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Life History and Ecology of the Sculpin Cottws bairdi
punctulatns in Southwestern Montana'

Jacx E.

INTRODICTION

A\ investigntion of the life history and
ecology of the Rocky Mountals mottled
sculpin, Colius bairdi puactulafus (Gilly, was
staried in January, 1950, and continued umtil
Oetober, 1951, This study was centered mainly
on the West Gallatin River in the vicinity of
Shedds Bridge, 534 airline miles downstream
from the village of Gallatin Gateway, Gallatin
County, Montana., Thuring the sumsoer of
1930, oheervations were made on the sculpins
of Prickley Pear Creek which cmpties inte the
Missouri River about six miles upstream from
Cralg, in Lewis and Clark County. The area
studied included the lower 13 miles of Prickiey
Pear Creek and the lower 134 miles of Woli
Creek, which is a small tributary thereto,
Description of the Sampling Areas.—The
VWest Gallatin collecting station was 2300 feet
leng. The maximum width of this section during
fload stage (May-June) was approzimately
156 feet and the maximum depth approzimately
8 feet. In September, 1831, at the low water
period, the mazimum width was approzimately
7% feet, DPractically all of the collections were
made in water between the shoreline and the
3.4t contour, neither of which ocoupied fized
positions a3 their locations were dependent on
water tevels, In 195%, the water level dropped
© Copirbution from Montana State Colleme, Agricutiura]
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approximately three feet from its flood sitage
peak in May to near normal summer level
recorded June 140, This caused the shoreline o
move i as much as 100 feef in certain places,
By September 17, the waier
another & inches. Gradients of the sampling
section were measured with a hand level at
100-foot intervals. The mean gradient for the
section was 0.7 foot per 100 feet with a maxi-
murg of £.94 and 2 minimum of 822, The
maximum surface velocity measured, in the
area where sculping were collected, was 4.6
feet per second, Bottom materials In the sam-
pling area consisted of approximately 38 per-
cent boulders, 55 percent rubble, and 15 per-
cent sand and gravel Both banks of the sec
tion are bordered by ootionwoods, aspens and
willows, Algae was the only abundant aquatic
vegetation,

Water temperatures for the West Gallatin
station were taken at irregularintervals through-
cut the collecting period, usually between

B30 and 330y Minimum  temperatures
32-367F Y ocourred during December, January,
iebroary and March of both vears with a2
definite “warm up” period beginning in late
March, No temperatures were taken in the
spmmer of 1950 but in 19531 the mazimum
temperature of 65°F. ocourred on July 31

In Prickley Pear Creek, sculping wers col-
iected in riffie sreas which had a maximum
summer width of approzimately 45 fest and 2
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tatal lengths of fresh and preserved sculpins
was determined for 2 sample of 75 specimens.
The fresh total lengths ranged from 60 1o 121
v, These fish were then placed in 10 percent
formalin for 3 months and measured again.
Total lengths after preservation ranged from
57 to 115 mm. The resulting formula for con-
version from fresh total length {¥) in mm, to
total lengths of preserved fish () In mm. was
W e .050Y. When converting from preserved
1o fresh total lengths, the formula becomes
YV owe 1037X. Similar factors were obtained
for 101 small sculpins {fresh total lengths
25-47 mm.}. The conversion factor from fresh
to presesved total length for this sample was
(.090 and from preserved to fresh fotal length
was 1010,

Foop Hasirs

Twenty-thres collections were obtained from
+he West Gallatin River and thres from Prick-
ley Pear Cresk to determine feod habits. No
defmite collesting schedule was followed except
to secure at least one sample for each calendar
month, Collecting began January 21, 1930,
and ended August 33, 1951, Almost all collec
tions were made i the afternoon. A total of
903 specimens was examined, 821 from the
Wegt (Jallatin River and 82 from Prickley
Pear Creck. The West Gallatin River lot
inciuded 53 specimens less than three months
oid {6.8-76 mm. total length) and 768 more
than three months oid (21-118 mm.). The
Prickley Pear Ureek specimens ranged in fotal
iength from 42 to 118 mm.

Al lengths and weights were taken after
specimens were preserved (10 percent formaling
except for 36 fish which were measured while
fresh, The lensth measurements on fresh
specimens were converted to preserved lengths
by the factor 0.960. Sex and maturity were
determined  whenever possible by careful
exarination without roaking micro-sections
of the gonads.

Stomachs were removed by slitting the scul-
pins from anus to throat, cutting the esophagus
at the posterior end of the oral cavity and
breaking off the intestine at the pyloric valve
which forms a convenient and definife posterior
demarcation between stomach and ntestine.
Stomachs wers then placed in 70 percent ethyl
alcohol before the contents were removed and
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classified. Food organisms were generally deter-
mined to family, but some specific identifica-

fions were made. [nsect fragments were re-
corded as unidentifisble insecis.

