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Abstract
Agc, growdr, and fecundity rvere examined Ior 51J shorthead scrrlpin, Cottlu canl r r, collected
from the Big Losr River, Idaho- Age detcrmination by otoliths revealed six age classes, with growth
being fastest the {irst year (33 mm) and slo*'ing {o approximateiy 10 to 12 mm a year thereafter.
Age class compo6ition and condition varied with the habitat. Condition also fluctuated seasonally.
Fecundity ranged from 184 ro 511 eggs and was proponional to length.

lntroduction

The shorthead sculpin, Cotttts confusus, cxcurs mainly in the Puget Sound and Colum-
bia River drainages (Bailey and Bond, 1963); it also rxcurs in the isolated Lost River
system. The occurrence of C. confusws in the Big Lost River can be attribuced co an
ancestoral connection between the Lost and the Snake Rivers. Sculpin are of little
economic importance, but their abundance io most westetn sueams (MacPhee, 1966)
makes understanding their life history necessary in order to understand these stream
sysrems.

Distribution patterns sullgest that competition may exist between C. confu:u and
other sculpin, thereby limiting the dowosteam migration of C. conJwws or the upstream
migratioo of. other sculpin ( Maughan and Saul, 1979). This limited distribution has
also resulted in the placenent of C. conluws on the rare or endangered species list of
Canadian fishes (McAllister, 1970). Specific data on the life history of the species
are inadequate in many areas. The purpose of this papet is to describe the age, growth,
ard tecon<hty ol C. confasu:.

Methods and Materials

The study was conducted on a section of the Big Lost Rir.er which runs through the
Idaho National Engineeriog Laboratory (INEL) (Andrews, 1972; Ovetton aod John'
son, 1976). The results are based on 511 shorthead sculpin collected in the autumn
of 1976 and the spring of 1977 by rneans of AC and DC electrofishing gear.

The autumn collection (25 September and 2 and 3 Octobet 1976) was made ovet
a 2 km secion of the river below the INEL diversion dam. The spring sample (13

and 24 Aptil 1977) was restricted ro three sampling stations immediately below the
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INEL diversion dam because of low water. These three sampling starions appeared
to be representative of the major habitats found in that portion of the river. Site one
consisted o{ deep fast water with a boulder and fine gravel substrate. tace. Site tw<>
vras shallow water with moderate current, and fine gravel and n-rarl substratq riffle_
Site rhree was of moderate rleprh, with slow current and fine r:ravel interspersed rvith
large boulders, pool-rubble area.

Standard and total lengths of preserved specimens were takeo ro the nearesr I
mm and weight to the nearest 0.1 gram. Otolirhs were removed and sex determined
by dissection. Age was derermined by examioation of otoliths (Bailey, 1952). Calcu-
lated lengths ro the rime of aonulus compledon were determined by the formula, L:
F+ (SL-F/Ro)Ra, where L is the calcLrlated standard length, F is the l--intercept
as calculated by a lineat regression of standard length and orolith radius, R, is rhe
otolith radius io ocular micrometer units from the focus to rhe annuius. Ro is the otolith
radius in ocular micfomerer unis from the focus to rhe anterior margin of the otoiith,
and SL is the standard length ( Everhart er a1.,1975).

Condition coefficients were calculared by the formula, K: 105 ntr/Lr, aket Lagler
(1952), where K is the condition coefficient, \(/ is the $,eighr in grarns, and L is the
total length in mm. Total length was used for the determination of conditions to prcr
duce tesults of the same magoitude as other pubiished accounts of condirion. The
relationship between total and standard length can be described by the formula, SL
:0.53 + 0.79 TL. Condition was aoalyzed by sex, age, size, seasoo, and sanple location
using analysis of variance and multiple rarge testing (Z^t, 197/L).

Fecundity was measuled by direct count of ova. The relarionships between fecundity
and sandard lengrb, weight, age, and condition were established by linear, exponential,
and multilinqar regression analysis, respectively (Zu, 1()74).

