A COMPARATIVE STUDY OF THE BEHAVICUR;“
- OF TWO SYMPATRIC SPECIES OF FRESHWATER

SCULPINS, Cottus asper Richardson AND

Cottus aleuticus Gilbert, IN RELATION.

TO THEIR_DIFFERENCES IN MICROHABITAT .

by

JulieAM. Fenwick

B.Sc., McGill University, 1966

A THESIS SUBMITTED IN PARTIAL FULFILMEWT OoF
THE REOUIREMENTS FOR 'THE DLGREL OF
MASTER OF SCIENCE

in the Department
of

Zoology

We accept this thesis as conforming to the

required standarq;

THE UNIVERSITY OF BRITISH COLUMBIA

December, 1968



In presenting this thesis in partial fulfilment of the requirements for
an advanced degree at the University of British Columbia, | agree that
the Library shall make it freely available for reference and Study.
| further agree fhat permission for extensive copying of this thesis

‘ S
for scholarly purposes may be granted by the Head of my Department or
by his representatives. It is understood that copying or publication

of this thesis for financial gain shall not be allowed without my

written permission,

Department of ZOOLOGY

The University of British Columbia
Vancouver 8, Canada

Date Déc. 19, 1968




ABSTRACT

The behaviour of two sympatric species of sculpins, Cottus

EEEEE and_Cottus aleuticus, which occupy’differént microhabi-
tats, was studied by the comparétivé method. The aim of the
study was to determine some of the important behavidural'adap-
tations to the differences in their microhabitats.

C. asper occurs in areas of slow current and fine sub-

strate and C. aleuticus in areas of fast current and coérsé sub=-
strate. | |

The posture,‘orientation to the current, and locomotary
and feéding'behaviour of the spécies vere examined in the la?
boratory under different conditions of current and substrate.

C. asper responds to a current by lying flat on the sub-

strate. C. aleuticus also exhibits this posture on-sand,,but
on a gravel substrate, raises the body by spreading the pec-
toral fins. . |

C. aleuticus adopts a parallel orientation to the current

more frequently than a broadside orientation, but C. asper
"prefers' the broadside position. However, both species assume
the broadside position more frequently on sand than on gravel,
and the parallel orientation more fréquently on gravel than on
sand.

C. asper is a much poorer swimmer than C, aleuticus, es-

pecially in a current. C. aleuticus is much more active than
C._asper at all times of day and under all conditions of cur-

rent tested.
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C. asper is a lurking predator and takes food from the sur-

- face of the substrate. C. aleuticus is a more active feedér;
and feeds by swimming to the wéter surface, by.taking fodd»from
‘the substrate surface and byvforaging‘in the crevices of the
gravel.

From laboratory observations it appears that C, aleuticus

~relies on sight in food detection to a greater extent than does
- C. asper. |

Thé findings of‘this study were compared with field obser-.
vations and with previous studies of other cottid species. It;

was concluded from this that C._aleuticus' posture, orientation

‘ to the curfent,'and locomotory and feeding behaviour are a re-
flection of a more active way of life and are related to the

special problems of life in a strong current. _9; asper, how-
ever, is typical, both in behaviour-and morphology, of bottom-

dwelling, sedentary fish, of reclusive habits.
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INTRODUCTION

This thesis is concerned with a comparative study of the .
behaviour of two closely related species of freshwater sculpins,

family Cottidae. Cottus asper and Cottus aleuticus are known

to differ in their microhabitats with respectvto-the'naﬁurevof
the substrate and the current velocity (Taylor, 1966).  The
présenf study was abcomparison of the behaviour of these species
under different conditions of current and substrate to determine
which are the important behaﬁioural adaptations to these dif-
‘ferences in microhabitat.

One of the distinguishing features 6f the_family Cottidae
is the absence of a swimbladder. As would be expected from
‘this, the group as a whole is benthic. Cottids occur over
rubble (Bailey, 1952), gravel (Simoﬁ and Broﬁn, 1943), and mud
and sand (Taylor, 1966). They are found in pools (Taylbf,
1966), in slow streams (Smyley, 1957), and in torrents (Carl
et al., 1951), and riffles (Bailey, 1952). Each species is
commonly éollected in association with a specific Suﬁstrate
type and a certain current velocity.