Tame I

Ligr or Foops FPouws 1 Scoiprs SrowacHSs
From e Weer Garzariy Rivir

Mollugoa ‘Trichoptera (larvas and
Plrysn pupae}
Pisidium Rhyvacophilidas

Insecta Rhyacophila
Fphemeropters Glossasoma

{nymphs} Hydropsychidas
Heptageniidas Arctopsyche
Heplagenia Huydrepayohe
Rhithrogenn Hydroptilidae
Baetidae fimnephilidas
Parglapiopliabia Lepidostomatidae
bicornuls Brachyveentridae
Ephemerella doddsi Brochyeentrus
Ephemerelle Auvi- | Helicopsychidae
iinsa Diptera (larvae and
Basiis pupag)
Plecopters {nymphs} Tipulidae
Pteronarcidae Tipuia
Pierenareys celi- Anioche
Fornica Tendipedidae {Chir-
Pieronareelle badia onomidae)
Taenioptervgidae {eratopogenidas
HNemoutidae Blepharoceridas
Capniidae Bibioezphala
Perfidae Simuliidae
{(lassenia sebulese (Avachnida
Perlodidas Hydrachnidas
Arcynopierys parel- | Figh
lela Rhbinichthys cato-
Chlgroperiidas racias
Isopertidas Cottus boirds
Tsoperia Fish eggs
Colenpiera {larvas Cotteis boirdi
and adults)
Carabidae
Haliplidae
Dryopidas
Helmis
Hemiptera

Drue to the small amounts of food present,
it was mot practical to messure volumes of
individual stomachs, In order to obiain the
volumetric measuremeni of food eaten, fotal
volumes were determined by alcohol displace-
ment of the siomach contents of 17 separate
collectiomns, The averape volume of food per
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stomach was 3.09 ml, and the maximum volume
was 2.30 ml

Composition  of Feod—Food studies on
Cottus boirdi by Ricker {1934), Koster {1938},
and Dbneen {1951} indicate that this species
feeds mainly on bottom dwelling aquatic
fauna and Is not a sericus predator of game
fish species. The present study agrees with
these findings (Table I). Bottom dwelling
aguatic insects made up 99.7 percent of the
tofal number of all food items In the stomachs
of the older sculpins from the West Gallatin
River. Items such as snails {Physa), fingernall
clams {Pisidinem), water mites {Hydrachnidae},
sculpin eggs, and fish composed the other 0.3

Tapre i1
SroMacy CowrewTs oF 15 WEsT Gatvaniw Biver
Scoiepms {Torarn Leweras 14-20 ) CoLiecren
Auvcusr 31, 1951

Humber | Average [Percentsge
Food crganism cé,jﬁ 5’? nupxzi;ez n?ég?:f ief
organism | stomach | organisms
Wolhusca (Pigidium).. 5 1.4 3.8
Ephemeroptera
Baetidae...... ... Z 1.0 i.1
Poralepipphichia.. 1 1.0 3.5
Heptageniidae
Heplogenia .. . .. H 1.4 0.5
Plecoptera. .. ...... i 1.0 4.5
Diptera larvae.. . ... H 1.8 0.3
Chironemid larvae. 14 12.4 82.6
Unidentified ingects. . i 1.6 0.5

percent. The only terrestrial insect taken was
an adult ground bestle.

Dipterous larvae and pupae, the most
sbundant food items, comprised 35.5 percent
of the total and occurred in 60.3 percent of the
stomachs. The Tendipedidae (Chironomidag)
was the most important family. Chironomid
larvae and pupae accounted for 95.8 percent
of the Diptera. Larvae made up 99.6 percent
of the Tendipedidae while pupas constituted
only 0.6 pereent. Chironomid larvae were also
the most sbundant Dipters in the stomachs
examined by Ricker (1934;, Koster [1935),
and Dineen (1931}, Caddis fly larvae, sscond
only tc the Dipterz in numbers consumed,
accounted for 36.7 percent of all food items
and occurred in 58.3 percent of the sfomachs.

COPEIA, 1932, NO. 4

Lepidostomatidae and Hydropsychidee were
the most important familiss, constituting 69.83
and 24.4 percent, respectively. Mayfly nymphs
made up only 3.8 percent of the ioial number
of food items butf occurred in 32.8 percent of
the stomachs., Plecoptera nymphs, with 2.1
percent of the total number of food items,
occurred in 168 percent of the stomachs.
Despite the fact that mayfly and stonefly
nymphs comprised a low percentage of the
total number, they were an fraporiant food
because of their large size and rather regular
ogourrence. Fish and fish eges comprised 0.1
percent of the food items eaten and occurred
in .8 percent of the stomachs. Snails, finger-
nail clams, beetles, true bugs, and water mites
collectively constituted only 0.2 percent of
the total number of food organisms and oc-
curred in only 2.6 percent of the stomachs,
Unidentifiable insects made up the remaining
1.6 percent of the food items. Sticks and
stones which were presumed not to be parts of
caddis fly cases were found in 5.2 percent of
the stomachs,

