MONTANA

STATE UNIVERSITY

Life history and ecology of the freshwater sculpin Cottus Bairdii Punctulatus in southwestern Montana
by Jack E Bailey

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree
of Master of Science in Fish and Wildlife Management

Montana State University

© Copyright by Jack E Bailey (1951)

Abstract:

An investigation was made on the life history and ecology of the freshwater sculpin Cottus bairdii
punctulatus in the West Gallatin River, Prickley Pear Creek, and Wolf Creek, Montana. The study
began in January 1950 and continued until October 1951 Analysis of 903 seulpin stomachs shows that
bottom-dwelling aquatic insects comprised 99.7 percent of the total number of food organisms
consumed. Biptera and caddis fly larvae and pupae constituted 55.5 and 36.7 percent, respectively.
Mayfly and stonefly nymphs made up 5.9 percent of the food items eaten. Caddis were consumed in
greatest numbers in the fall and least in spring, while Diptera were taken most in spring and least in
fall. The maximum amount of food per stomach occurred during winter months while the minimum
was found in summer. Sculpins were most abundant in rubble riffle areas and least abundant where the
bottom was entirely sand or clay. Twenty-one of 75 marked sculpins released in Priekley Pear Creek
were subsequently recaptured. The 1951 spawning season was from June 5 to 30 and hatching occurred
from July 3 to 21, indicating an incubation period of 21-28 days. Some individuals matured at the age
of two years and all females over 74 mm. total length were sexually mature. Development of ovaries
was determined by calculating ripeness factors based on the ovary volume and the cube of the total
body length. The number of eggs per female averaged 203 and many nests were used by more than one
female. The nests were prepared and attended by the males. Average total lengths of young sculpins
were 7.8mm. in July, 31.4 mm. in October, 32.6 mm. in the following May, and 52.9. in August.
Average total lengths of five age groups were determined for 151 specimens by a study of the otoliths.
Length-frequency data in general agreed with growth data based on otolith studies. The relationship
between length and weight, and also between standard and total lengths, were also determined.
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Abstract

An investigation was made on the life history and ecology of the
freshwater seulpin Cottus bairdii punctulabus in the West Gallatin River,
Prickley Pear Creek, and Wolf Creek, Montana. The study began in January
1950 and continued until October 1951. Analysis of 903 sculpin stomachs
shows that bottom-dwelling aguatic insects comprised 99.7 percent of the
total number of food organmisms consumed. DPiptera and caddis fly larvae
and pupae constituted 55.5 and 36.7 percent, respectively. Mayfly and
stonefly nymphs made up 5.9 percent of the food items eaten. Caddis were
consumed in greatest numbers in the fall and least in spring, while
Diptera were taken most in spring and least in fall. The maximum amount
of food per stomach occurred during winter months while the minimum was
found in summer. Sculpins were most abundent in rubble riffle areas and
least abundant where the bottom was entirely sand or clay. Twenty-one of
75 marked sculpins released in Prickley Pear Creek were subsequently re-
captured. The 1951 spawning season was from June 5 to 30 and hatching
occurred from July 3 to 21, indicating an incubation period of 21-28 days.
Some individuals matured at the age of two years and all females over Ti
mm. total length were sexually mature. Development of ovaries was deter- .
mined by calculating ripeness factors based on the ovary volume and the
cube of the total body length. The number of eggs per female averaged
203 and many nests were used by more than one female. The nests were
prepared and attended by the males. Average total lengths of young
sculpins were 7.8 mm. in July, 31L.4 mn. in October, 32.6 mm. .in the fol-

. lowing May, and 52.9 mm. in August. Average total lengbths of five age
groups were determined for 151 specimens by a study of the otoliths.
Length~-frequency data in general agreed with growth data based on otolith
studies. The relationship between length and weight, and also between -
standard and total lengths, were also determined.
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Introduetion
An investigation on the life hisrééi‘y and ecology of the freshwater

sculpin Cottus bairdii punctulatus was stated in J anuary 1950 and eon-

tinued until October 1951. 'This ‘study was centered mainly on the West
Gallatin River in the vicinity of Shedds Bridge, | 5% airline miles down-
strea_m from the village of Gallatin Gatefvay; Montana. During the summer
of 1950, Gbsgrvatiqns were made on ‘the sculpins of Prickley Pear Creek
‘which empties ;ﬁto' ‘the Missouri River abéﬁt six miles upstresm from Craig,
Montana. The areé studied included the lower 13 miles of Pricklej Pear
Creek and the 10wer. 1% miles of Wolf Créek, W’ili(:h is a small tributary of

the latter.

"De;scrip‘bion of . the Sampling A:g'eas .

The West'Galla;bin céllecti’né statien_ﬁas 2300 feet lqng'.' The maxi-

h mum width of this sectien during flood stage (May-'June) was approximately

150 feet and the maximum_depth approximately 8 feet. In September 1951,

at the low water period, the maximum wicith was approximately 70 feet.

Practically all of the collections were made in water between thésshore-

line and the 2-ft comtour. - Neither the' 2-ft éontour nér the shoreline

~ eccupled fixed positions as their locations were dependent on x¢a£er leveis.

In 1951 the water ;evel dropped approximstely three feet from its flood

stage peak in May to near normsl summer level recorded June 10. This
caused the shoréline‘to.move in as.mﬁch as 100 feet in certain‘pla‘ces., By

September .17 the "wat_er level was down a.ﬁoth'er" 6 inches. ,G‘I‘éx_iie‘nts of the

sampling section we:c"'e measured with a hand level at 100 foot intervals.




The mean gradiént for the section was 0.70 feet per 100 feet with a maxi-
mum of 1.94 and a minimwm of 0.22. The maximum surface veloéity measured,
in the area where sculpins were collected, was 4.6 feet per second. Bot-
tom‘materials in the sampling area consisted of approximately 30 percent
‘boulders, 55 percent rubble, and 15 pereent sand and gra&el. .Both banks
of the section are bordered by cottenwoods, aspens, and willows. Algae
was the only abundant aquatic vegetation. |

Water temperatures for.the West Gallatin station were taken at irre-
gular intervals throughout the coellecting period. They were usuaikly se-
cured between 2:30 and 3:30 p.ﬁ; Minimum temperatures (32-36°F.) oc~
curea during December, Januarf, February, and March of both years with a
definite "warm up™ period beginning in late March. No temperatures were
taken in the summer of 1950 but in 1951 the ma;imum.temperature of 65°F,
occurred on July 3i. .

