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1. INTRODUCTION 

The slimy sculpin, Cottus cognatus Richardson, is a widely distribu

ted yet little known species of fish occurring in Northern Saskatchewan. This 

project was undertaken in an attempt to broaden our knowledge of its ecology 

and behavior. 

Because of its cryptic habits it is rarely sampled by the usual 

collecting methods. It is encountered often in the examination of Trout 

stomachs and, because of this, its true value as a forage species deserves 

investigation. Since the slimy sculpin occurs in shallow water and in deep 

water, much of its behavior can be directly observed. In recent years the 

ecology of a number of related species in the genus Cottus has been studied 

and it would be desirable to compare this species with its cogenitors from 

the standpoint of comparative ecology and behavior. The increasing use of 

organisms as indicators of pollution or unfavorable conditions in the 

aquatic environment prompts the elucidation of 'tolerance' in this species, 

since its close relatives are said to possess requirements fairly similar 

to those of the stream trouts which, recognized as important game fish, are 

being planted in increasing numbers of our virgin streams. (Davison et al. 

1959) Lastly, because of its favorable location for study, and its abundance 

and ease of collection, it was thought to be an ideal species to use in an 

attempt to discover the relative importance of various factors in the 

control of a fresh-water vertebrate population. 

The genus Cottus is a plastic group with a degree of convergent 

and divergent evolution and lack of species distinction calculated to 

confuse the intentions of the best systematist. The published literature 

concerning even this one species is rather extensive and confusing, since 

perhaps fourteen synonymies exist. Cottus coggatus (cognatus = related 
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(to the European species» was first named by Richardson in 1836 from 

Great Bear Lake, Northwest Territories, Canada. Girard (1850) gave a de

tailed account of comparative anatomy in the group but referred to £. cognatus 

under at least three names of his own design £. formosus, £. gobiodes and 

£. boleoides as well as C. viscosus Haldeman 1840 and £. franklini Agassiz 

1850. Early life history studies, e.g. Gage {1878), tended toward scattered 

general observations but the majority of the work even to the present, has 

been of a systematic nature, with a few ecological and behavioral observat

ions thrown in. Recently McAllister and Lindsey (1959) have indicated 

morphological variations throughout the range of the species in North America. 

Much more is known about most of the related species in North 

America, Europe and Asia. The classification and distribution of species in 

the United States is fairly well documented (Bailey and Dimick, 1949) 

(Robins and Miller, 1957). Life history and ecology of Cottus bairdii Girard, 

a species closely related to £. cognatus, is discussed by Bailey (1952) and 

Zarbock (1952). Comparative ecology of £. asper Richardson and £. rhotheus 

(Rosa Smith) was determined by Northcote (1954). The ecology and factors de

termining the distribution of 13 species collected in Oregon was studied by 

Bond (1963). Smyly (1957) completed an extensive investigation of Q. gobio L. 

in Britain. 

Studies of reproductive biology have occupied the time of the 

majority of investigators.~bairdii has been studied by Hann (1927), 

Gill (1908), Smith (1922), Simon and Brown (1943), Koster (1936) and most 

recently, Savage (1963). £. pollux Gunther was investigated by Okada (1936), 

Koyama (1950) J £. bubalis (Le Danois (1911) -Elmhirst, (1915), Q. hangiongensis 

Mori (Sato and Kobayashi (1953) Q. gobio L.in (Peek, 1869; Shreitmuller, 1925, 

Morris, 1954). 



3 

A wealth of other publications exist on various aspects of classi

fication, distribution, ecology or behavior of particular species in the genus. 

The nature of the investigation was primarily an exploratory field 

study. In addition certain supplementary laboratory investigations bearing 

on reproduction, feeding and fighting behavior and tolerance to high 

temperatures were carried out. 
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2 . THE STUDY AREA 

Limited time and funds, and almost limitless distances,restricted 

the amount of sampling which could be accomplished. For this reason the 

present study was concentrated on a comparison of two easily accessible 

populations illustrating the range of habitat occupied by this species. 
understanding

Other areas were sampled when time permitted, but a complete of dis

tribution within the province was not attempted. Areas of in

tensive study included s~tions on a two-mile section of the Montreal River 

between Bigstone Lake and Lac La Ronge (gradient 40' mile) and the shore 

zone of Lac La Ronge, primarily near the Fisheries Laboratory,approximately 

two miles from the mouth of the Montreal River (Fig. 1,2). The morphometry, 

geology, and pertinent physical and chemical variables of these two areas,on 

the edge of thePr~cambrian Shield, are adequately discussed by Cushing(196l) 

and Rawson and Atton (1953). 

Specimens were obtained from a large number of other localities 

in the province. Appendix I lists some of these collection sites, their 

approximate position and data which might be pertinent to distribution and 

abundance of the species. No suitable map was available that would illustrate 

all the small lakes, rivers and creeks visited but information on many of the 

particular locations may be obtained from the Fisheries Branch of the 

Provincial Department of Natural Resources. 
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3. METHODS 

The fish used in this study were obtained by hand collecting, 

electro-shocking, rotenone poisoning, crayfish traps and seines as well as 

by stomach examination of other fish. Electro-shocking was effective in 

securing large samples in running water but the equipment was cumbersome 

and unusuable under many circumstances. Hand collecting by free diving, or 

emplying 'scuba', made collecting possible in lotic and lentic situations, 

in shallows or at considerable depth and beneath the ice cover in winter. 

This method was also useful at night using a hand torch and in isolated 

areas where electric shocking was impractical. A Back-pack shocker for 

stream collecting and a small bottom trawl for sa_pIing deep areas of lakes 

would have been useful, but this apparatus was unavailable. 

Figure 2 shows the locationg of a number of collections sites. 

Those on the rapids section of the river and near the laboratory were vis ted 

at least once a week during the summers of 1963-64. Many of the other 

locations were vis ted only once. At these times samples were taken and 

ecological and behavioral observations were made on standardized data sheets, 

particular attention being paid to water temperautre, velocity, substrate 

and associated fauna. Dissolved oxygen, pH and water level were occasionally 

recorded. Winter collecting was confined to the two main study areas. 

Specimens from many locations were generously donated by 

Provincial Fisheries' biologists and specimens and locality records from 

the Biology Department, University of Saskatchewan, as well as published 

and unpublished fisheries reports, were utilized. 

The majority of fishcand fish eggs used in this study were pre

served in 10% neutralized formalin immediatejy on capture. A few were first 

weighed and measured fresh and others were preserved in alcohol or F.A.A. 



Lateral line pore counts, head width and length, mouth width, 

caudal peduncle depth and fin ray counts were made in some cases, the term

inology and methodology following Robins and Miller (1957). Lateral line 

pores, fin rays and otoliths were examined under a binocular microscope. In 

the case of rays, no special preparation was required, but dissection to the 

basals was employed in cases where any doubt existed. 

Sex was always determined in the final analysis by examination of 

the gonads (Smyly 1958) but the validity of coloration, mouth and head width, 

presence or absence of a genital papillae and abdominal enlargement in de

termining sex, was checked at various times. 

Total length to the nearest millimeter and weight to the nearest 

one hundreth of a gram were recorded for each specimen. Standard length and 

lengths and weights for fresh and frozen samples were also taken to facilitate 

conversion of data to units of length and weight used by some investigators. 

(Royce 1942; Carlender and Smith 1945; Rile 1945) 

The relation of length(L) to weight(W} is expressed by the equation 

W=CLn where C and n are contants. The length-weight relation was calculated 

for several populations using methods discussed by (Lagler, 1950) and 

(Ricker, 1958) and the correlation coefficients of the resulting regressions 

were determined. 

~Condition factors' or 'coefficients of condition " K = weight x 10
5 

length3 
(Lagler, 1950},were calculated for sexes, ages, habitats and monthly samples, 

the variations were noted, and the effect of stomach content on 'condition' 

was determined. 

Age was determined by means of otoliths. The structure, validity 

and restrictions in the use of these 'bones' are discussed by Watson (1964), 

Mosher and Eckles (1954), Kim and Koo (1962). Few difficulties were encount

ered and determinations agreed well with age found by length-frequency 
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distribution and readings from other bony structures in the same fish. 

The rate of growth in different habitats was determined by plott

ing average length and weight for monthly groupings of samples. Differences 

in growth with sex and age were also determined. Indications of seasonal 

periodicity in growth were found by comparing percentage monthly increases 

in length and weight with growth as noted from monthly length-frequency 

distributions and changes recorded in otoliths. Length for age and age dis

tribution were compared for a number of locations. Growth data from the 

many areas visited rarely, was also tabulated to facilitate comparison and 

indication of possible relevant determinants. 

The numbers of fish captured were tabulated by month, age and sex 

to facilitate observation of variations in age structure, and sex ratio in 

different localities. 

The degree of maturation of females was determined from increases 

in egg diameter and ovary volume (Smyly, 1958; Stone, 1937). Diameter of 

the developing eggs was measured with an ocular micrometer. The mean dia

meter of ten eggs picked at random from the ovary was measured in the plane 

in which they happened to lie under the microscope. Larger eggs near the 

time of spawning and eggs from egg masses were measured by determining the 

number contained in 5 cm, the eggs placed side by side in a row, just 

touching, in a trough constructed for the purpose. Estimates were to the 

nearest 'half egg' and values determined by the two methods were similar. 

Volume of ovaries and egg masses were estimated to the nearest 

tenth of a milliliter by displacement in water, being careful to preserve 

uniformity as to drying time and excess moisture retained. 

The number of eggs was estimated by finding the volume of a size

able piece of ovary (app. 1/4 of one ovary), counting the eggs contained in 

that piece then determining the volume of the remainder of the ovary and 
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estimating total eggs by comparative volume ratio. Actual counts were used 

for small ovaries and a number of total counts for large ovaries were also 

made. 

Variation of the volume method from actual counts was never more 

than 10% and usually less than 5%, accurate enough for the present study 

where an idea of mean fecundity in various habitats was the main purpose 

for the measurements. 

Differences in fecundity in different habitats were determined 

from mean egg counts for females and egg masses. Prenatal mortality (atresia) 

was evident from the decrease in mean number of eggs in fish of similar age 

and size with progressing maturation (Henderson,1962). Smyly's (1957) crit

eria of maturity were used. Eggs less than .5mm diameter are immature, ripe

ning eggs are .5-l.6mm, ripe eggs 1.6-2.Omm and spent females have eggs less 

than .5mm (except for a few residual ,eggs 2.Omm or more). 

Eggs taken from egg masses were classified visually, after pres

ervation in F.A.A. as blastula-gastrula, neural cord, eyes just forming, 

early eyed and late eyed stages. Color of eggs varied from pale yellow to 

orange and rosy red in different habitat and became progressively dark 

brown before hatching. 

Sculpins were kept in a walk-in cold room during the winter at a 

temperature of 5-6°C. in eight 15-20 gal. aquaria on steel racks and in a 

3 x 10 x 1 ft. deep cement tank. Four of the aquaria as well as the cement 

tank had a medium current (1/2 foot second) of circulating filtered water. 

The other four aquaria were aerated arid filtered and the waterchanged weekly. 

In all aquaria, cover in the form of curved flower pot fragments and boulders 

were provided. In addition some aquaria were provided with a mixed gravel

sand substrate. The others had a black slate bottom. only one of the aquaria 

was planted. This aquaria contained dace, darters, sticklebacks, "turbot and 
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shiners as well as sculpins. A variety of live food was provided, predomin
sp.

antly chironomids and Gammarusu~llDecember, and afterwards black ,fly larvae, 

mayfl'Y. nymphs and earthworms. (The aquatic organisms were kept in six poly

ethylene lined five-gallon pails, well aerated a~d at the same temperature. 

Black fly larvae were periodically fed a yeast-sugar suspension and survived 

for 4-5 months. Many that weren't used emerged as ~dults when the tempera

ture was raised in May. 

Light was provided by two 24" fluorescent fixtures about 3' from 

the aquaria. The lights were controlled by a time switch and settings were 

made weekly, using 1959-1962 data (provided by the Physics Department) on 

day length for weekly periods at the latitude from which the fish were taken. 

Graduated increases above normal day length in the fall and early winter and 

decreases below normal day length (shorter days) in late winter and early 

spring were provided in an attempt to speed up maturation (Hazard a:p.cfiEddy, 1950; 

Henderson, 1963) which would enable observation of breeding behavior in the 

laboratory in April, followed by observation of the same event in the natural 

setting the following month. Temperature was increased to 6-l0o C in April. 

Observations of behavior of aquarium fish were usually made with 

no precautions against exposure to their view and possible consequent modifi

cation of behavior, but when it was deemed necessary to watch unobserved, 

(breeding, fanning behavior) black plastic screens were set up around the 

aquaria and observations were made through a narrow slit. 

'Homing ability' was tested in the field by removing marked males 

various distances from their nest and releasing them. 

Spatial distribution of nests within representative spawning areas 

was determined by marking all nests in the area and measuring 'nearest nest' 

distances. Some idea of nest density in various habitats was obtained by 

examining areas of equal size. 



11 

Food preferences (apart from availability), sensory utilization 
aM 

in feeding 'learning and fighting' were tested or observed in aquarium 

held specimens. 

Preliminary ideas on rate of digestion for one food organism at 

only one temperature were obtained by feeding equal numbers of the organisms 

to fish of similar size and sacrificing aftervarious time intervals. Some 

indication of changes in seasonal abundance of suitable food organisms was 

obtained by weekly counts for uniform areas in the river. 80ttom fauna 

abundance in lake and river and seasonal variations were estimated by com

paring literature publications on these two areas (Cushing, 1961; 01iver,1960). 

The main object of food analysis was to determine, in a general 

way, the qualitative and quantitative variations that may occur with habitat, 

season, sex and size. To this end, stomachs were removed from formalin pre

served specimens by splitting from anus to throat, cutting the eosoph~gusat

the posterior end of the oral cavity and breaking off the intestine at the 

pyloric valve (8ailey, 1952). 

Contents were immediately placed in a slender graduated cylinder 

and total volume was estimated to the closest .05 ml by water displacement 

using a pipette graduated in tenths of a milliliter. Commonly occurri~g

organisms were generally separated to family under a binocular microscope 

after some specific identifications had been made. Contents of the intestine 

and mouth cavity were occasionally examined to give a better qualitative in~

dication of food consumed, but such data were tabulated separately. Food of 

fry was analysed separately the first four months; after that all sizes of 

fish were analysed together. Volume of the total mass of food from whole 

samples of fish taken at the same. time and place,was also determined by 

water displacement. The percentage volume which certain organisms contribu

ted to the total was visually estimated for individual stomachs, or 
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determined volumetrically for large samples. Analysis by the two methods 

gave similar results. 

The percentage of empty stomachs was recorded for monthly samples 

and these fish were not considered in analysis of percentage volume or per

cent occurrence (the number of fish containing the particular food item). 

Percent occurrence was only recorded for a few samples to compare the two 

methods while percentage volume was used to indicate seasonal and habitat 

variations. 

Analysis of the variations in number of food organisms in stomachs 

was not considered practical in this case since large nunbers of small 

organisms were usually involved, and difficulties arise in deciding haw 

many organisms are present when only parts are found. Percentage fullness 

recorded for different months is a relative value based on the largest mean 

monthly volume in each habitat as lOO%.Mean volume = total volume 
number of fish in sample-(empty, 

varies greatly with the size of fish, location and season. Since the fish) 

average size of fish is less in lakes than rivers, a direct comparison of 

mean volumes in the two habitat would be biased. By measuring percentage 

fullness relative to a maximum within the same habitat, the bias is partially 

removed. Food data was grouped in various ways to determine the effects of 

size, sex, location and season on the amount and type of food consumed. 
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4. TAXONOMIC ASPECTS

4.1 Position 

The species Cottus cognatus belongs to the family Cottidae, a 

large and widely distributed assemblage of small marine and fresh-water 

fishes. The genus Cottus contains the vast majority of fresh-water forms. 

These fish are scaleless, but have 'prickling! developed to a variable 

extent. They also lack an air bladder and are usually bottom inhabitants. 

Cottids in general possess a number of common names - sculpin, 

bullhead, millers thumb, goblin, stargazer, blob, and muddler. This species 

is usually called the slimy sculpin due to the texture of the skin and re

duction of prickling to a small area behind the pectoral fin. It has also 

been called the northern sculpin or northern muddler but this name is also 

used to refer to f. bairdii Girard, a closely related species. 

f. cognatus is often considered a member of the species complex 

centering about f. bairdii. Specimens from this locale have been identified 

by W.8. Scott as f. cognatus and although ~. bairdii is listed (Slastenenco, 

1958; Scott)1958) as occurring in the provinc€"to my knowledge and that of 

biologists in the Fisheries 8ranch, who have done the collectin&~no specimen 

identified as such, have ever existed. The presence of well developed palatine 

teeth in C. bairdii and their absence or much reduced state in f. cognatus 

seems to be the only valid distinguishing character. All the present material 

examined had a very reduced palatine tooth patch separate from the anterior 

end of the vomer. The teeth were only evident by dissection. I assume from 

descriptions that in C. bairdii the teeth are much better developed. 

The number of rays in the pelvic fins may be of little use in 

separating these two species. f. cognatus, from these samples, had variable 

percentages of 3 or 4 pelvic rays and individuals often had 3 rays in one 

fin~ 4 in the other. 
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A good morphometric description and key for separating the species 

is found in Carl, Clemens, and Lindsey (1959) or McAllister and Lindsey (1959). 

While this was not intended, in any way, as a study in systematics 

of the species, a few va~iations from the existing description were noted 

in the present investigation. 

Maximum total length obtained was l27mm, slightly longer than the 

l20mm previously listed. Lateral line pore counts in mature fish varied from 

9-32 although counts less than 12 or more than 29 were very rare. This is in 

contrast to 18-22 (rarely 12-25) sighted by Carl, Clemens and Lindsey (1958). 

Spination of the pre-opercle~prickling, other pore counts, ray 

counts and lengths and widths seemed to fall within the range for the species 

description. However only a few fish were examined for these characters. 

4.2 Local variations of taxonomic significance 

Lateral line counts were made for samples in all months and loca

tions. The result of one such sample lateral line count in two closely 

adjacent populations, one from the Montreal River, the other from Lac La Ronge, 

is shown in Figure 3. A bimodal frequency distribution with only a small 

amount of overlap, is at once evident. The difference in mean pore counts 

(La Ronge - 15.8, Montreal River - 22.5) was found to be highly significant 

at .01 level of probabilitY,t = 22.8**. Similar graphs were constructed for 

all monthly samples. The means and extent of overlap were very similar to 

the case illustrated. 

Generally, river populations tend to show higher pore counts than 

lake populations but a few locations showed a mixed condition. Thus large 

samples from the Rapid River (Outlet of La Ronge) had pore counts ranging 

from 14-23 and a mean of 20. 

Samples from Waskesiu Lake and some of the lakes close to the 

Churchill also had pore counts approaching the condition found in river populations. 
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4.3 Geographical variations 

I examined collections from 9 locations in three drainage systems 

in the province to determine variations in number of pelvic rays and single 

or branched condition of the last anal ray. Using these two criteria 

McAllister and Lindsey (1959) divided the known range of the species in 

North America into units. According to their map, all populations in 

Saskatchewan should be "common" for both traits. Table 1 and Ftgure 4 in

dicate the drainage basins and morphological variation in the province. In 

fact, 7 of the 9 populations examined were 'Intermediate' for single last 

anal rays. I would suggest that the Churchill and Saskatchewan drainages 

have fish' Intermediate' in single last anal rays, 'common' in three pelvic 

rays while the Athabaska drainage contains fish 'common' for both traits. 

One condition that bears mention was noted in the Montreal River 

population where large samples were taken. A decidedly shorter head with a 

face inclined more to the vertical was evident in about 8.6% of individuals. 

The fact that these specimens resemble a number of marine cotttds where this 

feature is 'natural' (Watanabe~1960)suggests that it may be a genetic varia

tion. No excessive mortality seemed to be associated with the condition, such 
in the 

specimens survived the winter in aquaria laboratory, and occurred in about 
percentages 

proportional of dead fish found in the river. Many other abnormalities 

were evident e.g. (protruding lower or upper jaw or absence of part of jaw 

structure), but they were never of wide spread occurrence. 



TABLE 1. 

Morphological variation in Cottus cognatus 
Scale: 

- Percentage with unbranched last anal ray 0-10 R(Rare) 11-40 1(1ntermediate) 41-100 C(Common) 
-

Drainage System 

Saskatchewan 

Percentage with only three pelvic rays 0-12 R;13-59 1;60-100 C 

Location No. fish Last Anal Ray Pelvic Ray 
examined Single Double %Single 3 4 

Mirond Outlet 16 5 11 37.5 I 24 8 

Little Bear Outlet 10 6 4 60 C 20 0 

%3 

75% 

100% 

C 

C 

Sturgeon Weir River20 8 12 40 I 32 10 76% C 

Churchill Rapid River 

Otter Rapids 

Nistowiak 

20 

20 

17 

4 

8 

13 

16 

12 

4 

20 

40 

23 

I 

I 

I 

26 

24 

24 

14 

16 

10 

65% 

60% 

70% 

C 

C 

C 

Montreal River 

La Ronge Lake 

11 

11 

3 

4 

8 

7 

27 

36 

I 

I 

19 

22 

3 

0 

87% 

100% 

C 

C 

Athabaska Cree River 20 10 10 50 C 30 10 75% C 
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Figure 4 Drainage basins in Saskatchewan 

Distribution of morphological characters in Cottus cognatus. See Tablet 
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5. DISTRIBUTION

5.1 Geographic 

McAllister and Lindsey(1959) and Carl, Clemens and Lindsey(1959) 

list C. cognatus as occurring in Eastern Siberia, A1aska,south into British 

Columbia, east through the Yukon, N.W.T., Prairie Provinces, Ontario, Quebec, 

Labrador Peninsula to New Brunswick, south to Virginia, Iowa, and Minnesota 

in the east and Washington and Montana in the west. It is undoubtedly more 

widespread than any other member in the genus. The other two cottids of 

known occurrence in Saskatchewan are Myoxocephalus quadricornis (the deep

water sculpin) and Cottus ricei (the spoonhead sculpin). The deepwater 

sculpin was found (often together with Q. cognatus) in trout and burbot 

stomachs from La Range. It is usually considered an inhabitant of deep~co1d

water lakes but has been collected in shallow cold water in Athabaska and 

Reindeer(Atton, Novakowski, personal communication). Cottus ricei has also 

been reported from many of the cold northern lakes but occurs as well in the 

Saskatchewan and Mackenzie River systems and has been taken in silt laden 

waters of relatively high temperature. The ecological factors governing the 

distribution of these related species should be determined. The inset of 

Figure 5 shows the North American distribution of the species while Figure 5 

itself indicates sites where C. cognatus is definitely known to occur in 

this province. Appendix 1 lists many of the sites sampled including ones in 

the south of the province where the species has never been found. This Appendix 

also lists fauna abundance, associated species and relative abundance of 

'sculpins at the various sampling stations. Probably the most important reason 

for its absence in the south is lack of suitable habitat. The few southern 

locations that did appear to be suitable habitat may be inaccessible at the 

present time. Battle Creek at 4000 ft. in the Cypress Hills of South Western 

Saskatchewan, has suitable temperature,current, pH, cover and food supply but 
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Distribution of Cottus cognatus in Saskatchewan • 
~igure 5- N.ote: The numerous collection sites north of Lac La Ronge and south of the 
Churchill Rivers can not be indicated on a map of this scale - see TableS 

Dis tribution in North Ame'rica- modified from M'cAllister and Lindsey(19S9). (inset) 
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no sculpins were evident. Their niche was occupped by fathead minnows as 

it was in a number of the streams examined in the south,e.gSwift Current Creek. 

