the
small form would appear to be consistently highest in the
south (Net Sets No. 22 and 25) and southeastern (Net Sets
No. 19 and 24) regions of Cedar Lake. The 1% inch nets were
not employed uniformly however, so these catches may affect
the distribution of net sets, not of the slow growing ciscoes.
Four of the five 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 density of the small form and date
of capture.

Other spatial segregation within the two stocks with
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 Fisheries Branch personnel in 1962 and
1963. Moose Lake is approximately 5 Km. north of Cedar Lake
and is connected to it by its outlet, the Summerberry River,

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 (no depth given) two caught appreciable num-
bers of the fast growing form. The other shore set was
empty. Ciscoes of-both forms were found at depths from 3 to
20 metres and in all areas of the lake sampled. A cursory
examination revealed that there are relatively low numbers
of fast growing ciscoes aged I and II. Unfortunately all the
nets were set on the bottom and therefore there are no data
onnt vertical distribution.

An estimate of the relative abundance of the two forms
was made from the ciscoes aged IV and older which were caught
in the 2 and 3 inch mesh nets only. The relative abundance
of ciscoes in' the three principal areas varied considerably:
Big Wave Bay: 113/4, East Arm: 143/43 and Pickeral Channel:

29/4 all in favor of the large form.




DISCUSSION

Growth Rate

Rate of growth of Coregonus artedii was shown by Hile

(1936) to vary widely in different localities. He summar-—
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 were fast growing: eight
fell 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 were very slow growing, falling between 15.8 and 18.1
cm. This is smaller than the smallest Cedar Lake ciscoes.
Hile (1936) found the growth 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 were therefore regarded

by Hile as stunted populations of Coregonus artedii.

Hile (1936) maintains that certain consistent growth

similarities are apparent for Coregonus artedii populations.

These are: greatest growth in the first year, large but less
in second, marked decrease in third, increments constant in

later years. Carlander (19&5) studying Coregonus artedii

tullibee in Lake of the Woods found growth in the third and
subsequent years to differ from the above description. He
further pointed out that Hile's Clear Lake cisco population
diverged in a similar manner. Both groups of Cedar Lake

ciscoes would undoubtedly show greatest growth in their first



Lo

year. A description of growth is not possible beyond that
age due to the error in assignment of individuals to the two
forms.

It is doubtful, however, if any of Hile's 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, al-
though this graph does not show growth below age III.
Whether or not any of the above growth characteristics are

restricted to the members of the subgenus Leucichthys is not

known.

The only substantial evidence supporting the use of
growth data as a taxonomic character is given by Keleher
(1952), He found that the four species of ciscoes in Lake
Winnipeg have different growth curves. Koelsz (1929) did not
analyze growth rates of the 9 cisco species in the Great
Lakes, but commented only on the maximum length: only Core-

gonus hoyi and Coregonus kiyi are distinguished by their

small size from the other cisco species.
The occurrence of several ciscoes intermediate in size
(Fig° 4) suggests the occurrence of hybrids assuming that the

two stocks are distinct species.

Maturity

Smith (1956) summarized data on age at maturity for

14 populations of Coregonus artedii collected by 12 workers.

Age at which maturity begins varies from I to IV. Maturity
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in the first year was reported from seven populations.
The age of maturity of ciscoes in Manitoba waters has
been given by several workers. Bajkov (1930) reported that

neither Coregonus zenithicus nor Coregonus tullibee (: C.

artedii tullibee) spawn before reaching the age of IV.

Dymond (1933) referred to Lower (1919) as stating that on
the west coast of James Bay all specimens examined were mature.
The smallest specimen was 8 inches long. Carlander (1945)
reported that some of the Lake of the Woods tullibee were
mature at age I and all were mature at age II.

Assuming one species only is involved in all the above

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

above variation in age at sexual maturity is unknown. It

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

populations of Coregonus artedii studied by Hile (1936)
differ markedly in growth rate, yet all ére mature at age 1.
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 value is uncertain.
It has been shown for individual populations that the
faster growing individuals with an age group generally mature
earlier in the season (Alm, 1959). Smith (1956) 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 Cedar Lake.
Assuming this relationship is interspecific as well as intra-

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

good species.

