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ABSTRACT

Mohr, L.C. 1985. Depth distribution of the slimy sculpin (Cottus cognatus)
in a small lake in northwestern Ontario. Can. Tech. Rep. Fish. Aquat.
Sci. 1374: iv + 13 p.

The seasonal and di urnal depth di stri buti on of the sl imy scul pi ns in
Lake 302 (L302) of the Experimental Lakes Area, northwestern Ontario was
studi ed duri ng the open water season of 1983. During the spri ng and fall,
when Lake 302 was thermally mixed, slimy sculpins were seen at all depths in
the lake. Water temperatures at this time ranged from 5 to 13°C while oxygen
concentrations ranged from 1.5 to 9.5 mgoL- l

• There was no apparent diurnal
movement at this time. When L302 became thermally stratified, the sculpins
appeared to congregate in the metalimnion of the lake. During the day, slimy
sculpins were seen in the upper regions of the metalimnion where water temper­
aturej ranged from 10 to 20°C and oxygen concentrati ons ranged from 8 to 11
mgoL-. At night, most sculpins were seen in the lower metalimnion and upper
hypolimnion, where water te~peratures ranged from 7 to 10°C and oxygen levels
ranged from 0.5 to 8 mg -L-. Water temperature was most closely associ ated
with sculpin depth distribution in L302. Oxygen concentrations also appeared
to be a determining factor although when temperatures in the lake rose in mid­
summer, temperature became more important. Food availability and light pene­
trati on were secondary and only important when temperature and oxygen condi­
tions were optimal.

Key words: seasonal di stri buti on; di urnal; temperature; oxygen; food avai 1a­
bil ity.

RESUME

Mohr, L.C. 1985. Depth distribution of the slimy sculpin (Cottus cognatus)
in a small lake in northwestern Ontario. Can. Tech. Rep. Fish. Aquat.
Sci. 1374: iv + 13 p.

On a etudie pendant la saison de l'eau libre de 1983 la distribution
saisonniere diurne, selon la profondeur,du chabot visqueux dans le lac n° 302
de la Region des Lacs Experimentaux , dans le nord-ouest de 1 'Ontario. Au
pri ntemps et a 1 1 automne, au moment ou 1es couches de temperature du 1ac n°
302 etaient melangees, on a constate la presence de chabot visqueux a toutes
les profondeurs dans le lac. Les temperatures de l'eau a ce moment variaient
entre 5°C et 13°C, tandis que la concentration en oxygene variait de 1,5 a 9,5
mgoL- l

• Pendant la nuit, la plupart des chabots observes l'ont ete dans les
couches inferieures du mesolimnion et dans les couches superieures de 1 'hypo­
limnion, ou les temperatures de l'eau variaient rntre 7°C et lOoC, et ou la
concentrati on en oxygene all ait de 0,5 a 8 mg· L-. La temperature de l ' eau
etait tres etroitement liee a la distribution des chabots selon la profondeur
dans le lac n° 302. La concentration en oxygene semblait egalement constituer
un facteur determinant meme si la temperature devenait un element plus impor­
tant lorsque les temperatures du lac devenaient plus elevees vers le milieu de
l'ete. La presence de nourriture et la penetration de la lumter-e etaient
secondaires et n'etaient importantes que lorsque la temperature et la concen­
tration en oxygene atteignaient leur niveau optimal.

Mots-cles: distribution sat sonntere , rythme circadien, temperature, oxygene,
presence de nourriture.



INTRODUCTION

At present, very little is known about the
depth distribution of the slimy sculpin, es­
pecially in small Canadian Shield lakes. Wells
(1968) has observed seasonal changes in slimy
sculpin depth distribution in Lake Michigan and
Sinclair (1968) reported diurnal changes in the
distribution of young Cottus asper. Although
several life history st~oft1i""eslimy scul­
pin have included observations on sculpin depth
distribution, these data generally have been
1imited to maximum depth sightings in various
1akes (Van V1 i et 1964; Scott and Crossman 1973;
Ebert and Summerfe1t 1969).