Although ~. cognatus apparently occurs farther south in Montana, the lower rEaches 

of the Battle and Frenchmen flow over grass and mud with no suitable food supply 

often disappear underground for long stretches ,so dispersal is rarely facilitated~and

d~ fact that trout are plentiful in this creek might suggest that the absence 

of sculpins is due to geographical barriers rather than inadequate conditions. 

The Souris drainage has been sampled frequently but no sculpins have been 

reported;:: With these meager data a knowledge of the areas involved and the 

probable requirements of the species,! doubt that ~. cognatus exists south 

of the 53°N latitude in this province. They have access to a wider range, 

but the habitat involved is unsuitable. 

In Northern Saskatchewan Cottus cognatus was found in waters vary

ing in mid-July temperature from l5-29.5°C and pH 6.8-8~4. They occurred in 

lakes, rivers, and creeks almost anywhere that suitable conditions of cover 

and food prevailed. 

5.2 Habitat distribution 

Collecting was done at all depths using diving gear but shocker 

samples were confined to water less than three feet deep. The relationship 

of water level, temperature and available food in the river can be seen 

from Figures HI ,19. No attempt was made to estimate percentage composition 

of bottom materials. There was a great deal of variation in the many areas 

sampled but boulder and rubble mixtures were most commonly associated with 

the presence of sculpins. Velocities varied at the same position depending 

on water level. Surface velocities varied from 5 ft./sec. in midstream to 

almost nothing in the shallows near shore, and sculpins were found in both 

locations. Various macrophytes grew in the slower areas. The banks were 
and 

bordered by bull rushes wild rice in some sections. Spruce, pine, willow, 
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or birch stands occur along the shore depending on the location. Silted areas 

of reduced flow were examined periodically but no~. cognatus were ever found 

here. Plates 20, 21 and 7 give some idea of the difference in available 

water area at various times in the river. Largest concentrations occurred 

in areas of mixed rubble-boulder probably because more cover was available 

for fish of all sizes. In some locations where boulders were present in a 

sand substrate,abundance was presumably reduced due to lack of suitable 

cover. Fry and yearlings were more often found in gravel areas since they 

donot require as large surfaces to remain out of t,he sweep of the current. 

Sculpins disturbed from cover may momentarily dart into exposed positions 

but they quickly regain the shelter of rocks. 

The observed distribution of sculpins in Lac La Ronge is no doubt 

related to variations in suitable habitat (rocky cover and food abundance). 

They are rare in the southern part of the lake where sand beaches and ooze 

bottom predominate but are widespread in the northern part on the Precambrian 

Shield where rocky shore lines and sheared rock or boulder bottom exist often 

into the deepest depressions. Plate 6 shows a typical shore line collecting 

site on Lac La Ronge. Changes in water level probably have little effect on 

lake populatio~since a decrease in water level of 1-2 feet does not drast

ically reduce the area of habitation on steep shorelines. 

Bond(1963) and Smyly(1957) have tested the preference for light 

or:~dark bottom in various species. I observed that sculpins will rest on a 

dark bottom where they are less conspicuous. They prefer contact with sur

faces at any angle. Cottus cognatus would rest on squares of black slate 

rather than white tile bottom, and when no cover was provided they often 

formed aggregations in a corner. Natural aggregations in the open as describ

ed by Greenbank(1957) for C. aleuticus were never observed for C. cognatus. 

Bond(1963) found that C. asper and C. perplexus preferred sand to pea gravel 
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substrate where they could dig into the former and partially cover themselves. 

~. cognatus was never observed to cover itself in sand substrate. 

5.3 Distribution with depth and light intensity 

Since no quantitative means of sampling was available during this 

study conclusions on abundance with depth must rely on numbers observed in 

areas of equal size at the various depths. Most of the sampling was done 

along rocky shore lines in less than 10 feet of water where specimens could 

be collected by hand, or right along shore where the shocker or poison were 

utilized.On the few occasions when I descended to 50-80 ft. in the lake, 

~. cognatus adults and fry were as abundant as in areas of shallow water 

where similar rock cover existed. Enough light existed at 80 ft. to allow 

collecting without artifical illumination in mid July at 12 noon under a 

bright sky. At this depth a half inch of flocculent ooze was present on the 

surface of rocks, and much more in the crevices. Sculpins did not seem to 

seek cover as readily in this semi darkness. They were seen resting on rock 

surfaces, though this rarely occurred in shallows. If pursued they would 

swim a few feet and then settle into the ooze apparently relying on this for 

concealment'. At 40-60 ft. more light was available but no Macrophytes were 

present. Sculpins were abundant at this depth and burbot and darters were 

also seen. 

The degree of concealment seems to depend on light conditions. 

c. cognatus was found in the open in reduced light at greater depths ,in the 

shallows under ice cover,and at night. By day they were rarely seen in the 

open, unless they were prodded from beneath the rocks. 
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6. GROWTH

6.1 Relation of total length to standard length 

The relation of total length to standard length for 110 specimens 

from various locations was found to be Total length = 1.206 (Standard length). 

This value expresses the relationship adequately over the range of total 

lengths 7 - l2lmm. The value was found by summing the lengths for both 

measurements-=~ari.d obtaining the ratio. The slope of the 'best' line value 

was 1.18 (Figure 6). The difference is probably due to inaccuracy in draw

ing the 'best' line or errors in measurment. 

6.2 Relation of length to weight 

The length-weight relationship was determined for populations 

from the two main study areas (Figure 7). A log-log plot of average weights 

for 5mm intervals of total length enabled determination of C and N in the 

N 
length-weight equation W=CL where W = weight, L = length and C,N are con

stants. Figure 8 and Table 2 show the resulting regression lines and equat

ions for the relationship. IN' is the slope of the regression line, and C 

is found by substitution in the equation. Correlation of empirical and 

calculated values was very close (.999+ in both cases). 

Length-weight curves were constructed for any location where a 

large sample was obtained. River populations contained fish of greater 

weight for the same length than lake populations, but seasonal variations 

occurred in both habitats. 

6.3 Condition 

5 
The coefficient of condition, 'K' W x 10 where W weight and 

L 3 

L = length, 'K' was determined using 5mm intervals of total length, for age, 

sex, different locations and the same location in different seasons. Mean 

'K'st for different samples were calculated. Figure 9 illustrates some of 

the usual variations in 'K' values noted. 
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May 1964. See Table 2 for values used. 
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TABLE 2 

Length-weight relationship of two populations of C. Cognatus 

expressed for successive 5mm intervals. 

Montreal River Jan. (340 fish) 1 
Interval of No. of Empirical weight Calculated weight Mean K 
Total length mm. fish in grams in grams 

35-39 1 0.86 0.79 2.08 
40-44 4 1.30 1.20 2.00 
45-49 3 1.73 1.74 2.04 
50-54 8 2.34 2.43 2.00 
55-59 17 3.17 3.27 1.99 
60-64 17 4.02 4.30 1.97 
65-69 12 5.43 5.55 2.03 
70-74 9 7.11 7.02 1.91 
75-79 13 9.28 8.75 1.81 
80-84 32 10.88 10.76 1.69 
85-89 58 13.12 13.07 1.71 
90-94 94 15.50 15.69 1.66 
95-99 53 18.65 18.76 1.67 
100-104 18 21.22 22.01 1.75 
105-109 1 25.55 25.74 1.70 

1 Computed by the formula: 
W 

3.27485 
L

1=0'=""5.......2......4....2,.,..5.,....8 

La Range May (65 fish) 

Interval of 
Total length 

No. of 
fish 

Emperica1 weight 
in grams 

Calculated weight2 

in grams 
Mean K 

30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 

1 
14 
17 

7 
4 
6 
6 
5 
3 
1 
1 

0.47 
0.60 
0.85 
1.20 
1.64 
2.42 
2.82 
3.40 
4.39 
5.89 
5.41 

0.39 
0.60 
0.88 
1.22 
1.65 
2.18 
2.80 
3.53 
4.37 
5.34 
6.44 

1.43 
1.18 
1.15 
1.16 
1.17 
1.31 
1.18 
1.13 
1.18 
1.29 

.98 

2 
Computed by the formula 2.98377 

W = L 
-1-04~.9"""O"""'I"""S-T-I 
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VARIATION IN 'K' FOR SEX AND AGE FOR FISH 

FROM THE CREE RIVER. JUNE 23. 
Figure 9 'K' the condition factor = Weight X 105 was determined for 

. Length3 
monthly samples. It was found to vary with season, habitat, age and sex. 
La Ronge fish had a stable low K while Montreal River fish showed more 
fluctuation, wit~ highs in the winter, lows in the summer. This may in
dicate that the high temperatures of summer in that habitat have a ' 
deleterious effect. 
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Values for the same months and habitat in successive years are 

remarkably similar. Seasonal highs in condition were found to correspond to 

seasonal highs in the length-weight equations which is simply another way 

of expressing the same relation. Values were seasonally more consistent and 

lower in La Ronge than in the Montreal River. 

The effect of stomach content on 'K' values was determined by 

measuring and weighing two samples of fish. Five fish captured in Lac La Ronge 

in August 1964 were weighed with and without their stomachs. Their mean length 

was :49 mm . Ten fish from the Montreal River captured in January 1964 were 

treated in a similar manner. Their mean length was 50 mm . 

-
The mean K of Lac La Range fish~ stomachs intact was 1.18; of 

Montreal River fish in a similar state, 1.50. Standard error of the difference 

in mean 'K' s:' was . 122 ++ (highly significant). The mean K' s f or the same 

samples after stomachs were removed were 1.13 and 1.48 respectively. Again 

the difference in mean 'K's' was highly significant (.134++). The ratio of 

K's for the two samples, measured with stomachs intact (1.04) and the ratio 

of Ks measured without stomachs (1.08) was not significantly different. 

(Standard error of difference .038). 

Thus 'K' represents something other than the variation in fullness 

of stomachs in the two areas. It ismore likely an adequate measure of actual 

differences in the amount of fat and muscle in fish of the two different 

populations. Specimens from the Montreal River preserved in formalin impart

ed a large amount of lipid to the preservative and when they were examined, 

areas of yellow fat were present on the internal organs. No such oily secre

tion occurred when Lac La Ronge fish were preserved and little fat was present 

on their internal organs. Changes in 'K' for the same fish in this sample with 

and without stomachs varied 4~6%.
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Difference with populations and season were the variables in this 

case. Fish of the same length range were used to remove length as a source 

of variability. This required selection of some of the smallest Age I fish 

in the January Montreal River sample for comparison to Age I fish of average 

size from Lac La Ronge taken in August. It might be argued that these smaller 

Age I fish are in poorer condition than their larger siblings hence destroy

ing the validity of the comparison. In fact K's for these smaller fish were 

similar to those for the larger fish so this is not a restriction. 

6.4 Maximum length, weight and age 

The longest and oldest fish obtained during this study was a l27mm 

male from the Bow River that weighed 28.30 grams and had an otolith age of 

V-VI. The longest male from the Montreal River had a total length of l2lmm, 

but weighed 32.94 grams and was 3 years old. The longest female was l20mm. 

She was the heaviest fish, weighing 34.31 grams and her otolith age was III. 

In Lac La Ronge the longest, heaviest male had a total length of 

86mm, a weight of 8.02 grams and was Age III. A female 85mm long weighing 

2.85 grams and having an Age of III was also found. No fish older than three 

years were taken in Lac La Ronge. Sculpins over 110mm were fairly abundant 

in the rivers, but fish over 80mm were rare in lakes. 

6.5 Sexual differences in growth 

Sexual differences in growth are evident in a number of cases. 

Males are generally longer and heavier than females of the same age (Tables 

3 and 4) and mature females and males are larger than immature ones (of the 

same age). Whether a fish reaches sexual maturity the first year of life at 

11 months or not until one year later depends on its growth rate. 

The data also suggests that immature fish continue to grow in 

length and weight with the approach of the breeding season, while mature 

ones convert energy to egg production instead. A parallel situation occurs 



TABLE 3 

Mean length of immature and mature fish I-VI years old 
- Mean 1ength(mm) 
- No. of fish in brackets 

Females Males-
Place Date Age - I II III IV V VI I II III IV V VI 

Cree River June 23 Immature 36(5) 60(6) 67(1 ) 85(5) 86(3) 84(2) 42(4) 62(2) 68(2) 
Mature 78(1) 81(6) 78(10) 88(17) 91(2) 103 (2) 

Caribou Creek July 4 Immature 64(7) 6g(7) 
Mature 91(1) 97(1) 

Sturgeon Weir July 7 Immature 62(5) 
Mature 81(2) 90(1 ) 80(10)90(2) 100(1) 

Nistowiak June 11 Immature 43(11) SI( 5) 
Mature 75(4) 83(4) 87( 6) 95(9) 100(2) 108(2) 

Rapid River June 10 Immature 67(8) 78(3) 86(3) 
Mature 90(4) 91(2) 

Otter Rapids May 21 Immature 
Mature 93(1) 84(5) 100(3) 98(1) 91(3) 93(8) 101(22)105(1) 
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TABLE 4

Mean length(mm) of immature and mature females January to May. 

Number of fish in brackets. 

Females 

I II 
Jan. March May Jan. March May 

Montreal Immature 50(161) 55(154) 55 (9 7) 
River 

Mature 74(5) 82(34) 83(9) 84(6) 89(9) 96(8) 

La Ronge Immature 33(2) 40 (30) 56(1) 
Mature 54(1) 57(2) 68(4) 64(3) 69(2) 

in males, the mature ones are guarding eggs during May, eat very little, and 

experience no appreciable growth, while at the same time immature individuals 

continue to increase in size. 

6.6 Seasonal periodicity in growth 

An attempt to determine seasonal periodicity in growth, from the 

existing data, met with indifferent success. Monthly length and weight in

creases were calculated from the mean values which made up the growth charts. 

Also the percentage increase was calculated, taken as the monthly increase 

divided for the length or weight for the preceeding month. Values as high as 

137% monthly length increase, 300% monthly weight increase were obtained for 

fry in early life. There was no indication that growth in length and weight 

occurred at different times. For the older age classes a very erratic pattern 

of periodic growth was evident. However it did appear that largest increases 

occurred during early winter and spring seasons in the river. Growth in the 

lake for the older age classes seemed to be confined to the summer months 

(Figures 10)and 11). 
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Seasonal highs in 'K' correspond to periods when maximum monthly 

growth increments are being applied (Figure 9). Unlike many temperate fish 

populations, Q. cognatus in the river grows most in spring and fall through 

early winter. Then follows a period of decreased growth presumably due to 

sub-optimal water temperature(± QOCf Food may be converted to ends other than 

growth but it is more likely that metabolism is greatly reduced at this low 

temperature. The interesting feature is that temperatures above 22-25°C in 

July and August also result in cessation of growth. In this case feeding is 

reduced and activity declines. It appears that temperatures in this range 

are above the optimum for this northern species. 

The great decline in 'K~ in July for the Montreal River population 

may reflect the effects of excessive heat. Temperatures this high can be 

avoided in the lake by going deeper, and fluctuations there aren't so great, 

nor so rapid. The uniform low 'K' for Lac La Ronge fish may represent an 

existence in a marginal habitat. Suitable food always appears to be less 

abundant in this situation, and is reflected in percent fullness, and the 

number of empty stomachs. 

6.7 Growth of adults 

The mean growth rate in length and weight of Q. cognatus in 

Lac La Ronge and the Montreal River is shown in Figure 10. This graph was 

constructed on the assumption that growth rate would not change markedly 

in different years so the mean length and weight of fish of different ages 

could be used to represent growth that would be likely to occur for a fish 

in the youngest age group. Two years results are in close agreement so the 

assumption may be approached. The occasional apparent decrease in some months, 

of length and weight shows that the data is far from complete and likely re

sults from inadequate sample size. It is improbable that an individual fish 

would decrease in length. 
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6.8 Growth of fry 

Fry in the river hatch the first week of June and show a rapid 

increase in length and weight throughout the summer (Figure 11). A slight de

clinefor growth in length occurs in fall but 
some

increase in length and weight 

continues all winter so that by the following May fish average 60 mm in 

length and weigh approximately 4 grams. Males are slightly longer and heav

ier than females by this time. 

In contrast, fry in the lake hatch about two weeks later, after 

mid June, and experience a similar rapid increase in length, a slighter 

increase in weight, and reach an aSYmPtote by mid August. Growth during the 

winter is slight and by the following May these fish average 45mm in length, 

and only 1.15 grams. A rapid increase in growth occurs for both populations 

during the following spring. 

6.9 Growth in other areas 

It is difficult to compare growth rates for other locations since 

only single and often small collections were available. Growth varies in 

lakes and rivers at the same latitude, e.g. Lac La Ronge compared to 

Montreal River. For this reason lakes and rivers were compared separately. 

Age of fish can be determined to the year by otoliths and estimated to the 

month if one knows the time of collection. The time of spawning varied by 

about one month over the area studied. Table 5 indicates growth data for 

many of the locations visited rarely. They are placed in apparent order of 

decreasing rate of growth. There seems to be a broad relation to latitude. 

Those farthest north,e.g. Cree River,grow much slower than the more southerly 

populations. Apparently slight differences in latitude are of less importance 

in controlling growth rate, than are other variablesJe.g. food supply. No 

apparent relation to total dissolved solids (TDS) seems to exist. These are 

all relatively soft waters, i.e. TDS =app. 30-300 ppm. 





TABLE 5 
Total length(mm) for age of Cottus cognatus in different waters 

the sex of some 1st year fish was not determined, they are assumed to be male for convenience 
- approximate latitude-longitude are listed and approximate TDS(total dissolved solids) where 

that data was available. 
year of life 1 corresponds to Age Group :Q and contains fry h.atched the same spring. 

o = no data
Rivers -ancrCre-eks . ·Males Females

Month Year Latitude Longitude T.D.S. Location Year of Life
123 451 2 345

Sept. '61 Low & Broad Creek 30 70 98 o 107 0 o 000

July Caribou Creek 18 68 97 l} o 0 64 91 0 0 

July '63 Rapid River o 75 95 0 o 0 0 0 0 0 

June '64 fJ Rapid 'River o 7490 96 o 0 67 78 90 91" 

June '63 Bow River o 50 0 0 000 000

A\lgust Otter Rapids 30 55 0 0 000 000

May '64 " Otter Rapids o 91 93 101 105 o 93 84 100 98

June '64 Nistowiak·River o 70 95 100 108 o 53 82 0 a

July '64 Little Bear River o 79 0 0 o 0 75 88 110 0

July '64 95 Sturgeon-Weir River20 80 90 100 0 0 62 81 90 0

July '64 95 Corneille Rapids 21 o 84 94, 109 o 52 86 88 0

July '64 Ballantyne River 22 o 84 0 o 0 0 71 o 0

July '64 Sear River 21 o 76 0 o 0 0 68 o 0

July '64 Mile #71 Hanson 0 60 0 0 o 0 0 68 0 0
lake Road 

July '64 Mile #85 10 0 0 0 o 000 0 0 

June '64 Cree River o 42 62 78 88 o 36 60 70 85 

n n ~1 n n nMay '64 Nemeiben River o la.R n n 



TABLE 5 (contd.) 

Month 

June 

Year 

'62 

Latitude Longitude T.D.S. 

55 

lakes 

Location 

Contact Lake 
1 
o 

Males 

2 3 
o 0 

Year 
4 5 
o 0 

Females 
of Life 

1 234 
0 63 0 0 

5 
o 

August Ii 't 'fj 55-68 Little Deer Lake o 75 0 0 0 o 0 000 

June 103°W 95-115 Jan Lake o 59 0 0 0 o 0 000 

September '63 55. SON 80 Hine Lake 00000 o 71 0 0 0 

June Tyrell Lake o 0 75 0 0 o 67 0 0 0 

June 55 Sulfide Lake o 50 65 0 0 o 0 000 

September '63 55. SON 105. SoW 45-66 Nemeiben Lake 30 65 0 0 0 o 0 000 

August Trout Lake 30 60 75 0 0 00000 

August McKay Lake 30 60 75 0 0 o 000 0 

August 110 Camp Lake 00000 o 58 0 0 0 

August 146 Otter Lake 25 55 0 0 0 o 0 0 0 0 

September '63 54°N 170 Waskesiu Lake 00000 o 0 000 

August 75. Bielby Lake o 000 0 o 53 0 0 0 

August 40 MacIntosh Lake 27 50 0 0 0 o 0 0 0 0 

June 105°W 45 Three Islands Lake '0 41 0 0 0 o 000 0 

August 80-103 Lynx Lake o 0 80 0 0 o 42 0 0 0 

June 106-l07°W 32 Cree Lake o 0 46 0 0 o 0 0 60 0 
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Smyly(1957),in a study of ~. gobio,found noticeably higher growth 

rate for fish in hard than in soft waters but he was probably dealing with 

a wider range in hardness than occurs here. 

6.10 Growth with age in different locations 

Figure 12 illustrates the differences in rate of growth with age, 

that occur in the same type of habitat at different latitude (Montreal and 

Cree Rivers), and in different habitats (Montreal River, Lac La Ronge) at 

the same latitude. 

Table 6 indicates the distribution of ages with length for these 

same three populations. Again it is obvious that Cree River fish experience 

much slower growth than populations of Lac La Ronge or the Montreal River. 

Reproductive maturity seems to be dependent on the attainment of 

a certain minimum size (Table 3). For river populations this size is approx

imately 70mrn for males and females. Fast-growing populations reach this 

length by the end of the first year of life while slow growing ones may not 

attain the same length till two or three years of age. Rate of growth exerts 

profoundeffects on the resultant population structure. Figure 13 shows that 

only 5% of reproductively mature adults are 4 years or older in the Montreal 

River, 12% are this age at Otter Rapids while 70% of the breeding stock is 

this old in the Cree River. 

6.11 Age determination 

The seasonal changes in the structure of the otolith must be under

stood in order to determine whether or not they can be used in age determina

tion. By examining a series of small sculpins preserved in each of the first 

six months of life from June to November, the time of formation of the 1st 

hyaline or 'winter' growth mark was determined to be the 3rd week of August. 