The smallest sculping which had food in
their stomachs were collected Tuly 21, 1951,
from the West Gallatin River. Only three
specimens {total lengths 9.1-10.0 mm), of a
sample of 15 ranging in total length from 6.8
to 104 mm., contained food. Unabsorbed volk
sacs were still present in 12 of the fry. The
only identifiable food items were 8 chirenomid
larvae and one water mite. The yvolk sacs were
completely absorbed in 23 sculpins (total
lengths 9.1-14.8 mm.} faken July 3%, 1931,
All bad been feeding on chironomid larvae and,
in addition, two specimens had one mayfly
nymph each, another had s fingernall clam,
and a fourth had ap unidentifiable insect
larvae. Chironomid larvae accounted for 128
{877 percent) of the total number of food
organisms,

Stomach ezaminations were made on 15
voung of the vear {totsl lengths 14-26 mm.)
collecied on August 31, 1931 (Table 1D

Chirenomid larvae scourred in sl but one and
comprised 92.6 percent of the total number of
fgod organisms. Fingernall cams accounted
for 3.8 percent of the total (ther items in-
cluded mayily and stonefly nvmphs. These
Bndings are geperally in agreement with these
of Ricker {1534},
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Larger sculping were divided into three size
groups (total lengihs 21-50 mm., 51-80 mm,,
and 81-118 mm.} in order to facilitate compari-
son of food habits {Table I1I). In the West
Gallatin  River, molluske occurred in the
stomachs of all three size groups. Fingernall
clams were taken by the smallest size group
and snails by the two larger groups. In Prickley
Pear Creek, however, the larger sculpins took
both fingernail clams and snails,

Stonefly nvmphs were consumed In greatest
numbers by the largest size group and least
by the smallest. The smaliest size group utilized

47

uted more to the total volume due to thelr
large size.

Fish and fish sggs were not important Hems
In the dist of West Gallatin River sculping,
Only five specimens had fish in thelr stomachs;
the smallest one was a female with a total
length of 80 mmm. Four males (836111 mm.)
each contained one fish, Only two of the fish
eaten were identified; one was a longnose dace
{Rignichihvs calaracias Valenciennes) and the
other a vearling sculpin. One male {105 mm.},
taken June 30, 1951, had seven fungused
sculpin eggs in its stomach. Eved sculpin

Taprr 11
Foob 19 Renarion 76 5w 0F 708 Scripins rroy 7HE WesT Garrartiw River 1950-19351
2272 stomachs, total lengths | 324 stomachs, total lengths 227 stomachs, total lengths
231-55 mn E1-80 mm. §1-113 mum,
- £ ] ‘E [ B ":é i =
e 5o = oo Fed o

Tl 58 g | n | B8 5 | = |gf 5

£ & £ = = P ) g £

2 ILE s g i - = E = i = 5
Food organism EIEY =2 & = = i = ERR E S5 kS =
] BB = =7 £ ] = =E o g B =
& SR2E & P} B T ) Pt -2 SEE L = D
g 1EwE & & E E%Z & 5E £ EvE | & as
# orazvisEieg ] BB 28 w2 & [ EgYwl wd
2 |& Elwd =2 % 1§ =Bl g8 % &LEwE | 2E
£ | S4B B2 B= 2 | g g1 8= 2 | =g g4 g
3 |EEE 25159 g 2% E® B 1 BEE | zE | EE

3 & d i 4 ]& £ A S |4 = |4

Mollusea. . ... ... ... i .01 0 ] 3 1.3 2 8 3 .91 0D s
Ephemeroptera. . . ...... | 4 | 1.3 |33 7010 1.8 43 4 12 2.0 32 3
Plecoptera. .. .......... | & [ 1.2 1D Z 7 1.5 15 2z % 2.4 | 26 3
Coleoptera. .. ..., ... .. i 1187 ¢ G H 1.0 3 o
Hemiptera. ... ......... | ... | .. i HREE G
Trichoptera. ... ...... .. 712313 13 71 69164 31 1104 159 0 T2 47
Diptera. ............... 57 (80158 (74 149 | 13,3163 161 1290 1922158 |48
Tnidentifiabie insects. . .. i 01,0622 4 5 1.2 | 1% z z 1.1 22 i
Arachnide . .. ... ... .. .. 3 501 @ & . -
Fish. ....... ... ....... i 1.0 @ & i 1.8 2 0
Fisheggs. ............. 7 7.4 ¢ &

only small nymphs of the families Capnliidas,
Perlodidae, Chloroperiidae, and Iseperlidae
while the two largest size groups contained, in
addition, nymphs of the familiss Pteronarcidae,
Taenioptervgidae, Nemouridae, and Perlidae.
Caddis fiy larvae were consistently more abun-
dant in the stomachs of the larger sculpins,
Diptera larvae and pupae were taken in greafest
mutnbers by the larger spechmens but made up
2 higher percentage of the total number of
food organisms eaten by the smaller fish.
Chirenomid larvae were the most common
yiptera found In all sizes of sculpins. However,
cranefly larvas (Tigule) occasionally conirib-

eggs were found in the stomachs of twe adult
males taken June 28, 1950, from Prickley Pear
Creek,

Of 17 Prickley Pear Creek sculping {93
118 mm.)} collecied September 21, 1950, three
were found to contain fish; two of the items
were rainbow frout (Selme goirdneri Richard-
sont approximately 234 inches long. These
trout may have been from fngerlings (2-3
inches total length) planted on Sepiember 18,
1950,

