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Abstract

Arctic slimy sculpin were sampled by passive trapping in lakes containing the predators lake trout and
burbot (LT lakes), and lakes lacking sculpin predators (NoLT lakes). Sculpin food abundance (chi-
ronomid biomass) from the rocky littoral zone was compared with that from the deep water sediment
zone. Distribution, size, growth, age, condition and relative abundance of sculpin were examined.

Spatial distribution of sculpin was different between lake types, with more and larger sculpin found
over the sediment zone in NoLT lakes. There were no seasonal patterns evident in this distribution and
catch per unit effort was not significantly different between LT and NoLT lakes. Biomass of chironomids,
the major food of the sculpin, was higher in the sediments than on the rocks, suggesting that sediments
should be the preferred environment in the absence of piscivores. Longevity of sculpins varied between
IV and VIII years and was not correlated with lake type. Sculpin size frequency distributions were shifted
toward slightly larger fish in NoLT lakes. Sculpin growth curves and condition estimates did not reveal
a difference between lake types, but comparison of mean ototlith interannular distances between lake
types showed a trend, significant in year 4, toward more growth in no lake trout lakes. These results
suggest that the presence of piscivores is an important factor limiting arctic slimy sculpin distribution
and may act in concert with food supply to impact sculpin growth.

Introduction

Fish predation on benthos has implications for
benthic community structure (Gilinsky, 1984) and
can regulate abundance or biomass of benthic
invertebrates (Crowder & Cooper, 1982; Hershey,
1985). Through cascading effects on alternate tro-
phic levels, piscivores can regulate lake produc-
tivity (Carpenter et al., 1985). To minimize pre-
dation risk, prey fishes employ optimal feeding
strategies (Pyke et al., 1977), which can influence
their habitat use (Mittelbach, 1981, 1986; Crow-
der & Cooper, 1982; Brandt, 1986a, b; Werner &
Hall, 1988), and result in habitat selections that
offer lower prey abundance than higher risk hab-

itats (Mittelbach, 1981, 1986; Werner et al.,
1983a, b; Power, 1984).

Arctic lakes are simplified systems in which
predation appears to an important factor control-
ling benthic abundances (Hershey, 1985, 1990;
Merrick et al., 1991). Slimy sculpin (Cottus
cognatus Richardson), small, bottom-dwelling fish
found in lakes and streams throughout northern
North America (Scott & Crossman, 1973), are
widely distributed in Alaska (Craig & Wells,
1976). Sculpin have been shown to be important
in the trophic interactions of lakes near the Toolik
Lake Long Term Ecological Research (LTER)
site by controlling the densities of their main prey
item, chironomid larvae (Hershey, 1985; Goyke



190

& Hershey, 1992). Similarly, lake trout (Salvelinus
namaycush), present in some LTER lakes, control
the abundance and size distribution of their major
prey, the snail Lyrnnaea elodes (Hershey, 1990,
Merrick et al., 1991).

Lakes in this area host up to 5 fish species;
two of these species are predators on sculpin:
lake trout (Petrosky & Waters, 1975; Moyle,
1977; Merrick, 1989) and burbot (Lota Iota) (Van
Vliet, 1964; Godkin etal., 1982). Lake trout in
Toolik area lakes feed predominantly on snails,
but 12% of lake trout stomachs that have been
analyzed also contained sculpin (Merrick et al.,
1992). Growth efficiency models (Kerr, 1971)
suggest that stunted lake trout may require occa-
sional larger prey items to attain large body size
(Konkle & Sprules, 1986). Burbot are voracious
predators whose role in Toolik-area lakes is not
well understood. In many lakes and rivers they
will feed on any available prey (Becker, 1983)
and burbot in North Slope lakes are known to
eat slimy sculpin (K.L. Hanson, pers. observa-
tion).

Prey exposure is a major determinant of prey
risk in benthic food chains (Ware, 1973; Hershey
& Dodson, 1985; Hershey, 1987), and increased
spatial heterogeneity may allow prey items a ref-
uge from predation (Crowder & Cooper, 1982;
Gilinsky, 1984; Hershey, 1985, Luecke, 1990).
Sculpin in arctic lakes inhabit both the rocky lit-
toral zone and the bare sediments of deeper water,
and these habitats may host different food
sources. Slimy sculpin may exhibit different be-
havior in the presence and absence of predation
threat, which could have implications for sculpin
growth and population structure.