It has been suggested (Bailey, 1952) that the principal
factor governing habitat choice, at least in the spawning sea-
son, is the nature of the substrate, and that a given current
speed is only apparently selected owing to its association with
certain substrate types (Zarbock, 1951). Bailey (1952) found
that although C. bairdi apparently chose its ébéﬁning sites on

the basis of substrate type, most of the nests were found in



ereas_where the surfaCe-veloeity was quite high. However,

water movements inside the nest itself were ratheg.gentle.
Another common feature Of'the_freShwater sculpiﬁs is thet |

they usually occur in groups of two or mofe species, each one

of which is more frequent in some parts of the river or stream

' than in others, according to the.distribution of current speed-i-'

and substrate type (Straskaba et al., 1966; Bailey, 1952;
Smyley,-l957; Tayior, 1966). Coastal British Columbia is com-
paratively "impoverished," in that only two species, the

prickly sculpin, Cottus asper Richardson, and the Aleutian

sculpin, Cottus'aleuticusvGilbert, are present. This area

- therefore presents a somewhat simplified situation, amenable to
study. | |

Sculpins all over the northern hemisphere appear to have
rather similar diets, chieflyvconsieting of bottom dwelling in-
vertebrates (Smyley, 1957; Bond, 1964; Northcote, 195&).' They
eat organisms within certain size ranges that depend on the
mouth size of the sculpin., The size of food taken therefore
differs not only between species, but also during the lifetime
of a single individual. .

Cottus asper and Cottus aleuticus are sympatric in the

Little Campbell River of southwest British_Columbia. Collec~
tion studies (Taylor, 1966) indicate that they differ in their
microhabitats, C. asper inhabiting areas of slow current and

finely textured substrate, and C. aleuticus occurring in areas

of swift current and coarse substrate.  These microhabitats

overlap to some extent, and where C. asper is scarce or absent,



C;'aleuticus may occupy C. asper type habitats,

Laboratory studies (Taylor, 1966) indicate that these
species exercise some dégrée of selectivity ih their environ-
ment with regard to substrate type and current velocity. In

the laboratory C. asper and C, aleuticus tend to choose current

and substrate conditions that resemble those occurring in their
'.natural.habitat. However Taylor did"not‘examiné the animals"
behaviour once the choice was made to determine if the sﬁecies'
behavioﬁr d;ffered in a wéy that could be correlated with the
substrate and current typelfhat they had chosen. |
It seems likely that thése_différénces in microhabitat
would be réflected in thé everyday behaviour of the sculpiﬁs.

Consequently C. asper and C. aleuticus were observed in labora-

tory situations in which current sﬁeed and substrate type were
varied., Their behaviour in these vérious circumstances was
noted, and experiments were then conducted to examine further
any differences‘which these observations had indicatéd.

The feeding behaviour of C. asper and C. aleuticus was

also studied, as it appeared to be related to the differences
in thé behaviour of the two species in current conditions.

The present study was, in a sense, a departure from "clas-
sical" vertebrate ethology, in that the behaviour considered
was not a form of social behaviour, but fhe means used by fhev
individual to meet the problens of food getting and locomo-
tion that the environment presents daily.

| Throughout this study the comparative method was chosen as

the most fruitful means of discovering the significance of



behavioural differences as ecological adaptations (Laék, 1965).



MATERIALS AND METHODS

Déscription of Species

C. asper and C. aleuticus are rather similar in appearance

(see Carl gz_gl.,-l959,vfor compiete description). - However,
they do differ mofphoiogically in sevefalvrespects that have a
bearing on‘their behaviour in differént current and sﬁbétrate
conditions. |

C, asper is the larger species, attaining a length of up»to
150 mm. A few individualsvmaj be up to twice this size. C.
aleuticus, however, rarely exceeds'lOO mm in length. C. asper
has a very 1afge, broad head.and mouth felative to bodstize,

but C. aleuticus has a mouth and head more in proportion to the

rest of its body. C. asper's body is somewhat dorso-ventrally

compressed, and_thé width of the body decreases markedly from

head to tail. - C. aleuticus is more cylindrical in shape and

has a less pronounced tapering from the anterior to thevpos-

terior of the body.