Predation by freshwater sculpins on game
and commercial fshes has been investigated
by seversl fishery workers. Forbes (18283)
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veported that 25 percent of the food of =iz
Cotius bodrdi was fish. Lincoln (1933} stated
that mueddlers had been observed io take re-
cently planted trout 134-2 inches long. Dinesn
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{1951} examined the stomachs of over one
thousand Coftus boird] boirdi and found 4.0
percent contained a few frout eggs. Simon
and Brown (1943} reported a small male
{Coting bodrdi semiscaber) gorged with sculpin

COPEIA, 1952, NG, 4

eggs and frv. Dence (1928}, Gresley (1932},
Ricker {1934), and Surber {1920) reported no
evidence that Ceffws bairdi eats fish or fsh
eggs. Koster {1036) concluded that sculpins
do not destroy large numbers of trout eggs or
fry. This species apparently is not a serfous
predator of game fish although it may iake
trout under certain conditions and cccasionally
gats small Individuals of its own kind,

Seasenel Varictiens — The volume and num-

er of food items per stomach in sculpins from
the West Gallatin River were compared for
the various seasons of the year (Fig. 1), The
calendsr vear was divided into four periods of
squal length. On the hasls of waler tempers-
tures, December through February was desig-
nated as the winter season. There were fewer
empty stomachs and the guantity of food per
stomach was greatest in the winter samples.
The percentage of empty stomachs ranged
from 4.0 percent in winter fo 10.3 percent in
sumier and the average volume of food per
stomach ranged from 006 ml in spring to
0.17 ml In winter. An examination of 62 speci-
mens collected when water temperatures were
very low {32-33°F.) showed the average volume
per stomach to be .25 ml while the winter
average was (.17 ml Only one stomech was
empty and the average number of food fems
per stomach was 31.6, which 1s higher than the
winter average of 239,

There were cbvious variations in the kinds
of fpod consumed. Snalls were found only in
the summer and fall collections. The number
oif stomachs confaining stonefly nymphs was
more than five times greater during the winger
than in summer. Caddis vy larvae ocourred in
greatest numbers in fall collections and least
in spring, while Dipters were taken more often
in spring and least in fall (Fig. 2}. Tipulidae
larvae were consumed during all seasons but
were most imporiant in the stomachs of large
sculping collected in the fall.

Hazrrar awo MoveEMmanes

Sculpins were asbundant i riffle areas where
rubble and boulders were predominani, and
were usually absent from pools where the bot-
tom was entirely sand or day, They were
numerous in the dense mats of white water-
crowioot in Prickley Pear Creek. Some small
sculping were observed fo hide In the guiet




TACK E. BAILEY--LIFE HISTORY OF SCULPIN

water near shore by stitring op clouds of sitl
which seitled and covered them. Larger in-
dividuals were found most commonly in rubble
riffie areas where the water was more than 4
inches deep but some were present in the shal
low quiet water near shore. Distribution was
not noticeshly affected by surface velorities
hecause souiping spend much of thelr time under
gravel and subble on the stream bottom.
However, sculpins were scarce in aress where
currents were slow enough to allow deposits
of sand and silt, probably due to the absence
of hiding places.

A total of 75 scoipins {total lengths 50140
rom.}, captured in Prickley Pear Creek with the
sssistance of an AC eleciric shocker, were
marked with serfaily numbered jaw tags and
released in the same 600-foot section from which

Tapre IV

Recovemies OF TAGGED SCULPING I8 PRICKIEY
Prar {_REEE

Mumber
- Humber

Humber -t of days
I 3 - .

sl el 0T
June 30,1050, ... 36 . ..
August 15,1880, .. ..., | 3 g 46
September 25, 1030, ... .. i) 41
Hovember 24, 195G, . .. .. 3 50
Fums 17, 1831 3 205
Totals, . ... 75 2% 352

they were captured. In four successive shock-
ings, 21 marked spechmens {total lengths ¥
140 mm.) were recoversd (Table IV). Only
one marked fish was captured more than onge,
This specimen was tagged June 38, 1930, and
vecaptured on August 15 and zgain on Septem-
ber 25 of the same vear, Fifteen {71.4 percent)
of the 21 sculping recovered were within 130
feet of the point where first captured. The
greatest distance which a recoversd sculpin
had moved from the point of release was 470
feet.

Spawenme HamTs

Spawning Seoson—The 1950 spawning sea-
son was not definitely established, but eyed
egzs were collected in the West Gallatin River
en June 17 and in Prickley Pear Creek on June
1%, The 1951 spswning season in the West
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Callatin River covered most of the month of
June. On June 5, 1931, one spent female was
found In & sample of 147 gravid females. The
first fwo nests with eggs were found on June 9.
One nest had 194 eggs and the other 143
First eved eges of the 1951 season were found
on June 23. All eggs were aved In the 14 nests
located on July 6. The last females {four
specimens) to conlain DUMErous eggs were
found on Jume 23. One collected Jume 36,
1951, had eight eggs.