In this study, slimy sculpin populations were
sampled in 4 lakes containing lake trout and bur-
bot, and 3 lakes containing no predators in order
to determine whether the presence of piscivores
affected distribution, size, age, growth and con-
dition, and relative abundance of sculpin. Chi-
ronomid biomass on substrates was examined to
determine if prey abundance differed among hab-
itats used by sculpin. Sculpin were also sampled
in 2 lakes which were manipulated by experimen-
tal removal and addition of lake trout to examine

growth history, but distribution data from manip-
ulated lakes were not included in the analyses.

Study area

All lakes sampled were in the vicinity of the Too-
lik Lake LTER site (68°N, 149°W) (Fig. 1), lo-
cated 24 km north of the Brooks Mountain Range
and 200 km south of Prudhoe Bay, Alaska. This
is a region of rolling tundra with numerous, highly
oligotrophic lakes (Miller et al., 1986). The open-
water season is short, usually lasting about
3 months and surface water temperatures vary
seasonally from approximately 0-18 C (M. C-
Miller, Univ. of Cincinnati, pers. comm.).
Lakes were categorized according to the pres-

ence or absence of lake trout, which are the major
predator on sculpin. Our knowledge of burbot,

Fig. 1. Study area lakes within the Toolik Lake LTER site.
Star indicates location of Toolik Lake Research Station. Dis-
tribution of fish species among numbered study lakes is as
indicated in Table 1.
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the other piscivorous predator on sculpin, is more
limited, but our observations suggest that they
usually co-occur with lake trout. Lakes N-1, NE-
14, Toolik and I-8 contained sculpin, lake trout,
and burbot and were categorized as 'lake trout'
(LT) lakes. Lakes S-7, S-6, N-2 and N-3 hosted
sculpin but no significant predators on sculpin,
and were termed 'no lake trout' (NoLT) lakes.
These lakes vary in size from 2-149 ha and in
average depth from 5-25 m. Arctic grayling were
present in all lakes, except possibly NE- 14. Round
whitefish also were present in I-8 and Toolik.

Methods

Sculpin were captured using unbaited traps con-
structed from clear glass jars and lucite funnels
(McDonald et al., 1982). The traps were tethered
in pairs and placed on the lake bottom across four
depth substrate zones designated: zone 1
(shallow/rock), zone 2 (mid-depth/rock), zone 3
(mid-depth/rock-sediment interface) and zone 4
(deep/sediments.) Jar traps were set in three rep-
licate sites per lake; fishing effort was 24jars/
lake. All traps were within 25 m of shore.

Traps in N-2, N-3, S-7, N-l, NE-14, Toolik,
and S-6 were checked by boat or raft approxi-
mately every 3 days for 5 weeks from late June
through early August in 1988. Lakes S-6 and I-
8 were similarly sampled in 1989. Sculpin were
recovered from traps, weighed wet, and measured
for total length (TL) to the nearest millimeter.
Approximately half of the sculpin trapped in each
lake were preserved in 950% ethanol for later
aging. When measurements could not be per-
formed in the field, preserved weights were con-
verted to fresh weights by the linear regression
formula (Y= - 0.06 + 1.27X), calculated from 38
specimens ranging from 0.30 to 6.40 g; dessica-
tion averaged 16%. Length shrinkage was negli-
gible.

Saggital otoliths were removed from sacrificed
fish and placed in glycerine to promote clearing
(Cailliet et al., 1986). Otoliths were examined
whole using a dissecting microscope and reflected
light. The numbers of annuli were determined,

and measurements from focus to each annulus
were made using a camera lucida and digitizing
pad. The ability to accurately distinguish annuli
on whole otoliths was verified by mounting and
grinding one each from 12 otolith pairs. Further
aging verification was provided by Robert Muth,
Colorado State University Larval Fish Labora-
tory.