Many factors such as water temperatu re,
oxygen concent rat i.ons, water c1 arity, food
availability and lake bottom type can influence
sculpin distribution (Bond 1963; Ferguson 1958;
Otto and Rice 1977; Symons et a1. 1976; Van
Vliet 1964). In addition, Bond (1963) also sug­
gested that certai n i nterspecifi c factors such
as competition or predation can affect sculpin
distribution and abundance. For example, preda­
tion on scu1pins by deep water species such as
lake trout (Sa1ve1inus namaycush) and burbot
(Lota 10ta) indicate that the slimy sculpin
inhabitSdeep hypo1imnetic waters where these
predator speci es occu r (Ca r1ander 1969; Scott
and Crossman 1973); in contrast, the slimy scul­
pin prey primarily on dipteran larvae (Van Vliet
1964; Mohr 1984; Craig and Wells 1976) which are
more frequently found in the shallower epil i m­
netic regions of a lake (Davies 1980). Intra­
specific competition is also a factor in deter­
mining slimy sculpin depth distribution because
most scu1pins are territorial and remain sol i­
tary except during the spawning season (Van
V1 i et 1964).

The primary purpose of thi s study was to
determine at which depths the slimy sculpin
(Cottus cognatus) occu rred ina small Canadian
Shield lake and if any seasonal or diurnal
changes in sculpin depth distribution took
place. The second purpose of the present study
was to determi ne whether oxygen, temperature,
dipteran emergence and light penetration in Lake
302 had any affect on slimy sculpin distribu­
tion. Lake 302 is presently being artificially
acidified. The data presented in this study
should be viewed as baseline data to be compared
to s i mil ar data collected in 1ater years of
acidification. This data should also be useful
in better understanding the habits of the slimy
sculpin in this lake as well as other Canadian
Shield lakes.

MATERIALS AND METHODS

Lake 302 is located in the Experi menta1
Lakes Area in northwestern Ontari o. The 1ake
has a tota\ surface area of 23.7 ha and a volume
of 2.27·10 m. Lake 302 is subdivided into a
north basin and a south basin. Two viny1­
impregnated nylon curtains ensure complete
separation of the two basins. Both basins are
roughly the same si ze although the north basi n
is slightly deeper (North Zmax = 13.8 m, South
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Zmax = 10.9 m). Lake 302 is typical of other
small lakes in the Experimental Lakes Area which
usually experience a complete fall turnover.
Other fish species present in Lake 302 include
white sucker (Catostomus commersoni ), 1ake
whitefi sh (Coregonus cl upeaforml s), pearl dace
(Semoti1us margarita), finescale dace (Chrosomus
neogaeus), northern red-belly dace (Chrosomus
eos) and fathead minnow (Pimepha1es prome1as).

In 1982, six linear rope transects, three
in each basin, were permanently established
along the bottom of Lake 302. Each transect
started at shore and ended at a depth of approx­
imately 9.5 m in the south basin and 11 m in the
north bas in. Duri ng the ice free season in
1983, two di vers usi ng SCUBA equi pment si mu1­
taneous1y made counts of slimy scu1pins along
four of the transects. Slimy scu1pins were
counted in 2 m depth intervals (0-2, 2-4, 4-6,
6-8, 8+) for a linear distance of 5 m along each
transect. Each diver recorded all scu1pins seen
within 0.5 m to each side of the rope transect.
All counts were recorded on an underwater
writing slate after each 5 m length was com­
pleted. Occasionally each diver would count
scu1pins seen on both sides of the transect. It
was thought that these checks wou1 d e1 imi nate
di ver biases in the fi na1 count.

Samp1 i ng for thi s study took p1 ace once a
month during the open water season in 1983 (May­
October). Day and ni ght scu1 pi n count s were
collected usually within 12 hours of each
other. Night counts took place only after total
darkness occurred (2000-2300 h) and day counts
took place close to mid-day (1100-1200 h) on
sunny cloudless days. No artificial light
source was necessary on the day di ves whi 1e two
underwater dive 1amps were used on the ni ght
dives.

Ouring both day and ni ght counts, rocks
and gravel along the bottom of the 1ake were
disturbed to expose any hidden scu1pins. In
most cases counts were made without differentia­
t i ng si zes or sexes of scul pi ns seen. However
in late June and mid-July numerous young of the
year scu1pins were observed and these were coun­
ted separately from other scu1pins. Casual
observations on bottom type, congregation of
scu1pins, visibility and sculpin assocfation
with other fi sh speci es were a1 so made. Each
monthly count was conducted on or close to
(within one or two days) days when water chemi­
cal samp1 i ng occurred in the 1ake.