In Prickley Pear Creek, sculpins wére collected in riffle areas
which had a meximum summer width of approximately 45 feet and a minimum
of 21 feet. The maximum depth varied from 1k inches in shallow riffles
to about 8 feet in deep pools during September 1950. The maximum surface
velocity recorded during Seﬁtember was 4.3 feet per second in areas where
collections were made. Bottbm:materials qf riffle areas were exceedingly
variable. Rubble was predominant with varying mixtures of gravel, sand,
and boulders. Pool bottoms were mostly of clay or sand. After the spring

run-off, green algae and white water-crowfoot (Ranuneulus aquatilis)

became abundant and persisted through most of %he summer. The miniium

vater temperature for the period June 9 to September 27 was 43°F. (June 9)




; T
and the maximm was G?bF. (July 26). B Variatiéns in temperatures through-
out any 24 hour period ranged from 3° to 16°F.

Polf Creek is similar ‘to Prickley Pear Creek except that it is much

smaller. On June 17, 1950, the maximum width was 38 feet and the maximum

depth was 18 inches in riffle sections.

Fish Present

The freshwater sculpin (Cottus bairdii punctulatus) was the most

abundant fish in the sampling area on the West Gallatin River. Brown

trout (Salmo trutta), rainbow trout (Salme gairdnerii), cutthroat trout

(8almo elarkii), rainboﬁ-cutthroat hybrids, eastern brook trout

(Salvelinus fontinalis), mountain whitefish (Prosopium williamsoni), long-

nose sucker (Catostomus catostomus), white sucker (Catosteomus commergonii),

and longnosehdace (Rhinichthys ca'baxjactae) , are known to occur in the same

general area. Exegptfor suckers, all of 'Ehe above species were observed
- in the sampling area. Suckers may have been present but no attempt was
made to collect them.

The freshwater sculpin (Cottus bairdii punctulatus) was also the

most gbundant fish in both Prickley Pear Creek and Wolf Creek. (One al-
bino sculpin with a total length of 62 mm. was found in Wolf Creek.)

Associated species of trout, whitefish, and suckers were the same aé in

the West Gallatin River. Carp (Cyprinus cgrpio) and American burbot

(Lota lota maculosa) were presént in small numﬁers in Prickley Pear Creek.
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Collections and Preservation of Samples

Most collec.:tions of sculpins were made with a screen 3 by k4 feet
similar to that described by Needham and Needham (1941). 'The screen was
held in an inclined position againstfhe stresm Bottom and the rubble and
gravel immediately upstream was disloged by kicking. Sculpins that col-
lected on thé screen were lifted from the water. This met}:_led was adequate
for small samples of all sculpins except those less ‘than 20 mm. iﬁ total
length. Small sculpins were most abundant in shallow slow water and were
more readily collected with a tea strainer. The collecting screen and the
tea strainer were both provided with screen haﬁng 16 mesh per linear

inch. Two electric shockers were used for taking large samples.. One was




-9
a 500 W_a.tt‘ AC generstor used at voltages of 160 to 200 , and the other a
250 watt, DC generator used at 125 volts. Each machine was equipped with
two portable electrodes.

The DC generator appeared to be more efficient on the larger sculpins.
The positive electrode of the DC shocker was maniuplated so as to attract
sculpins upwards from the stream bottom thus msking it easy to recover
them. Sculpins shocked by al'lj.emating eurrent were more subject to the
flow of the stream which often carried them under rocks where they lodged
out of sight. The smaller sculpins were easily collected because they
remained neér shore where t{ater currents weré not effective in carrying
them under rocks.

The majority éf seulpins collected were preserved in 10 percent
formalin at thg time of capture. However, when otoliths were te be taken,
© specimens were weighed and measured in fré;.h condition. The relationship
between total lengbhs of fresh and preserved sculpins was determined for a
sample of 75 specimens. The fresh total lengths ranged from 60 to 121 mm.
These fish were.then placed in 10 percent formalin for 3 menths and
" measured again. Total lengths after preservation ré.ngéd from 57 to 115
mn. The resulting formula for conversion from fresh total length (¥) in
mn. to-total lengths of preserved fish (X) im mm. was X = 0.960f. When
converting from preserved to fresh total iengbhs, the formula becomes
¥ = 1.037X. Similar factors were obtained for 101l small sculpins (fresh
total lengths 25-h42 mm) - The conversion factor from fresh 1o préserved
total length for this sé.mple was 0.990 and. from preserved to fresh total_

length was 1.010.
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Food Ilabits ’

Twenty-three separate collections were obte,lned. from the West
Gallatin B:Lver and three from Prlckley Pear Creek for the food. habits
study. No deflnrbe collecting schedule was followed except to secure at
least one sample for each calendar month. Collectlng began January 21
1950, and ended Auguet 31, 1951. Almost all collections were made in the
afternoon. A total of ’90.3 specimens  were exemined, 8'21 from the Wesi';
Gallatin River and 82 from Prickley Pear Creek. The Vles,’c Gallatin River
specimens includecl 53 young (less than three ﬁeﬁths old" 6. 8—26 mn. .‘botal
length) and T68 old (more then three months old, 21-118 mm. ). The
Pr:.ckley Pear Creek specumens ranged in total length from L2 to 118 .

All lengths and‘.veigh”ss were taken auf'l;er -specimens were preserved
(10 percent formelin) except for 36 fish which were measured while fresh.
l‘he length measuremerlts on /fr'esh' specimens -We:_ce eonvefbed te preserved
leng‘lj,hs by the factor 0.960. Sex and maturity were de‘cer;nined whene‘ver
possible by careful e:xamina:bion without making micre--sections of the
gonads. |

Stomachs were removed by slitting the seulpir}s, f:cu-om‘ anus to throat,
cutting the esophagus at the posterior end of the oral cavity and breaking
off the intestine at the pyloric valve v:hieh ‘forms a convenieﬁt and defi-
nite pos*berio’r demercatien between stomach and. ‘inte.stine. Stomachs were
then placed in TO percent e.lcohol before the con_ten'b_s were remeved and
-classified. Food organisms were geﬁerally determined to family. Seome
specific iﬂentificatiens were made. Inse'ct.fragments were recorded as

vnidentifiable insects.
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Due to the small amounts of food present in sculpins, it was not
practical to measure volumeé of individuwal stomachs. In order to obtain
the volumeﬁric measurement of food eaten, total volumes were determined by
alcohol displacement of the stomach.contents of 17 separate collections.
~The average golume of food ver stomach was 0.09 ml. and the maximum volume

was 2.30 ml.