Results

The determinarion o{ age \ examinatioo of otolirhs revealed 6 year classes ( Table 1 ) .
The relationship between the standard length of the xulpin and the anterior raclius
of the orclith was determioed to be a linear regression with a correlation coefficienr
of 0.95. This strong relationship adds validity to rhe use of otoliths as an aging tool
and allows the determination of a correction factor (-1.j2 mm)_ The relatioruhip cao
be descibed by the formuta, SL - 1.34 R,, - 1.I2.
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Sculpin attain a length of approximateLy 33 mm SL during the first year, after

which growth slows to approximately 10 to 12 mm a year (Table 1). Growth of the
population from October through mid-April, if the two samples are taken to be rep-

resentative of the population as a whole, was 2.9 to 5.4 mm- This glowth lePresents
approximately 11 to 47 percent of the mean aflnual lJrowth (Table 2).

T,\RI-D 2. Nlean shndr.d length ai capture, aDd sloNth of Colt|ts (onlustrs irlD Ociobet thtough

mial-Apri1 in ihe Bk Lost River, Ialaho.

% ol Me'rn
Nuhber airoD'tlr (mm) Annual
of Fish Auiutm Sprjne Gro]r'ih

'I'ercent oi annual sr.r!'ih could noi Le deiermiDed because {nnulus irad noi yet Ior

The length-weight relationships were determined for three groups of sculpin:
aurumo 1976, pre-spawfl 1917, atd post-spawn 1977. Since no difference was observed
betweeq rhe sexes, as determined by analysis of covariance, data were combined. Growth
relatiooships were of the allometric type following the gereral formula, \7 : aLD, where
a and b are empirically determined constants. The autumn sa.mple can be represented
by the formula Nf :9.36 ar:r110 6) (r:0.99), the pre-spawn sample by the formula,
W -1.29 L3."(10 5) (r - 0.99), and the lnst-spawn sample by the fotmula, N7 -

1.43 L2 e7 (10 5) (r-0.98). The relationships were statistically different (P( 0.05)
at all lwels, as determioed by analysis o{ co,variance.

An analysis of condition factors tevealed no significant di{ference between the
sexes, as determioed by the Student r-teslj so data were combined. Condition of age
class in the spring sample revealed no significant differeoces. Howwet, autumn condi-
tions were sigoificantly different by age class (0.05 > P > 0.02) with a trend for an
increase in condition $/i!h an increase in age (Fig. 1). Likewise, size class coodition
comparisons revealed no difference in the spriog, but significant differences existed
in the autumn, with a trend for condition to increase with size. Significant differences
in condition also existed beween the autumn and post-spawn spring sculpin, with
the autumn sculpin exhibiting a lower relative condition; the effeq was mo6t Pro-
nounced in the smaller, younger fish.

Distinct habitats were sampled in the spring and fish collected in each atea wete
characterized by relative conditioo and age class composition. Significant differences
exisred between habitats for coodition and age, which sugggsts the lack of appreciable
exchange between areas (Fig. 2). The race and riffle situations were similar io telms
of age class comlxrsition, while the pool-rubble atea had a significantly gieater pro-
portiol of older fish (0.02 > P) 0.01). The pool-rubble area was assumed to be
the spawning ground for the sculpin because of the high coocentration of sexually ripe
sculpin found in the pre-spawo sarnple; however. no actual span'ning;rctivity or egg
clusters were observed. In terms of condicion. the riffle and pool-rubbie areas were
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Figure 1. Condition-yeat class relationship for autumn and spring C. confa:us in the Big losr
River, Idaho. Bars represeot mean condition plus sta-odard deviatioo, witir black bars being
spring and white bars being autumn.

similar, with the race situadofl produciog a significandy lower condition (0-01 > P
> 0.005).

The sculpin in the Big Lost River spawned <wer a very restticted time pedod;
all females collected on 13 Lptll 1977 were ripe, and females collected ar the same
locadon on 24 April 1917 were speot. This rapid slmwn could be related to a dramatic
reduction in water flow over this same periol.