Throughout thi s study the term metal irnn t on
is used. This term is defined as the region in
a lake where temperature drops at least 1°C with
every 1 m decrease in depth (Hutchinson 1957).
Sl imy scu1pi n counts were made in depth i nter­
va1s and it was felt that the meta1imnion would
be more appropriate for comparative purposes
than the more restrictive planar thermocline.
The di pteran emergence data presented in thi 5
report represent seasonally integrated total
emergence for the 1983 open water season in
Lake 302. These data gi ve a good assessment of
available standing crop in the lake (1. Davies,
Freshwater Institute, personal communication).



RESULTS

DISTRIBUTION

A total of 391 sl imy scul pi ns were obser­
ved in the north basin of Lake 302; 241 of these
were counted at ni ght whil e 150 were counted
during the day. Included in these totals were
78 young of the year sculpins seen in late June
and July. Most of the young-of-the-year scul­
pins were seen during the day (67) while only a
few were seen at night (11). Approximately
equal numbers of sculpins were seen in late
June, July, August and September while only half
as many were seen in early June and October (see
Appendix 1).

On June 2, slimy sculpins in the north
basin were seen along all depth contours (Fig.
1). During the day they were seen as deep as 8
m whi 1e at ni ght they were as deep as 10 m, By
June 22, scul pi n di st ri but i on was more concen­
trated wi th 91. 5% located in the 4-6 m depth
range during the day and 75% located in the 4-8
m depth range duri ng the ni ght. On Jul y 12,
1983 sculpin distribution during the day was
si mil ar to the results from June 22. At ni ght
more sculpins were seen in the 6-8 m depth range
than were found at thi s depth in June. By
August 18 no scul pi ns were seen in water sha1­
lower than 4 m, During the day 89.3% of the
scul pi ns were located in the 4-6 m depth zone
while at night 86.0% were found in the 6-8 m
depth zone. The resul ts duri ng the day on Sep­
tember 6 were similar to the results during the
day on August 18 although a few more scul pi ns
were seen in the 8+ depth zone in September than
were seen there in August. Some scuplins were
present in the 2-4 mzone during the September
night count although the majority (72%) were
still seen in the 6-8 m depth zone. By October
5 the slimy sculpins were once again distributed
evenly throughout all depths of the north basin,
both during the day and during the night.

In the south basin a total of 159 sl imy
scul pi ns were seen, 93 duri ng the ni ght and 66
during the day. Only six young of the year
sculpins were seen in this basin. These were
seen during the day in late June and July. Most
of the sculpins in the south basin were seen in
July and August. Sl i ghtly fewer were observed
in June whi 1e very few were seen in September
and October (see Appendix 1).

On June 2, 1983 the slimy sculpins in the
south basin were distributed throughout all
depths at night and were grouped together in the
0-2 m depth zone and the 4-6 m depth zone during
the day (Fig. 2). By June 22, the sculpins were
concent rated ent ire1yin the 4-8 m depth zone
during the day while at night they were seen in
water either less than 2 m or greater than 6 m
in depth. On July 12 most of the slimy sculpins
were observed in the 6-8 m depth zone and had
identical day and night distribution. The dis­
tribution of sculpins during the day in the
south basin changed very little from July
through to September. At ni ght however, more
scul pi ns were found in the 8+ m depth zone in
August and by September al most 90% of the scul­
pins in this basin were observed in water deeper
than 8 m duri ng the ni ght. By October 5 the
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slimy sculpins were observed in shallower waters
during the day and were found distributed evenly
at all depths during the night.

TEMPERATURE

Surface water temperatures in the north
bas in ranged from 22°C on August 24 to 11"C on
October 4, 1983. Temperatures at the bottom of
the deepest depth zone (11 m) ranged from 5.4°C
in early June to 6.9°e in October. The north
basin was thermally mixed only in October with
water temperatures never exceeding 14°C. During
the rest of the study peri od, thi s basi n was
thermally stratified. The metalimnion was well
defined by late June and extended from 2.5 to 6
m, In July, August and September it extended
from 4 to 8 m.