Composition of Food

Food studies on Cobttus bairdii by Ricker (193#), Koster (1936), and
Dineen (1947) indicate that this spéciés feeds mainly on bottom dwelling
‘aquatié.fauné and is not a serious predator of game fish species. The .
present study agreés with these findings (Table I). Bottom dwelling
aquatic insects made up 99.7 percent of tﬁe totalknumber of all.food items
in the stomachs of the older sculpins from the West Gallatin River._~Items
- such as snails (Bhysa , fingernail clams (Pisidium), water mites (Hydra-
chnidaé), sculpin eggé, and fish compoged the other 0.3 percent. ‘The only
terrestiial insect taken was an adult ground beetle. o ‘

Pipterous larvae and pupae, the most abundent food items, comprised
55.5 percent of the total and occurred'in 60.3 pefceht of tﬁe stomachs. |
Tendipedidae (Chironomidae) was the most importemt family. Chironomid
larvae and pﬁpae accounte& for 95.6 percent of the Diptera. Larvae made
up 99.6 percent of the Tendipedidae while pupae constituted only 0.6 per-
cent. Chironomid larvae were alsolfhe most abundant Piptera in the sto-

machs exsmined by Ricker (1934), Koster (1936), and Dineen (1947).
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Table I

List of foeds found in sculpin stomachs from the West Gallatiﬁ River

Molluseca

Physa

Pisidium

Tnsecta
Ephemeroptera (nymphs)
Heptageniidae :
Heptagenia

Rhithrogena
Baetidae -

Parsleptophlebia blcornuta.
Ephemerella doddsi
Bphemerella flavilinea
Baetis )
Plecoptera (nymphs)
Pteronarcidae .
Pteronarcys callfornlca
Pteronarcells bhadia
Taeniopterygidae
Nemouridae
Capniidae
Perlidae ‘
Classenia sabulesa
Perlodidae
Arcynopteryx parallels
Chloroperlidae
Isoperlidae
Isopexrla
Coleoptera (larvae and adults)
Carabidae
Haliplidae
Dryopidae
Helmis
Hemiptera

Trichoptera (larvae and pupae)
Rhyacophilidae '
Rhyacophila
~ @lossosoma
Hydropsychidae
Arctopsyche
Hydropsyche
Bydroptilidae ,
Limnmephilidae
Lepidostematidae
Brachycentridae
Brachycentrus
Helicopsychidae
Diptera (larvae and pupae)
Tipulidae
Tipula
Antocha
Tendipedidee (Chirenomidae)
Ceratopogonidae
Blepharoceridae
Biblocephala
Simuliidae

Arachnida
Hydrachnidae

Flsh
Rhinichthys cataractae
Cottus bairdii

Fish eggs
Cottus bairdii
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Caddis Tly larvae, second only o the Diptera in numbers consuvmed,
accounted for 36.7 percent of all food items and occurred in 58.3 pereent
of the stomachs. Lepidostomatidae and Hydropsychidae were the most impor-
tant families constitubing 69.8 and 2h.4 percent, respectively. |

Mayfly nymphs made up only 3.8 percent of the total number of food
items but occurred iﬁ 32.8 percent of the stomachs. Plecoptera nymphs
with 2.1 percent of the total number of food items, occurred in 16.8 per-
cent of the stomachs. DBspite the fact that mayfly and stonefly nymphs
comprised a low percentage of the total number they wewe an jmpox”cént fooed
because of thelr largé size and rather regular oecurrence. Fish and fishl '
eggs comprised 0.1 percent of the food items eateﬁ end. occurred in 0.8
percent of the stomachs.

Snails, fingernail clams, beé-i:les , true bugs, end water mites col-
lectively constituted only 0.2 pereent of the Wtal number of food or-
ganiszﬁs and. occurred 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 daddis fly

cases were found in 5.2 percent of the stomachs.

Food of Small Sculpins

The smallest sculpins which had food in their stomachs were collected
July 21, 1951, frem the West Gallabin River. Only three specimens (total
lengths 9.1-10.Qﬁnﬁ.) of a sample of 15 ¥anging in total length from 6.8
to 10.k4 mm. containéd food. Unabsorbed yolk sacs were still present in 12

of the fry. The only identifisble food items were a chironomid larvae and.




-1k
one wé,ter mite.

The yolk sacs were compi!.etely absorbed in 23 sculpins (total lengths
9.1-14.8 mn.) teken July 31, 1951. All had been feeding en chiremomid
larvae and in addition 5 two specimeﬁs had one mayfly nymph each, anether
had a fingernail clam, and a feurtﬁ had an unidentifisble insect larvae.
Chironomid larvae accounted for 128 (97.7 percent) of the total number of
food organisms. | . ‘ -

Stomach examihations were made on 15 youné of the year (tetal lengths
14-26 mim.) collectéd on August 31, 1951 (Table II). Chironomid larvae
occurred in ail but one and comprised 92.6 .percen'i: of the total number of
food organisms. Fingernall clams acceunted for 3.8 percent of the total.
Other items included may_-fly and st'onefly nyinphs. These findings are

generally in agreement with Ricker (193k4).

Table IT

Stomach contents of 15 West Gallatin River sculpins
(total lengths 14-26 mm.) collected August 31, 1951

Number of Average Percentage of
fish with number per total number
organism gtomach of organisms
Mollusca (Pisidium) 5 1.k o "~ 3.8
Ephemeroptera '
Baetidae . 2 1.0 1.1
Paraleptophlebia 1 1.0 0.5
Heptageniidae, '

Heptagenia 1 1.0 ) 0.5
Plecoptera. ' 1 1.0 0.5
Diptera larvae il 1.0 0.5

Chironomid latvae 1k 12.h 92.6
Unidentifiable insects 1 1.0 0.5
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Food of Large Sculpins

Sculpins were divided into three size groups (total lengths 21-50 mm.,
51-80 mm., and 81-118 mm.) in order to facilitabe comparison of food habits
(Tsble III). '

In the West Gallatin River, mollusks occurred in the é‘comaéhs of all
'bhree size groups. Fingernail clems were +taken by the smallést size group
and snails by the two larger groups. In Prickley Pear Creek, however, the
larger sculpins toeok both fingernail clems and snails.