Collecting and Holding Conditions

C. asper and C. aleuticus were collected from the Little

Campbell River in a seine net (2.4 m x 1.6 m x 3 mm mesh)
equipped with aluminum poles and heavy weights. Roller t&pe
leads were used as these effectively stirred up the substrate
and disturbed the scuipins. At times the seine was held sta-
tionary while the substrate was disturbed by SOﬁéone splashing

downstream towards the net. However, best results were usually



dbtained by taking short, deep drives in deep pools, from the
middle of the streambed towards the shore, or by making long

sweeps upstream in shallower water. Large C, aleuticus were

sometimes collected by Jjabbing the;aluminum poles under -the
dverhanging banks in riffle areas and suddenly 1ifting'the net.
‘with a scooping motion, _
| . The fish were held in four outdoor troughs (7'2" x 16" x
8") with running dechlorinafed water and air hoses, .Some fish
were also held in a small unheated hut, iﬁ two plywood tanks
(o' x 12" x 183") and in one ﬁetal tank (8' ¥ 103" x 8aM) with
running dechlorinated water énd aif hosgs, The plywood tanks
~ were each equipped with three plexiglass windows on.one side,
and were used to observe the general behaviour of the fish.
These tanks had gravel substrates of varying depths. The gra-
vel at the deep,watér end'of the‘taﬁk was 2 3/4" thick, and the
depth of the substrate gradually increased until at the shallow
water end the'gravel was 10%" to 11 3/4" thick. Both species
were held at various times invbare troughs, over gravel, or
over sand. | |

The indoor tanks were provided with "hides" in the form
of halved clay flowerpots; The outdoor tanks were partially
covered to give the fish a refuge.

The temperatures in these tanks fluctuated from 0°C in the

month of February to 16°C in July. C. aleuticus is not as
tolerant of high temperatures as C.'asner, and is usually not
~ collected in areas with a seasonal high temperature of greater

than 15°C (Taylor, 1966). Consequently, most of the C.



aleuticus were képt in the indoor troughs as the summer tempera-
ture in the hut could be kept lower than outdoors:- A1l fish
were exposed to the natural seasonal and daily light variations.
The cottids were fed thawed, concehtrated brineshrimp.
The diet was yaried with small fish; such as guppies, gouramis
and small goldfish. Feeding times were unscheduled, and at
irregular intervals they received no food for a day'or’two;
This was done not only to prevent the fish from developing a
conditioned activity cyclé, but also because it waS’foundbthat
the cottids ate more if they were deprived of food one or two
days in every week. |
A1l tanks were treated regularly with one or two drops of

a 1% solution of malachite green, as a fungicide,

Flow Tank

For several experiments it was necessary to produce cur-
rents of several different speeds., A flow tank was constructed
(8! XJZO%".X 143") of 3" plywood and #" plexiglas. This tank
(Fig; 1)'éonsistéd of t@o channels se?érated by a plywood par-
tition (6'2" x 3" x 14%"); One channel (5'8" x 93" x 143") had
a plexiglas wall through which the fish were observed, and the
other (8' x 93" x 14%") was for the recirculation of water., The
énds of the viéwing channel vere screened and at times the fish
were restrained in the middle portion of the channel in a wire
fence (23" x 9#'" x 153").

A small submersible pump (Little Giant model 1,115 volts)

was placed in the recirculation channel to provide a constant



Figure 1. The flow tank and current producing apparatus
used in locomotion, orientation, and posture
experiments, - _
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siow current of less than 6 cm/sec. This was curreht 1, equi-
valent to Tayloris (1966)V"noncurrent." .