Invertebrates were sampled in the rock zone of
each lake by selecting 4 rocks which covered ap-
proximately 2/3 the bottom surface area of a
30 x 40 cm (top dimensions) dishpan, giving an
estimated rock area of 363 cm2. This sampling
was conducted to confirm the assumption that
rocks offer sculpin less food than sediments.
Rocks were scrubbed with a stiff brush and the
resulting sample was strained through a 70 #m
net and preserved in 95 % ethanol. One sample
per lake was taken in July 1988 and in August
1989. Invertebrates were removed by sorting each
sample in a clear glass dish over a light table.
Insects were identified to family and measured for
length using a dissecting microscope, camera lu-
cida and digitizing pad. Lengths for chironomids
and caddisflies were converted to dry biomass
using the formulae: w = 0.0051 (TL2'32) and
w = 0.0049 (TL2'84), respectively (Smock, 1980).
Mean biomass of chironomids and caddisflies,
and chironomids alone, was calculated for the
rock zone of LT and NoLT lakes. Data were
compared to chironomid biomass estimates from
the sediment zone (Goyke & Hershey, this issue)
using t-tests.

Sculpin distribution was enumerated by pool-
ing replicate site counts. Zone totals were con-
verted to percentages in each lake. Distribution
by treatment was calculated as mean percent of
4 LT or 3 NoLT lakes. Lakes S-6 and NE-12
were not included in the sculpin distribution study
because these lakes were the site of a lake trout
introduction and removal experiments, respec-
tively, initiated simultaneously with the present
study. For the remaining lakes, data from the two
rock zones were combined and averaged. Distri-
bution between LT and NoLT treatments was
analyzed by t-test for each zone.

All young-of-year (yoy) sculpin were recorded
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and compiled in a separate data set. Fish
20 mmTL or larger were measured to the nearest
mm. Fish smaller than approximately 20 mmTL
were preserved in 95 % ethanol and measured in
the lab with a dissecting microscope and digitiz-
ing pad to the nearest 0.1 mm. Several yoy oto-
liths were examined to assist in aging older fish,
but most yoy fish were categorized to age class
strictly by size.

Seasonal distribution was plotted as cumula-
tive percent over time, using the cumulative total
fish per zone divided by the cumulative total cap-
tured, and recalculated for each sampling date. A
seasonal change, though not expected might have
occurred if breeding males had comprised a large
portion of the fish sampled.

Growth curve estimates were made from age-
length means (Bagenal & Tesch, 1978) and from
2 types of back-calculated means (Carlander,
1981). Since growth studies integrate historical
effects on the fish rather than current effects,
Lake S-6 and NE-12 data were used in growth
comparisons. Sculpin from Lake 1-8 were not
sacrificed, thus these were not included in the
growth analysis. Age-length growth curves were
plotted from the average TL of each age group.
Back-calculation procedures used a linear least
squares equation (regression method) and a pro-
portional equation (Fraser-Lee method). The y-
intercept value in the proportional equation,
(a = 10.97), was the mean value from the TL/
otolith regressions of 7 lakes. Growth curves were
statistically compared between lake types by using
a t-test on the slopes of the mean TL least-squares
regression lines. Interannulus distance at each age
were also compared directly to avoid assump-
tions inherent in back calculation methods. In
these comparisons, mean interannulus distance
(or focus to annulus distance for year I growth)
for years I-IV of growth was calculated for all
fish in a given lake. These values were used as the
variates representing growth in the analysis. Only
ages I-IV were used because older fish were not
present in all lakes. Statistical comparisons of
mean growth at ages I-IV in 4 No LT lakes and
4 LT lakes were made using t-tests on loge trans-
formed interannular distances.

All fish from a given zone in a lake were pooled,
and mean TL and weight was calculated by zone
in each lake. T-tests were used to compare TL
and weight of fish in each zone between LT and
NoLT lakes using the mean value/lake for the
respective zones as the variate. To determine if
sculpin were largest in the sediment zone and
smallest in the rock zone in all lakes, distributions
were compared using the Page test for the ordered
alternatives: sediments > interface> rocks (Hol-
lander & Wolfe, 1973).

Fish condition was compared using the slope
of the line: log weight/log TL. This method was
selected over K-factors to measure fish condition,
sensu Cone (1989), due to errors encountered
when comparing fish of different lengths. Slopes
were compared by t-test between LT and NoLT
lakes.