Sonefly nymphs were consumed in greatest 'numbers by the largest size
group-and least by the smallest. The smallest size group utilized only
small nymphs of thg families Cepniidae, Perlodidae, Chleroperlidae, and
Isoperiidae while the £Wo largest size _groups_‘con-bained in additien
nyémphs of the :E’amiligs Pteronarcidae, Taeniopterygidae, Nemoufidae, and
Perlidae. Caddis fly larvae were consistently more abundant in the sto-
machs 6f the larger sculpins. Dipbera larvae and pupae were used most by
small sculping. Chironomid lar;ra was 'bhg most cemmon diptera found in all
sizes of sculpins. However, cranefly larvae (E&E_J_l_a._) occasionally conbri-
buted mere o ﬁhe tcﬁ:al volume due to their large size.

Fish and fish eggs were not impo?l8BE items in the diet of West
Gallatin River scuipins. Only five specimens had fish ih their stomachs.
The smallest was a female with a total length of 80 mm. Foﬁr males
(tetal lengths 86-111 mm.) each comtained one fish.v Only two of the fish
eé,jben were iden'-bified.; oné was a longnose dace and the other a yearling

sculpin. One male (total length 105 mm.) ta;.ken June 30, 1951, had seven

fungused sculpin egés in its _stomach. Ejred. sculpin eggs were found in
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the stomachs of two adult males taken June 28, 1950, from Prickley Bear
Creek., | ixi '

In a total of 17 Prieicley Pear Creek sculpins (total lengths 98-118
mm.) collected September 21, 1950,. three wexe found to contain fish, two
of %he items were rainbow trout approximatelﬁv2% inches long. These trout
may have been from fingerlings (2-5 inches total lengtb) planted Sep-
tember 18, 1950. ‘

Predation by freshwater sculpins on game and commercial fishes has

been investigated by‘severél_fishéries'workers. Forbes (1883) reported

that 25 percent of.the food of six Cottus bairdii was fish. Linceln
(1933) stated that muddlers had been cbserved %o ﬁake recently planted
“trout l%mE inches long. Dineen (B947) examined the stomachs of over one

thousand Cottus bairdii bairdii and fdund only one fish, a small sculpin.

Simon and Brown (1943) reported a small male (Cottus semiscsber) gorged

with sculpin eggs and firy. Dence (1928), Greéiey (1932), Ricker (1934),

. and Surber (1920) reporbed no evidénce of Céttus Béirdii'eating fish or

fish eggs. Koster (1936) comcluded that sculpins do net destroy large
numbers of trout egés or‘fry. This species apparently is mot a serious
predator of game fish although it may take trout under certain cenditions

“and occasionally eaks small individuals of its own kind.

. Seasonal Variations in the Food of Sculpins from the West Gallatin River

The volume and number of food items per stomach was compared for the
' various seasons of the year (Fig. 1). The calendar year was divided into

- four periods of equal length: On the basis of water temperatures,
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AVERAGE VOLUME

------ AVERAGE NUMBER
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AVERAGE NUMBER ORGANISMS PER

WINTER SPRING SUMMER FALL

Aaounfc of food in sculpin stomachs at various seasons fro* the

West Gellafcin River.
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December through February was designated as the winter season.

There were fewer empty stomachs and the quantity of food per stomach
was greatest in the winter samples. The percentage of empty stomachs
ranged from 4.0 percent in winter to 10.3 percent in summer and the
average volume offood per stomach ranged from 0.06 ml. in spring to 0.17
ml. in winter.

An examination of 62 specimens collected when water temperatures
were very low (32-33°F.) showed the average volume per stomach to be 0.25
ml. while the winter average was 0.17 ml. Only one stomach was empty and
the average number of food items per stomach was 31*6, which is higher
than the winter average of 25« -

There were obvious variations in the kinds of food consumed. Snails
were found only in the summer and fall collections. The number of sto-
machs containing stonefly nymphs was more than five times greater during
the winter than in summer. Caddis fly larvae occurred in greatest numbers
in fall collections and least in spring while Diptera were taken more
often in spring and least in fall (Fig. 2). Tipulidae larvae were con-
sumed during nll seasons but were most important in the stomachs of large

sculpins collected in the fall.

Distribution within Sections
Sculpins were abundant in riffle areas where rubble and boulders
were predominant and wereusally absent from pools where the bottom was
entirely sand or clay. They were numerous in the dense mats of white

water-crowfoot in Prickley Pear Creek.
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Fig. 2. Number of Trichoptera and Diptera at various seasons in

stomachs of sculpins from the West Gallatin River. —

, - Ti
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Some small seulpins were observed to hide in the quiet waber near
shore b'y stirring u;p clouds of silt which settled and covered them.
Larger individuals were found most commonly in rubble riffie areas where
the water was more than 4 inches deep 'bu'b seme were present in the shal-
low quiet water near shore. Distribution was no’ﬁ noticea’bly affected by
surface velocities because sculpins spend mgch of their time wnder gravel
and rubble on the stream bbttom. - Howevér,- sculpins were scarce in areas
. where currents were slow enough to allow deposits of sand and silt, pro-

bably due to the absence of hiding places.

Movements in Prickléy Pear Creek

A total of 75 s-culpins (total lengths 50-14%0 mm.) captured with the
assistance of an AC electric-sho.cker were marked wi'.bhwserially numbered
jaw tags and released in the same 600 foot section from which they were
- captured. In four successive shockings, 21 marked specimens (total
lengths 70-140 mm.) were recowered (Table IV). Only one marked fish was
captured more -l.:han-once. This specimen. was 'Eagged June 30, 1950, and re-
captured on August 15 and again on S;aptember 25 of the same year. Fifteen
(71.% percent) of the 21 sculpins recovered were withip I_LSOV feet of the
point where first captured. The greatest distance which a recovered

sculpin had moved from the point of release was k70 feet.