In specimens from both the lake and the river examined in this period those 

on August 12 had no ring, on August 22 approximately 50% had this characteristic 











Figure 12 Growth in length· of :3 populations of Cottus cognatus 

in Saskatchewan. 
Note:-Growth rate more rapid and growth increments largest in 1st year of life. 

-More northerly population (Cree River) slower growth than farther south 
(Montreal River) and growth in River(Montreal) is faster than the growth 
in lake{T.a Rnno"''\ f"hO "'''' ....... ~ ... ·.:It:lf" 1 ..... 



TABLE 6 

Age distribution of Cottus cognatus in successive 5mm intervals of total length, 
Sexes combined, for three different populations. (The figures: number of fish). 
This indicates the wide variation in age structure that may occur for different populations of the same species. 

Interval of Cree River Montreal River La Ronge 
total length June/64 (63) May/1964 (166) May/l964 (65) 

(nun) I II III IV V VI I II III IV I II III 
25-29 1 
30-34 2 
35-39 2 14 
40...44 2 3 17 
45-49 2 13 7 
50-54 1 38 4 
55-59 3 44 5 1 
60-64 2 18 4 2 
65-69 2 3 9 5 
70-74 4 1 4 1 2 
75-79 2 1 1 4 1 
80...84 2 4 2 3 1 1 
85-89 2 7 1 2 5 
90-94 3 1 4 2 
95-99 1 4 1 1 3 
100-104 1 2 4 
105-109 2 
110-114 1 1 
115-119 1 
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AGE 
GROUPS 

MALES FEMALES 

MONTREAL RIVER 

IV 
III 
II 

I 

70 60 50 40 30 20 10 0 10 20 30 40 50 SO 

PERCENTAGE 

OTTER RAPIDS 

IV 
III 
II 
·1 

70 60 50· 40 30 20 10 0 10 20 30 40 50 60 

PERCENTAGE 

CREE RIVER 

VI 
V 
IV 
III 
II 

70 60 50 40 30 20 10 O· 10 20 30 40 50 60 I 

PERCENTAGE 

Figure 13 Age distribution in the spawning stock of three locations in May-June 1964 
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structure and on August 26 all possessed the mark. In a similar series of 

larger fish collected on the same dates all showed the appearance of a second 

or third strip on the outer margin of the otolith separated from another dark 

hyaline band by a wide opaque strip as viewed in transmitted light. 

By examining collections taken during the following months, it was 

found that the dark hyaline band increased in width apparently both outward 

and toward the center, till about March. The date of formation of the second 

opaque 'summer' growth isn't known definitely. Samples in January had a 

hyaline edge, on March 27 a narrow opaque zone and on May 3,a slightly wid

er opaque band on the periphery. The fact that the hyaline growth seemed to 

progress in both directions made it difficult to interpret any seasonal 

changes in growth rate from examination of the otolith. No difficulty was 

experienced in reading otoliths from specimens preserved in 10% formalin 

for up to 6 months, as long as formalin was neutralized by the addition of 

sufficient ammonia. 

The same structural change in August was found to occur in both 

1963 and 1964. Calcifications become progressively more crowded and less 

distinct in older fish. 'False annuli' do occur at times but they can be 

distinguished from true annuli since they don't extend entirely around the 

circumference. Usually they appear at the ends only. The cause of formation 

of this banded structure is still largely unknown. 

The length of otoliths (mean for the pair from each fish) was 

plotted against length of fish in an attempt to check the aging by 'annuli' 

on the otolith. The amount of scatter is not great in terms of variance 

and could probably be resolved to significant regression, if there was a 

reason for doing so. 
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Figure 14 Relation of total length to otolith length for 45 ~. cognatus from 
various locations.Line of 'best' fit hand drawn b=.85. Similar relations were 
found for weight of otolith to length or weight of fish. These relations might 
give a satisfactory indication (or check) of age if it were not found mo~e
easily by otolith 'rings'. 
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However if large samples were taken,otolith length, width or weight could 

each be used to determine age for fish of the same sex and locality. These 

factors vary with age of the fish. Annuli were also evident in centra of 

the vertebrae. These were used by Zarbock(1952) to age Cottus bairdii 

semiscaber and have been found suitable for age in many other cases. 

'- <~t '1 Vertebrae are more difficul t to extract and handle and annuli were 

not as evident without staining, as they are in otoliths, so they were not 

employed to any extent in the present study except as a check on age as 

determined by otoliths. Ages determined by the two methods were the same in 

every case. Another 'check' was mentioned by Smyly(1957). The presence of a 

residual egg in the ovary of a spent female would indicate she was at least 

one year old. Unlike Smyly(1957) who found that length-frequency distribu

tion gave no indication of age groups in~. gobio, in the case of ~. cognatus 

at least the" youngest age groups could be distinguished by this method if 

fairly large samples,i.e. 150-300' ,are collected for the same date and 

location. The growth in successive months is also evident as an increase 

in the modal, length (a shift to the right ,Figure16). For these large samples, 

age by examination of all otoliths was too time consuming. Sexes were separ

ated, age for a few fish of modal length was determined from the otoliths, 

fish in the length range where overlap occurred were separated by otolith 

examination and the fish in the mid range of length were assumed to be the 

same age as those at the mode. This works satisfactorily for separating 
and 

Ages I II but overlaps in length for older age classes, necessitates examina

tion of otoliths of each individual. Assumed ages from length-frequency hist

ograms agreed closely with age determined from otoliths. 

Most fish held in aquaria over winter retained the same otolith 

structure as fish in the natural habitat, However a few underwent a 

partial or total clearing of the otolith (Watson 1964). This may represent 
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Figure 16 Length frequency histograms of 303 £. cognatus from the
Montreal River in October(above) and 185 from the same location in Novembe~.
(Total length by 5mm intervals). Frequencies are shown as the % of the total
number, of fish in the collection. Notice the consistency in length dis
tribution for the two months t the increase in modal length by 5mm(40-S0)
in Age I and the complete separation of Age Class I - II.
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failure of the aquarium situation to provide some necessity found in nature. 

Mean length for age, as determined by otoliths, compares closely to modal 

length determined from length-frequency distribution. 
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7. REPRODUCTION

7.1 Sexual recognition 

External recognition of the sex of a fish may be difficult or 

impossible at times. In this species the presence of a V-shaped genital 

papillae just posterior to the aperture identifies the adult male,but this 

character becomes progressively harder to determine in smaller fish. The 

uniform dark pigment of the male and the bright orange border on the spin

ous dorsal fin are characteristic for mature males for about 3 months of 

the year but since the body can be quickly changed to~a mottled hue when 

captured, this is of Ii ttle use in distinguishing sex. The fema Ie's orange 

band is almost equally well developed. Mouth width and head width varies 

with sex for fish of similar size but the character also depends on the 

degree of elevation of the operculum at death. 

To avoid handling during aquarium experiments, live fish were 

examined for the presence or absence of the papillae and individual recog

nition was obtained by fin clipping codes. The sex of all preserved fish 

was found by examining the gonads. Ovaries~o readily distinguishable from 

testes in any mature fish. Observed in cross section ovaries are rounded 

while testes are flattened or triangular. Pigmentation of testes is slight, 

while ovaries are more heavily pigmented especially in spent condition. 

Spent females can be distinguished from immature individuals. The 

covering of the ovary is heavily pigmented in the former, and nearly transparent 

in the latter. Occasionally spent individuals were found with residual eggs in 

the ovary. The heavily pigmented 'string' of shrivelled tissue extending from 

the anterior end of the ovary, which was swollen with eggs in the ripe condi

tion, is also characteristic of a spent female. Since spent females captured 

in late summer already have small eggs developing, they are assumed to breed 

more than once; and every year after maturity. The few older fish found may 
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have spawned 3 or more times during their lives. The condition of the gonads 

in males was harder to determine. Spent males had a much smaller volume of 

testicular tissue than ripe individuals of the same size. There was also an 

obvious difference in the size of testes of maturing males and those of 

immature males taken in the same season. 

7.2 Sex ratio 

In most cases the sex ratio does not appear to vary appreciably 

from 1:1 for any age class. (Tables 7 and 8) Collections at various times 

were certainly biased toward obtaining more of one sex due to sampling method 

or habitat covered,but hand collections of large numbers of fry, and shocker 

samples of older age classes outside of the spawning season gave a 

near 1:1 ratio. Areas that were shocked during the time when males were att

ending egg masses, yielded a greater percentage of females but when the same 

area was examined with a face plate it yielded quite a few more fish, mostly 

attendant males. Apparently they don't leave, or can't extricate themselves 

from nests as easily as the more exposed females, in the time that the shock

er is effective in the area. Hand collections from the spawning grounds, 

yielded more males because they tended to stay with the egg mass. Females 

and young were observed in the same area. 

7.3 Maturation 

The increase in egg diameter during maturation is shown in Figure 17. 

There was no great difference in the diameter of eggs in maturing females of 

different age or size from the same location, b~t larger females carried more 

eggs than smaller ones (Table 9 ). There was no apparent trend for larger, 

older fish to breed earlier - no doubt due to the much contracted breeding 

season in this species. 

An interesting difference between~. gobio and ~. cognatus exists 

in the extent of maturation of eggs for the following season. Mature-females 
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TABLE 7 

The number of fish of each sex (where ever determined) in each age group 

(where ver determined) in samples arranged according to month and location. 

Montreal River 

Age-group 
(months) 

Jan. Mar. May June July Aug. Sept. Oct. Nov. Total 
0-12 Males 118 122 0 0 0 0 33 0 0 273 

Females 161 154 0 0 0 0 24 0 0 339 

Sex undet. 0 0 0 221 25 29 0 286 155 716 

13-24 Males 23 14 54 27 0 11 6 4 15 154 

Females 23 19 97 26 0 10 8 10 10 203 

Sex undet. 0 0 0 0 21 0 0 0 0 21 

25-36 Males 0 0 4 8 42 0 1 3 2 58 

Females 2 5 4 3 49 0 0 0 2 65 

Sex undet.10 4 0 0 37 0 0 0 0 51 

37-48 Males 0 0 3 3 0 0 0 0 0 6 

Females 4 1 3 0 0 0 0 0 0 8 

()Sex undet. 0 0 0 0 0 0 0 0 0 

0 0 0 0 049-60 Males 0 0 0 0 0 

0 0Females 0 0 1 0 0 0 0 0 

0Sex undet. 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 061-72 Males 

1Females 1 0 0 0 0 0 0 0 0 

0Sex undet. 0 0 0 0 0 0 0 0 0 
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TABLE 7 (cant.) 

La Range Lake 

Age-group 
(months) Jan. Mar. May June July Aug. Sept. Oct. Nov. Total 

0-12 Males 3 0 2 0 0 0 0 0 0 5 

Females 2 2 5 0 0 0 0 0 0 9 

Sex undet. 0 0 0 15 0 34 9 14 0 72 

13-24 Males 2 2 24 24 16 10 6 34 0 118 

Females 1 4 38 21 16 12 8 13 0 113 

Sex undet. 0 0 0 0 42 0 0 0 0 42 

25-36 Males 1 0 5 15 15 4 1 2 0 43 

iFema1es 4 0 10 5 12 5 0 0 0 36 

ISex undet. 0 0 0 0 0 0 0 0 0 0 

I 

37-48 Males 0 0 0 7 1 1 0 0 0 9 

Females 0 0 4 5 0 0 0 0 0 9 

Sex undet. 0 0 0 0 0 0 0 0 0 0 



TA8LE 8 

The number of fish collected from other rivers and lakes arranged by sex and age. (Total 737)
Rivers and Creeks

~ge group Low & 8road Caribou Rapid 8ow. Otter Little Sturgeon Mirond 8ear Creek Creek Cree 
Months Creek Creek River River Rapids Nistowiak 8ear Weir Outlet 8allantyne River Mile #71 Mile#85 R. Nel 

M o o o o o o o o o o o o o o 0 
)-12 

o F 2 o o o o o o o 2 o o o o o o 

~ex Undet. o 12 o o 20 o o 12 o 7 14 o 1 o 5 

I M 4 7 25 17 3 11 9 10 o o o o 1 4 11 

l3-24 F 6 7 23 25 7 15 7 5 1 o o o o 5 18 

3ex undet. o o o o o o o o 3 o o o o o 0 
M

II 

25-36 F 

1 

o 

1 

1 

26 

3 

3 

3 

8 

5 

9 

4 

o 
1 

2 

2 

5 

1 

1 

3 

1 
1 

1 
1 

o 
1 

2 

6 

0 

0 

3ex undet. o o o o o o o o o o o o o o 0 

M o o 10 o 22 2 o 1 2 o o o o 120 
III 

37-45 F o o 7 o 3 o 1 1 .5 o o o o 2 0 

3ex undet. o o o o o o o o o 0: o O· o o 0 

M 1 o o o 1 2 o 1 2 o o o o 17 0 

IV F o o o o 1 o o o o o o o o 5 0 

3ex undet. o o o o o o o o o o o o o o c 
M o o o o o o o o o o o o o 4 0 

V 
F o o o o o o o o o o o o o 5 0 

, old, er 
o o o o o o o o o o o o o o 03ex undet. 



TABLE 8 (contd.) 

Lakes 

~ge groups Little Three 
Months Contact Deer Jan Hine Tyrell Sulfide Nemeiben Trout McKay Camp Otter Waskesiu Bieb1y MacIntosh Islands Lynx Cree 

,._~""....~....,
".r;:::;S£S 5C 

M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 

)-12 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

)ex undet. 0 0 0 0 0 0 4 73 3 0 6 0 0 5 0 0 0 
M 0 3 3 0 0 2 1 35 2 0 1 2 0 3 0 0 0I 

L3-24 F 1 1 0 1 0 6 4 42 1 1 3 5 1 2 0 1 0 

lex undet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
M 0 0 0 0 2 5 0 3 0 0 0 0 0 0 0 1 2 

II 
F 0 0 0 0 1 8 0 0 0 0 0 0 0 0 0 0 0~5-36

lex undet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

III 
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17-48 

lex undet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

IV 
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

f9-60 

lex undet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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TABLE 9 

Mean number of eggs in the ovary, egg diameter and ovary volume arranged according to age and locality. 

Montreal River 

No. 

Year of 

of fish 

life 
Nov. 

2 
Jan. 

5 

I 
Mar. 

34 
May Total 

9 52 
Nov. 

2 

II 
Jan. Mar. 
6 9 

May Total 
8 26 

Nov. 
2 

III 
Jan. Mar. 

7 4 
May Total 

3 18 

Mean length(mm) 
females 

of 78 74 82 83 81 91 84 89 96 90 97 99 106 99 95 

Mean dia. of eggs(mm) .8 1.4 1.9 2.0 1.5 .9 1.3 1.9 2.3 1.6 .8 1.4 2.0 2.2 1.6 

Mean vol. of ovaries (ml) .4 . 7 1.8 2.5 1.4 .5 1.0 2.2 4.6 2.1 .7 1.5 3.3 6.2 2.9 

Mean no. of eggs 778 309 337 346 347 890 466 405 415 459 l29l 613 508 784 685 

S.E. of Mean No. of eggs 
La Range

Year of life I II Otter Rapids May 21 
Jan. Mar. May Total Jan. Mar. May Total I II III IVNo. of fish 1 2 2 5 4 3 1 8 1 5 3 1 

Mean 1ength(mm) 54 57 56 68 64 69 67 93 84 100 98 

Mean dia. of eggs(mm) .8 1.8 1.3 1.3 1.5 1.9 1.6 2.3 2.3 2.2 2.3 

Mean vol. of ovaries (m1) .5 .5 .7 .7 3.4 4.1 4.5 

Mean no. of eggs 150 82 116 290 112 92 165 spent 309 411 512 

S.E. of Mean No. of eggs 

Note: Increase in egg diameterand ovary volume in progressive months, decrease in number of eggs with progressive 
months and variations in mean number of eggs with age and length of fema1e,and locality. 

\Jl 
\0 
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of ~. gobio, according to Smyly (1957), have various proportions of immature 

translucent eggs less than .5mm diameter, grey eggs ranging from .6-l.0mm 

and orange mature eggs from 1.6-2.Omm diameter. In contrast g,. cognatus 

has only one season's eggs developed to an extent visible to the naked eye, 

at anyone time. Thus when spring eggs are maturing the only other ones 

present are very minute (less than .lmm) and these don't reach a diameter 

of .3-.5mm till the following October. Maturation is a more rapid process 

in this species. 

There is a difference in the diameter of ripe eggs in females 

ready to spawn in Lac La Ronge (1.9mm) and Montreal River (2.2mm) and in 

the eggs found in egg masses, mean diamet?r 2.35 and 2.6mm respectively. 

This is yet another indication of the separate nature of these populations. 

Differences in the diameter of ripe eggs in the ovary and those in egg masses 

are due to the swelling which occurs right after they are laid and before 

they become water hardened. 

7.4 Age, length and weight at sexual maturity 

As mentioned previously, the criteria determining the year of first 

breeding seems to be size. In the Montreal River, mature females one year old 

have a greater mean length than immature females of the same age (Table ~.

The same relationship holds in Lac La Ronge where the whole size range of 

the population is reduced. Table 3 shows that this relation is similar in 

a number of other locations examined. There is a similar difference in the 

weight of mature and immature specimens but these were ignored in order to 

simplify the table. 

In the more southerly populations all fish are usually mature by 

Age II but at Cree River maturity may not be attained till Age IV due to 

the slow rate of growth at this latitude. 
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7.5 Fecundity and 'egg mortality' 

The number of eggs in ovaries varies with age and size of the 

female as well as with the location and season. Table 9 indicates some of 

the variations encountered. It is evident that fecundity of Lac La Ronge 

fish is greatly reduced in comparison to any river location. In fact there 

is complete separation of the two habitats on the basis of fecundity alone, 

as indicated by the standard error of the mean. The difference in egg numbers 

between La Ronge and the Montreal River is highly significant. The number of 

maturing eggs in some females was very high, e.g. a 106 mm Age III female

1420 eggs and a 96mm Age III female-1392 eggs. If the decrease in the mean 

number of eggs in succeeding months is any indication, extensive egg loss 

must occur between November and January (approximately 50% in most cases). 

The results of analysis of egg masses from six localities appear 
Montreal River 

in Table 10. Again the difference in mean number of eggs for Lac La Ronge and 

is highly significant. The mean number of eggs in egg masses offers a look 

at 'fecundity' at a later stage. In general the same order of relationship 

occurs as for eggs in ovaries. The higher mean number for the Montreal River 

may represent better reproductive success in that location than in some of 

the other rivers. It is interesting that the fecundity of the Cree River 

populations was not noticeably reduced. Only the time needed to reach 

maturity was affected by higher latitude. 

7.6 Spawning time, incubation period and time of hatching 

Data from the 1963-64 season have been tabulated (Table 11). The significant 

features can be mentioned briefly. In the Montreal River spawning occurred 

from May 3-8 at temperatures around 8°C. Hatching began on June 1 and ended 

by June 5 at approximately 18°C. The incubation period was 28-29 days. In 

Lac La Ronge the same process occurred about 3 weeks later at similar 

temperatures and the average incubation period was approximately the same, 



TABLE 10 

Mean number of eggs, mean diameter and volume of egg masses 
Note: Variation in egg diame~r and number of eggs for lakes, 

numbers within rivers. 

Place Montreal River Otter Rapids Rapid River 
Date May 6-31/64 May 21/64 June 10/64 

No. of masses (12) (56) (27) 

Stage of development blastula late eyed 

Mean egg diameter(mm) 2.6 2.6 2.7 

Range 2.5-2.8 2.4-2.8 2.7-3.0 

Mean volume mass(ml) 6.2 3.7 

Mean number eggs/mass 630 378 237 

S.E. mean number of eggs 

from different locations. 
rivers and variation in egg 

Nistowiak River Cree River 
lunell/64 June 23/64 

(20) (20) 

late eyed late eyed 

2.8 2.7 

2.5-3.0 2.5-3.0 

5.5 5.7 

347 375 

La Ronge Lake 
May 30-June 14/6 

July 2/63 

(12) 

early-late eyed 

2.3 

2.2-2.6 

151 

0'\ 
N 



TAELE 11 

Time of spawning, incubation period and time of hatching in various locations studied. 

Location Year Date Surface wa ter No. ripe No. spent No. of Stage of Incubation 
temperature females females egg masses development Period 

March 27 OOC Many None None Observed 
May 3 8.5°C 8 1 I-free floating 

II 6 6-7°C 5 2 few found Not yet S---May 3-8 
Montreal River hardened P 

May 8 8.0oC 1 Many (50) Elastula A 
64 " 16 13°C 0 8 (3) Blastula W 

" 18 l4.5°C 0 Early eyed N Period 
" 22 l5.5°C 0 1 'Medium I 28-29 days 

eyed' N 
May 29 14°C Late eyed G Temp. 8-18.5°C 

31 Late eyed" 
June 1 l5.5°C Hatching H June 1-5 

started A 
June 2 l7.5°C Mid-way T 

" 3 l8.2°C " C 
" 5 l8.0oC Completed H 

I 
N 
G 

M~y 3 3.5°C few 0 None 
8 5-6°C 3 0 

18 9-l0oC some None" 0 
" 22 l2.5°C s May 25-29

La Ronge 63-64 " 24 l3.SoC 1 Recently P Egg masses 
laid- - A 

May 2S 3 1 W 
" 26 3 Recently N May 24-July 2 

laid I Period 
May 28 11.0oC 4 N 23-34 days 
" 29 1 3 G Temp. 7-22°C 
" 30 2 ~EarlY eyed

June· 2 H June 14-Ju1y 21~ate eyed
" 6 14°C 1 A 
" 14 =-------::Few fry 
" 17 l8.SoC still in nest

T
C 

w
0' 

2 



TABLE 11 (Contd.) 

Location Year Date Surface water 
temperature 

No. ripe 
females 

No. spent 
females 

No. of 
egg masses 

Stage of 
development 

Incubation 
Period 

Otter Rapids 

Rapid River 

Nistowiak 

Cree River 

'64 

'64 

'64 

'64 

May 21 

June 10 

June 11 

June 23 

8.5°C. 

15°C. 

14°C. 

l6.2°C. 

7 

0 

0 

0 

3 

Many 

Many 

Many 

(56) 

(27) 

(20) 

(20) 

Just laid 

Late eyed 

Late eyed 

Very late 
eyed 
Hatched 
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although the limits were somewhat more extended. Although the light regime 

probably regulates maturation, temperature seems to be the main factor con

trolling time of spawning, incubation period, and time of hatching. Similar 

temperatures for these processes were found for widely different times and 

locations. 