The south basin of Lake 302 had slightly
warmer water temperatures than the north basin.
This was especially evident in the hypoliminion
where temperatures in the south basin were
usually 3 to 5°C warmer than those in the north
basin. In the south basin surface temperatures
ranged from 12°C in October to 22.6°C in
August. Temperatures at the 10 m depth ranged
from 8.6°e in early June to 11.6°C in October.
The south basin was thermally mixed in October
when temperatures in this basin were approxi­
mately 12°C. In early June this basin was just
starting to stratify and temperatures ranged
from 9 to l3°C. During the remainder of the
study period the south basin was stratified with
the metalimnion located in the 2-8 m depth zone
in 1ate June and in the 6-9 m depth zone in
August and September.

OXYGEN

Oxygen profil es in the north basin changed
very little from one sampling date to another.
Surface 01ygen concentrations ranged from 8.2 to
9.2 mg.L- and increased gradually until maxi­
mum concentrations of 9.4 to 11.6 mg'L- l were
reached at depths of 5 to 6 m. The oxygen con­
centration thfn decreased rapidly to values of 0
to 1.9 mq-L- at the 10 m depth. The maximum
oxygen concentrations were al ways found wi thi n
the metalimnion of this basin.

The south basin of Lake 302 had consistent
oxygen profiles on all sampling dates except
October. Surface oxygen concentrat ions ranged
from 7.8 to 9.5 mg.L- l and maximum concentra­
t ions, usually found a\ a depth of 6 m, ranged
from 8.4 to 10.8 mg·L-. Oxygen concentrations
decreased below 6 m to values ranging from 0 to
2.7 mg.L- l

• The maximum oxygen concentrations
were always found at depths within the metalim­
nion. In October this basin had experienced a
complete turnover

l
and oxygen concentrations

averaged 9.6 mg'L- at all depths in the basin.

LIGHT PENETRATION

In the north bas in 1i ght penetrat ion into
the water column changed very little throughout
the study peri od. The amount of 1i ght in the
water column decreased rapidly as it passed



through the epilimnion. At a depth of 4 m light
penetration was generally less than 10% of sur­
face 1i ght and at a depth of 7 m the amount of
light present was less than 1% of surface
light. Light readings were taken to a maximum
depth of 9 m and these were usually 0.5% or less
of surface light readings.

I n the south bas in 1i ght penet rat i on was
also consistent throughout the study. The lar­
gest amount of 1i ght enteri ng the 1ake had di s­
sipated by the time it reached the metalimnion.
At 4 min depth 1i ght penetrati on was al ready
less than 20% of the surface light available and
by 7 m it was less than 5%. Below 7 m in depth
light penetration varied from 2.5 to 0.1% of
surface light with the highest levels occurring
in early June and October.

DIPTERAN EMERGENCE

Total dipteran emergence for the open
water season in the north basin of Lake 302 was
4.42 x 104 emergents per square metre (Davies
1980). Approximately 84% of these emergents
were found at depths less than 4 m. The most
productive area of the north basin was the 0-2 m
zone which accounted for 47% of the total bas in
emergence.

In the south basin total emergence in 1983
was 3.90 x 10!j. emergents per square metre. In
this basin 75% of the total emergence took place
at depths 1ess than 4 m. The most product i ve
regi on of the south bas in was the 2-4 m depth
zone whi ch accounted for 45% of the tota1 bas in
emergence.