Catch per unit effort (CPUE) was calculated
by:

Catch per day =
total # fish captured per lake

# sampling days

catch per day
Catch per trap =

24 traps per lake

CPUE was analyzed by t-test comparing 3 LT
and 3 NoLT catch per trap values.

Results

Over 1000 slimy sculpin were trapped, with a size
range from 8.3 mm TL (yoy) to 93 mm TL. The
maximum individual weight recorded was 7.35 g
(lake N-3).

The percentages of slimy sculpin captured over
each of 3 zones differed significantly among lakes
(t = 3.12, p = 0.017, Fig. 2 ). NoLT lakes showed
higher percentages of fish over the sediment than
in other zones. In LT lakes, sculpin catch was
distributed more evenly over rock, interface and
sediment.

There were no apparent seasonal shifts in dis-
tribution across 4 substrate zones during sam-
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zones than in NoLT rock zones, but the differ-
ence was not significant (Table 1). Incidence of
relatively large caddisfly larvae was low; when
caddisflies were included in biomass estimates,
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Fig. 2. Percentage distribution of sculpin trapped in rock
interface, and soft-sediment zones of each study lake. Nol
lakes showed higher percentages of fish over the sedimer
than in the other zones (T= 3.12, p< 0.02).

pling from late June - early August, 1988. NoL
lakes consistently had more sculpin over sec
ments throughout the season than in other zone

As expected, chironomid biomass estimat
from the rocks of both LT and NoLT lakes we
significantly less than the biomass estimates fro
sediment zones in Toolik-area LTER lakes (T
ble 1; sediment data from Goyke & Hershey, th
issue). Goyke & Hershey (1992) found signi
cantly less chironomid biomass in NoLT lal
sediments than in the sediments of LT lakes. Cl
ronomid biomass appeared less in LT lake roc

Table 1. Mean (SE) sculpin food availability (chironomid al
caddisfly biomass, g/m2 ) in rocky and soft-sediment zones
study area lakes. Sediment data from Goyke & Hershey, 199

imentL romass aDlUe 1).

The sculpin length frequency distributions
(Fig. 3) do not give a clear indication of age
classes in most lakes. LT and NoLT size distri-
butions overlap, with NoLT distributions shifted
slightly toward larger TL's.

00 Sculpin mean TL's and weights by lake and
zone show a significant trend toward smaller

ky, sculpin in the rock zone, larger sculpin at the
LT interface, and largest sculpin in the sediment zone
itS in each lake regardless of the presence of pisci-

vores (Page test for ordered alternatives, length
p<0.05, weight p<0.01; Table 2). Between LT

LT
di-

Table 2. Mean length and weight of sculpin captured in rocky,
interface, and soft-sediment zones of study area lakes. Page

es tests show that sediments >interface>rocks for length
!re (L = 104, n = 8, p = 0.05) and weight (L = 108, n = 8, p < 0.01).
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Chiron. only

Sediments Rock t p

LT 1.23 (0.16) 0.08 (0.04) 6.94 <0.001
NoLT 0.64 (0.07) 0.29 (0.16) 2.05 < 0.05

Chiron. + caddis

Sediments Rock t p

LT 1.23 (0.16) 0.29 (0.14) 4.40 <0.001
NoLT 0.64 (0.07) 0.31 (0.17) 1.77 <0.05

Lake Mean total length (mm) by zone

Rock Interface Sediment
zones 1 & 2 zone 3 zone 4

Toolik 43.5 53.8 53.1
N1 54.5 56.4 48.7
NE14 45.8 43.7 49.0
NE12 46.9 41.9 51.0
S7 54.6 59.9 59.4
N2 44.7 47.5 57.7
N3 56.3 55.0 80.2
S6 49.5 54.5 58.7

Lake Mean weight (g) by zone

Rock Interface Sediment
zones 1 & 2 zone 3 zone 4

Toolik 0.86 1.39 1.44
N1 1.47 1.78 1.35
NE14 0.86 0.67 1.08
NE12 0.89 0.68 1.26
S7 1.59 2.02 2.10
N2 0.73 0.92 1.62
N3 2.17 1.25 5.36
S6 1.04 1.53 1.80
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LAKES