7.7 The spawning area 

In order to study spawning in the Montreal River,four areas were 

investigated quite intensively. These areas, referred to as sites A,B, C 

and D were each about 200 yards apart in succession up the river on the 

north bank. Plate 22and the accompanying diagram, shows the dimensions of 

site C and the distances between egg masses. Table 12 lists the relevant 

data for 3 areas. The fourth (D) was used for behavior studies during the 

reproductive period. Water depth was less than one foot in all areas and 

varied from 2"-8" at different nests in the area measured during the first 

week in May. Water level rose a few inches and then returned to the former 

level about the time of hatching. No nests were ever found stranded above 

water probably beca~e the level didn't start to rise till spawning was 

complete. Thus eggs can be 'set' in shallow water near shore at a time when 

current isn't strong enough to sweep them away. During incubation they will 

be subjected to increased current and aeration due to the 3" rise but by 

hatching time the fry won't be swept away because the water has subsided 

and current is again reduced. It is possible that such an explanation could 

account for the predominance of nests in the shallowest near shore situation 

and the apparent greater reproductive success (more masses hatching in this 

area). Current in the area was approximately.S feet/second the first week 

of May at nests #17, #18 where it was judged to be fastest. A similar slight 

increase followed by a decrease in velocity occurredin succeeding weeks. In 

the Montreal River where both shallow rocky 'bays' and steep banked channels' 
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Table 12 

Nesting area A 13 C 

2 
Area ft. 

No. nests in area 

Mean nearest nest 
distance (ft.) 

= density per 
unit area 

Depth gradient May 1 
n 15 

June 1 

Current speed 

Temperature 
gradient 

182 525 160

12 17 18

2.5 3.6 1.9 

.06 .03 .11 

all less than 1 foot varied with date and within arE 

all .5feet/sec. or less varied with date and within arE 

varied with date and max. 1°C within area 

occur,sculpins nested in the shallows never more than l' deep and usually 

less than 6" where current was slight but present. The deeper water adjacent 

four at 
to the areas as well as many other locations was thoroughly searched but 

no eggs were ever found in deeper water. In the majority of the rivers stud

ied, the gradient is steeper and few shallow flats were available. In these 

situations, eggs were laid under rocks where the drop off was often nearly 

vertical, in depths to 4 feet and at velocities that swept away the diver. 

Egg masses were just as abundant on an area basis in these locations. It 

seems then, that Q. cognatus has a preference for shallow flats with medium 

to little current, but if such areas are unavailable it can nest over a range 

of depths and stream velocities. Of course the microhabitat (within the nest) 

is probably quite similar in both cases. 

Nearest neighbor analysis (Clarke and Evans, 1954) has been used 

with varying success in describing the spatial relations of various populations. 

I was struck by the apparent uniformity in spacing of the nests and wished 

to discover if this was as real as it appeared and if so, what caused such 
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a distribution. Suffice it to say that this method of analysis yielded results 

which would argue that the observed distribution is close to random rather 

than evenly spaced. Plots of inter-nest distances don't give a normal dis

tribution, suggesting that, either more than one factor is invovled in the 

observed distribution, or they are randomly distributed. I suggest that the 

observed distribution is due to at least,rhree focaxsLarge spaces in the area 

are empty due to lack of suitable habitat for spawning. Such factors as no 

flow, no water (area exposed) or no suitable nest sites, account for the 

absence or scarcity of nests in the center and south east part of Site C. 

The distribution pattern of nests seemed to follow lines where flow was great

est in channels created between the larger rocks. Nests probably don't occur 

closer together t~n in the present case, due to territorial behavior on the 

part of the males. Thus these distances (minimum 1 foot) represent the min

imum distance that attendant males will tolerate between one another. It is 

doubtful there is a scarcity of suitable nest sites in the intervening space 

since rocks were piled one upon another and chambers similar to the inhabited 

ones were abundantly available. It was observed on many occasions that 

wandering males were repelled from the nest sites by attendant males. At 

O~ter Rapids, egg masses seemed to be even more closely spaced. Is it possible 

that the degree of tolerance to other fish might vary in different populations 

or under different situations of population pressure? 

In the lake habitat nests were restricted to a depth of 3 feet or 

less and 1 1/2 feet was the more usual figure. Plate6 shows typical shore 

line on Lac La Ronge where egg masses were found. I had intended to carry 

out a similar spatial analysis of nesting areas for comparison to the river 

situation but the spring of 1964 saw such a drastic decline in reproduction 

in the lake that this was difficult. Distances between egg masses were not 

recorded in any location in the 1963 spawning season but egg masses were 
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fairly abundant at that time. A few hours collecting along a rocky shoreline 

might yield 10-20 masses. In the 1964 season I spent days searching similar 

shorelines without finding any masses. In 1963 masses were found in 3 feet 

of water as well as in 21t -3 ft of water right on shore and on steep shorelines 

as well as in bays with a gradual slope. This season only 12 masses were 

found, all at a depth of approximately 1 1/2 feet and 3-15 feet from shore. 

Areas in deeper (down to 80') and shallower water were thoroughly examined 

with negative results. 

In one location 7 masses were found, all with a reduced number of 

eggs, i.e. mean = 70. Males were attending. Maximum inter..;.mass distance was 

6', minimum 2' and masses were strung out in a ragged line more or less 

parallel to shore. Perhaps this is the zone of maximum wave action or food 

accumulation. 
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8 • l3ERAVI OR 

8.1 General behavior 

It is difficult to classify or categorize the many general obser

vations on different aspects of behavior that were made during the study of 

this species. It might be mentioned that very few of the behavioral traits 

noticed have not already been described for related species in the genus. 

I would conclude that the behavior patterns of ~. cognatus are quite similar 

to those of C. bairdii, C. gobioas described in the literature on these 

two species. 

Coloration valried with sex, season, location and 'mood I of the 

fish. Specimens kept in aquaria with different colored bottom~ black slate 

or white sand, have a certain capacity for pigment spread and consequent 

darker color in the first situation or pigment concentration resulting in 

lighter sha.ding~Cenconfined to a light bottom (Compare Plate 1 and PIa t e 25 ). 

Specimens collected from areas of rubble or light colored sAnd or gravel had 

a lighter, more mottled shading than those taken from locations where d8rk 

shale or slate was the predominant substrate. Some populations and individu8ls 

also had noticeably red tinges in the fins tha t weren't a.pparent in fish from 

other areas. 

The male is pitch black with a bright ora.nge-red strip on the 

first dorsal fin during incubation periods. Even the usually white ventral 

aspect is darkly speckled. Males collected at this time can quickly (1 minute) 

change to the mottled appearance of the female (Miller and Kennedy, 1946)~ut

in aquaria if disturbed they can also undergo other types of pigment migration, 

e.g. blanching of parts of the body while the rest remains dark. Occasionally 

fish with pitch black heads and tails and lightly pigmented bodies were 

seen in aquaria. Fish transferred from river to lake and kept in 'live boxes' 

often became a drab grey and fish in aquaria that were in poor condition often 
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lost much of their natural pigmentation. 

C. cognatus is not capable of sustained swimming. They rarely leRve 

the bottom and they sink quickly unless they continue to move treir caudal and 

pectoral fins. They are capable of raoid movement for short distances and can 

stop suddenly by extending their large pectorals. When pursued they usually 

head for the nearest rock and will often double back to confuse B ,?ursuant. 

In situations of stress, e.g. oxygen reduction or excessive temoerature,they 

swim erratically. 

This species is responsi ve to 'low level vibrations. Loud sounds 

often cause a fright reaction such as quick movement under cover. They could 

also sense my voice uttered underwater and move away if the sound is intense. 

I do not know if the species is capable of producing sounds. The 

'nodding' or 'barking' movement of the head made by Eggressive males was not 

accompanied by any audible sound. A sensitive underwater microphone could 

be useful in this respect. 

Climbing behavior noted by Bond (1963) for £. beldinge and 

C. rhotheus was also noticed in C. cognatus. Sculpins would 'hang' vertically 

in the corners of aquaria near the surface propped up by their pectorals. 

Often this was due to the action of aggressive fish which wouldn't allow the 

smaller individuals to settle on the bottom. In many cases platforms were 

incorporated in the aquaria to prevent nipping attacks due to the crowded 

conditions. Covers of glass or metal screen were placed over the aquaria 

to prevent sculpins from jumping out at night. They are rather resistant to 

exposure. At low temperatures with high humidity sculpins that climbed or 

jumped 4-5" out of the aquaria the night before were often found alive on 

the floor. The gills were moist and respiration continued. If these fish 

were wetted down and put back in the aquaria, they usually survived. In the 

field, sculpins that I was pursuing by hand in shallow water if 'cornered' 
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were often seen to leap out of the water,'scurry' across a rock and flip 

back into the water. 

An investigation on 'homing ability' of attending males was 

attempted by removing eighteen males from nests, numbered with red wax crayon, 

fin clipping them in a distinctive manner (using second dorsal and caudal) 

and releasing them measured distances from their nest. Fish were in good 

condition at this time (May 23), and none appeared injured by the slight 

handling. Clipping formula and exact location of nest was recorded. Each 

fish was placed in a plastic, water filled bag and immediately taken a 

measured distance from the nest. After allowing a few minutes for 'tempering' 

the fish were released. Five fish were released 100 feet downstream, five the 

five 
same distance upstream and directly across the river 100'. Three other 

fish were transferred 20' from their nests, one upstream, one down and one 

out into midstream. None of the 15 fish transferred 100' were found in their 

three three 
nests in the next days. All males displaced 20'were back in their orooer 

nests the following morning. Thus it seems that the male may either oossess 

a spatial knowledge of a certain area surrounding the nest, or wander back 

by chance. Assuming it is not chance, the 'memory' may be visual, olfactory 

or some other sense. Since returns were from upstream as well as downstream 

olfaction may not be the key. A sight plan of the area is more likely. Smyly 

(1957) mentions the strong homing instinct for a particular stonepossessed 

by Q. gobio. The present case demands a knowledge of a larger area. It would 

be interesting to determine whether the homing drive varies with the stage of 

incubation~i.e. Is there more or less homing drive during the 1st or 3rd week 

of incubation? Two or more opposing drives may be present, i.e. egg guarding 

vs. hunger. 

On May 5,1964 a 12 ft. 2 area was surrounded by a seine, shocked 

and the remainder of the fish removed by hand.The2~ish had their dorsal fins 

clipped and were released in the same area. This did not noticeably imoair 



76 

their movement. Shocking the next day recovered no fish in the same area, 
five 

and no marked individuals in the immediate vicinity but of the marked in

dividuals were recovered (dead) in July less than 300 feet from the site of 

release. Smyly(1957) marked 60 by removing the right pectoral. Bailey(1952) 

marked 75 wi th jaw tags - but berth of these methods would possibly 

impair movement and affect the results. 

On May 2,1964, five large Montreal River fish were weighed and 

measured alive then released on the shore of Lac La Ronge to see if they 

could find sufficient food to survive in competition with smaller lake 

sculpins. Only one was recovered (June 14) less than 100 feet from the point 

of release. He was about 3 grams lighter than he had been on May 21. 

8.2 Behavior associated with reproduction 

As evidenced from males and females caught in the same nest at 

breeding time there was a tendency for females to breed with males larger 

than themselves. There was also a trend for large males to be associated 

with the largest egg masses due either to spawning with larger more fecund 

females, or ability to attract more females to the nest site. 

Differences in coloration, stage of development and egg diameter 

in some masses,point to the fact that many of the large ones were the product 

of the spawning of two or more females in the same nest. Spawning was in 

progress at Otter Rapids the evening of May 21. Many nests were uncovered 

which contained a male with more than one female. In two cases I noted 

females in the same nest. Two were fully ripe, the third was partially spawned. 

The shed eggs were still soft on the roof of the nest. Egg masses under marked 

three .
rocks that were checked on succeSS1ve days during the breeding season were 

found to increase in size, due to the deposition of further eggs! All females 

caught outside of nests were either fully ripe, or spawned (except for a very 

few residual eggs).Hence the females are assumed to shed all their eggs in 
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one place. It is possible they could slip from nest to nest at night when 

sampling was not done, but the same thing was observed in aquaria. Once the 

female~ genital aperture became swollen she usually spawned within a few 

hours. Aquarium females were seen to shed their total comol±ment in one S?ot. 

If a male did not take them into a nest, some shed their eggs on the slate 

bottom and the eggs were not fertilized. The eggs carne in an initial large 

burst, then in a slower even flow while the female squirmed and bent her 

body to extrude them. Most eggs laid in the aquaria were white and apparently 

dead, probably because these females were overripe. Many didn't spawn in the 

aquaria. The ovaries of these individuals had a green tinge on the tips when 

the fish were examined. The eggs from mature ripe females could be stripped 

by gentle pressure of the fingers along the abdomen but eggs in overripe 

females were clumped and often couldn't be removed. Females were also observ

ed to shed their eggs while turned upside down beneath a flower pot fragment, 

in the aquaria. Males were present in the nest at these times but gave no 

evidence of fertilizing the eggs and in all cases eggs were eaten by males 

and females alike and were not secured to the roof. The presoawning activity 

of the male was never observed but on one occasion a female was seen to 

enter a nest, turn over and spawn at once while the male remained in one 

corner and gave no noticeable display of any sort. Eggs that were hand strip?ed 

from ripe females were fertilized with milt from the ripe males and ?ressed 
the 

on underside of pieces of pottery till the fluid accompanying the eggs became 

viscous enough to hold them in a mass (approx~mately 10-15 minutes). Males 

would remain in these nests with the eggs but this was probably done for 

shelter. No fanning occurred and the eggs were soon eaten. Eggs were found 

in the stomach of preserved males and females. An artifically spawned egg 

mass secured to a rock was placed in the river at one nesting area to check 

incubation time, but it disappeared in a few days. Aquaria with a sand-gravel 
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substrate were also tried but no natural spawning occurred. Crowding was 

not a problem; only one pair were placed in some aquaria. Both standing and 

running water were used, light was natural and temoerature was the same as 

in the lake. Natural live food was provided in excess. Males also failed to 
two foot 

attend their own eggs if nest and male were placed in a square submerg

ed pen in the shore zone. Instead they ate them. Apparently any severe dis

turbance, such as moving the nest after the eggs are laid, destroys the 

males protective drive, resulting in abandonment ot cannabilism on the eggs. 

A few egg masses were set naturally on pieces of pottery in the large cement 

tank in the laboratory in which fish were overwintered but observation of 

spawning behavior was not possible in this case. Males were in attendance. 

Hatching occurred about two weeks earlier probably due to the artifica1 light 

regime under which they were held. Apparently nest digging as described for 

~ gobio by Morris (1954) is not a necessity in this case since the flower 

pot fragments rested on a smooth cement floor. Most of the naturally laid 

masses were secured in rock enclosed spaces with no indication that males 

had done any enlarging, but in other cases obvious depressions in the gravel 

floor were evident. In the vast majority of cases eggs were secured to the 

underside of a rock but in a very few cases they were found on vertical walls, 

or on the floor of the cavity secured to the ground. 

Egg masses found floating free in the breeding and early incubation 

period in the river were assumed to have broken loose at the time of attach

ment or during incubation. Such masses were quite common at this time and 

were evidence of large prenatal mortality at this stage of development. 

From direct observation of more than two hundred sites in a number 

of localities, I can conclude that the usual situation is a single egg mass 

with a single male attending it. If the male isn't seen when the rock is 

lifted, he can usually be found by feeling under the rocks near by. In other 
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cases when the male wasn't found, if the nest was marked and checked later, 

he was present. The male will take a great deal of disturbing without 

abandoning the eggs, as long as they are put back in position. I have check

ed the same nest twelve times a day and on several days in succession with

out causing the male to abandon the nest. 

On four different occasions two egg masses were found under the 

same rock and only one male was present - dashing from one mass to the other. 

In swift running water where accessory aeration by fanning may not be a 

necessity, a large aggressive male could conceivably utilize and protect 

two closely adjacent nest sites. In the case where attending males were dis

placed to check their homing ability and some failed to return, three of 

the nests were taken over the next day by unmarked 'pirat~' males which 

proceeded to guard the eggs as if they themselves had fertilized them. 

These masses were successfully incubated and the fry hatched. In nests that 

weren't taken over, the eggs disaopeared within one week probably through 

fish predation. A similar case is cited by Bond (1963) for Q. perplexus. 

Ancattending male prodded away from its egg mass, was re1Jlaced by a nearby 

male which routed young sculpins already eating the eggs. If females place 

all their spawn in one nest, and more than one female often spawns in a nest, 

then since the sex ratio appears to be 1:1, some mature males would be left 

with no reproductive duties. This appeared to be the case in the Montreal 

River this season. Females were only found in nests at the time of spawning, 

and never during the incubation period. Two males were never found associat

ed with the same egg mass at the same time. 

Fanning behavior was observed on May 23, 1963, when a male from 

Lac La Ronge along with its egg mass on a rock, were placed in a 5 gal. aquaria 

at 6-8°C. Eggs were in an early stage of development. Observations at three 

hour intervals during the night revealed that the male was fanning slowly 



80 

6-8 beats then a 20-25 second break then 6-8 more beats on a continuing 

schedule. Aeration was not provided. He was situated with his head about an 

inch below and anterior to the egg mass. This fanning was very slow com-par

ed to that cited for C. gobio or £. bairdii (90/min. or more). Feeble fann

ing was often observed outside of the breeding season, by males and females, 

usually in conjunction with abnormally high temperatures. Often fish would 

fan slowly and incessantly at high temperatures in standing water, possibly 

to increase oxygen supply to the gills. 

8.3 Agonisitic behavior - or behavior associated with fighting 

Only once were two males observed beneath the same rocks, during 

the breeding season and then only for an instant. While I watched the larg

er male nipped the smaller, drove him from the area and then returned to 

the rock, which I had meanwhile replaced. An hour later when I again lifted 

the rock the larger male was present alone. This probably represented the 

establishment of a nest site since two days later a male (probably the same 

one) was guarding eggs in the same location. Sculpins are solitary, exceot 

when breeding, and although large numbers may be present in an area, they 

were never seen to congregate, but keot a minimum distance from one another. 

On another occasion a Lac La Ronge male in possession of a nest site and egg 

mass was seen to dash from the entrance with another males head in his mouth. 

I had to remove the larger fish from the water before he would release his 

hold. When returned to the water he immediately swam to his nest. The fish 

he had seized did not recover when returned to the water but swam in spirals. 

Two small holes penetrated the skull to the brain. This mark was subsequently 

found on a number of dead fish removed from aquaria where large fish were 

confined. Though they lack palatine teeth, evidently the knob like anterior 

end of the vomer can be forced down into the skull of another fish using the 

jaw for leverage. Sculpins were often observed battling in aquaria. They 
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would seize each other by the jaws and dash across the bottom twisting,fins 

erect, till one retreated. Often one would die a day or two later due to 

secondary infection of head wounds by fungus, etc. 
the 

In laboratory a 'peck order'swas quickly established whereby the 

largest,most aggressive fish got the choice of cover and was the first to 

feed. At first nipping was needed but once established,a threat display 

(head nodding, gill cover elevation, 'barking' or a quick movement forward), 

was all that was necessary to drive off other fish. Sex didn't seem to 

matter outside of the breeding season. A large female could be 'head fish' 

as often as a male. Since the condition of specimens held in aquaria often 

slowly deteriorated, a recently introduced smaller fish could often usur? 

the head position. 

If fish were starved for a few days the 'peck order' tended to 

break down and small fish would risk nipping to obtain food. Nipping and 

animosity among sculpins was evident even in young fry as soon as they 

started feeding. 

During the breeding season, the male becomes even more aggressive 

and will spend considerable time nipping and charging his image in a mirror. 

If two males are placed in an aquaria with only one flower not fragment for 

cover, the more aggressive (usually larger) individual takes it. When two 

females are introduced, the dominant male acts as if they 'belong' to him. 

He and the two females feed first when food is introduced and the smaller 

male may not get anything. The three fish may ignore the smaller male or 

swim over and rest on top of him. He makes no attemot to move. If he comes 

close to the entrance of the nest he is 'barked at' or nioped by the other 

male. If two nests are provided and the one chosen by the dominant male is 

then removed, it immediately chases the small male from the other nest. 

Females were allowed to enter the same nest near the time of spawning. 
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8.4 Hatching and behavior of the fry 

This phase of behavior was studied in six marked nests in the 

river - (as well as a few in the lake). On June 1st hatching began at l5.5°C 

but the majority of eggs were still whole. Fry lay in the depression in the 

gravel and the male moved about anxiously. There was little current in these 

nests and silt was forming in some. If the fry were disturbed with a finger 

they quickly returned to the depression. Once I thought I saw the male re

trieve a stray fry, suck it into his mouth and spit it back in the nest but 

the action was fast and the fry so small that I can't be certain it actually 

happened. This activity was only noticed once so I can't say if it is a 

regular occurrence. Peek(1869) described similar observations for Q. gobio. 

If prodded enough the male will leave but he always returned a few 

minutes later. Often they will only move to the cover of the next rock and sit watch

ing the activity in the nest. They were never aggressive to the point of 

nipping me. The nests of C. bairdi (Bailey 1952) were quite free of organ

isms but in the present study Trichoptera, Ephemeroptera nymphs and planarians 

were often abundant on the rock to which the eggs were adhering. Trichoptera 

were seen to crawl through the egg mass on occasion but they didn't seem to 

be eating eggs. No broken shells were found so either they are tolerated or 

ignored. Q. cognatus was seen to vigorously remove larger invertebrates from 

the nest. Large leeches, Plecoptera and small crayfish were seized in the 

mouth, shaken vigorously, ruched out of the nest and released some distance 

away. One male was found shaking a smaller sculpin in a similar manner. 

There was no evidence of attempts to remove fungused eggs. Very few were 

ever infected in the field. In a few cases whole submasses were dead, 

fungused and hanging loose but infection didn't spread to the remainder 

of the mass. Eggs incubated in standing aerated water (no change) usually 

become fungused. Repeated treatment with weak Methylene Blue 
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or Ma1achite Green reduced fungus but apvarently increased hatching mortality. 

Even in the lake, where fungus might be expected to be a problem, infection 

was rare. 

In an egg mass 6f approximately 300, 20-30 fry were found the 

first day, all but 10-15 hatched on June 2 and the remainder hatched on 

June 3rd at l8.5°C. No fry were found in the open these first three days, 

although extensive sampling was done in the area. All fry remained in the 

depression in the nest along with the male. Those that hatched on the 1st 

had the yolk sac partially absorbed by the 3rd and pigmentation was advanced. 

By June 5th male and fry had left the nest. Fry were found in the ODen sun

light around the nests in shallow water approximately 6" deep with little 

current, on the sides and tops of rocks and in the gravel bottom. None were 

found farther out in the stream where current was stronger. The marked males 

were found under rocks in the area as well as faIth er out in midstream. 

Once they leave the nest they are solitary. No tendency to aggregate was ever 

noticed. They were found farther out in the stream with increasing 

size. Even while still in the nest if a current is available they orient 

upstream - and usually travel that way if pursued. 