Spawning Season
The 1950 spawning season was not definitgly es-babliéhed, but eyed

eggs were collected in the West Gallatin-Biver on June 17 and in
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Table IV

Recovertes of tagged sculpins in Prickley Pear Creek

S Number . Number - Number of days
~ Date ' tagged recovered between shockings

June 30, 1950 36 ’
August 15, 1950 39 9 L6
September 25, 1950 6 Ly
November 2k, 1950 3 60
June 17, 1951 U 3 205

Totals 5 21 , 352

Prickley Pear Creek on Jl-me'lS. lJ."he 1951 spawning season in the West
E‘;a;llatin River covered mc_>st' of the month of June. On June 5, l§51, one
spent female was found in a sample of 147 gravid femaleé. The first two
nests with .eggs were found on June 9. One.' nest had 104 eggs and the
other 148. First eyed eggs of the 1951 season were found om June 23. All
eggs were eyed in the lhtnests locateq. on July 6. The last females (fbuf
specimehs)' t0 contain numerous eggs were foﬁﬁd on June 23 One collécted
June 30, 1951, had eight eggs. | ' |
Ricker (1934) gives the middle of May as the spawning period. Hann
(1927) and Gage (1878) obsef&ed eggs in April, and Smith (1922) found them,
- in April and May Simon and. Brown .(19}-1-3) reported the spé@ing season of

Cottus semiscaber as February 20 to May 26.

Meles were ripe in advance of the females and some were still capable
of producing nmli 'af'ber ail females had deposited their eégs. Milt was
obtained from males as early a.s‘ March 25 in the 1950 season. Im 1951, the
first ripe males wére found April 25. Females were also sléwer to begin

i'ipening in 1951 then in 1950. The last riiae male of the 1951 season was
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found. on August 31.
Afternoon water temperatures during the 1951 spawning season ranged
from 46° to 55°F. Hamn (1927) observed sculpins spawning in an aquarium
at a ‘temperature c;>f‘ 55°F. a.nd. reported stream temperatures of 41° to 61°F.

during the s\péwning season.

Age and Size at First Spawning

Hann (1927) stated that sexual maturity was attained at two years of
age when séulpiﬁs were 45-T0 mm. standard length and that males were
larger than females. In a sample of 390 females collected froﬁl the West
Gallatin River d.ul"ing the period of May 27 to June 10, 1951, all indivi-~
duals over T4 mm. total lerigth wére sexually mature (éEable V). The
smallest one which was sexually mature had a potal length of 5T mm. OFf
25 females collected during May and June, T ‘were sexually immature and 2
years old, 9 were mature and of the same age, and 9 were mature and 3-5
years of age. Matﬁrity of males was not easily determined from the ap-
pearance of the teétis. The smallest male which produced milt by appli-
cation of pressure to the abdomen had a total length of 7O mm. and was

2 years old.

Sexual Charaeteristics
.Mature females in the gravid condition are easily recognized by their
distanded sbdomens. Adult males have a prominent genital papilla (Hann

1927) which eriginates at the pesterior margin of the anal fin. The
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Table V

Number and percentage of mature female scu_lpiris

Total fish Numbexr Percentage

Total length in mm. . _Observed mature _mature
50~ 5L - bl ‘ 0 0.0
55 - 59 101 : 1 1.0
60 - 64 72 12 16.7
65 - 69 38 21 55.3
70 - Th L6 hp 91.3
75 - 79 ‘ L3 43 : 100.0
80 - 84 2l 2l 100.0
8 - 89 . 5. 15 . 100.0
90 - 9k 3 : h ‘ 100.0
95 - 99 2 2 100.0
100 - 10k 1 1 100.0

genital papilla can be seen wi’chout magﬁification on most preserved males -
_as small as 60 mm. total length. The sex of 177 preserved ‘scuip:i:.ns .('botal
lengths 57-113 mm) was determined first by inspec;cion for the présence of
absence of the genital papilla and then verified by éxamination of the
gonads. Sex was correctly detemined'by the use of the papilla in 96 per-
cent ’of the specimens. This sample contained 89 males and 88 females.
Hann (1927) stated that sex may be determined by the shape of the head in
specimens 'Ehree or more years of age-~that of the male being bréader‘. A
comparison was made between the grea’ces"c head widths of 30 males and 15
females ra;ging in total length from 82 to 95 m. The‘average width for
the males was 23.9 mm. and for i:he females was 21.9. The aceuracy of +this
method of determining sex was about 80 percent. Simon and Brown (1943)

stated that in Cottus semiscaber ’che‘ differences in coloration oflthe ‘

first dorsal fin could be used.to separate the sexes. This characteristic

was not diagnostic for Cottus bairdii punectulatus.
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Development of Ow}aries

Ovaries were obtained from 146 specimens collected at frequent inter-
vals between January 21 and May 31, 1951, and December 26, 1950, to June 5,
1951. No sampies were taken after fish began to Spawn. Ovary velumes
aftex_' preservation were determined to the nearest 0.0l ml. by alcohol dis~-
' place:rﬁen'b. The object of this study was to determine the 'sfages of ripe~
ness. Volumes of the ripening ovaries were influenced, by the size of the
female as well as by the state of ripeness. Ovary volumes had an approxi-
mate s,traigh'l_;_—line relationship to the cube of the total body length.
Ripeness factors were calculated by dividing thé ovary volumes by the
cubes of the total body léngths. The resulbing factors were arbitrarily
multiplied by 108 to obtain more convenient figures. Average ripeness
factors for each of the small samples were plotted on semilog graph paper.
The resulting curves were drawn by inspection (Fig. 3). The average ripe=-
ness factor for the 1950 collections increased from 40.4 (January 21) to
é09 .7 (May 31). In the following year the factor increased from 22.8
(December 26, 1950) to 329.0 (June 5, 1951). The 1950 curve.is not com;
plete as no ovaries were meé.sﬁred in the ;périod itmnediétel& before

spawning.

Number of Eggs
Egg counts were made on 118 preserved females (57-95 mm total
ILength)u. The average number of eggs per femdle was; _,203° The minimum was
69 in a 57 mm. specimen and the maximum was 406 in a 9% mnm. fish. Hann

(1927) counted the eggs from nine females which were 51 to T1 mm. standard




Ripeness Factors

Fig. 3.

26

Average ripeness factors for 146 female sculpins
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length. These ranged from 120 to 395 eggs per female with an average of
257. Simon aqd Brown (19h3) found an average of 629 eggs per female

(Cottus semiscaber).