Ricker (1934) gave the middle of Mav as
the spawning period. Hann {1927} and Gage
{1878) observed eggs in April, and Smith
{1922} found them in April and May, Simon
and Brown (1943) reported the spawning season
of Catlus bairdi semiscaber Cope as Febrnary
20 to May 26,

Males were ripe in advance of the females
and some were still capable of producing mile
after all females had depesited thelr eggs.
a{it was obtalned from males as early as
March 25 n the 1950 sesson. In 1951, the
first ripe males were found on April 23, Females
were also slower to hegin ripening in 1951
than in 1950 The last ripe male of the 19531
season was found on August 31, Afterncon
water temperatores during the 1951 spawning
season ranged from 46° to 35°F. Hann (1927}
observed scuiping spawning in an aquarium
at a temperature of 535°F. and reported stream
teraperatures of 41° 10 61°F, during the spawn-
ing season,

Age and Size af Fiost Spowning-—Iavn
{1927} stated thaf sexual maturity was at-
tained at two vears of age when sculpins were
45-70 mm. standard length and that males
were larger than females. In 2 sample of 390
fernales collected from the West Gallatin River
during the period from May 27 to June 14,
1931, all individuals over 74 mom. total length
were sexually mature {Tablie V). The smallest
one which was sexuaily mature had a total
length of 57 mm. Of 25 females collected during
Mayv and June, 7 were sezually immature and
% vears old, 9 were mature and of the same age,
and ¢ were mature and 3-3 years of age.
Maturity of males was not easily determined
from the appearance of the testes. The smallest
male which produced milt by application of
pressure 1o the abdomen had 2 total length
of 7 ram. and was 2 vears oid.
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Sezxnal Characierisiics—Mature females in
the gravid condition are sasilly recognized by
their distended abdomens. Adult males have 2
prominent genital pepilla {Hann 1927 which
originates at the posterior margin of the anus.
The genital papilla can be seen without
magnification on most preserved males as
small as 60 mm. total length, The sex of 177
preserved sculpins {total lengths 57-113 mm.)
was determined first by inspection for the pres-
ence or shsence of the genital papilla and then
verified by examination of the gomads. Sex
was correctly determined by the vse of the
pepilla in 96 percent of the specimens. Thisz
sample contained 89 males and 28 females
Hann {1927) stated that sex may be determined

Tapie Y

NUMBER AND PrucawtacE of Matome Fruaiz
Scorens FRoM THE Wasr Gaiiarmy River

Totad length G mon) | (OISR | TaEDe | Poienase
50-54 44 0 6.0
55-59 101 1 1.0
6064 2 |12 | 17
65-69 3 | 2 | 553
70-74 a6 | a2 | 913
75-79 B | 4 | 1000
50-84 2 | 24 | 100.0
85-89 15 15 | 100.0
90-94 4 4 | 100.0
95-99 2 2| 100.0

100-104 i 1] 1000

by the shape of the head in specimens three or
more vears of age—that of the male is broader.
A& comparison was made between the greatest
head widths of 30 males and 15 females ranging
in total length from 82 to 95 mem.; the average
width for the males was 23,9 mm. and for the
females was 21.9. The accuracy of this method
of determining sex was about 80 percent. Simon
and Brown {1943) stated that in Cefius bairdi
semiscaber the differences in coloration of the
first dorsal fin could be used o separate the
sexes, This characteristic was not disgnostic
for Coftus bairdi punciuloius,

Development of Overies.—Ovaries were ob-
tained from 146 specimens collected at fre-
guent intervals between January 21 and May
31, 195G, and December 26, 1934, to June 3,
1931, Mo samples were faken after fish began
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te spawn. Uvary volumes affer preservation
were determined to the nearest 001 ml by
alcohol displacement. The object of this study
was o determine the stages of ripensss. Vol-
umes of the ripening ovaries were influenced
by the size of the female as well as by the state
of ripeness. Ovary volumes had an approzimate
straight-line relationship to the cube of the
total body length, Bipeness factors were calou-
lated by dividing the ovary volumes by the
cubes of the total body lengths., The resulting
factors were arbitrarly multiplied by 10° to
obtaln more convenlent figures. Average
ripeness factors for each of the small samples
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Fig. 3. Average ripsness factors for 146 female
sculpins,

were plotted on semilog graph paper. The
resulting curves were drawn by inspection
{Fig. 3. The average ripensss factor for the
1930 collections incressed from 40.4 (January
21} to 2007 (May 31). In the following vear
the factor increased from 22.8 {December 28,
1950} to 3290 {June 5, 19531}, The 1950 curve
is not complete as no ovaries were measured
in the period immediately before spawning.
Number of Eggs —Epg Counts were made on
118 preserved females (57-05 mm. total length).
The average nurber of eggs per female was
203. The minimurm was 69 in 2 37-mm. specimen
and the mazimum was 406 in 3 %4-mm. fsh.
Hann (1927} counted the eggs from nine females
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which were 51 to 71 mm. standard length.
These ranged from 120 to 393 eggs per female
{average 237). Simorn and Brown (1943
found an average of 0629 s2ggs per female in
Cotius b, semiscaber.