Other current conditions were produced by a 5" impeller
blade mounted in the water behind the screen at one end of the
viéwing channel. This was connécted byla rubber insulated
driveshaft to a heavy duty industrial drill (Rockwell 758R; ")
suspended outside the tank. The drill speed was regulated by a
speedtrol (ilodel SC1000; C.C. Industrieswlnc., Philadelphia,
Pa.). Vith this apparatus surface velocities of 13, 20, and 25
cm/sec were obtained (currents 2, 3 and 4). Various quantities.
of a 1% solution of methylene blue wére placed in this system
- to study the pattern of the curfent. The current appeared to.be
rather uniform from the water surface to the surface of the
substrate, except in the area immediately in front of the im-

peller blade, where there was much turbulence.

- Times of Observations

The fish used in this study were‘held either in 5utdoor
troughs or in a small hut which was panelled in fibreglas sheets
which admitted diffuse natural light. They were therefore ob-
served under natural daylight conditions, It soon becane
apparent that both species were more active at some times of day

than at others, "Both C. asﬁer and C, aleuticus were rather

active until approximately 11 am, after which activity was main-
tained ata lower level until about 1 pm, and there was then
very little activity until early evening, about dusk. The C.

asper were less active at all times of day than the C.
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aleuticus, and they remained motioniess under their flowerpot
"hides" throughout most of the afternoon. |

It was suggested that perhaps this low level of daytime
activity in C. asper was compensated for by a higher nighttime
activity. Experiments were théfefore‘conducted, using appara-
tus designed by Byrne (1968), to see if the activity cycles
of the two species differed radipally in shape, ‘The iocomotiiétar
activify of four fish of each species was recorded automatically.
Recordings were made continuously of C.'asger for ten days'and

of C., aleuticus for twenty-one days.

It was discovered that in both species theré was a slightly
_ higher.level of activity duringvmost of the night than during
the day, and a brief burst of activity shortly after dusk. Both
species were more active in the early~morﬁing than in the late
afternoon, |

| It was therefore decided that experiments should be con-
ducted in the early morning to ensure that the fish would be
observed at a time when they were normally active.andrunder

light conditions suitable for observation.
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RESULTS

Orientation With Respect to the Current

A, ObserVation

When C. asper and C._aleuticus were observed at rest under

current conditions, it was noted that they aligned themselves
in a rather specific manner with respect to the direction of
flow of the current. On all but a very few occasions, they
could be classified as either parallel to or broadside to the
direction of flow. Further,vit appeared that the two species
differed in their preference for one of these positions.

The orientation responses with respect to the current were
so consistent that it was thought that they must be of consi-
derable importance to the animals. Experiments were therefore
conducted to determine the differences in the frequencies of the
positions adopted by the two species. If one can demonstrate
differences in the response of two sympatric species to changes
in certain environmental parameters one may then speculate on

the significance of these differences as ecological adaptations.

B. Method

To find the "preferred!" direction of orientation with re-
spect to the current, that is, the one most frequently assumed,
ten fish of one species were placed in a bottomless wire cage
in the middle portion of ﬁhe flow tank, where a current of
uniform velocity could be maintained. They wéré then exposed

to a current of constant speed for fifteen minutes. At the end
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of this time the number of £ish facing "into," "away" from and
"broadside" to the current source was recorded, .Three subse-
quent recordihgs were made at intervals of fivé minﬁtes.,

Each group of ten fish was tested at foﬁr current speeds;
less than 6 cm/sec ("noncurrent"), and 13, 20, and 25 cm/sec..
Forty fish_of each specles were tested on a gravel substrate,

and thirty of each species on sand.

C. Results

In analysing these‘data; it»Was thought best to consider
the parallel alignment as two categories, "into" and "away," as
- there would be a considerable difference in the pattern of cur-
rent flow around animals in these positions.-

The data obtained on sand and gravel substrates were tested
by two analyses ofvvariance (Tables I and II)., 1In both cases
the only one of the conditions that showed a significant dif-
ference at p<0.01 was the direction faced (D). The inter-
actions species x direction (S x D) and directioﬁ X current
(D x C) were also significant at p<0.0l. In neither case was .
the second order interaction specles x direction x current
significant.