Tweoty rip females were collected in ahe pre-spawn sample and subjected to
direct egg counts. Fecundity ranged fro,m 184 eggs in a 51 mm I year old fish to 511
eggs in a 71 mm 4 yeat old fish. Age class 2 females were immarurej and age classes
5 and 6 vrere nor collected at that rime. Al analysis of rhe data revealed a linear rela,
tionship berween rhe nomber of eggs and rhe sraodard body leogth to have the most
significant correlation (r:0.91) (Fig. 3). The relationship can be expressed by the
formula, F:14.1i SL-531, where F is the fecundity. Weight, age, and conditioo
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Figure 2. The relationship of condition and age class compoaition to habitat for C. cant'tv.l.! iD thc
Big Iost River, Idaho. Black bars represent mean condition plus staodard deviation;
white bars represeot mean age plus standard deviation. Dofted lines represent progressrve
year class proporrions of the sample with the 1976 year class on the bottom.

did nor exhibit an increased correlarion to fecundity when analyzed by linear or ex-
ponential relationships. Cotrelation was oot increased when analyzed by multilinear
regressions iovolving length, age, and fecundity (r-0.85), or length, weight, end
fecundity (r : 0.90). No correlation was fourd between individua[ egg size (diameter
and weight) and length, age, weight, or condition. These tesults establish length oI
iodividual fish to be the best predictive factor for fecundity of the shorthead sculpin
in the Big Losr River.

Discussion

Growth of shotthead sculpin exhibited strong seasonal and age class relationships. There
is a trend for the prcentage of the rnean annual grorvrh txcurring during the October
through Aprii period to increase wirh each age class (Table 2). This trend may follow
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Figute I. Length-fecundity ot C. conlauu in the Big Lost River, Idaho.

chaoges in the fo<xl habits of the different sizes of sculpin. Food habir data (Cannamela,
Gasser, and Johnon, 1978) indicate that the majority of the October April growdr
occurs in the eady spriog.

Weight and condition also varied seasonally aorJ with age. The pre-spawo spring
sample was significantly heavier after age 2, which was undoubtedly due to gona.l
dwelopment. Weighr,condition differences were also significanr bet\l,een arLrumn aod
post-spawn spring sculpin. The increase observed from the aurumn ro posr-spawn
spring may be atttibuted rc an increased feeding activity for the populations as e
whole in the spring (Cannamela et al., 1918). The more dtamatic increase sceo io
the younget fish (year classes 1976. 1q75. Fig. 1r. mey hcve resulred from increased
food availability and high e^xpenclirures of energy for the formation of reproducive
producrs in older fish during rhe pre-sparr'o pericd. The piute sculpio, Cotu beLlingii.
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also exhibits a seasonal fluctuarion of condition which is likely telated to gooadal de-
velopment ard food supply (Ebert and Summerfelt, 1969).

Relative food abundance could be a causative facror in the observed differences
in condition berween habitats; however, benthic samples taken in each habitat re-
vealed no difference in food availability (Cannamela et aL., 1978). The physical
characteristics of each habitat may be responsible for condition differences The high
cuffeot velocity in the race area could act to restrict foragiog activity, or cause a greatet
expenditure of energy in terms of securing forage and n-raiotaining position io the stream.
This iocreased level of eoergy use would result in less energy available for gtowth.

Fecundity of shomhead sculpin from the Big Lost River was significantly higher
than that reported elsewhere. Patten (1971) found {ecundity to range from 47 in fish
61 mm long to 217 itr 86 mm sculpin from two N7ashington streams. The factors
which affect the fecundiry of the shorthead sculpio are largely unknown; however,
the degree of variation betvreen the rwo areas suggests rhat fegulatory cues have a strong
influence.

Summary
The limited life history data for the shorthead sculpin have been supplemented by
determination of the following from the Big Lost River population:

1) Otoliths tot 6 year classes wele analyzed and their vaiiclity for age ancl grorltir
studies was confirmed for this species;

2) These sculpin grew 10-12 mm a year afrer reaching 33 mm ar rhe end of theit
first year- The seasonal pattern of growth varied according to age *'ith no sexual
dimorphism;

3) C-ondition factors were higher in spring lhan autumn;
4) Spawning occurred in mid-April with fecuodity positively correlated with fish

length and ranging from 184 ro 5i1 ova for J- aod 4-year-old fish; and
5) In rhe spring, reproductively mature iish were mosr common in pml-rubble

habitat. while smaller fish were found in race and riffle areas.
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