Morphometry

The significance of morphometric characters in
coregonid taxonomy has had considerable study since other
more usual taxonomic characters are unreliable. The methéds
of expressing comparisons have not been standardized and in
most cases have been shown to be incorrect. This, however,
can be attributable for the most part to lack of knowledge
of all the sources of such variability and, in some cases,
to low sample size.

Error in methods of comparison is attributable to
several sources: allometric growth of many characters
necessitates the comparison of specimens of the same standard
length and correlation with growth rate can make comparison
even of fish of the same standard length invalid. Further-
more the use of plotted graphs of ratio against standard
length has been shown by Marr (1955) to incorporate a
mechanical error of significant dimensions unless the re-
gression is linear and passes through the origin. He sug-
gests that graphs of part length against standard length
(or other suitable part) be used although he admits that the
comparison of ratios of fish of the same small size interval
is also of wvalue.

Koelz (1929) found only three morphometric characters

that were fairly 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 (i.e° upper jaw). Within
lakes, Koelz (1929) found a few other characters which were
of value in separating species, but he cautioned that they
could not be relied on alone. These were: HL/ED, 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 (1937) studying Coregonus artedii found that

populations with the most rapid growth had shorter head,
maxillaries, paired and dorsal fins but wider bodies and a
smaller eye diameter. Martin (1949) pointed out however that
the mechanics of environmental control of body form in fishes
is also influenéed by rate of early development.

From the dichotomy observed in the growth rate one
would expect differences in relative growth conforming to
Hile's analysis, i.e. fast growing individuals with smaller
heads, etc., if one species were present. The fact that eye
diameter alone bears this relationship in Cedar Lake would
then be disconcerting unless the other correlations with
growth found by Hile were not valid but were produced by
different rates of development in the different habitats.
Fortunately Hile (1937) presented further evidence used in
support of the finding between populations. He compared the
body ratios with a length group for different ages within
each population. Head length/SL and eye diameter/SL were

well correlated with growth rate in the four populations;
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body width/SL was correlated for three populations; maxillary
length was correlated within one population only. An apprai-
sal of the relation 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-

erce.

Gill Rakers

G111l raker counts have been used extensively in core-
gonid taxonomy. Koelgz (1929) considered thelir distribution
to be of great taxonomic significance in separating the nine
cisco species in the Great Lakes, The significance of gill
rakers has been investigated on whitefish by Svardson (1952).
He maintains that gill raker number is regulated by a number
of polygenes and that environmental effects are slight. His
conclusion is based on 12 whitefish transplantations made by
himself and several made by others. Svardson stated that
the maximum variation was found to be plus or minus two.

Hile (1937) found the mean gill raker count of four

‘populations of Coregonus artedii to vary from 45.1 to 48.L4,

Considerable subspecific diversity is suspected however.
Hubbs and Lagler's key to the coregonids of the Great

Lakes region (1964) describes Coregonus artedii as having

usually 43 to 52 gill rakers. This range was presumably

derived from Koelz's description of Coregonus artedii artedii

from the Great Lakes which had a slightly larger range, 41 to
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55 gill 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 g111 raker
count. It is therefore apparent that identification of

either form as Coregonus artedii is possible on the basis of

gill rakers, with the fast growing form being most likely.

lateral Line Scales

Scale counts, particularly along the lateral lines
have had widespread use in coregonid taxonomy. However the
degree of genotype control of this character appears to be
much less than for gill rakers.

Koelz (1929) found the number of scales in the lateral
line to be variable within a species but found them useful in
distinguishing subspecies (1930). Svardson (1951, 1952)
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 scales can be used to distinguish be-
tween sympatric populations and recommends that they not be
used to distinguish allopatric populations.

Svardson (1951, 1952) pointed out that scale number
is in part dependent on temperature: "In the main, popu-
lations that spawn early in the autumn get many scales, as
they are hatched early in the spring. Conversely populations
that spawn late in the autumn or during the winter get a

small number of scales."
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Another modifying factor, egg size, is definitely
known to operate here. Toots (1951, in>Svardson 1952) has
shown that the size of the eggs of whitefish is positively
correlated with the body length. Svardson noted that there
is sufficient empiracle evidence suggesting that a smaller
fry gets fewer scales.