Preparation and Bistribution of Nests

The nests consisted of hoiésfunger rocks or other suitable objects.
Preparation of nests was not obsexﬁed but was presumed to have been done
by the males (Hann 1927). There was a.greater abundance of adult males in
the deeper afeas where ﬁhe first nests Weré found.. Adult'females were
most ébun@ant in shallow water near éhofe at that time. In a sample of
12 specimens taken May 27, 1951, froi,water less than 18 inches deep, the
rafio of males to femaies was 1:5; On June 5 a collection of 30 specimens
from the same area showed a rgkio of 1:9. In.Water moré tﬁan 18 inches
deep, 22 adults collected June 5 showed a ratio of 1:0.7. On June 10 fe-
males were caught near shore in shallow water, wﬁile males were found oﬁly
© in deep water. This segregatién of sexes was not noticeable during any
-other season of the year. The first eggs deposited were found in water
over one foot deep.

The rocks under‘which nests were prepared varied in diameters from
about 5 to 15 inches. Egg clusters were somefimes attabhed to materials
other than rocks. Hann (1927) reported the use of aguatic vegebatbion,
¢. J. D. Brown foﬁﬁd clusters on a piece of submerged wood in the Madison
River, Montana,‘and the writer‘obsefved eggs on a ruéty piece of sheet
iron in Prickley Pear Creek.

Surface velocities over nests varied from 0.0 to 4.6 feet per second.
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Simon and Brown (1943) found nests in areas’ where currents varied from
rapid to almost ﬁon-e:-cis.‘ben'b. Most nest.s were originally located in areas
where surface velocities were high but which became much reduced as water
levels dropped. Observations indicated rather gentle water movements
wi*bhin the nests but limitations of available equipment ;_prevented accurate
deﬁérminé.tions . '
. S
Description of Eggs and Egg Clusters

The ~siie ‘of eggs was determined from preserved materials. ‘Such
measurements, although they may not give -a true picture of size, are useful
in comparing egg diameters of different individuals and at different times.
Dlameters were secured by countlng the eggs which would lie side by side
on a millimeter linear sca:!.e. Eggs from 48 females collected from the
West Gallatin River in 1951 varied from 1.3 mm. "in diameter im April to
2.2 mm. by Jume 5. Eggs collected from 11 mests had diameters of 2.5 to
2.9 nm. ‘Simon and Browm (1943) found that egés from females ready to
spawn had a diamete.r “of 2:2 mm and eggs from nes’qs averaged é.h’? ma. in -
diameter. |

Egg eolors rangéd from pale yellow o orange~yellow. -However, ail
eggs from a single individual were the same color (Hann 1927). The eggs
became progressively darker as the :embryos developéd‘ The‘lé,rger egg
clusters were us,uallf)r composed of small ecomponent clusﬁers (rig. h) in
which the eggs often differed in éize, color, and stage of d.evelopfhent
(Smith 1922). | |

The nwhber of eggs from twelve nests, collected June 21-July 5, 1951, -
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Fig. 4. Sculpin eggs attached to under surface of rock.

Scale graduated in ram
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from the West Ga.llatin River, ranged from 54 to 1587 eggs per nest with an
average of Thl. Sinée the largest number of eggs found in any female was
406, it is obvious that many nests were used by more than ene female. In
Prickley Pear Creek the largest number 'o;f‘ eggs found in any female was 437

and the maximum number in any nest was 188k.

Incubation Period

On the basis of 1951 spawning dates (June 5—30)h and hatching dates
(July~ 3-21), the incubation period‘ in the West Gallatin River was 21-28
days. Afternoon waber temperatures Id.uring this period ranged from 46 to
63°F.

Eggs taken ax_'tificially and fertilized with sperm from mace:F'a'bed
testes were placed on hatching trays in water at a tempera’cui'e of LB-30°F,
H'a’cching began 30 days after f;ertilization but was not complete until 10
days later. These eggs became heavily fungused-'andf were g'iven frequent
treatments with ‘copper sulfate. Hann (l9é7) found that eggs, taken arti~’

fieially, hatched in twenty days at teﬁlperafures of 5% to 59°F.

Care of Nests
It was observed that an adult sculpin was present in almost every
nest found. Beculpins cap’bured. from 11 nests in Wolf Creek and 5 nests in
the Wesgt Ga;l.latin River were all males. Smith (1922) observed that almost
all nests had guardians and caught four which Vére males. Hann (1927)
stated that the male guards the nest while the eggs are ineubating. On

the basis of observations made to date, however, the writer dees not
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believé_ that males actually guard the nests, and prefers +to refer to them

as attendants rather than guardians. Simon and Brown (19h3) observed that °

the nests were rarely unaccompanied by the male Ffish. -Femaies weré found
in nests only during the spawning season ahd vwerevusually aceompanied 5y
the male. Three West Gallatin River nests were visited twice weekly
during the incubation period. The attendant parents were not observed on
every occasion but it was evident that attendance was continued umtil
hatching was nearly complete.

Attendant males apparently served to keep fhe nests clean. Nests
were remarkably free of silt, debris, and aquatic organiéms which would
otherwise be expected to accumulate. Very few fungused oggs were found. in
the nests. The presence of seven fungused eggs iri the stomach of an at-

tendant male might indicate that such eggs are sorted from the clusters.

Stranded Nests

No eggs were observed to be left above the receding water level in

Prickley Pear Creek, but 14 West Gallatin River nests were found stranded

above the water level in 1951. Hann (1927) found ne nests left abeve
changing water levels a.nd Gage (1878) felt that the fish had fore’chough’c

as the eggs were never laid above the low water mark ef July.

Age and Growth

Sac Fry

{

A1l sculpins used in the aging studies were from the West Gallatin

N

River.
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Bgg clusters were incubated in hatchery troughs. Fry were held at
temperatures of 51-7560]5'. until thelr yolk sacs were completely absorbed.
Total length measurements of fry were made on preserved specimens. Fry -
ranged from 5.8 to 8.1 mm. and averaged T.l mm., on their first day of life
(Table VI). Hann (1927) reported the standard length to be about 6.4 mm.
at the time of hatching; and Simon and Brown (1943) fourd the average .
total length of artififially hatched fxy was: 6.9 mm. On the 1k4th day the
yolk sacs were completely absorbed and total lengihs fanged from 9.0 to
9.9 mm. with an average of 9.5 mm. After the ydlkk's‘ac was absorbed,

young sculpins closely resembled their parents exeept for size;

Table VI

. Total lengths of hatchery ineubated sculpin fry

J(Age ) Total lengths (in pmi.) Number of
days Minimum Maximum Average specimens
1 5.8 8.1 7.1 L3
2 6.9 8.0 7.6 3
L 8.4 9.1 8.7 3
T 1.7 9.5 8.8 3
9 8.8 9.0 8.9 3
1k 9.0 9.9 9.5 3

Young Sculpins

Juvenile sculpins up to about 14 months of age could usually be dis-;
tinguished from other age classes on the basis of size. Averé.ge total
lengths of preserved young sculpins increased from 7.8 mm. on July 16,

1951, %0 19.5 mu. on August 31.