S7

jut~r ujtjjjjctz.~ wctb bIll bI811CtiMlI Inl Uldil buulI



194

TOOLIK LENGTH FREQUENCY

18

X = 50.315

z 12
C-

coI

6

3

2023265293235384144 47 5053585962 571747780 385992

mm TL

NE12 LENGTH FREQUENCY

20

z

01

*10

0

X = 47.3

. 1111 11 II.
202 2 293235 341 4447S553585265$871 74778083 8g 9 2

mm TL

and NoLT lake-types, sculpin from the sediment
zone but not other zones had significantly greater
total length (df= 6, t = 2.929, t< 0.05, ) and weight
(df= 6, t = 2.524, p<0.05) in NoLT lakes (Ta-
ble 2).

Sculpin in LT lakes aged I-VI in Toolik Lake,
I-V years in NE 14, and I-IV in N-1 and NE-12
(Fig. 4a). Sculpin captured from NoLT lakes N-3,
S-6, and S-7 aged I-IV years, and sculpin from
NoLT lake N-2 aged I-VIII years (Fig 4b). Mean
age of sculpin from 4 NoLT lakes was 2.7 + 0.4
and mean age of sculpin from 4 LT lakes was
2.8 + 0.3. These means were not significantly dif-
ferent.
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Sculpin growth curves of TL by back-calcula-
tion using a linear and a proportional equation
were similar to slightly lower than population
growth curves from actual age-length. The slopes
of these lines vary slightly between each of the 3
analyses, but the rank of each lake remains nearly
the same (Table 3). There was no significant dif-
ference between the mean of slopes from LT and
NoLT growth curves regardless of technique.
However, examination of interannular distances
indicated a slight but consistent trend toward
faster growth in NoLT lakes. Interannular dis-
tance was significantly greater for year IV growth
in NoLT lakes (t = 2.46, df= 6, p < 0.05), but not
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Fig. 3. Length-frequency distribution of sculpin in LT (3a) and NoLT (3b) lakes.

significantly different in other years, although the
trend was in the direction of faster growth in
NoLT lakes (Table 4).

Fish condition analyzed by log weight/log TL
regression resulted in slopes measuring from 2.93
to 3.17, with 3.0 indicating isometric growth (Ta-
ble 5). Slopes overlapped and showed no signif-
icant difference between sculpin condition in LT
and NoLT lakes.

Sculpin catch per unit effort (CPUE) ranged
from 0.087 to 0.39 fish per trap. The highest
CPUE was in NoLT lakes N-2 and S-7, with the
remaining NoLT lake, N-3, showing the lowest
CPUE overall. Mean CPUE for NoLT lakes

(0.29) was very similar to the mean in LT lakes
(0.28).

Discussion

Slimy sculpin have adapted to a variety of cold-
water habitats, both lacustrine and lotic, as evi-
denced by their wide-spread distribution in north-
ern North America (Scott & Crossman, 1973).
Although some sculpin behaviors undoubtably
change with respect to geographic locality, such
as nocturnalism versus diurnalism in response to
light intensity (Van Vliet, 1964; Emery, 1973;
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Eriksson, 1978, Miiller, 1978a, b; Selgeby, 1988),
many life history parameters can be expected to
be similar in all habitats. Sculpin life history was
not the focus of this study, but it cannot be sep-
arated from the ecological implications of the data
presented. Slimy sculpin behavior in northern
Saskatchewan was studied extensively by Van
Vliet (1964). Conducting both field and labora-
tory experiments, he observed that breeding males
establish and aggressively defend nest sites in
rocky crevices. During spawning, females were
attracted to nest sites and laid eggs on the under-
side of rocks. Males remained in nests to fan egg
masses and protect them from predation. Paren-
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tal care by the male continued for the entire in-
cubation period (28-29 days at 8-18 C), and
after egg hatching for 2-3 days until the fry began
feeding. Van Vliet terms slimy sculpin behavior
during the rest of the year as 'solitary.'