Fry were also hatched from eggs taken from the river in an early 

stage of development. For this, running, unfiltered, aerated lake water was 

provided. Flow was kept slight so eggs masses weren't turned in the hatch

ing jars. Hatching occurred about the same time as in the river. Fry remain

ed on the bottom and oriented into the flow. Survival was very high using 

these methods. Within three days they were swimming up, and feeding on 

copepods that were in the water, as well as on brine shrimp nauolii and 

small chironomids which were provided. For the first few days, growth oaced 

that in the natural habitat but soon it lagged behind, no doubt due to the 

fact that laboratory specimens were getting zooplankton while river fish 
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were already eating larger bottom fauna. Experiments were terminated at 

this stage. 

8.5 Behavior associated with feeding 

8.5.1 Method of feeding 

On occasion feeding behavior was observed in the field in addition 

to the many observations of feeding made under aquarium conditions. In both 

instances ~. cognatus seemed to locate food entirely by sight. I do not know 

whether sight is the main sense utilized at night but sculpins which were 

fed live Simuliidae larvae and earth worms in total darkness could devour 

them before the light was turned on. While diving I have watched them seize 

Amphipoda, Ephemeroptera nymphs and Simuliidae larvae during the daytime. 

In nature the adults usually restrict their daytime foraging to sheltered 

areas beneath the rocks although an-overly active prey may be pursued out 

into the light. The fry are less restricted by day light and I have watched 

them cock their head, 'eye' Ephemeroptera nymphs crawling on the gravel, 

then lunge and swallow them with an action that is too rapid to be followed 

in its entirety. Gravel is often taken into the mouth at the same time as 

an organism. Usually it is spit out but apparently it may be ingested also 

as stones obviously not from Trichoptera cases (in controlled feeding no 

Trichoptera were available) were sometimes found in the stomach. 

I have seen a large sculpin seize an amphipod along with the 

gravel over which it was crawling, spit out everything, reseize the amphipod 

and chew it down . The fact that the teeth curve backward tends to prevent 

escape of active food. An earthworm or large Trichoptera may be ingested 

over a period of minutes, the sculpin progressing along the worm by alternately 

releasing, swallowing and resetting his jaws on the morsel. Simuliidae larvae 

when abundant, are not stalked individually. Instead a piece of vegetation 

containing anywhere from 50-100 individuals is seized, the larvae are worked 



85

off within the mouth and the vegetation is 'spit' out. However 7while collect

ing in November and March, sculpins were observed foraging on vegetation as 

well as on the surfaces of rocks in flowing water where they would loosen 

Simuliidae larvae with their lower jaw. The current seemed to sweep the 

organisms into the mouth cavity. In this case the Simuliidae larvae were 

very derselYdistributed. In situations of lesser density they are ingested 

individually. Organisms may be caught in two ways. In some cases large 

Trichoptera are pulled loose in the sculpins jaws~ at other times they are 

'sucked' with a rapid incurrent of water by means of opercular movements 

by the fish. 

8.5.2 Sensory utilization and 'learning' 

That sight is the main sense utilized in feeding is evident 

from the following observations. Hungry sculpins will continue to snap viciously 

at Trichoptera larvae and Ephemeroptera nymphs moving in the next aquaria, 

although separated by two glass walls. In a similar manner they will attem?t 

to devour moving organism incased in a glass vial submerged in the aquarium. 

If the heads of Tichoptera are crushed and the dead organisms are then re

moved from their casing and placed on the aquarium bottom, they are approach

ed by sculpins, but are rarely eaten. Only a moving prey seems to excite an 

attack. Dead organisms though freshly killed will become fungused and rot 

but sculpins will not eat them. Large Trichoptera were removed from their 

cases of wood and stone and placed in a glass bowl of inside diameter 4" 

with glass walls 2" hig!l. When the bowl and contents were placed on the 

aquarium bottom, hungry sculpins were attracted from their lairs by the 

movement and would rush head long into the 'invisible' glass walls while 

attempting to seize the Trichoptera larvae. After a few such thwarted attem?ts 

they would dash around the perimeter and bash headlong into it from another 

angle. They would often ingest gravel in these attacks but would spit it out 

immediately. After a few minutes of this some would retreat only to return 



86 

for another attempt a few minutes later. If the odd Trichoptera were now 

dropped outside the confines of the bowl, this only served to confuse them 

more. Often it remained wriggling on the bottom till a sculpin would risk 

another encounter, but if it were eaten this stimulated more futile attacks 

on the glass enclosed specimens. By placing rocks around the bowl I succeed

ed in getting sculpins to rest above the rim of the bowl. From this angle 

they had a direct line of attack down to their orey. Eventually one or two 

glided down from their perch and wererewarded with food. A large sculpin 

under these circumstances will gorge himself on a few large Trichoptera 

larvae. They had as much trouble leaving the enclosure as entering it. Often 

they would race around inside for ten minutes before they tried swimming uo 

far enough to get out. I partially succeeded in 'training' two large males 

to obtain food by going over the top without all the preliminary head bang

ing resulting from futile direct horizontal encounters along the bottom. 

Learning was not perfect since on occasion these trained individuals would 

still try the 'direct approach'. After a few trials(two feedings/day) they 

could get over the top when the rocks were removed in less than 30 seconds 

on every trial compared to more than 90 seconds for the one of three other 

sculpins in the same aquaria that succeeded in entering. It seems imurobable 

that they learn such behavior patterns from observing other individuals since 

all were present at the same time but only the two succeeded time after time. 

Reinforcement is likely involved in the case of successful entries. They 

were fed without the bowl on the following two days and then the next day 

the bowl was reintroduced. The two males reverted to direct attack and were 

unsuccessful in obtaining food. This is as far as this work has progressed 

to the present. Obviously much useful information on learning in this species 

could be obtained by more refined critical experimental procedure. Adults, as 

well as fry, in such a feeding situation, when aroused by the sight of food, 
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but unable to obtain it, often becam.e very aggressive and would nio other 

nearby fish and drive them away from the bowl. 

On a calm day, when wave action in the shore zone is not intense, 

the same bowl containing two Trichoptera placed in the rocky area south of 

the lab at Lac La Ronge was successful in attracting sculpins. Large 

sculpins were even caught on a very small hook inserted in a wriggling 

Trichoptera left on the bottom in proper habitat, but the 'bait' must be 

moving freely. Trichoptera that are dropped into the aquarium behind rocks 

where they aren't visible may remain there sometime before they are found 

by a fish that happens into the area. If the olfactory sense was used in food 

seeking, I would guess that such organisms would be sensed more quickly, 

especially in cases where flowing water would provide a vehicle for distrib

uting any 'scent' that may exist. Suitably sized pieces of raw liver,(beef 

and pork) ,heart and spleen, which are readily devoured by many species of 

fish,are usually ignored by sculpins. In the rare instance, a piece may be 

seized as it descends, but even this is usually spit out. Fry, even from the 

first day of feeding,also depend on sight. They can be observed in the 

aquaria pursuing elusive copepods and lunging at them. 

8.5~3 Predation on eggs and fry 

It has been noted by many workers that fresh water species of the 

genus Cottus prey on eggs and fry of the Salmonidae (Smyly, 1957; BailY,1952; 

Dineen, 1951; Koster, 1937; Surber, 1920; Ricker, 1934; Zarbock, 1952.) None 

of the locations in the present study were inhabitated by stream trouts along 

with this sculpin so relationships here are not known. However,many of the 

lakes studied harbor lake trout and C. cognatus. Eggs removed from a ripe 

trout in October were quick frozen and later fed to sculpins inhabiting a 

large cement tank at 5°C. None of the eggs were eaten although they seemed 

No 
to be of suitable size .• s\CUlpins collected from the lake in October or 
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January contained eggs in the stomachs but these were not collected where 

trout would have been expected to spawn (near the laboratory dock). 

Mr. Don Snell (Provincial Fish Culturist) told me that sculpins seemed to 

be excessively abundant in the Montreal River about the traps used for 

holding spawning valleye in spring. None of the sculpin stomachs had been 

examined for contents. 

Observational data would indicate that sculpins feed almost en

tirely on moving prey and would suggest that predation on eggs would be 

slight, but more usual just at the time of laying when eggs may be seen 

drifting freely. Smyly(1957) reached a similar conclusion in his intensive 

study of Q. gobio. However,data from examination of stomach contents show 

a sizable dependence on eggs at certain times and in certain places. It 

could be argued that movement of eyed embryos attracts or provokes ingestion. 

But eggs in all stages of development are eaten, and since they occur in 

stomachs, in small clumps, it is assumed they are torn from egg masses 

either left unguarded or drifting free, or eaten by the attending male him

self. Predation on their awn eggs is a natural occurrence not resulting from 

the authors disturbing nests during collection. This do~ not negate the 

assumption that some of the predation may be due to behavioral imbalance 

stemming from other sources. The attending male was seized immediately on 

uncovering a nest so he had no time to devour eggs. Egg masses and fish were 

of course preserved separately so predation was not due to the confining 

situation. 

Eggs were found in mature males and females and immature yearlings. 

Usually only a small part of a sample contained eggs and individual fish had 

few present. More rarely they were gorged on eggs. Fish remains were rare in 

sculpin stomachs~ Of three large adults, each had one fish in its stomachq, 

In all cases the fish were yearling sculpins. In the confines of the 3' x 10' 
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tank during the winter, cannibalism by large sculpins on smaller ones was 

common, probably until a population level was reached at which the food 

given them per day was sufficient to prevent such activity. In the aquaria 
f 

small yearlings were found with various amounts of their caudal end chewed 

off an4 adults were seen, when the lights were quickly turned on at night, 

with smaller sculpins protruding from their mouths. In the field one attend

ing male was collected from a nest with a live yearling struggling in its 

mouth. Spottail fry approximately III long were introduced to aquaria contain

ing large hungry (starved 3 days) sculpins.Usually the sculpins remained on 

the bottom, the spottails in midwater, though the sculpins definitely fol1

owed the fry with their eyes. Occasionally a sculpin would swim UP in an 

attempt to catch the fry but they easily avoided capture since a sculpin 

is incapable of rapid swimming in midwater. Injured fry with a reduced 

swimming ability were eaten but natural predation on other fish is probably 

slight. Other fish often found in similar habitat (darters, dace, stickle

backs, and small burbot) were also confined in the same aquaria with no 

noticeable interaction except for competition for the same food, which rarely 

resulted in nipping or other agonistic 'displays'. 

8.5.4 Food preferences 

Sculpins appear to have definite food preferences, as determined 

from observation of their feeding behavior in aquaria. When large Gammarus 

lacustris,Trichoptera {Hydropsychidae) and Ephemero1)tera nymphs (Heptageniidae) 

were provided in equal numbers (6 each), three large river sculnins ate the 

amphipods and Trichoptera with about equal preference (ate them first but 

in various order) and ate Ephemeroptera nymphs when they had finished. This 

may represent a difference in preference for the three food items, or a 

variation in their degree of concealment, but the trial was done on a clean 

slate bottom providing no cover for any of the organisms. Corixids and notonectids 
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though fairly abundant and apparently catchable,srerarelyeaten in the 

aquaria. 

Leeches and large Plecoptera were usuall ignored, but a starved 

sculpin will attempt to eat both. They have diffic lty ingesting these two 

organisms probably because of tough cuticle and la these 

organisms show up occasionally in stomach content lysis. Smaller Plecontera 

are more common in some river samples supposedly d e to greater availability. 

In general, a hungry sculpin attempts to eat anyth·ng which moves actively 

and is of suitable size. However,having tried an u familiar species, if its 

cuticle tends to be excessively tough,they will sp't it out and after several 

trials they will ignore the same item introduced 'nto the aquarium. In this way 

larvae of the mealworm Tenebrio sp., large leeches, Plecoptera and Odonata 

were found to be unsuitable food. On the other han, large species of 'case 

making Trichoptera' though not a normal food item, once removed form their 

protective encasement, were. found to make excellen food. It is merely an 

assumption that the hard cuticle is the factor whi these other 

organisms unsuitable. It may only be their large s'ze, although the Trichoptera 

larvae are readily ingested though just as large. richoptera only contain 

hard cuticle in the form of small plates. All thes organisms are swallowed 

whole and if collections are made at various times (during a 24 hr. period) 

organisms contained in the stomach can be easily i entified in some cases 

to species, so little has digestion progressed. 
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9. FOOD STUDIES 

9.1 Rate of digestion 

The question of rate of digestion is central to any discussion 

of variations in the amount of food consumed by sculpins in different seasons. 

Unfortunately only a preliminary investigation has been completed. In March 

1964 six yearlings caught three days previously and starved since, were 

killed and their stomachs examined. All were empty. All specimens were 

Age I and 55-6Omm long. Another six were selected in the same size range 

and each was placed in an individual gallon jar with slight constant flow 

and aeration (9 a.mJ.The temperature was 5-6°C. At 9 a.m. the next morning 

25 live Simuliidae larvae were placed in each container. Aerators were re

moved and larvae attaching to the sides of the jar were scraped to the bottom. 

An hour later no more than five larvae were present in any jar. These were 

removed. 

Fish were killed . at intervals. Each was placed in 10% formalin 

a few minutes, its gut opened and the contents examined. 25 larvae of this 

size occupy .25ml. but unfortunately progressive changes in volume were not 

recorded, only the degree of digestion was observed under a binocular microscope. 

Results: After 3 hours - no digestion distinguished 

6 " more slime, similar volume 

12 " larvae fragmented, volume app. 3/4~ intestine full 

" 24 - stomach nearly empty; intestine full~ larvae" 

mostly just head capsules. 

36 " - feces in jar, stomach empty, intestine full," 

mostly head capsules 

48 feces in jar, intestine - still some cuticle parts, 

It seems a full stomach of food can be fairly well digested in a/ 24 

hour period under these conditions. Two of the yearlings were males and four 
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were females. Probable variations with other food organisms, size of fish, 

sex and age, temperature or amount of food have not been determined. 

9.2 Periodicity in feeding 

Mmonthly length-frequency histogramssugges~£. cognatus in the 

Montreal River continues to grow till December, practically ceases growth 

while water temperature is from 3°C to OoC, and then begins to grow again 

when the water warms above 3°C. Apparently food is utilized for various 

purposes to different extents at different temperatures and seasons. Near 
limit 

the lower lethal food is used for maintenance or'survival while at a slightly 

higher temperature it is channelled into growth. An optimum temperature for 

growth likely exists. If kept at OoC in standing water, well aerated to 

prevent freezing, feeding occurred but to a reduced extent. An excess of 

food was provided but only a few amphipods were consumed every three or four 

days. Fish appeared to be less viable at this temperature than ones of simil

ar size kept at 5-6°C. The majority died in less than 1 week. Movement was 

reduced and some slowly lost their sense of equilibrium. Stomachsare full

est during the winter months (Figure 14). This could be due to a number of 

factors - slower metabolism and digestion or more abundant food. Since 

digestion does occur at these lower temperatures (determined by laboratory 

experiment) ,since no empty stomachs were ever found in the winter months, 

and great uniformity occurred in the type of food consumed, perhaps the 

larger food volume at this time represents greater food abundance in the 

river habitat. 

Fantastically large numbers of Simuliidae larvae occur on rocks 

in the winter. The number of organisms counted on anordinary building brick 

submerged in 1 foot of water in January in the Montreal River was app. 2500 • 

Fish were also obtained from Lac La Ronge during January and March 

2
by exploring approximately 1000 ft. of shoreline beneath the ice near the 
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Figure I' The qualitative and quantitative seasonal variations in the food 
eaten by £. cognatus in La Ronge and the Montreal River. The histograms include 
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fluctuations in abundance of the various organisms in stomachs orobably 

reflect availability of that particular organism in the habitat. 

Food could hardly be considered as limiting in the river habitat 

in winter. By observation of their feeding behavior at this time, and after 

stomach analysis ,I would conclude that sculpins are in an ideal situation 

as far as food is concerned. Of course the food value derived from a diet 

of different types of organisms may vary. This possibility wasn't investigated. 

Slight variation at times,in food consumed by the two sexes are 

also evident,apart from variation due to size.(Table 12) Thus in the 

Montreal River in May ripe females contained an average of .1Oml food,spent 

females .15ml and males .23ml. The probable explanation for the difference 

is that ripe females are prevented from feeding by the huge mass of eggs 

they contain. The internal organs are reduced in size and forced far forward 

in the body. Spent females are not thus encumbered and begin to feed right 

after spawning. Males are not restricted in their feeding due to gonad 

maturation but their food intake is drastically reduced while they are 

attending the eggs a week later, e.g. Nistowiak (Table 12 ). Males do eat 

very small amounts while attending eggs as seen by stomach examination of 

males sacrificed on different days during the incubation period. It was not 

unusual to find a few eggs in their stomachs at this time. 

9.3 Food availability 

The availability of bottom fauna utilized by these fish at different 

seasons and in various habitats must firs~ be determined before the relation 

of food to population control can be understood. 

During the summer of 1964,I placed two bricks at each of two loca

tions in the rapid sections of the Montreal River. One site was the same 

used by Cushing(1961) for determining bottom fauna abundance in 1960 using 

Surb~samples, the other was approximately 400 yards up river. The bricks 



TABLE 13

Variations in food consumption of mature male and female Cottus cognatus during the breeding season 

1- -

Condition 

No. of fish 

Mean total 
length 

Mean stomach 
volume mI. 

Per cent 
stomach 

~

Per cent eating 
sculpins 

Rapid River - . Nistowiak Cree RiveMontreal River Otter Rabj.ds 
June 23June 11 June 11May 21MayMarch 

M.Females Males Females Males Fem~Females Females Males M.Females Males Fern. 

spent att.spent att.ripe spent attendingripe spent riperipeningripening rtp.e 
eggs e,ggs ~ggp

1232 10 19 3322 18 10 38 724 848 
-

9392 $8 84100 91 90 8392 9882 92 92 

.1612 .23 .20 .15.10 .20 .30.23.10 .15.38 .46 

16028 10 25 9027 27 0 6000 

31 0 010 0 06 00 0 0 00 

empty 

or eggs 
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were placed in 1 foot of water May 3 and weekly counts were made on one brick 

(the same one) at each location by submerging and counting Trichoptera larvae 

and Ephemeroptera nymphs on the surface of the brick. Organisms detaching 

during the count were also recorded. After this the brick was scrubbed clean 

down river and replaced. Counts on the adjacent brick were made periodically 

and were found to agree closely to the other brick,which was only allowed 

to develop a "7 day fauna". The fact that the two counts are similar suggests 

that 7 days is a long enough period to allow for recolonization of the brick 

to its maximum level. Thus what is being measured is probably seasonal 

fluctuations in bottom fauna abundance, not differences in drift rate of 

organisms with season. ~ters(1964) discusses the problems involved in 

determining seasonal variations in stream bottom fauna. Figure 19 shows the 

seasonal variations in abundance of the two most abundant organisms in the 

river (in summer). Decreasing wate~ level (Figure 18) arid water velocity 

at the samplin~ station in July necessitated moving the bricks farther out 

into the stream to a depth similar to that where previous measurements were 

taken. There was a total absence of organisms on the bricks on July 10 due 

to high water temperatures (28°C). Reduction of flow in some areas caused 

all the organisms to detach - they could be seen drifting in the water in 

large numbers. Recolonization began a few days later after the temperature 

decreased but the majority of Trichoptera larvae and Ephemeroptera nymphs 

were small and assumed to be from a recent hatching. By August they had 

grown considerably. 

Cushing (1961) found that the population of campodeiform(passive 

nest-building) Trichoptera maintained relatively low levels till the first 

week of July, then underwent an abrupt increase till a maximum for the first 

week in August, a further maximum about the third week in August and a 

final decline. The Ephemeroptera and Plecoptera showed similar fluctuations 
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Figure 19Summer variation in the abundance of the two most common bottom fauna 
organismn at the Montreal River collection site,as determined by weekly counts 
on.a uniform surface . Means for two different areas are shown. The apparent total 
disappearance of organisms theIst week of July 1964 was due to reduction in 
current in the sample area due to decreased water level. 
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suggesting that a similar facllr may control their abundance. The abnormally 

high temperatures of July, 1964, may explain the observed difference in 

seasonal abundance in the two years. 

Cushing(196l) concluded that maximum bottom fauna densities in 

the lower rapids during summer are due to the development of plankton in 

Bigstone Lake above the study sites. Since organic nutrients are maximal 

at the outlet of lakes and tend to decrease downstream, bottom fauna direct

ly or indirectly dependent on plankton would also be expected to decrease 

downs tream. 

Cushing found a consistent (each month) decrease in zooplankton 

and phytoplankton measured at a station halfway down the river to that at 

the lower end. Just examining the rocks at the two areas during the same 

season gave me a similar impression. Half way down river submerged rocks 

are covered with Trichoptera but a mile further on Trichoptera are very scarce. 

It was evident that sculpins also followed a similar pattern of 

distribution. Great numbers occurred in the upper reaches of the river just 

below Bigstone Lake, but they were very scarce two miles downstream where 

the river entered Lac La Ronge. 

The abundance of bottom fauna and sculpins showed a strong relation

ship.Appendix 2 contains data on many of the other collection sites. It was 

soon evident that short intervals of flowing water between lakes harbored 

abundant sculpin populations and bottom fauna was dense while in long rivers 

both were scarce in the lower and middle reaches. 

Although qualitative differences in the food of lake shore and 

river habitat are not as great as might be expected, the quantitative diff

erences are immense. Even though~. cognatus is quite opportunistic in the 

food it will consume, by its own feeding behavior it is fairly well restrict

ed to bottom fauna. Oliver(1960) has made an intensive study of the bottom 
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fauna of Lac La Ronge. My collecting was done in 'exposed rock' situations 

which rank second to ooze in abundance of organisms (Oliver) in the lake. 

Mean number of organisms 1m2 in the main lake 

Amphipoda Ch ironomidae Ephemeroptera Trichoptera 
107 151 16 37 

The mean number of organisms in the 0-5 meter zone-exposed rock. 

Trichoptera larvae 33 

Ephemeroptera nymph 54 

01iver(1960) found spring and fall maxima and a summer minimum. It is possible 

that this accounts for the summer depression in stomach volume of fish in 

the lake. 

Comparing relative abundance of organisms, indicated by dredging 

(Oliver),to their abundance in stomachs (my data), shows that chironomids 

may be less available as food (due to burrowing habits). Ephemeroptera 

nymphs.:: and Trichoptera larvae seem to be taken in greater proportion than 

their abundance would suggest (compared to amphipods). It is likely that 

food preference, microhabitat and suitable size, besides availability, are 

involved in the number consumed. Inter-and intra-specific competition could 

also influence the number found in stomachs. 