DISCUSSION

SEASONAL

In a study of Lake Michigan sculpins,
Wells (1968) reported that the sculpins occupied
all depths in the 1ake duri ng the wi nter
months. During this time they are active
feeders. Van Vliet (1964) reports that most of
the growth in adult scul pi ns in northern 1akes
occurs duri ng the wi nter. Shortly after spri ng
ice-off occurs mature male and female sculpins
move to the shallow regions (0-1.5 m) in a lake
to spawn. In Lake 302 slimy sculpins do not
become sexually mature until age 2+ (Mohr
1984). Van Vl iet (1964) reported that no non­
spawning fish were present on spawning sites in
his study which would indicate that juvenile
sculpins (age 1+ or less) remain in the deeper
regions of a lake during the spawning period.
This seems to occur in June in Lake 302 when
scul pi ns are spawning (Mohr 1984). When spawn­
ing is complete the females leave the shallow
waters and move deeper leaving the male sculpins
to attend the eggs and fry. After the fry hatch
and absorb their yolk sacs, they move to deeper
waters along with the males (Van Vliet 1964;
Wells 1968). Sculpin fry hatch in late June in
Lake 302 and their downward movement was evident
from field observations when juveniles were seen
among the adults in deeper waters as the season
progressed.
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During the time that Lake 302 was ther­
mally stratified (June - September) sl imy scul­
pins were seen most frequently in the metalim­
netic zone of both basins. Sculpins are capable
of recognizing and responding to lethal tempera­
tures of approximately 25°C and prefer tempera­
tures between 10 and 15°C (Otto and Ri ce 1977;
Symons et al , 1976; Wells 1968). The metalim­
netic zone of both basins of Lake 302 contained
temperatures similar to these preferred tempera­
tures. The metal imnion in Lake 302 al so con­
tained the zone of maximum oxygen concentration
which would be favourable to slimy sculpins.
Bond (1963) rrPorted that oxygen concentrat ions
of 2.0 mq-L" caused an avoidance r'Iaction in
sculpins and that levels of 1.5 mg-L- or lower
caul d be 1etha1 if they pers i sted for several
hours. In the north bas in of Lake 302 oxygen
concentrat ions of 2.0 mg -L_1 were found at the
lower levels of the metalimnion and most scul­
pins remained in or above this zone. In the
south basi n however, when temperatures in the
metalimnion reached or exceeded 15°C (August and
September), the sculpins were found in the hypo­
1imnion presumably in search of cool er waters
~~~~w ~h~~~t_1~xygen concentrations were well

By October of 1983, when both basi ns of
Lake 302 were no longer stratified slimy scul­
pins were found at all depths in the lake. At
this time, water temperatures were below 15°C
throughou\ the lake and oxygen levels were above
7.0 mq-L" at all depths.

Seasonal sculpin distribution appeared to
be dependent on feeding and food availability
only duri ng the peri ods when Lake 302 was not
thermally stratified. During the period when
thi slake was thermally st rat ifi ed, no scul pi ns
were seen in the 0-4 m depth zone where the
majority of dipteran emergence occurs. However,
when the lake was not stratified (spring and
fa 11) scul pi ns were present at depths of 0 to 4
m. It seems that slimy sculpins occupied the
areas of hi ghest food avail abi 1ity only when
water temperatures in these areas became toler­
able. This is also reflected in their seasonal
condition factors. In 1982, sculpin condition
was greatest in June, decreased throughout the
summer (July, August and September) and i ncreas­
ed slightly again in October (Mohr 1984).

DIURNAL

Diurnal changes in slimy sculpin distribu­
tion in Lake 302 were most evident once the lake
had become thermally stratified. During this
time, most sculpins were observed in the upper
regions of the metalimnion during the day while
at ni ght most were seen 2 to 4 m deeper in the
lower regions of the metalimnion. At night
sculpins were usually seen in water with temper­
atures rangi ng from 7 to lOoC wh i ch is the pre­
ferred temperature of the sl imy scul pi n (Otto
and Rice 1977; Symons et al , 1976). It appeared
that the low oxygen concentrations found in the
lower metalimnion and hypolimnion wer-e not a
great enough deterrent to make the sculpins
1eave the cool temperatures at ni ght. However
the ni ght habi tat of the scul pi ns in Lake 302
did not contain much available food. This could



be one of the reasons why the scul pi ns appeared
to move upward into shallower waters during the
day. Slimy sculpins are sight feeders (Van
Vliet 1964) and the shallower upper metalimnetic
zone with greater light penetration and more
avail abl e food was a better area for the scul­
pins to feed in than the deeper waters they oc­
cupied at night. Also, high oxygen concentra­
tions (6 to 10 mg'L- ) were usually found in the
upper region of the metalimnion.

Although more food was available in the
epilimnion of Lake 302, water temperatures in
this zone were generally too high for the slimy