The average total length of 110 spécimens collected in October 1950
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wes 31.4 mm. (Table VII) and the average total length of 54 yearlings
collected in May 1951 was 32.5 mm: This would indicate very slow growth
during the winter months. Ffam'June to the end of Auwgust, the average

total lengths increased from 35.9 mm. (245 specimens) to 52.9 mm. (7 speci-

mens) .
Table VIT
Total lengths of juvenile sculpins collected
from West Gallatin River

Date of , " Number of - Total leﬁgths (in mm.)
collection ’ specimens ~ Minimum Maximum Average
October : 110 - 23 ] 3.4
December : 55 : 23 ha 29.0
February 14 22 o34 29.h
March 14 C el 3k 28.k
April 4 17 27 39 30.9
May 5% 25 i 32.5
June 245 . 26, 51 35.9
July 13 38 53 45.5
August T 48 60 52.9

Older Sculpins
| Otoliths were taken from 151 fresh specimens. These were stored in
95 pefeent alcohol and then examined by the use of reflected light (magni—
ficatioﬁs 0X-36X) while immersed in oil of cloves. Narrow translucent
rings alternatiné with wider opaque zones were visible. The white opague
zones were presumed to represent summer growth while the translucent rings
represent winter maxks or annu;i; The core of each otolith was genefally
opaque white surrounded by a somewhat translucent band.' The érea-imme-

diatel& outside the core was an opaque zone representing the first
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summer's growth.

Ages were det_ermined from the otoliths of specimens collected a few
at a time from February 25, 1950, teo Auggst‘ 5, 1951. Total length measure-
ments wére made on fresh fish before the removal of otoliths. .Th;e smallest
sculpins from which otoliths were taken (total lengbhs 22-34 mm.) were
collected February 6, 1951. These héd ozgly one annulus and this was lo-
cateq. on the outer edge 'of the otoliths ('_fable VIIi). The largest speci- .
men from which étoliths were taken, was a 119 mm. male collected November
11, 1950. It had four amnuli. Three specimens had five annuli. Two were
females (tobal leng'l";hs '93‘ é.nd 94 mm.), and one waé a male (total length
110 mm.). Average total lengths in mm. for -i;he five age g:;joups‘ranged as
follows: I - 29.6-56.7; II = 6#.&-79.3;‘111.- 80.5-98.9; IV - 84.0-118.5;
and V - 93.o;i10.o. | ' |

Table VIIL

Average total lengths of each age grbup of sculpins
collected in West Gallatin River. (ILengths in
mm., number of specimens in parentheses.)

Nunber of  PFebru- : < h ‘ 'Sep’cem— Novem- ,
annuli ary Maxrch June Jul August ber ber
BYORTeRES (Ih) (D) Tﬁ% ) (3) (6) (3)
I 29.6 31.0 31L.7 33.3 L40.7 51.5 56.7 ces
(6) (5) (1) () (&) . . (3)
I 69.2 67.6 6h.h 67.5 T0.2 ... 79.3 ceo
‘ (8) (8) (3) (1) (2) (1) -
IIT 80.5 81.2 83.0 80.9 87.5 ... 98.0 coe
(%) (9 (8 (1) o (2)
v 102.2 98.7 96.9. 84.0. ... cee cee 118.5
(1 - (1) (1)

v ok .0 see «es  93.0 ... .oo T ©110.0
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Sex was determined for 112 specimens and average total lengths of
: , : age
- males and females were compared in each [class (Table IX). The males

were consistently larger than the females (Hann 1927 and Simen and Brown

1943).
Table IX
Number afd average total ieng-bhs of males and
females in each age group
Nunber Number - Average . Number Average
of . of - total length of tvotal length
annuli males (in mm.) females (in mm.)
I 5 57 .0 2 48.5 -
IT 20 70.7 29 66.1
III 10 83.1 19 ' 81.6
Iv 17 103.7 . T 90,0
Vv 1 "110.0 2 ' 93.5

' Length-frequency Distribution

A length-frequency study was made on 1681 specimens éollected on the
following dates: 503, June 3; .288, October 28, 1950; 899, June 5, '1951,
A length intervel of 2 mm. was used in preparing the fre;luency polygon
(Fig. 5). Age group I showed a mode at 39.5 mm. in the June 3 collection
and at ’61.5 in the October sample. The mode at 31.5 mm. in the October
p@iygon represents sculpins hatched during the summer of 1950. The peak
of the first mode in the June 5, 1951, collection was at 35.5 mm.

Fish two years/ old a:rid. older did not show clearly defined modeé in
any of the collections. Hewever, a comparison’ of the June 3, 1950,
length-frequéncy polygon with the mean total lengths of June specimens

aged by otoliths (Table VIII) indicated satisfactory agreement between
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Fig. 5 Length-frequency of three collections of sculpins from

the West Gallatin River.
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the two, methods. .

Maximum Growth .

The largest sculpins obtained for this study were collected by
Williém D. Clotheir in éxv':t:'igation canals which o'riginat‘e .in the West
Gallatin River. One male had a total lemgth of 140 mm. after preservation
and 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

Hern (1927) was a male with a standard length of 113 mm.

Length-~-weight relgtionship

The relationship between fresh total lepgths and. weights for the
sexes combined_ was obtained for 206 Wes’q Gallatin l_iiver sculpins colleeted
as follows: 179 specimens October 28, 195_05 3, November 9, 1950; 19., July
3, 1951; and T, August 5, 1951. The weight-length data were fitted to the
equation W=CL® where W -i'weight in grams, C = a constant , and .L = length
in mm. The resulting equation expx_eséed. in logarithmic form was
logW =.5.202 + 3.16(logl). A calculated length-weight curve was prepared
which saﬁisfactorily fit{;ed the average length-~weight valués computed for
5 mm. class intervals except for ﬂspecimens over 109 mm. total length.