Young of the year (yoy) sculpin were trapped
in this study beginning on July 4, 1988. Sculpin at
earliest capture dates were 8.3 to 10.2 mmTL,
had yolk absorbed, a full complement of adult fin
rays (sensu Heufelder, 1982), and were estimated
to be 5 days old using the criteria of Van Vliet
(1964). Assuming a 28-29 day incubation period
(Van Vliet, 1964), this sets the earliest spawning
date near June 1 for that year and confirms that
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Fig. 4. Sculpin growth curves determined for LT lakes (4a) and NoLT lakes (4b). L = linear regression back-calculation method,
P = proportional back-calculation method, and A = method using age-length means.

sculpin in this area are probably spawning at ice-
out in the small lakes. The ability to trap yoy fish
was important to aging verification (Jearld, 1983)
and to add insights to early growth patterns.

Breeding male sculpin are known to leave the
nesting area after yoy dispersal (Van Vliet, 1964).
This probably results in a shift in habitat for them,
and possibly other fish they may displace. Ana-
lyzing the adult distribution throughout the sam-
pling period of late June to mid-August showed
no seasonal change in habitat distribution which
might be attributed to cessation of male breeding
behavior. However, the percentage of the popu-

lation comprised of breeding males is probably
small and would likely not to have strongly influ-
enced the observed patterns of sculpin distribu-
tion. Also, males may have already left nests when
sampling began.

Other seasonal changes are probably initiated
near the end of the open-water season. Little
is known about the winter behavior of arctic
fishes and we can only surmise that both preda-
tor and prey undergo major changes from the
constant daylight (Eriksson, 1978, Mller,
1978a, b), changing water temperatures, spawn-
ing and feeding modes of summer. Age analysis
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Table 3. Slopes calculated from growth curves using three
methods (see text).

NoLT Actual Linear Proportional
lakes TL/age back-calc back-calc

N2 5.74 5.96 -
S6 9.38 11.18 12.06
S7 10.9 11.44 11.21
N3 16.25 14.63 13.90

LT lakes

Toolik 6.99 7.85 8.11
NE14 8.05 8.41 7.97
NE12 9.16 12.10 10.73
N1 11.17 12.68 11.16

Table 4. Mean (SE) focus to annulus distances (year I) and
interannular distances (years II-IV) for sculpin in LT and
NoLT lakes. P-values indicate outcome of t-tests on loge
transformed data for each year.

Growth NoLT lakes LT lakes P-value
(year)

(mean) (SE) (mean) (SE)

Year I 0.44 0.02 0.39 0.02 <0.2
Year II 0.34 0.04 0.30 0.01 >0.5
Year III 0.25 0.03 0.24 0.01 >0.5
Year IV 0.28 0.04 0.19 0.01 <0.05*

of otoliths implies growth during winter is mark-
edly reduced (Van Vliet, 1964), but fish are pre-
sumed to be foraging at some level (Miller,
1978a, b; Hershey & McDonald, 1985). The ef-
fects of fish predation can differ according to sea-
son (Gilinsky, 1984), and during the dark arctic
winter, visual feeders like lake trout (Kettle &
O'Brien, 1978) may become more reliant on tac-
tile senses, making them less effective piscivores.
At the same time, slimy sculpin likely move into
deeper water. Mousseau & Collins (1987) re-
ported slimy sculpin in Ontario lakes moved to
hypolimnetic waters in August or September. In
the arctic, much of the littoral zone freezes solid
and sculpin must move off the rocks by winter.
Correspondingly, habitat for each sculpin would
be reduced.

Table 5. Slopes calculated from log weight/total length data
(see text).

NoLT Log wt/TL SE n R2

lakes regression

N2 3.03 0.15 113 0.79
S6 3.00 0 117 0.95
S7 3.17 0.08 70 0.96
N3 2.93 0.11 33 0.95

LT lakes

Toolik 2.94 0.11 67 0.92
NE14 3.09 0.13 37 0.94
NE12 3.00 0 134 0.96
NI 3.04 0.13 35 0.94

The presence of sculpin across all three zones
in both LT and NoLT lakes may be due to in-
traspecific behavior in sculpin populations. Van
Vliet (1964) reported that in aquaria observations,
sculpin quickly established a 'pecking order', with
the larger, more aggressive fish dominant in terms
of food consumption and habitat. Brandt (1986)
found smaller, younger slimy sculpin inhabiting
shallower depths than larger individuals in Lake
Ontario. In arctic lakes, larger sculpin probably
use those habitats with more food in order to find
sufficient prey to meet their greater metabolic
needs. This hypothesis is supported by a signifi-
cant trend toward larger fish in the sediment and
interface zones than in the rock zone of both LT
and NoLT lakes (Table 2).