Prepavation ond Disiribution of Nesis—
The nests consisted of holes under rocks or
other suitable objects, Preparation of nests
was not observed but was presumed o have
been done by the males (Hann 1927} There
was a greater abundance of adult males in the
deeper areas where the first nests were found.
Adult females were most sbundant in shaliow
waier near shore at that time. In & sample of
12 specimens taken May 27, 1931, from water
less than 18 inches deen, the ratio of males o
fernales was 1:5. On June 5 & collection of 30
specimens from the same area showed a ratio
of 119, In water more than 18 inches desp, 22
adults collected Tune 5 showed a ratio of 1:0.7,
On June 10 females were caught near shore In
shallow water, while males wers found only In
deep water. This segregation of sexes was not
noticeable during any other season of the year,
The first eges deposited were found n water
over one foot desp.

The rocks under which nests were prepared
varied in diameter from about 5 o 15 inches,
Egg clusters were sometimes attached to
materials other than rocks. Hann (1027)
reported the use of aquatic vegetation, €. §. D.
Brown found clusters on a plece of submerged
wood in the Madison River, Montana, and the
writer observed eggs on a rusty plece of sheet
iron in Prickley Pear Creek.

Surface velocities over nests varied from G4
to 4.6 feet per second. Simon and Brown
{1943} found nesis in aveas where currents
varied from rapid to almost none. Most nesis
were originally located in aress where swiface
velocities were high but which became much
veduced as water levels dropped. Observations
indicated rather gentle waler movemenis
within the nests but limitations of available
equipment prevenied accuraie determinations.

Description of Eggs and Egg Clusiers.—The
size of eggs was determined from preserved
materials, Suck measurerments, although they
may not give a true picture of size, are usefnl
in comparing egg diameters of different in-
dividuals and at different times. Diameters
were secured by counting the eggs which would

]
e
ey

lie side by side on a millimeter linear scale.
Eggs from 48 lemales collected from the West
Galiatin River in 1951 varied from 1.3 mm. in
dismeter in April te 2.2 mm. by June 5. Lggs
collected from 11 nests had dizmeters of 2.5
to 2.9 mm, Simon and Brown {1943} found
that eggs from femalss ready to spawn had a
diasmeter of 2.2 mm. and eggs from nesis
zveraged 2.47 mm, in diameter.

Fgg colors ranged from pale yellow to orange—
veliow. However, all sggs from a single individ-
ual were the same color {Hann 1927). The
eggs became progressively darker as the em-
bryos developed. The larger egg clusiers were
usually composed of small component dusters
{Plate I} in which the eggs often differed in size,
color, and stage of development (Smith 1922),

The number of eggs from iwelve nests,
coflected Tune Z1~-July 3, 1951, from the West
Gallatin River, ranged from 34 to 1587 eggs per
nest with an average of 744. Since the largest
number of egps found in any female was 406, it
is obvious thaf many nests were used by more
than one female, In Prickley Pear Creck, the
largest number of eggs found in any female
was 437 and the mazimum number in any nest
was 1884,

Fncubotion Period and Care of Nests —On the
basis of 1951 spawning dates {June 3-30) and
hatching dates (July 3-21), the incubation
peried in the West Gallatin River was 21-28
davs. Afternoon water temperatures during
this period ranged from 46 to 63°F. Eggs taken
artificlally and fertilized with sperm from mac-
erated testes were placed on hatching trays in
water at a tempersture of 48-530°F. Hatching
hegan 30 days after ferillization but was ast
compiete until 10 days later. These sggs became
heavily fungused and were given frequent
treatments with copper sulfate. Hann (1927}
found that eggs, taken artificially, hatched in
twenty days at temperatures of 35 to 59°F.

An adult sculpin was present in almost every
nest found. Sculpins captured from 11 nests in
Wol Creek and 5 nests in the West Galiatin
River were all males, Smith {1922} observed
fhat almost all nests had guardians and caught
four which were wmales. Hann {1927} staied
that the male guards the nest while the eggs
are incubating. On the basis of observations
made to date, however, the writer doss not
believe that males actually guard the nests,
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and prefers to refer fo them az atiendants
rather than guardians, Bimon and Brown (1943}
observed that the pests were rarely unaccom-
panied by the male fish. Females were found in
nests only during the spawning seazon and were
usually accompanied by the male, Three West
Gzliatin River nests were visited twice weekly
during the incubation period. The atiendant
parents were not observed on every occasion
but it was evident that attendance was con-
tinved until hatching was nearly completa
Attendant males apparently served to keep
the nests clean. Wests were remarkably free of
silt, debrls, and aguatle organisms which could
otherwise be expected {0 accumulate, Very
few Tungused eggs were found in the nests. The
presence of seven fungused eggs in the stomach