scul pi ns , Otto and Ri ce (1977) reported that
slimy sculpins showed an avoidance for tempera­
tures 6 to 10c C above their preferred or accli­
mated temperature. The upper limit of the meta­
limnion generally had temperatures which would
be considered avoidance temperatures for slimy
sculpins.

When Lake 302 was not strat ifi ed scul pi ns
occupied the same regions of the lake during the
day as they did at night. Oxygen concentrations
and water temperatures were optimal at this time
at all depths above 10 m and no noticeable diur­
nal changes took pl ace. One excepti on was the
groupi ng of scul pi ns at 4 to 8 min the south
basin during the day in early June and October.
Very small sample sizes (5-6 sculpins) may be
the reason for these inconsistent results. The
segregation in early June in the south basin
could also be the division between spawning and
non spawning sculpins; however, the congregation
during the day on October 2 remains unexplained.

In conclusion, slimy sculpin distribution
in Lake 302 appeared to change both seasonally
and diurnally. Water temperature seemed to be
the most critical parameter in determining scul­
pin distribution especially the upper depth at
whi ch scul pi ns coul d be found. Oxygen concen­
tration was important in determining maximum
depth at \~hi ch scul pi ns were seen. However,
when 1ake temperatures increased in mi d-summer
slimy sculpins were observed in areas of low
oxygen and low temperatures at night and in
areas of hi gh oxygen and hi gh temperatures dur­
ing the day. Light penetration was very limited
below 4 to 5 m in Lake 302. Since it was assum­
ed that sculpins were equally visible during
both day and night dives, light penetration
appeared to have little or no effect on sculpin
distribution. Dipteran emergence which was
highest in the epil imnion of Lake 302, was a
limiting factor in sculpin distribution only
when water temperatures in the 1ake were not
restricting sculpin movement. No natural preda­
tors exist in Lake 302 which might alter the
slimy sculpins depth distribution. However,
this could be a factor in other Canadian Shield
lakes.
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Fig. 1. Percent occurrence of slimy sculpins in the north basin of L302, Experimental Lakes Area, 1983.
Shaded areas represent day results and open areas represent night results.
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Fig. 2. Percent occurrence of slimy sculpins in the south basin of L302, Experimental Lakes Area, 1983.
Shaded areas represent day results and open areas represent night results.
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APPENDIX 1

Monthly sculpin counts, oxygen concentrations, water

temperatures and light penetration data from Lake 302 (L302),

Experimental Lakes Area, northwestern Ontario, 1983
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Fig. AI. Association of slimy sculpin abundance, oxygen concentration, water temperature and light penetration
in both basins of L302, Experimental Lakes Area, June 2, 1983. Solid lines(---) represent day results
and dashed lines(- - ) represent night results. The shaded area is the metalimnion.
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Fig. A2 0 Association of slimy sculpin abundance, oxygen concentration, water temperature and light penetration
in both basins of L302, Experimental Lakes Area, June 22,1983. Solid lines(---) represent day results
and dashed lines(- - ) represent night results. The shaded area is the metalimnion.
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Fig. A3. Association of slimy sculpin abundance, oxygen concentration, water temperature and light penetration
in both basins of L302, Experimental Lakes Area, July 12, 1983. Solid lines(---) represent day results
and dashed lines(- - ) represent night results. The shaded area is the metalimnion.



o 15 30 45 0 2 4 6 8 10 0 5 10 15 20 0 20 40 60 80 100
NUMBER OBSERVED OXYGEN (mg. L-I) TEMPERATURE {ee} LIGHT PENETRATION

{O/o SURFACE}

Fig. A4, Association of slimy sculpin abundance, oxygen concentration, water temperature and light penetration
in both basins of L302, Experimental Lakes Area, August 18, 1983, Solid lines(---) represent day results
and dashed lines(- - ) represent night results. The shaded area is the metalimnion,
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Fig. A5. Association of slimy sculpin abundance, oxygen concentration, water temperature and light penetration
in both basins of L302, Experimental Lakes Area, September 6, 1983. Solid lines(---) represent day
results and dashed lines(- - ) represent night results. The shaded area is the metalimnion.
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Fig. A6" Association of slimy sculpin abundance, oxygen concentration, water temperature and light penetration
in both basins of L302, Experimental Lakes Area, October 4, 1983. Solid lines(---) represent day results
and dashed lines(- - ) represent night results.