During the summer, adult sculpin in NoLT
lakes were most prevalent in the sediment zone.
Sculpin distribution in LT lakes shows a signifi-
cantly smaller percentage of sculpin captured over
the sediments, and more sculpin in the interface
and rock zones, which afford refugia from pred-
ators. This may reflect the necessity for sculpin to
balance predator threat against food availability,
because chironomid biomass data indicates the
sediments offer more food. This result has poten-
tially important bioenergetic implications for
sculpins because these arctic sculpin appear to be
food limited (McDonald et al., 1982; Hershey &
McDonald, 1985).

Fish growth is closely correlated with diet, and



199

growth in many fish species has been shown to be
slow at higher latitudes (Craig & Wells, 1976;
Johnson, 1976; Power, 1978). In many cases arc-
tic systems support fewer and smaller prey items
than temperate ones. The diet of Toolik-area
sculpins is 84% chironomid larvae (Hershey,
1985). A 5-year old slimy sculpin feeding on am-
phipods in Lake Superior can grow to 2 x the
length and 3 x the weight of arctic sculpin, de-
spite colder summer water temperatures (4-
5.5 C) in Lake Superior (data from Selegby,
1988). A diet of mainly chironomid larvae limits
arctic sculpin growth, and chironomids are less
abundant in rocky areas than on sediments.
Goyke & Hershey (1992) found chironomid di-
versity, density and biomass to be significantly
less in the sediments of NoLT lakes than in LT
lakes, and attributed this to the impact of sculpin
feeding behavior on the sediments in the absence
of predators. A reciprocal relationship, less chi-
ronomids in the rock zone of LT lakes than in the
rock zone of NoLT lakes, appeared to exist, but
was not statistically significant. However, rock
zone sampling was far less extensive than sedi-
ment zone sampling (Goyke & Hershey, 1992),
thus there was considerably less power to detect
a difference between lake types in the rock zone.
A trend toward lower chironomid biomass in the
rock zone of LT lakes could indicate sculpins rely
more on feeding in rock areas when in the pres-
ence of predators. In lakes containing predators,
the threat of predation may reduce sculpin indi-
vidual habitat size, and/or reduce the amount of
time sculpin actually spend feeding. Larger over-
all weights and total lengths from fish captured
over the sediments in NoLT lakes suggests
sculpin feed more readily and openly in the ab-
sence of predators.

The implications of sculpin distribution differ-
ences between lake types, in conjunction with re-
source differences in the rock and sediments
zones, suggests that sculpin growth and popula-
tion structure could be different in lakes with and
without predators. TL frequency diagrams
showed a tendency for larger-sized sculpin in
NoLT lakes. The sexual maturity of slimy sculpin,
as in most fish, is largely determined by reaching

a minimum size. Aging of Toolik-area sculpin re-
veals there is variability in the longevity of fish by
lake, with fish in some populations living only to
age IV and others showing a maximum age of
VIII. The maximum attainable size for slimy
sculpin in this area appears to be approximately
95 mm TL, regardless of age. This implies very
different growth rates among lakes. Age-length
growth curves and growth curves by back-
calculation gave varying slopes, but did not show
a clear distinction between growth rates in LT
and NoLT lakes. The condition index of the slope
of the log weight/length regression line also shows
no pattern.

Examination of interannular distances does in-
dicate that sculpin grew more during year IV in
NoLT lakes. This significantly higher year IV
growth is consistent with the pattern of greater
use of the sediment habitat in these lakes. Higher
overall growth rate of all year IV sculpin in NoLT
lakes contrasted with smaller mean size of
sediment-dwelling fish in the same lakes probably
reflects the fact that a higher proportion of the
populations are using the sediments when pred-
ators are absent. Lower food abundance on the
sediments has been attributed to sculpin preda-
tion (Goyke & Hershey, 1992), but lack of a con-
sistent concomitant growth response combined
with an apparent maximum size regardless of lake
type, implies that predator threat determines dis-
tribution within a lake, but that predation and
food supply are closely related factors affecting
growth of sculpin in these arctic lakes.
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