Tapiy VI
Torar LexeTas oF Hateaeav-INCUBATED SoUneIn
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thelr first day of life (Table VI). Hann {1927)
reported the standardlength to be shout 6.4
mm. at the time of hatching, and Simen and
Brown {1843} found the aversge total length
of artificially hatched fry was 6.9 mm. On the
14th day the volk sscs were completely ab-
sorbed and toial lengths ranged from 9.0 to
2.2 mm. with an average of 9.5 mm. After the
volk sac was absorbed, young sculping closely
resembled their parents except for size.
Young Sculpins—Juvenile sculpins up to
about 14 months of age could usually be dis-
tinguished irom other age classes on the basis
of size. Average total lengths of preserved
yvoung sculpins increased from 7.8 mm. on
July 16, 1951, to 19.5 mm. on August 31. The
average total length of 110 specimens collected

Tasiz Vil

Torsr LerweTes or Juveniie Scriems CoLisoren
FROM Wrst Gariariy Brvan

Fry
o e Total lengths Ginmm,) | Monthof | Numberof|_ o e e mm.)
(éa%«'s} . 7 T .ssgi;;;;; aoitection specimens Mini- | Mazi- | Aver-
MinimumMeximum, Average mun TRER BT
1 5.8 8.1 7.1 43 Octoher, .. ... .. 110 23 41 3.4
Z 5.9 8.0 7.6 3 Degember. ... .. 55 Z3 41 28.¢
4 8.4 8.1 8.7 3 February. . ... .. id 2z 32 204
7 7.7 8.5 5.8 3 March......... 14 21 34 1284
% £.8 8.0 LR 3 Apeil. ... ... L. 17 27 3 1 30.e
14 9.0 o5 9.5 3 May........... 54 25 41 1323
June........... 245 26 51 1 35.8
Jubv, . ... 13 38 33 455
of an attendant male might indicate that such  Ayguse .. .. ... 7 4% 80 | 52.9

eggs are sorted from the clusters.

Mo eggs were observed o be left ahove the
receding water level in Prickley Pear Creek, but
i4 West Gallafin River nests were found
stranded above the water level in 1981, Hanp
{1927} foumd no nests left above changing water
levels and Gage (1878) felt that the fish had
fprethought as the eggs were never lald above
the low water mark of Tuly,

Ace axp Growrm

Sac Fry~—All scolpins used in the aging
studies were from the West Gallatin River.
Egr clusters were incubated in haichery
troughs. Fry were held at femperatures of
51~56°F., until their volk sacs were completely
absorbed, Total length messurements of fry
were made on preserved specimens, Fry ranged
from 5.8 to 8.1 mm. and averaged 7.1 mm. on

in October, 1950, was 31.4 mm. (Table VID)
and the average total lenpth of 54 wvearlings
collected in May, 1951, was 32.5 mm. This
would indicate very slow growth during the
winter months. From June to the end of Aw
gust, the average toial lengths increased from
250 wmm. {245 specimens) 10 329 mm, (7
specimens).

Older Sculpins —COtohths were faken from
151 iresh specimens. These were stored in 53
percent ethyl alcohol and then examined by
the use of reflected light {magnifications §x—
36} while immersed in oil of cloves. Narow
iranslucent rings alternating with wider opagque
zones were visible. The white opague zones
were presumed o represent summer growih
while the fransluceni rings evidently represeni
winter marks or annull. The core of each otolith
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was generally opagque white surrounded by &
somewhat transhacent band. The area imme-
dintely ouiside the core was an 0paGue zone
representing the first summer’s growth,

Ages were determined from the otoliths of
specimens collected a few af 2 time from
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Sex was determined for 112 specimens and
average tofal lengths of males and females
were comparsd in each age class {Table IX).
The males were consistently larger than the
females (Hann, 1927, and Simon and Brown,
1943).

Tasie VIIE

Avrrnaoe Toral Leworas oF Eace Aoy Grovr oF Scuirmss COLLECTED N WesT GALLATIN Hiven
{Lengths in mm,, number of specimens in parentheses)

Wumher of annull Feb. March Hay Jane Iuly Angnst Bapt. Hov.
I 29.6 31.0 1.7 33.3 0.7 51.3 56.7
{24; {1 {18) {8} {3 (5} 33
I 9.2 67.5 84.4 67.5 0.7 79.3
(6) (3 {11} {173 (4) 3}
Iix 80.3 §1.2 83.0 .9 87.3 28.0
& 8 3 {7 (23 1
v 102.2 98.7 95.9 34.0 118.3
4 {9 8 {1} (23
Y 94.0 23.0 110.¢
1 {1} {1}
Tasie IX i
*oueer ANp Averase Toral Lencras o7 Mavss I E 31950
. . - . P SURNE 3,192
awo Femaies o7 Eace Ass Geour 1507 SPECIMENS)
; Tales Fomales By \\j
. T - -
Biumber of Average | Average VJ"J W\
sonull s total . total 0
Number length Mumbser lengts
{in mm.} {in mra.] =
- . - wl 20 b GUTORER 28,1930
i 3 57.0 2 485 (288 SPECINENS)
Iz 2 0.7 29 66.1 > L
I 14 33.1 19 81.0 & o
v 17 1033.7 7 80,0 )
Y H 110.0 2 93.5 s
e L JUNE 5, 1950
\/\ {899 SPECIMENSE
February 25, 1950, to August 5, 1951 Total =~ | !
length measurements were made on {resh fish i |
hefore the removal of otoliths. The smallest £
senlpine from which otoliths were taken (22-34 L A
mm.} were collected February 6, 1851, These ab J — W

had only one annulus and this was on the outer
edge of the otoliths (Table VIII}. The largest
specimen from which otoliths were taken, was
a 119 mm. male collected November 11, 1958;
it had four annull, Three specimens had five
annull; two were females {93 and 94 mm.),
and one was 2 male {110 mm.}. Average total
lengths in mun, for the five age groups ranged
g8 follows: I—28.6-36.7; TI—£4.4-79.3; 111