The abundance of organisms in the lake shore zone is nothing like 

the figures quoted by Cushing (1961) for abundance in the river. 

e.g. Trichoptera 331m2 in Lac La Ronge 

Trichoptera 28/ft2 (minimum) 3335(estimated)/ft. 
2 

maximum in 
May 27 - September 5 the Montreal River 

Converting the river values to the same units shows that even the 

minimum value is 10 times the average in the lake and the maximum is 1,000 

times the average value. In addition, when Trichoptera are minimal in the 

river,S~l.U~lii~~ are even more abundant. Therefore it is easy to see how 
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a river of this nature could support a much larger sculDin pODulation. 

Although food may be limiting in the lake, other factors are probably of 

more importance in the river habitat. 

Quantitative sampling of the littoral bottom fauna during the 

two consecutive summers of the study would likely have revealed 

differences in the amount of food that would explain the decrease in 

fecundity, spawning and hatching in the spring of 1964(compared to 1963). 

9.4 Food of fry 

Fry in the river begin feeding about the third day after hatching 

(Table l3).Minute zooplankters contribute most to the first day diet (Clado

cera, Copepoda, Ostracoda). Two days later they have already switched to a 

largely bottom fauna diet (small Simuliidae, Ephemeroptera nymT:'hs, ehir(~onomids).

Ey the end of the month they average l7mm in length and the food consumed 

is similar to that of larger sculpins. 

No empty stomachs were found. A great range exists in the size of 

Ephemeroptera
organisms consumed. One fry 24mm long may eat a single nymph large 

enough to fill his stomach while another of similar size may contain 30 

minute chirononids which nevertheless fill his stonach to a similar degree. 

In contrast to the situation in the river, fry in Lac La Ronge 

were rarely full, in fact most were nearly empty. Some contained a few 

~~'hironomids, a" mphipods or 'OS tracods. Mos t were already infected wi th 

mYxosporidian cysts. 

9.5 Food of adults 

Table 14 shows the seasonal and habitat variations in food consum

ed by.Q.. cognatus in the two study areas. The amount and type of food con

sumed is closely associated with the availability of that particular item 

at that time. This sculpin feeds almost entirely on invertebrate bottom 

fauna. In the river Simuliidae larvae are the important winter food while 



TABLE 14 

The food of Cottus cognatus fry in different waters expressed as percentage of total volume 
Q) 

Q) t::: 
t::: r-l >-.T = trace o ::l r-lOO ~

Q) 0 ~ •..-1 "'0 t:::
bO -,.. ..0 Q) Q) 0..-1 ~ l-l col-l
l-l Q) •..-I Q) t::: p.. ::l Q) l-l Q) r-l Q) ti
::l or-::! ,.. l-l l-l co o~ co:> r-l:> Q)

Montreal River La Ronge Lake ~~cou op::: l-lCO Q) • ..-I CO·..-I l-l 
CI.l u U E-l H cop::: cop::: U 

June June June June June July Aug. June Aug. Sept. July July July Aug. July July July 
5 7 9 14 26 24 1 17 3 14 7 4 22 26 6 6 5 

No.of fish 39 12 16 23 12 16 17 15 30 9 12 12 2 52 14 7 1 

Mean length rnm 7 9 10 14 17 25 30 7 27 32 20 18 20.5 30 21 22.4 10 
just 

Per cent empty some 0 6 a a hatched aa a o o o a a o o 0 
stomachs feeding 

Food item ~

Insecta 
...... .;.- ... _..... - ',-' ". -----". 

Simu1iidae 1. a a 20 a a a a a a o a a o a a a o 

Chironomidae 1. t 25 20 40 15 15 20 a o a 50 50 100 a 40 50 50 

Ephemeroptera n. t a 60 50 80 60 20 a 25 25 10 a o 10 30 a 50 

Trichoptera 1. a a a a a 20 60 a 25 30 40 50 a 5 30 50 o 

Corixidae a a a a a o a a a a a o o 5 a a a 

Crustaceans 
Cladocera t 25 t 5 a a a a 0 o a a o o a a a 

Ostracoda t a t a a a a a a a a a a a a a a 

Copepoda t 50 t 5 5 5 a a a a a a a o 0 a o 

Amphipoda o a a a o a t a 50 50 o a a 80 a a a e 
l

" 
Nauplius 1. t a a a a a 0 a 0 a a a o a a a o 
Mollusca 

Sphaeriidae a a o a a o a o 0 t a a o o a o a 
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The food of Cottus cogna tus (adults) in different waters expressed as percentage of total volume 

T = trace
Lakes- = not determined 

Nemeiben Jan Cree Tyrell Sulfide Little Deer Trout McIntosh Otter McKay Nemeiben Waskesiu 
June June June June ,June August August August August August September September 

No. of fish 7 3 3 3 21 4 152 10 10 6 9 7 
~Mean length(mm) 59 51 72 57 74 44 41 37 44 48 54 

Per cent empty ~

stomachs 
Mean volume of .10 .10 .05 .25 0 0 0 0 .10 0 .10 .10 

food(ml) 

Food Items 
ilnsecta 0 0 0 0 0 0 0 0 0 0 0 0 
Simuliidae 1. 0 0 0 0 0 0 5 0 0 0 0 20 
Ch iron omidae 1. 60 0 30 0 5 0 0 25 0 20 0 0 
Ephemeroptera n. 20 20 40 10 30 0 5 0 0 0 50 30 
Trichoptera 1. 20 0 30 0 10 0 20 50 50 40 0 50 
Plecoptera n. 0 0 0 0 0 0 0 0 0 0 0 0 
Ceratopogonidae 0 0 0 75 0 0 0 0 0 0 0 0 
Corixidae 0 0 0 5 0 0 5 0 0 0 0 0 
O:lonata 0 0 0 0 0 25 0 0 0 0 0 0 

Crustacea 
Amphipoda 0 80 0 10 50 25 60 25 50 40 50 0 
Cambarus 0 0 0 0 5 50 0 0 0 0 0 0 
Cladocera 0 0 0 0 0 0 0 0 t 0 0 0 
Copepoda 0 0 0 0 0 0 0 0 t 0 0 0 

Others 
Sculpin eggs 0 0 0 0 0 0 5 0 0 0 0 0 
Algae 0 0 0 0 0 0 0 0 0 0 0 0 
Gastropoda 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaeriidae 0 0 0 0 0 0 0 0 0 0 0 0 0

I--' 

VJ 
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No. of fish 23 44 4 67 43 63 30 16 2 18 0 4 21 28 30 16 10 26 14 
Mean 1ength(mm) 50 88 50 84 74 75 70 70 64 79 72 75 78 82 0 88 48 35 65 
Per cent empty 0 35 0 15 2 16 0 13 0 6 0 25 10 14 0 25 0 0 0 

stomachs 
Mean volume of .10 .15 .20 .15 .16 .10 .20 .10 .10 .10 .10 .10 .10 .10 .20 .10 .15 .10 0 

food(m1) 

Food Items 
Insecta 

Simu1iidae 1. 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 30 
Ch.ironomidae 1. 60 0 0 0 t 10 0 0 0 t 0 0 t 0 0 10 0 0 0 
Ephemeroptera n. 20 10 50 10 15 20 0 6 25 t 50 40 10 25 0 8 25 0 10 
Trichoptera 1. 20 40 59 80 75 60 75 94 25 95 50 60 90 75 75 60 75 100 50 
P1ecoptera n. 0 0 0 0 0 0 25 0 0 5 0 0 0 0 25 8 25 0 0 
Ceratopogonidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corixidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Odonata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coleoptera 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 

Crustacea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphipoda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
Cambarus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cladocera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Copepoda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Others 
Sculpin eggs 0 50 0 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Algae 0 t 0 t 5 0 0 0 0 0 0 0 0 0 0 t 0 0 0 
Gastropoda 0 0 0 t t 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaeriidae 0 0 0 0 0 t 0 0 0 0 0 0 0 0 0 0 0 0 0 

I--' 
0 
+:' 
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campodeiform Trichoptera and Ephemeroptera nymphs form the bulk of the 

summer diet. In the lake amphipods are the main component year round while 

Ephemeroptera nYmphs and Trichoptera follow in importance (Gammarus lacustris 

was the predominant amphipod in La Ronge. Hyalle]a' azteca was found in the 

river occe rS ionally. Pontoporeia affints was not found but may be important 

as food for sculpins in deeper water. 

Plecoptera, Odonata, Gastropoda, leeches!'~~ifiSh and smaller 
,:fI, .~:..••,,> 

sculpins and eggs were eaten rarely but more often by larger than small in

dividuals. The small zooplankters were usually consumed only by very small 

fish. Hydra sp. and planarians were abundant in the habitat but were never 

found in stomachs. The blue green algae Nostoc sp.~of sizeand shape similar 

to fish eggs,was found in a few stomachs in the spring. Sculpins were rarely 

cannibalistic and when this occurred it seemed to be associated with situa

tions where normal food was very scarce. 

9.6 Food in other locations 

Generally food consumed was quite similar in other locations but 

certain special cases did occur(Table 14). For example large numbers of 

Cera t op og onida e were found in three specimens from Tyrell Lake but no 

other location at any time. Damselfly nYmphs were evident in specimens from 

Little Deer Lake but were rare from other locations. The abundant stream 

Ephemeroptera nymphs and the ones occurring most often in stomachs from 

Montreal River fish were Heptagenia sp. and Baetidae. In the Cree River these 

Ephemeroptera were replaced by Baetisca sp. and Ephemerella sp.in stomachs, 

and were found at no other location. Baetisca has large spines on the 

~esonatum but apparently they don't offer protection from sculpin predation. 

Bow River and Trout Lake specimens contained the Plecoptera, Pteronarcys 

dorsata~but Montreal River fish contained Acroneuria lycorias instead. 
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Variations away from the more typical Simuliidae, Trichoptera,
. ~ .. ,:-... ;......-;;...~....--"- .. 

Ephemeroptera, Amphipoda association are more evident in lakes and may in

dicate a more marginal existence. In the river where the more usual bottom 

fauna is abundant, all specimens fed on the two or three most abundant 

organisms. Aquarium studies showed that only some behavioral restrictions 

in feeding could be removed by starvation. 

A list of the food organisms identified in stomachs of C. cognatus 

during this study is included as Appendix 2. 
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10. POPULATION STUDIES 

10.1 Estimating survival and abundance 

Estimates of productivity exist for many species of freshwater 

and marine fishes. Most are based on catches obtained by standardized methods 

which have been used in many situations thereby allowing comnarison. The 

analysis of catches made by standard gangs of gill nets set in different 

areas and at all depths for 24 hour periods enables estimation of fish 

with 
productivity and comparison other areas where similar methods were used. 

Trawl catches over a measured area are used in a similar manner. 

In this case the closest approximation to standardized sampling 

available was the shocker collections made for a specified time or area. 

The same location was sampled in different months during the year to minimize 

the effect of variable substrate on numbers of fish collected. However the 

seasonal variations in bottom fauna abundance in one area relative to other 

areas,are affected by preference of different organisms for various current 

speed and depth. The abundance of these organisms probably determines abund

ance of sculpins in the area. The efficiency of the 230 volt,10.9 Amp,2S00 

watt,D.C. unit used in this study was tested by shocking a 114 square foot 

area surrounded by a seine secured on stakes driven into the substrate, re

moving the fish taken by shocking, and removing the remainder by hand 

collection. Of the total fish taken (24),half were recovered with the shocker. 

Its efficiency (on May 3rd, temp. 8.S0C) is approximately SO%. 

Samples were taken at the same location in January (O°C) after 

first visually estimating the number of fish/m2 (about the area you can see 

in water of this clarity and depth without changing position while submerged). 

Density seemed to be similar on the two occasions but shocker 

collections of 200 feet of shoreline yielded 340 fish in January and 117 in 

May. Equipment, methods and operators were the same on the two occasions. 

Twenty feet was the maximum width covered due to length of the electrical 
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cords and difficulty in moving the boat supporting the generator. Estimates 

of density determined by using 24 fish/144 ft 2 and comparing to the 4000 ft

shocked and by multiplying fish actually obtained in the 4000 ft 2 area(340) 

by the efficiency factor for the shocker(2) both give approximately the 

same value - 700. Therefore shocker samples on an area basis, probably give 

a fair estimate of density. Shocking during the breeding season took 

attending males in smaller proportions than their actual abundance, but out

side of this season they are probably collected in proportion to their 

abundance - (since the shocker is supposedly more effective, the larger the 

conductor, and because males aren't wedged in nests except during the 

breeding season). 

Shocking was less effective for sampling in the lake because 

stunned fish sink between the rocks and can't be recovered. The effect of 

electric shock in the lake was often lethal but in the river no noticeable 

mortality occurred. Fish were far less abundant in the lake, on an area 

basis. Anywhere from 100-300 yards of shoreline had to be covered to collect 

60-70 sculpins. 

Shocker samples in the river in October, November and January at 

the same location yielded 303, 184, and 340 sculpins respectively. I think 

the absolute numbers are more a reflection of time spent shocking than 

numbers of fish present (as observed by visual counts at these times). 

The percentage Age I fish in the three samples were 94, 84, 81 

II IIAge II 5, 14, 15 

II IiAge III 1, 2, 4 

The progressive reduction in percentage of yearlings in samples 

may represent mortality during the interval. If the values are put on a 

percentage basis the survivorship from one month to the same one the following 

year can be plotted. Three curves of fairly similar shape result. This assumes 
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that age specific mortality is constant from year to year while in fact it 

is quite variable,e.g. mortality for all age classes in the summer of 1963 

appeared very slight but in the summer of 1964 high temperatures in the 

river resulted in almost total destruction of all fish except the new fry. 

The shocker samples indicate only slight differential mortality, higher for 

the first than later years, but high all through life. 

If longevity is considered as total population 100% ~etrides~1949),

percentage of young 

then the life expectancy of yearlings in October (5 months old) is 12.7 months. 

those living untilNovember can expect to live 14.2 months and most survivors 

untilJanuary would die in another 14. 7 months. 

The width of river shocked was estimated as 1/10 of the total width 

where this shocking was done. Using the values previously determined for 

fish/unit area, the number of fish per foot of shoreline extending the whole 

width of the river was found to be approximately 20. Spawning is restricted 

to areas of suitable depth, current and cover. The density of nests per 

square foot of spawning area ranged from .11 to .03. The maximum value will 

be used because I am more confident that all nests were found in the area 

yielding this value. Between November and May the mean number of eggs in 

ovaries is reduced by 1/2. From field observations I know that a large number 

of eggs are also lost from masses between 'setting' and hatching. One half 

the number may be slightly high but I have no accurate data on this point. 

By comparing the mean number of mature females in the three shocker samples 

to the total number of fish caught, I estimate that the density of mature 

females is 0.6/ft of shoreline. The number of females that live to spawn more 

than twice in this river is insignificant~ Survivorship may leave about 10% 

of the Age I fish to spawn the second year. Therefore the approximate number 

of eggs produced in the life of an 'average' female is about 1000. Of these 



110 

less than 600 are spawned, possibly 300 hatch and the fry, which probably 

experience highest mortality the first few days will be reduced to less than 

20 within 5 months if a stable population (from year to year) is to be 

maintained. Survival can be estimated another'"way. The .6 females per foot 

of shoreline will produce 1.5 million eggs per mile which will result in 

100 thousand fish five months later or a percentage survival,from hatching 

till five months of 6. 5%.Compared to pelagic fishes that don't guard their 

eggs this is a large percentage survival, e.g. In Cod, Haddock and Herring 

less than .0004% survive the first 70 days,Oensen, 1939). 

In an estimate of population size some factor would also have to 

be applied to deal with the downstream decreases that appear to follow 

variation in bottom fauna. An index based on number of fish caught by 

uniform methods at various distances d6wnstream, or one based on zooplankton 

or bottom fauna abundance (data available) would be useful. 

Shocker samples would indicate approximately 20 fish per foot of 

shoreline in October or approximately 100,000 fish per mile (the amount of 

suitable water in the 2 miles of river). rf the average weight of fish is 

considered to be 2 grams (50 mm length) then the river produces approximately 

500 lbs of sculpin. It is likely that predation is slight since this pound

age of prey would support very few large predator fish. 

Since a number of assumptions are involved in the preceeding 

estimatesthey should be regarded as nothing more 'than an illustration of 

the extent of mortality occurring in this pooulation at different develop

mental levels and the approximate population size at this time. 

10.2 Factors involved in mortality 

The causes of mortality in natural populations and their relative 

importance are often difficult to determine. One needs only to undertake a 

field study to realize the complexity of ecological relations. For instance, 

-
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when I discovered fish dy ing in the Montreal River at a temnerature of 

29.5°C,I immediately assumed death was due to lethal temperatures. When I 

began to investigate the situation however, I found oxygen concentration 

was slightly lower, suitable food was scarce and water velocity was reduced 

due to low water level. Thus there existed a complex of related factors the 

relative effects of which mayor may not be capable of separation. In this 

particular case I believe they were, 

One way of approaching the problem of mortality is to test the 

interactions noticed or possible at various stages in the life history of 

the organism. Some of these have appeared or will appear elsewhere and will 

be mentioned only briefly. 

Depending on one's criteria of 'life', sizeable mortality occurs 

even before fertilization. Atresia or egg mortality which is approximately 

50% between November and JanuarY,must result from morphological and physio

logical restrictions on the number of eggs of a given size that can reach 

full term. The fact that size of individual eggs is fairly constant while 

numbers vary with size of the female probably assures that each fry will 

have a sufficient quantity of yolk to sustain it the first few days. From 

field observations, mortality due to the loss of eggs which become detached 

is also excessive during the first few days of incubation. This may have 

resulted in the apparent behavioral preference for shallow water of slight 

velocity when spawning. Mortality from this source may be more significant 

in rivers of steep gradient where all reproduction must occur in swift water. 

Attending males often devour a few eggs while in the nest but this is of 

slight significance when compared to the quantities devoured by young scu1pins, 

or other predators when nests are abandoned. I have never found very young fry 

in the stomachs of males but larger fish containing fry were occasionally 

found in the fall and winter. Large Odonata and crayfish were abundant in 
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the spawning grounds but examination of many showed no remains of fry. I 

doubt that food is limiting on fry in the river but it quite possibly 

could be in the lake. 

Avian and mammalian predators are rare. Mergansers, which appear 

to take a considerable number of sculpins in British Columbia (Munro and 

Clemens, 1937), are rare in this locality. Gulls feed on minnows and fish 

remains in the calmer reaches of the river but these, along with cr8yfish, 

don't hesitate to clean up dead sculpins which have succumbed to lethal 

high temperatures. 

Many young burbot were examined from the Montreal River, Lac La 

Ronge, and other locations. These and dace (~~ cataractae) are the most 

common associates of sculpins. Only one burbot in Lac La Ronge and a few 

from other locations contained remains of ~. cognatus and this was associat

ed with instances of reduced insect bottom fauna. In the Montreal River 

burbot were never found .to prey on sculpins though some were examined 

from each shocker sample. They are found under the same rocks and eat the 

same food - insect bottom fauna. 

The effect of this competition may be slight since although the 

young burbot have a larger food capacity, there are very few compared to 

sculpins. In the shore zone of tac 1a Ronge, dace, troutperch and stickle

backs are present. To some extent their feeding overlaps but preliminary 

examination shows that dace consume more vegetable matter along with bottom 

fauna. No sculpin eggs were ever found in stomachs of these 'competitors' 

but sculpins in the lake were often stuffed with eggs of both troutperch 

and sticklebacks in the spring of 1964 (but not 1963). This may mean that 

their regular food was scarce, since fecundity and spawning were also reduced. 

In a situation of abundant food, lack pf predation and competition, 
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sufficient cover and few parasites, what if anything, prevents a population 

from expanding to a level where one or more of these factors takes effect? 

Territorial behavior on the part of breeding males and the solitary nature 

of-all fish might prevent excessively large populations from developing. 

Possibly some control mechanism on population size (food availability) may 

affect fecundity. 

Figure 18 shows the seasonal temperature relations for two-three 

years in the two main study areas. In 1963 the surface water temperature 

in the Montreal River never exceeded 26.5°C and was rarely above 23°C. 

Similarly -in: 1960 Cushing (1961) found the maximum to be 25°C. While coll

ecting during hot periods I often found a few dead sculpins but had no idea 

to what their death was attributable. The same summer, sculpins were kent 

in aquaria outside the laboratory. As I had no readily available means of 

cooling the standing aerated water at that time,temperatures rose to 24-29°C 

for as long as a week, and diurnal fluc·tuations in these small aquaria were 

considerable. Oxygen level was always saturated and the water was changed 

whenever pH dropped to 7.6 - 7.8(normal lake water 8.0 - 8.4). Mortality 

for aquarium held adults was 80-90% during this period. An abundance of 

natural food was supplied but they stopped feeding when temperature rose 

above approximately 25°C. In contrast fry continued to feed actively, and 

though many became infected with a protozoan (due to crowding)\ survival was 

much better than for adults. Adults from the lake also seemed to tolerate 

increased temperature better than those from the river (as judged from the 

number of each surviving hot periods in aquaria). 

In the lake,maximum surface temperature was 28°C but fish went 

deeper during this period. They weren't seen in the very shallow water at 

this time but at 10' (22°C) fry and adults were both collected. 

While collecting at the outlet of l,ac La Range (Rapid River) a 
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"Week later, I discovered many dead sculpins on shore (als 0 dace, burbot), 

and judging from the degree of decomposition they probably died during the 

previous week. Since the surface temperature in the main lake reached 28°C 

and a long stretch of shallow water leads to the outlet, temperatures there 

would be as high or higher than 28°C. High temperature is the most likely 

explanation for the abundant mortality at that time. Unlike the lake situation 

fish in the river can not seek deep cool water because none exists. 

In the summer of 1964 I was present to witness just how drastic the 

effects of high temperature can be. On June 26 surface temperature in the 

Montreal River was 21°C. I was absent on a field trip till July 10. On this 

day the temperature was 28.SoC. The weather was hot and dry during the whole 

interval so it may be assumed that water temperature was slowly increasing. 

It may have reached 28° C as much as one week before. In any case dead 

sculpins were everywhere (Plate 30).They lay in the open and made little 

attempt to hide when approached. Some were so listless that if placed in the 

open hand they could not even flip out. Gill cover movements were greatly 

increased (90/min approx.). The pH was 8.4(normal). Oxygen varied from 7.S-8.0ppm 

depending on whether it was measured near shore or in mid-current. The 

temperature increased another degree (to 29.S0C) by evening. No nocturnal 

oxygen depression would be expected since little photosynthesizing plankton 

is available in the river(Cushing 1961) and vigorous physical aeration occurs 

in these rapid sections both night and day. A startling reductintin water area 

of the river occurred at this time because falling water level exposed . the 

wide 'flood plain' of the river. Plate 28,29 In May the river at this point 

was approximately 200 feet wide. By July it had been reduced to a narrow swift 

channel 10 feet wide with rocky pools a few inches deep stretching back almost 

100 feet on either side. Bottom fauna was nearly absent in the shallows but 

still occurred on rocks in the main 
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channel. There was no evident migration up "or down river. 