This discrépancy may be explained by the fact that only five fish larger

than 109 mm. were available for the calculations.

Relationship between total length and standard Tength

The relationship between total lengths and standard ieng’chs of
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preserved sculpins was determined for 147 (total 1eng'bhé' 10-12k m. )
specimens selec*!;ed to ’give nearly eqgual representati(?n to ail sizes; The
equation represeriting the least-squares 1ine of relationship was
Y = -1.032 + 0.827X where Y = standard length in mm. and X = total length

in mm,

| Sumary

l. An ‘ané,lysis‘of 903 sct':l_‘l_pin'stomachs showed xt_hat bottom-dwelling |
aguatic 'insécts comprised 99.7 percent of the total number of food Or-
ganisms consumed. | .

2. Dip’ceraj larvae and pupae constituted_ 55. 5 ‘;_percent of the total |
number of food org.anlismsv f:onsumed,, caddis fly larvae and pupae, 36.7 per-
" cent; mayfly gymphs 5. 3.8'_p§rcent; stonefljr ’n\?mphs , 2.1 percent; unidenti- -
fiable insects, 1.6 fpercen’c; fish and‘ fish éggs B Q.l ;éercent; all others,
0.2 percen“.c. | | |

3. Caddis flies were consumed in ‘gréatesf numbers during fall and
least in spring v}hile Diptera were taken most in spring énd least in fall;

k. The max:Lmum amount of food per stomach occurred during the winter
months (températgres 32-33°F‘;) while the ininimum ifas found in- the sumer.

5. S8eulpins were most taiaundan’c in riffle areas; where rubble and
boulders predominated and least abundant where the bottom was entirely
sand or clay.

6. Twenty-one marked sculpins from a total of 75 released in Prickley
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Pear Creek were fecaptureq Wiﬁhin 470 feet of the point of release.

T. The 1951 spawning season was from June 5 to 30 and hatching
occurred from July 3 to él, indicating an iﬁcubation period of 21-28 days}

8. Sexusl maturity was attained by some individuals ‘at the age of
two years. All females over T4 mm. total length were sexually mature;

9. An attempt was made to determine sex by such external characters
as:  distended abdomens of females, genital papilla of ﬁales, and head
widths, and thesé methods of sex detérmination were verified by examina-
tion of the gonads. .

10. Dévelopment of ovaries ﬁas determined by calcglating ripeness
factors based on tﬁe o#aﬁy volume and the cubé of the total length of the
figh. |

11. The number of eggs per-female averaged 203 an@ ranged from 69 to
4106. The number of eggs per nest ranged from 54 to 1587 and éveraged Thb,
indiéating thet many nests were used by more than one‘female.

12. The nests, which were merely holes under rocks or other éuitable
materials, were prepared and attended by thé males. |

13. fotal lengths of fry one day old or less raﬁged from 5.8 to 8.1
mm. and yolk sacs were comp}etely absorbed after two weeks when lengths
ranged from 9.0 to 9.9 m.

1%, Average total lengths of young sculpins increased from 7.8 mm.
in July to 31:# mm. in‘Octdber. The same age group averaged 32.6 mm. in
the following May, and 52.9 mm. in August. |

15. As a result of otoliths studies on 151 specimens, average total

lengths of five age groups were as follows: age group I, 29.6-56.7 mm.;
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II, 64.4-79.3 mm.; IIT, 80.5-98.0 mm.; IV, 84.0-118.5 mm.; V, 93.0-110.0
m. | |

16. ILength-frequency data in genefal agreed with growth data based
on otolith studies.

7. The‘length-weight reiationship for 206 sculpins was expressed by
the equation logW = 5.202 '+ 3.16(logL). ' '

18. The equation Y =41.O32"+ 0.827X represenﬁs the relationship

between total length (X) and standard leagth (Y) of 147 preserved speci-

mens.




47,
Literature Cited

" Dence, Wilferd A.
1928. A preliminary report on the trout streams of southwestern

Cattaraugus Co., N.Y. Roosevelt Wild Life Bull., Vol. 5 (1):

145-210. ’

Dineen, Calarence F.
1947. A comparative study of the food habits of Cottus bairdii and
associated species of Halmonidar. Unpubllshed Master 8
thesis, Univ. of Minn,, 78 pp.

Forbes, S. A.
1883. The foed of the smaller fresh~water flshes. Bull. Ill. State
Lab. Nat. Hist., 1 (6): 65-9k.

Gage, Simon H.
1878. Notes on the Cayuga Lake Star Gazer. The Cornell Review,
6 (2): 91-94.

Greeley, John R.
1932. The spawning habits of brook, brown, and rainbow trout, and

the problem of egg predators. Trans. Am. Fish. Soc., 62:
239-248.

Hann, Harry W.
1927. The histoxry of the germ cells of Cottus bairdii Girard.
Jour. Morph. and Physiol., 43 (2): La7-497.

Koster, William J.
1937. - The food of sculpins (Cottidae) in Central New York. Trams.
Am. Fish. Soc., 66: 374-382.

Lincoln, Guy
1933. Trens. Am. Fish. Soc. 63rd Ann. Meeting, pp. 62-63 (Under dis-
cussion of paper by Dr. C. L. Hubbs).

Needham, James G., and Paul R. Needham
1941. A guide to the study of fresh-water biology. Uth ed.
‘ Comstock PUb. Co., Inc., ITthaca, N.Y., 88 pp.

Ricker, William E.
1934k. An ecological classification of certain Ontario streams.

Univ. of Toronto Studies, Biol. Ser., Publ. Ont. Fish. Res.

Lab., 49: 11k pp.

Simon, James R., and Robert C. Brown
1943. Observations on the spawning of the sculpin, Cottus semiscaber.
Copeia, 2: hl-k2.




k2

Smith, Bertram G. o > ‘
1922. Notes on the mesting habits of Cottus. Pap. Mich. Acad. Sei.,
Arts and Letters, 2: 2R21l=225, . -

Surber, Thaddeus -
1920. Fish and fish-like vertebrates of Minnesota. Bien. Rep. of
Minn. State-Game and Fish Comm. for 1920, 1-92. ‘




T

3 1762 10

Bailey, Je E.

Life history and ecology of the
S W - 1] )

L) -
= —NAWME_AND _ADDREY