83.5-020; IV—B40-118.5; and V0301100,

35
TOTAL LENMGTH (MM}

_Fig. 4. Length-frequency curves for three collec-

song of sculping from the West Gallatin River.

Lengihfrequency Distribulion—A length-fre-
quency study wasg made on 1681 specimens
collected on the following dates: 533, June 3,
1950; 288, Octeber 28, 1950; 899, Tune 5, 1951,
A length interval of 2 mm. was used in pre-
paring the fremquency polygon (Fig. 4). Age
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group I showed a mode af 393 mm. in the
June 3 collection and at 61.5 in the October
sample. The mode at 313 mm. in the October
polvgon represents sculpine hatched during
the summer of 1950 The neak of the first
mode in the JFune 5, 1931, collection was at
355 mm.

Fish two vears old and older did not show
clearly defined modes In any of the collections.
However, a comparison of the June 3, 1950,
length-frequency polygon with the mean total
lengths of June specimens aged by otoliths
(Tabie VIII} indicated satisfactory agreement
hetween the two methods.

The largest sculping obtained for this study
were collected by Willam D, Clothier in frvi-
gation csnals which originate in the West
Gallatin River, One male had a total length of
140 mm. after preservation znd a female
measured 124 mm. The largest sculpin found
in Prickley Pear Creek was a male 139 mm. in
total length. The largest sculpin reported by
Hann (1927} was a male with a standard length
of 113 mm,

Length-weight Relafionship—The relation-
ship between fresh total lengths and weights
for the sexes combined was obtained for 206
West Gallatin River sculping collected as
follows: 179 specimens October 28, 1950; 3,
November 9, 1950; 19, Tuly 3, 1951; and 7,
August 5, 1951, The weight-length data were
ftted o the equation W = {17 where W =
weight In grams, € = a constant, and L =
Iength in mm. The resulting equation exprassed
in logarithmic form was logW = 5202
3.16{ogly. A calculated length-weight curve
was prepared which satisfactorily fitted the
average length-weight values computed for 3
min. class intervals except for specimens over
109 mm. total length., This discrepancy may
be explained by the fact that only five fsh
larger than 109 mm. were available for the
ealculations,

The relationship between total lengths and
standard lengths of preserved sculpins was
determined for 147 specimens (total lengths
10-124 mm.} selected fo glve nearly egual
representation fo all sizes. The sguation rep-
resenting the least-squares line of relationship
was ¥ = —1032 4+ 0.827X whers ¥ = stand-
ardiength inmm. and X = total length In mo,
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SuMuany

An investigation was made on the life histery
and ecology of the Rocky Mouniain mottled
sculpin, Cottus boird: punciulatus, in the West
Gallatin River, Prickley Pear Creek, and Wolf

reck, Montana. The study began in January
1850 eand continued until October 1931 An
analysis of 903 sculpln stomachs showed that
bottom~dwelling squatic insects comprised
96,7 percent of the total number of food ore
ganisms consumed; of these, Dipters larvae
and pupae constituted 35.5 percent; caddis fy
farvae and pupae, 36.7 percent; mayfly nymphs
3.8 percent; stonefly nymphs, 2.1 percent; un-
identifiable insects, 1.6 percent; fish and fish
eggs, .1 percent; and ail others, 0.2 percent.
Caddis flies were consumed in greatest num-
bers during fall and least In spring while
Diptera were taken most In spring and least in
fall.

The maximum amount of food per stomach
gecurred during the winter months {(tempera-
tures 32-33°F ), while the minkmum was found
in the summer. Almost all samples for food
analysis were collected in the afternoon,

Sculpins were most abundant in riffie areas,
where rubble and boulders predominated, and
were least abundant where the bottorn was
entirely sand or dayv. The young typically
inhabited gulet waters,

Twenty-one marked sculpins from a total of
75 released in Prickley Pear Creek were re
captured within 470 feet of the point of velease.

The 1951 spawning season was from June 3
to 30 and hatching cocurred from July 3 to 21,
indicating an incubation peried of 21 to 28
days. Afternoon water temperatures during
this period ranged from 40 o 63°F, Sexual
maturity was attained by some individuals at
the age of two vears. All fernales over 74 mm,
total length were semually mature.

An attempt was made to determine sex by
sach external characters as the distended
abdomens of females, the genital papillae of
males, and head widths, and these methods of
sex determination were verified by examination
of the gonads,

Development of ovaries was determined by
calculating ripeness factors based on the ovary
volume and the cube of the total length of the
fish. The number of sggs per female averaged
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