Those fish in the shallows made no attempt to reach midstream 

though there was free access to it. The fact that just as many dead or dying 

fish were observed in the main channel suggests that temperature was the 

lethal factor (temperature varied less than 1°C in the area). Several other 

stations along the river were checked during the next few days. Dead fish 

were numerous at each location. Heat appeared to be a~fecting some other 

species as well. A few dace and small burbot were found in a listless 

condition with fungused areas on their fins. The sculpins found often had 

fungused mouths and similar infection on other parts of the body. On July 10 

most of the dead fish were larger, older individuals(Plate 30.) Many yearlings 

were still active ,difficult to catch and obviously not yet as severely affect

ed by the heat. On July 11 yearlings were also found dead and by the 13 (temp. 

25°C) in a thorough search of 300 yards along the river I discovered only 

two live sculpins. Thus, except for the fry, none of which were found dead, 

the population appeared to be almost completely annihilated. Of 36 live fish 

(males and females) marked during this period (by removing the second dorsal 

fin) 29 were found dead in the same general area within three days. Some 

mortality may have been due to handling because they were already in very 

poor condition when found. 

This probably would have been a good opportunity to measure total 

population of the area, simply by counting all the dead fish. However cray

fish and gulls were already devouring the dead when I arrived so I have no 

idea to what extent the population had already been reduced by this time. 

Few of the dead or listless fish collected at this time were empty. 

Most contained small numbers of Trichoptera larvae or Ephemeroptera nymphs. 

Nine live but listless sculpins (6 large, 3 yearlings) were trans

ported to the laboratory on July 11, placed in flowing water aerated aquaria 
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at 26.5°C and provided with abundant food. By July 13 all the fish had died 

even though the temperature had dropped to 22°C. Possibly these fish had 

already experienced some irreparable damage which was not relieved by 

lowering the temperature. 

Bond(1963) tested the thermal resistance and oxygen requirements 

of a number of freshwater Cottids found in Oregon. He used two acclimation 

temperatures ,two time periods for increasing temperature and also did 

experiments involving abrupt transfer. The case that most resembles my field 
was 

observations would probably be the one where temperature raised from 20°C 

to 30°C over a seven day interval. In this case Bond found that all fish 

(three species) died by the seventh day at 30.3°C except for one fish which 

died on the eighth day at 3l.2°C. Black(1952) doing similar experiments with 

C. asper found that all survived at 22.8°C and all died at 26.5°C (compared 

to Bond who found they all died at about 30°C) but acclimation procedure 

varied in these two experiments. All that can be said for certain is that 

temperature above about 24°C may be deleterious to sculpins. 

Bond also studied distribution of cottids in relation to dissolved 
and 

oxygen concentration. Levels below 1.5 ppm were lethal levels below 2 ppm 

caused an avoidance reaction. Locations with levels below 4 ppm were not 

usually inhabited,perhaps due to fatigue and starvation which would occur, 

and levels above 5 ppm were occupied. 

In the present study the only location where low oxygen concentra

tion might occur would be in the lake under ice cover but in fact oxygen 

measured there in the winter was at saturated levels. 

10.3 Factors influencing relative abundance 

Changes in the distribution and abundance of animals depend on a 

complicated interaction of factors. Suitable habitat, territory size, fecundity, 

breeding success and survival at all stages can vary with food supply, current 
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speed, temperature and oxygen regime in countless combinations. The relations 

are so complex that the overall control of even one organism in one natural 

environment has still to be described. I only wish to point out a few of 

the factors that,from field and laboratory observations, may be significant 

in the present situation. Assuming that fecundity has a genetic basis, it is 

probably true that variations in fecundity of different species, or the same 

species indifferent habitat reflect the mortality schedule of that population. 

Eond (1963) .gives plausible explanations for the differential 

survival of cottid species with high and low fecundity. In the present study 

mean egg counts in ovaries and egg masses varied greatly in different localities. 

When enough is known about each population, such differences should 

be explainable in terms of some combination of limiting factors. 

Although fish in the lake appear to be living in a marginal situa

tion at all times, some advantages over the river habitat are now obvious. 

Control of population size in the two locations seems to be dependent on 

different factors. The lake population is kept toa low level by food 

availability and possibly predation, parasitism and competition. In the river 

abundant food and absence of predation and parasitism result in rapid growth, 

good survival and build up of large populations. In the absence of density 

dependent controls (male territoriality and solitary nature may be some), 

this population would increase until food supply, space or disease became 

limiting. In the present case this didn't occur. Instead lethal high 

temperature reduced the population to a mere vestige of its former level. 

However it shows signs of rapid recovery.,8y August a considerable population 

of adult sculpins had reappeared in the river. These did not come from 

La La Ronge (because these fish are morphologically distinct) so I presume 

they came from farther up the Montreal River system. This would necessitate 

a migration of possibly 10 miles from the nearest suitable site of habitation 
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across two or three small lakes in the chain. These migrants,along with the 

fry that were not destroyed, will probably cause a rapid population increase 

since any intra-species competition that may have existed at higher popula

tion levels will be absent, and because food is again abundant. 

The effect of type of substrate, depth, and - fdod abundance 

in determining distribution in the lake, and the effect of downstream de

creases in plankton and bottom fauna in the control of distribution in the 

river, have already been mentioned. As a corollary to this, short stretches 

of running water between lakes were found to have the densest populations 

since essentially the river is dependent for nutrient on the lake above. 

Lethal factors may exist all year round or only for a short time; the 

result is similar. 

It was evident that the substrate of the river was noticeably 

affected by the reduction in velocity accompanying the decreased water 

level in July. In the shallows ,silt was deposited and pond-type vegetation 

developed. In the deeper water the reduced velocity resulted in the de

position of a layer of sand and gravel where before only bare rock had ex

isted. The effect on bottom fauna was more striking. All the interstices 

were filled with sand and there were fewer unexposed surfaces to cling to. 

As a result bottom fauna was greatly reduced. Noticeable improvement had 

occurred one month later with the rise in water level. 

Macan (1963) gives an excellent insight into the effects of 

current speed on distribution and abundance of stream organisms. Simuliidae 

and Trichoptera larvae and Ephemeroptera nYmphs all have preferred current 

speed for habitation as well as a wide range which they will tolerate. I am 

sure that if these relations were investigated the results would go a long 

way in explaining the distribution of organisms feeding on this bottom fauna. 

c. cognatus was also found in temporary streams as narrow as two 
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to three feet arid a few inches deep. All these streams freeze solid in the 

winter. To survive, sculpins would have to return to a permanent water 

body (usually a small lake) to overwinter. Disadvantages as well as advant

ages may exist in this habitat. Most of the small streams had good cover so 

lethal temperatures wouldn't develop. Predation by larger fish is rare in 

this habitat. Slower growth and smaller maximum size than in the large 

rivers may reflect the impermanence of the situation and the smaller 

amount of bottom fauna that was usually evident. 
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11. PREDATION, COMPETITION AND ASSOCIATION 

11.1 Predation and competition 

Known piscine predators of sculpins include trout, char, grayling, 

whitefish, salmon, chub, squawfish, pike, burbot as well as other sculpins. 

Avian and ~arnmalian predators include the american merganser in British 

Columbia,~unro and Clemens, 1937) and the otter in MichiganJRyder, 1955). 

Many studies have appeared dealing solely with sculpin-game fish relation

ships. In some cases sculpins have been accused of excessive nredation on 

eggs and fry while in others their importance as forage fish may outweigh 

the importance of the eggs or fry they devour. In most cases both stream

trouts and sculpins can inhabit the same area due to separation of their 

feeding niche. 

Sculpins are restricted to bottom feeding while trout can feed 

at the surface and are more motile. The extent of utilization of sculpins 

by lake trout in this locale has received various interpretations. In a study 

of the lake trout of Lac La Ronge, Rawson (1961) found the diet of young 

trout (less than 16" ) to consist of 31% cisco,2l% sculpin, 18% 9-spine 

stickleback,17% Mysis relicta,and 13% others. The diet of larger trout 

contained greater percentages of cisco and only about 2% sculpin. Since the 

trout used in this study were netted during the ice free months, it is 

certainly possible that sculpins may be consumed to a different degree in 

winter due either to a shift in their own behavior or availability, or a 

difference in the behavior of trout or ciscoes. The elucidation of these 

relationships would make a worthwhile contribution. Fisheries survey work 

on Great Slave, Athabaska, Cree and Wollaston lakes have also shown cottids 

to be the second most important food of trout, following ciscoes mawson,1947,1959). 

In Lac La Ronge, Rawson found C. cognatus was slightly more important in 

Hunter Bay where the more usual forage species are not as abundant. 
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Periodically during the summers of 1963-64 I examined trout from 

the anglers catch in Lac La Ronge. These were mostly large mature fish. 

The bulk of the stomach contents consisted of ciscoes with much smaller 

amounts of sculpin, stickleback, whitefish and white sucker. 

The results of these and other stomach examinations are briefly 

tabulated below. 

Predator No. examined No. 
c

Cottus 
ognatus 

No. 
flua

Myoxocephalus 
dricornis 

Main food 
item 

,Burbot 
(small) 

300+ 5 1 bottom fauna 

l,ake trout 200t 4 6 ciscoe, w. 
sucker,stickle

back 

.Q.. cognatus 3000t 3 bottom fauna 

Pike lOOt 1 ciscoe, w. 
sucker, perch, 
stickleback 

If this was a representative sample it tends to verify Rawsons 

conclusions since about half the trout stomachs containing sculpins had two 

fish. Therefore the percentage of adult trout eating sculpins would be about 

2%. 

The fact that ~. quadricornis and .Q.. cognatus occur in the same 

ston'achssuggest that they occur in the same habitat, or at least close to 

one another. It would be interesting to discover what ecological barriers 

separate the two species. Jacoby(1953) studied the deepwater sculpin in 

Lake Superior • .Q.. cognatus formed the largest percentage of trawl catches 

from 120-236 feet to be replaced in abundance by ~. quadricornis at greater 

depths. Beyond 300 feet the deepwater sculpin formed 80-100% of trawl catches. 

At 600 feet stomachs of the deepwater sculpin contained fish eggs as the 

second largest component. Because of their size they were classified as 

sculpin eggs. It would be interesting to theorize that .Q.. cognatus fails to 
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compete with ~. quadricornis at this depth due to predation on its eggs, but 

this must await further research. 

The burbot I examined were mostly small specimens from the river. 

Large burbot in the lake are 'known competitors of trout (Rawson, 1961) ~hey

are not utilized for food in this area so it was difficult to obtain specimens 

to examine. The fewfrom other lakes.supplied by the Saskatchewan Fisheries 

Rranch,contained sculpins but there was no way of knowing what percentage 

of the catch they represented. From observations while diving I know that 

they are found in the crevices in the rocks and would be expected to take 

sculpins in this habitat. 

Extensive studies on the food of this species have not yet been 

undertaken for this area but Lawler(1963) reported that burbot in Hemming 

Lake, Manitoba, exercised only slight predation on Q. cognatus. Four young 

burbot, of 54 taken in a rotenlone shore collection in Trout Lake, contained 

£. cognatus fry and large scu1pins in the same sam?le were also feeding on 

fry. It has already been mentioned that burbot in the Montreal River were 

competitors with sculpin rather than predators on them, i.e. they ate the 

same food. 

Only one Pike examined (from Bielby Lake) contained Q. cognatus 

and no sculpins or their eggs were ever found in dace, darters, troutperch, 

white suckers, walleye, perch, longnose suckers or whitefish, though only a 

few of each were examined. The factors governing relative abundance of 

sculpins, dace and burbot in the same habitat are unknown. In some shocker 

samples burbot were abundant, in others there were very few, and similar 

fluctuations occurred in dace. Small pike and burbot were retained during 

the winter to study their feeding behavior in relation to sculpins. Spottail 

shiners, fathead minnows, brook sticklebacks, dace and darters were also 

available. At 22°C two 12" pike would eat about six large spottai1 shiners 
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per day. At 5°C Pike and burbot could be fasted separately for a week or 

more with no mortality. 

If large numbers of Simuliidae larvae were provided, burbot, 

sculpins, dace, darters and sticklebacks could be confined in the same 

aquaria with no mortality, but the burbot took the largest share of the 

food and would force sculpins away if they interfered. Only when very large 

amounts were provided, could other species feed. Even then I never observed 

dartersorbrook sticklebacks feeding during the three months they were kept. 

When three burbot were confined in an aquarium and starved for one 

week (at SOC) and then three adult sculpinswere introduced, one sculpin 

was eaten within the hour by the largest burbot. Apparently eating a 3" 

sculpin causes some distress to a 9" burbot. He was often seen during the 

next few days rubbing his distended stomach on the aquarium wall, or dashing 

around in circles. The following week this same burbot ate a smaller burbot 

(the other sculpins had been removed). Obviously they adapt their feeding 

to what is available. 

A lone 15" pike kept in an aquarium all winter, would attempt to 

eat any of the small live fish placed in the aquarium. This pike from Pike 

Lake near Saskatoon had had no experience with sculpins but if these were 

introduced they were usually eaten immediately. The sculpin probably senses 

danger for if it is fortunate enough to reach the bottom without being seen 

it can often remain there unnoticed for some time. However any movement 

provokes immediate attack. Small sculpins were eaten with no apparent ill 

effects to the pike so larger individuals (over 3" long) were introduced. 

The first large sculpin was seized head first but immediately spread his 

pectorals and the pike was unable to swallow it. Next he 'coughed' out the 

sculpin, seized him tail first and attempted to swallow him in this manner 

but the sculpin held the same position,fins erect anAgill covers extended. 
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After swimming rapidly about the aquarium for some time, chewing on the 

sculpin but unable to swallow it he finally 'coughed' it out. It lay 

motionless on the bottom in the same position but when removed to another 

aquarium it took refuge under a flower pot fragment. This sculpin died a 

few days later probably as a result of fungus infection of the tooth wounds, 

but a number that were fed to the Pike in the same manner, survived the 

ordeal. Apparently a certain amount of damage to the pike's mouth occurred 

since blood flowed from his gill slits for some time. Another large sculpin 

introduced the following day was not attacked but this hungry fish devoured 

three spottai1s the same day. This may indicate that l1ike can distinguish 

these species. It also may mean that the preopercu1ar spines offer some 

degree of protection not only from being swallowed, but from being attacked 

since the pike wouldn't attempt to eat other large scu1pins for several 

days. The smaller spines on brook sticklebacks didn't seem to offer similar 

protection,at least from ike of this size. Although they caused bleeding 

at times, they were always eaten. Similar more refined experiments on food 

preferences of lake trout using ciscoes, suckers and scu1pins of various 

sizes might point out some interesting relationships. 

11.2 Associations 

I will use this term loosely to refer to species observed in the 

same habitat when the ecological relations between them were not determined. 

Table 16 shows the association of various species with C. cognatus expressed 

as the percentage occurrence. 

Only different lakes and rivers were treated separately. More than 

50 locations were sampled on Lac La Ronge but they are treated as one. 

Association is listed if fish were seen (while diving) in the immediate area 

(and tentatively identified) or if they were collected by hand, shocking or 

poisoning, along with f. cognatus. Obviously dace, scu1pins and young burbot 
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TABLE 16 

Association of other fish species with Cottus cognatus in 35 locations in 

Saskatchewan 1963-64 as 

Common name 

Slimy Sculpin 

Longnose Dace 

Burbot 

Darters 

White Sucker 

Pike 

Spottail Shiner 

Yellow Perch 

Trout'perch 

Log Perch 

Brook Stickleback 

Walleye 

Longnose Sucker 

Pearl Dace 

9-spine Stickleback 

Emerald Shiner 

Blacknose Shiner 

Whitefish 

fish captured in the same locality.

Scientific hame Per cent occurrence

Cottus cognatus Richardson 100 

Rhinichthys catoractae(Valenciennes) 63 

lata lota(Le Seuer) 49 

Poecilichthys exilis(Girard) 29 
Boleosoma nigrum(Rafinesque) 

Catostomus commersonii(Lac~p~de) 26 

Esox lucius Linnaeus 23 

Notropis hudsonius(Clinton) 20 

Ferca flavescens(Mitchell) 17 

Percopsis omiscomaycus (Walba urn) 11 

Percina caprodes(Rafinesque) 11 

Eucalia inconstans Kirtland 11 

Stizostedion vitreum(Mitchill) 9 

Catostomus catostomus(Forster) 6 

Margarisc us rra rgina ta (Co pe) 3 

Pungitius pungitius(Linnaeus) 6 

Notropis antherinoides(Rafinesque) 3 

Notropis heterodon (Cope) 3 

Coregonus clupeaformis(Mitchell) 3 
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have some degree of overlap in habitat requirements since they are found 

together in so many locations. 

Eond (1963) noted that dace were co-occupants of rocky and gravel 

riffles. He felt competition for space was likelY,though in the Montreal 

River and Lac La Ronge they spawn at different times. Some competition for 

food seems probable from the present study. Eut"since dace possess greater 

mobility they may have a different feeding microhabitat or spread their 

foraging activity beyond areas where sculpins feed (Eond).II 

At one location (Eallantyne River), dace, burbot, log perch, 

other darters, troutperch and sculpins were all present in the same habitat. 

Sculpins were few and it is conceivable that the large number of species 

feeding on similar food in the same area could account for this scarcity. 

At most times it is difficult to make any assumptions on existing inter

actions, from the observed association of species. 
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12. PARASITES AND DISEASES 

I,ike most organisms, Q. cognatus has its share of parasites and

diseases. In some localities in this study the percentage of fish infected

and the extent of infection in individual fish was extreme. Table 17 shows

the percentage of fish infected with ~7xosporidian cysts. The genus is

probably Myxobtl1us SP.

The yellow-white cysts of these protozoans are filled with micro

scopic zoospores. The cysts vary greatly in size but the infection may 

result in a swelling of the abdomen so that an infected fish collected in 

late fall resembles a bulging female in spawning condition. Most ~yxosporidians

do not do serious damage to the host (Davis, 1953), but in this instance heavily in-

infected females failed to develop eggs for the following spring. Their whole 

abdominal cavity (in fish of either sex) was often filled with cysts and the 

viscera, urinary bladder, gonads and body wall were permeated with them. At 

times whole collections in La Ronge were infected and even very young fry 

contained cysts. 

I am not familiar with the life cycle of this myxosporidian, but 

SP. 
myxosporidians also occur in Gammarus l "a food item of scu1pins .Perhaps in

fection is by this means. This might also explain the total absence of in
SP. 

fection in the Montreal River population where no Gammarus occur. On the

other hand it may be that resistance to infection is that much higher in

river population with their higher K values, that infection may have been

latent and only develop when the fish are under stress. The third alternative,

that some stage of the parasite may not be able to survive in the river

habitat, is probably ruled out since it is found in some other rivers.

There may have been some geographical pattern to infection in the

lake _ Some areas were definitely free of infection. There may also be

seasonal differences in infection but seasonal differences in the size of



TABLE 17

Number and percentage of Cottus cognatus infected with myxosporidian cysts. (Myxobulus?)

March May June July August September October 
La Ronge Number of fish 8 

Percentage infected 62 

65 

19 

55 

8 

78 

62 

55 

100 

24 

50 

63 

50 

Place Rapid River Nistowiak Cree River Cree Lake Sturgeon-Weir Ballantyne Bear River 

Month June June June June July July July 

Number of fish 67 43 64 3 21 4 2 

Percentage 31 42 32 33 10 50 100 
infected 
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cysts or degree of infection were not recorded. 

The larger, hard yellow cysts first found in the liver, stomach, 

and body wall of specimens from Corneille Rapids contained cestodes easily 

identified by the scolex hooks as Trianophorus nodulosus. This tapeworm 

has a stage in the copepod Cyclops bicuspidatus by which infection enters 

a variety of secondary fish hosts which are finally consumed by the tertiary 

host, -the pike. Miller(1952) reported !. nodulosus in~. cognatus in 

Manitoba. I believe this is the first record for Saskatchewan. Although all 

specimens from the Montreal River were examined for the presence of cysts, 

it is very puzzling that none were ever found till fish were dying from 

lethal temperature in July, 1964. At this time a few specimens contained 

this cestode. Is it possible that they can only develop fully when the fish 

is in a weakened condition? 

Nematodes were also numerous in the heavily parasitized Lac La 

Ronge population. Probably two or more species exist: small white ones were 

common and much larger short yellow ones were found at times. They occurred 

most often in the intestine. No adverse effects were directly evident as a 

result of nematode infection. 

Ligula ~ was found in Lac La Ronge specimens more rarely. Some

times two or three were present in a single fish. These definitely prevented 

sexual development but since they were never very common (less than 12 

specimens were infected on the whole study) they would have little effect 

in population control. 

Acanthocephalins, parasitic gill copepods, fish leeches and 

glochidea larvae were present in small numbers. 

The protozoan~Ichthyo2thirius sp. was occasionally evident in wild 

populations in Lac La Ronge. Due to the crowded conditions in aquaria if 

flowing water wasn't provided, huge populations of zoospores built up and 

especially at high temperatures, infection was rampant and deadly if not 
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checked in the early stages. Quinine, formalin and salt treatments were of 

some value tf the infection was caught early enough but prophylactic 

measures (such as scrubbing aquaria and all instruments with strong salt 

solutions at weekly intervals, and not spreading infection to 'clean' 

aquaria) were found to be more useful. Secondary fungus infection(probably 

Saprolegnia sp.) of the open sores left by erupting spores also added to 

the difficulties of control. Diseases unique to the aquarium (or never 

noticed in nature) included 'Pop eye' disease - (causative organism varies) 

which results in protrusion of the eyes and later loss of equilibrium and 

death,and various diseases due to dietary deficiences. Some of these cause 

capillary breakdown resulting in a red flush to the skin. According to 

Davis(1953) "susceptibility to infection is greatly increased if fish are 

living under unfavorable conditions". 



I 

I 

133

CONCLUDING DISCUSSION AND SUGGESTIONS FOR FURTHER RESEARCP 

Although most of the results of this study has been briefly dis

cussed in the relevant sections, two of the major observations deserve 

further consideration. 

have several reasons for believing that the sculpin populations 

of Lac La Ronge and the Montreal River are isolated units where little or no 

gene exchange has occurred in recent times. It was suggested earlier in this 

study that sculpins might move down river to populate the lake. It is very 

difficult to entirely rule out this assumption at the present time. There 

are 'river' sculpins in the lowest rapids adjacent to the lake proper but 

the channel then widens abruptly and the bottom becomes deep silt and ooze. 

have searched there on many occasions but have been unable to find any 

specimens. Sculpins aren't found again until one reaches the first islands 

(Fig. 1) about 1 mile away. Here the bottom is again rock and suitable habitat 

exists. No specimen that could be called an 'intergrade' has ever been found. 