The evidence therefore suggests that scale number is
ultimately due to body length of parent fish. Lateral line
scales then may not increase discrimination beyond that al-

ready achieved by growth rate.

Peduncle Scale Rows

The significance of this character has not been
investigated thoroughly. A large phenotypic component is
suggested by the data presented by Hile (1937)o Four popu-

lations of Coregonus artedii vary from 20.8 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 have equal weight as

lateral line scales.

Horizontal and Vertical Distribution

Koelz (1929) stated that all of the coregonid species
of the Great Lakes ". . . except artedii (which is a plank-
ton feeder and therefore normally takes its food above the
bottom), so far as known, are confined to a bottom stratum
of water of a thickness of not more than five feet . . ."

He further noted that "Each occupies a rather broad zone
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defined by the depth of water at its margins . . . The =zones
overlap at their margins . . ." It is apparent then that
horizontal distribution in relation to depth is of some
value in distinguishing species in the Great Lakes.

The data presented here does not show any horizontal
segregation of the two forms. The horizontal distribution
of the fast growing form may be slightly greater than the
slow growing form; however this is not sufficient to produce
the differences observed‘in growth raté through differences
in feeding sites. The absence of ciscoes from shallow water
of less than three meters in Cedar Lake suggests that ciscoes
prefer greater depth, at least during the time interval of
sampling. Since the depth at which ciscoes were found in
Moose lLake shallows is not known, the information gathered:
there is of no help in establishing the validity of this
suggestion.

The vertical distribution of Coregonus artedii in

relation to size of the fish was studied by Davidoff (MS
thesis, in Smith 1956) and Smith (1956). Both authors found
a tendency for the larger fish to be near the surface. The
opposite relationship is suggested for the fast growing form
in Cedar Lake. The immature ciscoes aged I and II are most
likely near the surface over deep water. If 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 (per.




L8

commo) that an alternative hypothesis is present: namely,
that the fast growing cisco population has drastically
declined. The raising of the water level by the completion
of the Grand Rapids Hydro-Electric Dam could not be the

cause as it was not completed until 1964,



CONCLUSIONS

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.

Two growth rates are evident above age II. These are
roughly confluent with immature and mature ciscoes aged

I and I1. This division was used throughout in studying

-the distribution of other characters.

Most of the slow growing fish mature at age I. The fast
growing form begins to mature at age IITI. Practically
all are mature at age V.

Mean count of gill rakers, lateral line scales and
peduncle scale rows were significantly different for the
large versus the small ciscoes aged IV to VIII and for
mature versus immature ciscoes aged I to III. The large
form and immature had the higher count.

A character index of meristic series had a higher utility
of separation than each meristic series taken separately.
A graph of character index againsf standard length pro-
duces a partial separation of ciscoes aged I to III. The
allocation of individual ciscoes to their respective
forms was still somewhat arbitrary.

Morphometrically the ciscoes in Cedar Lake are very simi-
lar, differing only in eye diameter., This is most likely

a genetic difference as other correlations of the size of
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body parts with growth rate which would be expected if
one species was involved were not found.

The two groups do not appear to differ significantly in
horizontal distribution, but may differ in vertical

distribution. The young year classes of the fast grow-

"ing form are conspicuously absent and are suspected to

be distributed near the surface over deep water. This
is, however, opposite to the distribution pattern re-
ported by Smith (1956).

A small number of individuals are definitely intermedi-
ate in size (Fig. 4). This suggests the occurrence of
hybridization between the fast and slow growing forms.
The morphological and ecological characters used here
were found from the literature to vary widely within

coregonid species. Coregonus artedii is considered to

be particularly wvariable, Gill rakers are perhaps the
best taxonomic character. Under conditions of sympatry,
all morphological and ecological characters studied here
are considered to have 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 seem warranted from the gill
raker range of typical artedii of the Great Lakes.
Several cases of dwarfism have been reported among
coregonid fish. That these cases are analagous to

stunting is not consistent with the observations of
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Alm (1959) and Smith (1956) that fast growing fish
generally mature first. Svardson (1959) however pre-
sented evidence to show that dwarfism may be a physio-

logical adaptation to the environment.
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APPENDIX 1.
LENGTH FREQUENCY PER MESH SIZE.
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APPENDIX 2.
GIRTH FREQUENCY PER MESH SIZE.
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