Specimens are all either the small, slow growing(aged), few-Dored lateral 

line, three pelvic ray lake type or the large, fast growing, many pored 

lateral line, three' or four pelvic ray river type. I have never seen any fry 

moving down river into the lake. Marking experiments showed that they (older 

specimens) usually stay in relatively the same area of the river. In any 

event each population breeds and reproduces in its separate habitat. Marking 

of these small fry(using dyes) could be attempted. Fish of this age don't have 

the lateral line pores fully developed but they might be distinguished from 

lake sculpins by pelvic ray count (Table 1) if not by size and 'condition' 

under similar conditions. Refined experimental rearing under controlled conditions 

might enable determination of the source of variability in the meristics of 

these two closely adjacent populations. McAllister and Lindsey(1959) in a 

discussion of morphological variations in C. asper state "The morppological 
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differences" may be attributable to genetic factors .... or they may be due 

to the phenotypic effect of environmental differences(notably salinity) 

where the two types of eggs develop". Gasterosteus ~uleatus, the 3 spined 

stickleback (Heutes, 1947),and Pungitius pungitius, the 9 spined stickle

back (McPhail, 1963),have been shown to possess marine and fresh water 

morpha with genetically determined differences in physiological tolerance 

to salinity and temperature. In fact Triglopsis thompsoni (the deeowater 

sculpin) is a freshwater form of the marine soecies, Myoxocephalus quadri

cornis, with definite morphological differences, though their source 

(genetic or environmental) has not yet been determined. Similar fresh water 

forms exist in the lakes of Russia and Finna-Scandia (Jacoby, 1953). 

Lindsey (1954) found that the temperature regime during development affected 

the meristics of the paradise fish and Garside (1961) concluded that any 

change in rate of development due to changes in temperature or oxygen re

sulted in changes in the vertebral count and number of fin rays in the 

rainbow trout. 

It is possible that slight differences in temperature regime, 

oxygen or other important factors could account for the observed morphological 

variations in these two populations but I feel this is doubtful because the 

meristic variations areconstant from year to year while environmental 

conditions fluctuate. The two populations also vary in so many other character

istics (growth rate, maximum size, fecundity, breeding time, egg size, condition, 

parasitism), which have not been shown to be affected by environmental regime 

during development. 

McAllister and Lindsey(1959) also state that meristic characters 

which have a broad geogrpbhic variation(percentage single or branched last 

anal rays, etc.) can not be attributed to environmental influence since 

character differences cut across climatic differences. This leads them to 
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suggest that such differences are due to the existence of isolated genetic 

units. The populations in the present study would seem to be existing under 

rather similar climatic conditions less than two miles apart,so meristic 

differences in this case probably result from genetic isolation of the 

two populations. 

Due either to differences in temperature regime, or differences 

of a racial nature, the two populations are separated in time of breeding 

by about two weeks. Consequently cross breeding experiments were impossible. 

However I discovered (too late) that the population of the Rapid River 

(outlet of Lac La Ronge) are ripe at about the same time as fish in the lake. 

It would be most interesting to cross breed individuals of these river and 

lake populations. The results should show quite conclusively what factors 

are involved in the observed morphological and physiological differences. 

Artifically spawned reciprocal crosses could be incubated under constant 

as well as variable environmental conditions. 

It is doubtful that the two populations would interbreed naturally, 

but perhaps this could be stimulated by the use of pituitary injections. 

noticed that when ripe males and females from Otter Rapids and Lac La Ronge 

were confined in the same aquaria the large river males showed no agonistic 

reaction to the much smaller lake males, as they did to males from their 

own habitat. They also seemed to pay no attention to the much smaller rioe 

lake females. 

Preliminary observations suggested that a difference in tolerance 

to low oxygen and high temperature might exist for lake and river populations. 

Laboratory experiments on minimum oxygen requirements at constant temperatures 

were begun but the apparatus was crude and the procedure not yet refined 

enough to allow any conclusions on this point. Variations in tolerance to 

high temperature certainly exist for fish of different age or size within 
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the river. Adults and fry were observed in the same habitat. While nearly 

all the adults died near 29°C, the fry all survived. 

The different situation of lake and river populations might tend 

to select for tolerance to different factors. The survival of river fry at 

29.S 0 C might be one approach to this survival. Bond(1963) showed that 

although the tolerance to high temperatures did vary in different cottid 

species, none have been able to develop much resistance to temperatures over 

30°C (I believe he was using adult fish, not fry). In a similar manner, it 

is just possible that the small maximum size of lake sculpins as well as 

the sparseness of the population (andc6ncomittant reduced fecundity) are 

modifications to cope with the limited availability of suitable food in 

that habitat. 

The second observation deserving consideration is the almost 

perfect contrast in results obtained by Smyly(19S7) for lake and river 

populations of C. gobio and my own for lake and river populations of 

C. cogna tus. 

A brief tabulation of some of the pertinent results obtained by 

four authors for three different fresh water cottid species, appears below. 

Author Smyly(19S7) My results Bailey(19S2) Zarhock( 195: 
c. bairdi' C. bairdii 

Species ~. gobio .c.. cognatus puntulaeus semisca her 
England Saskatchewan Montana Utah 

Locations 1,ake River Lac I,a Montreal West Gallatin Logan 
Windemere Brathay Ronge River River River 

Food in stomachs more less less more 
seasonally winter-less winter-more winter-more winter-les; 

Growth faster slower slower faster 

Fecundity greater less less greater 

Parasitism less more more much less 

The extent of Smyly's work and its consistent results over a number 

of years is convinc~ng evidence that the results are valid. Similarily I feel 
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that the results of the present study are correct. Obviously then some 

difference in the trophic relations of rivers and lakes in the two areas 

(Northern Saskatchewan, North West England), must account for the differences 

that exist in food abundance and growth rate of fish in rivers and lakes 

in the two regions. 

Descriptions of the fauna of the rivers and lakes of that area 

in Macan and Worthington (1951) as well as ohotographs of typical troutbeck 

reaches of such rivers, show amazing resemblance to the 10c8l situation. 

The whole question could ~robab1y be answered if a study exists on seasonal 

and downstream fluctuations in plankton and ion constituents of the waters 

of that area, similar to the study of the Montreal River made by Cushing(196l). 

Hynes(1960) feels lakes act as fertility traps removing ions from the in

flawing river. However lakes that are significantly eutrophic can add 

considerably to the outflow. 

In view of the results obtained from the present investigation

suggest that further research in this area should be directed toward:

1. - controlled breeding experiments to determine the source of 

morphological and physiological variations in different populations. 

2. - more exact determination of the tolerance and preference of the 

species for various factors in different habitats. 

3. - determining the relative abundance with depth by trawl samo1ing, 

and the relation between~. cognatus, ~. quadricornis and C. ricei 

where they occur in the same location. 

4. - more exact determination of the factors limiting its distribution 

and abundance in certain areas and better delineation of its dis

tribution in the province. 

5. - a more exact understanding of the reproductive behavior of the soecies. 
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6. a check to ascertain that breeding does not occur in deep

water in lakes.

7. determining a better method for measuring seasonal growth. 

8. - study of the growth of populations from the southern and 

northern limits of the species to determine the relative 

effect of length of growing season and incipient speciation 

on growth rate. 

9. discovery of the factors involved in the observed age structure

of populations, and the causes of senility in fish populations.

10. - a better understanding of the life cycles of the major parasites 

of this species, and their relative imuortance in population control. 

11. - better sampling of the predators of this snecies to determine 

its relative importance as a forage species. 

12. - determining its relation to stream trouts in areas where they 

are coinhabitants. 

13. - determining the length of time necessary to repopulate an area 

after a catastrophic reduction in numbers. 

14. - obtaining a long term climatic record (including water temoera

tures) for the area, to determine how often such lethal tempera

ture levels develop, and thus their relative importance in 

population control. 
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14. SUMMARY AND CONCLUSIONS 

1. A study of the ecology of ~. cognatus in Saskatchewan during 1963-64 

utilizing over 3000 specimens from 35 locations has uncovered a 

number of interesting relationships. 

2. Populations of Lac La Ronge and the Montreal River are isolated and 

morphologically distinct. Differences exist in pore and fin-ray counts, 

growth rate, maximum size, time of spawning, fecundity, egg diameter 
I I 

and condi tion. 

3. Geographical variability in morpholgical characters was also evident. 

4. ~. cognatus appears to be confined to the northern two-thirds of Saskatchewan. 

5. This sculpin prefers rocky substrate. It is found in creeks and rivers 

of variable size and flow rate and,within lakes, its distribution ex'" 

tends into the deepest water where suitable cover is available. 

6. Over a wide variety of habitat and latitude the relation of standard 

length to total length is expressed by the equation Total length 

1.206. Standard length for the interval of total length 7-121 rom. 

7. The length-weight relation is expressed by various equations depending 

on sex,season, size distribution of the sample and habitat. 

The equation for a sample from lac La Ronge in May 

98
is Weight Length2 . and for a Montreal River sample in 

104. 90 

3 . 27
January Weight Len~th, 

10 .24 

8. The condition factor 'K' is a measure of the rela.tive 'robustness' of 

the fish. 'K' was found to vary with size, season, habitat and age. 

Differences in 'K' in different populations were not a result of 

variations in fullness of the stomach. 

9. Fish in Lac La Ronge were much shorter and lighter, for the same age, 

than fish from the Montreal River. 



10. The longest oldest fish obtained in this study was 127 rom total length 

Age VI. The heaviest sculpin,wei:ghed 34.31 grams. Few fish in the main 

study area were older than four years. 

11. Fish from more northerly latitudes grow much slower but variations in 

growth rate with habitat were also apparent. 

12. Unlike many fish of the same latitude, river sculpins continue to feed 

and grow for a large part of the winter, but growth may cease and feed

ing is reduced, during the hottest part of the summer. 

13. Age determination by means of otoliths appears to be valid and corres

ponds to age determined by length-frequency distribution, by means of 

vertebrae and by other methods. 

14. Mean and total longevity appears to vary with the rate of growth which 

seems to depend on length of growing season and perhaps food abundance. 

15. The sex ratio was close to 1:1 for all ages and slight differences that 

occurred from time to time were probably a result of collection method 

or difference in distribution within the habitat. 

16. Year of first spawning depends on the realization of a minimum size. 

This in turn depends on growth rate of the population, and variations 

for individual fish. 

17. Spawning seems to be correllated with temperature. Spawning occurred at 

a temperature of approximately 8°e and hatching at about l8°e over a 

wide range of latitude and habitat. The date of spawning varied from 

the 1st sweek of May till late June over the area studied. The incubation 

period was about 28 days. 

18. Males attend the eggs until they hatch, but the male and fry both leave 

the nest by the time the latter are three days old. 

19. Females show visible signs of ripening by October and egg diameter in-' 

creases rapidly till May. 



20. The number of eggs in ovaries varies with size and age of the female, 

with time during the maturation period and in different habitats. 

The number of eggs in egg masses varies with location, time during the 

incubation period, and number and size of females contributing to their 

formation. 

21. Fry remain in the nest only two or three days after hatching. By this 

time the yolk sac is nearly absorbed and they are found in shallow 

water where the current is weak, on gravel or exposed rock substrate. 

22. In the Montreal River the spawning area consisted of rocky shallows with 

water less than 18" deep and slight flow. In other rivers spawning also 

occurred in deeper, swifter water. In lakes, spawning may be restricted 

to rocky shallows and reefs. 

23. C. cognatus is a solitary, territorial species, capable of extensive 

pigment changes. Males during the incubation period possess a fair 

degree of homing ability. Various other aspects of general, agonistic 

and reproductive behavior are discussed. 

24. This species seems to locate its prey primarily by the use of sight, 

and it probably possesses some degree of learning ability. 

25. Preferences for certain food items apart from size or availability do 

seem to exist. 

26. Fry feed on small zooplankters for only a short time and quickly switch 

to small individuals of the same bottom fauna on which adults feed. 

27. Larger fish are almost wholly restricted to invertebrate bottom fauna. 

The main constituents of the diet vary with season and habitat more 

than with size of fish. 

28. Amphipods are an important constituent in the diet of lake fish, followed 

by Ephemeroptera nymphs and Trichoptera larvae. In the river Simuliidae 

are important in the winter diet while Trichoptera larvae and Ephemeroptera 

nymphs are eaten to a greater extent in the summer. 
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29. In the river, food is abundant in the winter and though less abundant, 

probably isn't limiting even in the hottest part of the summer. In the 

lake food is always limited, probably more so in mid-summer. 

30. Stomachs are fuller in the cold months in any habitat. It is likely 

that more feeding occurs at night than during the day (in summer). 

31. At winter temperatures a large 'meal} can be digested in a 24-hour period. 

32. Abundance varies with length of river, speed of current, type of substrate 

and availability of food. These factors are often related in a comnlex manner. 

33. Lethal high temperatures were a very important factor in reducing the 

population of the Montreal River in the summer of 1964. Mortality due 

to low temperatures, predation, cannibalism, starvation and disease 

was also evident. 

34. Predation on scu1pins did not appear to be as important in controling 

population size, as did many other factors. Whether or not an associated 

species (such as burbot) is a predator or competitor seems to depend a 

lot on the availability of other food at that time as well as on the 

size of the fishes involved. 

35. Q. cognatus may constitute a fairly important segment of the diet of 

young Lake Trout, especially at times and in situations where other 

forage species are less available. 

36. The two species most often associated with C. cognatus are dace 

(~. cataractae) and young burbot (Lota Iota). Competition for food and 

breeding space may exist with dace, troutperch and sticklebacks. 

37. Sculpins in the lake are often heavily infected with cysts of 8 

myxosporidian parasite. Trianophorus nodulosus, parasitic nematodes 7 

acanthocephalins, ligula sp., parasitic gill conepods, fish- leeches, 

and glochidia larvae were also Dresent on occasion. The degree of paras

itism tends to reflect the poorer condition of the lake inhabiting 
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population and may have a subsidiary influence on numbers. Diseases 

on an epidemic scale were not apparent in natural populations but 

under crowded aquarium conditions Ichthyophthirius sp. and fungus 

were a problem. 
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APPENDIX 1 
Same sampling station data which might bear on presence, absence or abundance of Cottus cognatus. 
A =Abundant + = Present Note: The three symbols at the right side of the page refer to presence, 
S = Scarce - = Absent or absence of other fish in the area, presence or absence of C. cognatus 
The factors which might be more important and abundance of C. cognatus. 
in determining abun. or limiting distribution are underlined. 

Drainage App. App. Sur. Sur App. Size,current, Bot. Other C. Co] 
Location Date Basin Lat. Long. Type Temp. pH TOS 1ength,width,depth Substrate Fau. Ab. fish C. Met! 

8.0 45-66 boulder trich. S Dart- S+S Har 
63 m. f. n. ers 

Nemeiben Sept. 

Midway Sept. Churchill 55.5°N lOS-SOW Lake 6.8 46 small boulder Amph. S Har 
63 chir. 

Broad Sept. Churchill 54-55°N l08-109°W 8.0 25 miles long, sand Dace- -+ Poi 
Creek 61 Creek 1-4' deep, boulder pearl or 

current medium long" 
nose 

W. 
sucker 

Low Creek Sept. Churchill 54-55°N 108-109°W 8.0 20' ,1 " med. • Long Poi 
61 Creek nose or: 

pike 

White Gull July 104-105°W 200 C 7.6 6"-1' tric. A Brook -+ Poi 
Creek 59 Creek m. f. n. trout or: 

Blunt 
nose 
minnow 
Sucker, white 
10ngnose, Bur
bot, Johnnie 
Darter, Dace
10ngnose, pike 
Trout-perch 

8.0 slightEcho Lake Aug. Churchill tric. S White -+- Poi
59 sand m.f.n. fish on

boulder 
Spot
tail 
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APPENDIX 1 (contd. ) .o~.o
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Location Date 
Drainage 
Basin 

App. 
Lat. 

App. 
Long. Type 

Sur. 
Temp. 

Sur. 
pH 

App. 
TDS 

Size,current 
length, width,depth Substrate 

Bot. 
Fau. Ab. 

Other Cottus Col: 
fish cognatus Meth( 

La Ronge July Churchill 55°N 104-l05°W Lake S 17° 
22m 8° 

8.2 170 large, 22 meters boulder Lake 
trout 

-+ Trap: 
Gill 

Sucker net 
longnose 

Hunter Bay Churchill Whitefish 
Ciscoe 

Bow River June Churchill 54.55 104-105 River 300 long, I-6 ft rubble Dace -+,.. PoisOI 
13/63 gravel W. sucker 

Mile #10 
trauWtn 

Aug. 
63 

Churchill 55°N 104-105 Creek 15°C 6.8 med, 5'wide 
l' deep 

rubble 
boulder 

tric. A Dace, 
Burbot 

A-- PoisoI 

Road W. sucker 
pike 

Pota to R. Aug. 
into LaRonge 63 

Churchill 55°N 104-105 River 20°C 7.4 164 long,1-6'deep, 
400'wide 

rubble 
boulder 

tric. 
m.f.n. 

A Darter, 
Dace,pike 
burbot 

Hand 

LaRonge Aug. Churchill 55°N 104-105 Lake large, 14M rocks Burbot -+A Hand 
Flatland Is. 63 light 

ooze 

Nut Point Aug. 
63 

Churchill 55°N 104-105 Lake large, 14M Darters 
perch 

-+S Hand 

spottail 
burbot 

ltter Rapids Aug. 
63 

Churchill 55°N 104-105 River 20°C 136 short, 
20' 

200ft. tric. 
m.f.n. 

A Dace 
burbot 

A+A Hand 

ltter Lake Aug. Churchill 55°N 104-105 Lake 20°C 146 small amph. A +A Hand 
63 -like 

ltter Rapids May 
64 

Churchill 55°N 104-105 River 8.5°C 7.6 short, 200ft. 
shallow 

None +A Hand .... 
VI 
0 
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Drainage App. App. Sur. Sur. App. current, depth Bot. Other Cottus Collectior 
Location Date Basin Lat. Long. Type Temp. pH TDS length,width,size Substrate Fau. Ab. fish cognatus Method 

Rapid R. June Churchill 55-56 104-105 River 14°C 8.0 .5mile 100"-6"fast rubble tric. A W. sucker A-IA Hand 
64 boulder m. f. n. Dace 

plec 

Nistowiak June Churchill 55-56 104-105 River 15°C 8.2 .5mile 100"-6"fast rubble tric. A Dace S+A Hand 
River 64 boulder m.£.n. 

plec 

8ree River June Athabaska 57-58 106-107 River 16°C 6.8- 20- 100mile 100'6'fast boulder tric. A W. sucker A+A Hand 
outlet 64 7.0 30 sand m.. f.I. Dace 

of Burbot 

::ree Lake June Athabaska 57-58 106-107 River 18°C 7.2- large boulder tric. S Trout S+S Hand 
64 7.4 perch 

l.ittle Red June Saskatch- 53-54 105-106 River 22°C 480- long, 20'.2 'very gravel None Fat- A-
River 64 ewan 560 slow head 

minnow 

Swift July Saskatch- 50-51 107-108 Creek 21°C 8.2 long, 50'.1-2' gravel amph. A Flat- A-
Current 64 ewan med. rubber tric. 1;J.eads
Creek seed

m.f.l. 

~renchman July Missouri 50-51 108-109 River 21°C long, 50' deep silt 
River 64 no current rubble 

:"ock Leven July Cypress 50-51 109-110 Art. lOoC 8.4 100 short 2' 61!-lft. gravel black A 
~reek outlet 64 Hills Lake fly 1. 

of -~~attle Creek July " 50-51 109-110 Creek 19°C 8.4 711 long ,30' cover rounded trich. A Fat- A-- ....
headgood med 1-6' conglom- m. £. n. 
minnowserate b.f.I. 
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..01-<..0<P-t<
Drainage App. App. Sur. Sur. App. current ,depth Bot. Other Cottus CollectiOl 

,ocation Date Basin Lat. Long. Type Temp. pH TDS length,width,size Substrates Fau. Ab. Fish cognatus Method 

:reek Mile July Sask. 54-55 104-105 Creek 19°C 7.4 5' .1' med. rubble S 
1Hoo 64 boulder 

lallantyne July " 54-55 103-104 River 22°C 8.4 long,.5-l00'w. gravel tric. S Log perch A+S Hand 
River 64 l-3'deep, med. rubble amph. Other 

boulder darters 
Dace 
Spottail 
Crayfish 

'usquaka July " 54-55 103-104 River 21°C 7.8 long, 10'wide, boulder tric. S Log perch A-
River 64 very low, 1 ' rubble m. f. n. Dace 

deep, flow-med. Crayfish 

turgeon July " 55°N 102-103 River 22°C 8.4 about 1-10' boulder tric. A Burbot S+A Hand 
Weir R. 64 stretch between rubble m.f.n. Dace 

lakes. fast Crayfish 
Trout perch 
Log perch 
Darters 
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APPENDIX 2

List of food organisms found in stomacps d C. cognatus in Saskatchewan in 1963-64. 

MYSIDACEAE 

Mysis re1icta Loven Common in March samples in La Ronge 

AMPHIPODA 

Gammarus 1acustris Sars. Common in La Ronge samples year round 

Hyal~!la, azteca (Saussure) Sometimes present in Montreal River samples 

TRICHOPTERA 

Hydropsychidae 

Hydropsyche sp. 
very common in the river 

Cheumatopsyche campyla Ross

Limnephi1idae

Pycnopsyche guttifer
common in rivers and lakes 

Ecclisomyia sp. 

Helicopsychidae 

Helicopsyche borialis Hagen rarer in stomachs 

Many othet trichoptera were found but they formed less than 1% 

abun4ance of this group as food. 

EPHEMEROPTERA (after Burks 1953) 

Heptageniidae 

Stenonema vicarium (Walker) 

~' interpunctatum group (~' canadense (Walker) 

Heptagenia pul1a (Clemens) 

Ephemeridae 

Ephemera simulans Walker March and July in La Ronge fish 

Ephemerellidae 

Ephemerella Sp. 
Common in Cree River June 23,1964 
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APPENDIX 2 (cant.) 

'Baetiscidae 

Baetisca sp. Walsh 

PLECOPTERA (after Frison 1935) 

Pteronarcidae 

Pteronarcys dorsa ta (Say) Bow River, Trout l,ake samp les 

Perlidae 

Acroneuria lycorias (Newman) few small ones in river fish 

Chloroperlidae 

Isoperla transmarina (Newman) rare 

Simuliidae Kindly identified by Mr. F. S. H. Fredeen (Canada Agric. Res. Stat. 

Simulium vittatum Zett Common in Montreal River in winter 

S. verecundum S. and V. rarer 

Not identified 

Gastropoda Copepoda Chironomidae 

Sphaeriidae Cladocera 

H·irudinea Ostracoda 

Odonata Corixidae 

Coleoptera Ceratopogonidae 

Identification of larval insects where not otherwise indicated, was by 

comparison to identified specimens collected by Cushing, 1959-60 and 

stored in the Department of 'Biology, University of Saskatchewan. 
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