The means were compared by the Student-Newman-Keul test.

As can be seen from Tables III and iV, C. aleuticus assumed the

parallel alignment more frequently than the broadside, while

C. asper did the reverse. At no time did C. aleuticus show a

significant preference for the "broadside'" over the "into!" posi-

tion.
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TABLE I

The frequency with which C., asper and C. aleuticus _
faced "into," Y“away" from and "broadside" to the cur-

rent on a sand substrate, at four current speeds.

SOURCE ‘88 ar MS F
Species (S) 0.0 1 —— -—-
Direction (D) 1157.25 2 578.625 186.89*
Current (C) 0.0 3 _— -
SxD 382.58 2 191.29 61.786*
Sx C 0.0 3 - —_—
DxC 53.91 6 8.985 2.902%
SxDxC 36.89 6 6.148 1.986
Errof: 817.37 264 3.096

Total 244,8.0 287 em

*significant at p<O.

Ol.
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TABLE II _
The frequency with which C. asper and C, aleuticus
faced "into," "away'" from and 'broadside' to the
current on a gravel substrate, at four current

speeds.

SOURCE _ss  ar us F
Species (8) 0.0 1 —— —_—
Direction (D) 265.85 2 132.925  65,513*
Current (C) 0.0 3 -— —_—
SxD 237-95 2 118.975 58.637*
SxC | 0.0 3 e ———
DxC 57.80 6 9.633 1. 718%
SxDxC 15.33 6 2.556 1.259
Error 730.4 360  2.029

>Tota1 - 1307.33 383 —--=

¥*significant at p<0,0l.
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TABLE III

The frequency with which C. asper and C. aleuticus
faced in three directions at four current speeds on
a sand substrate, Data are arranged to compare "in-.
to," M"away" and "broadside" orientations at each of
four current speeds. Tabulated values are means ob-
tained from 30 fish of each species, observed 10 at

a timee ’ :
C. asper
Current - Into Away Broadside
1 } 2.75 1.0 : 6.25
2 1.17 0.83 8.0
3 1025 l.o 7'75
L 1.0 0.75 8.25

- S e e S00 g G gaiy B G W e = - G . S G e e . -

" C. aleuticus

Current Into Avay Broadside

1 3,67 2.58 3,75
2 L,0 1.58 L, 42
3 3,83 1.08 5,08
N 4.5 0.83 L. 67

o S o - . S o

Means joined by dotted lines are significantly different at
p <0,05 by the Student-Newman-Keul test.
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TABLE IV
‘The frequency with which C. asper and C, aleuticus.
faced in three directions at four current speeds on
a gravel substrate, Data are arranged to compare
"into," "away' and "broadside" orientations at each
of four current speeds, Tabulated values are means
obtained from 4O fish of each species, observed 10
‘at a time, a

C._asper

Current Into ~ Avay Broadside
B
: ey 1:?3____-__:?§5
3 2.38 i:ff______::é;°6
Iy 1.;1 - 2.88 —--——;t81

C. aleuticus

" Current Into - Away Broadside
1 - 3.75 3.13 3.13
2 4.0  3.25 2.75
3 3.56 2.63 3.81
I 3,13 2.94 3.94

Means joined by dotted lines are significantly different at
p< 0,05 by the Student-~Newman-Keul test,.
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C. asper behaved in much the same manner on sand as on:
- gravel, excepf'that the preference for the ﬂbroadéide" positioh'

was more pronounced on sand.

C. aleuticus, howevér, showed considerable differences in
this behaviour on gravel and on sand. On a,gfavel_subétrate
v_nb one position was preferred at either current 1 or current L
At current 2 thére was a significaﬂtly greater number of»ani-
mals that_assumed the "into" position. At current 3 "broad-
side" was moré frequent than "away," but not more than "into.“

On a sand substrate C. aleuticus showed no preference at cur-

rent 1, But at the other three current speeds '"broadside" and
and "into" were both more ffequent than>“away," although no
Significant difference céuld be fouﬁd beﬁween "into" and‘"broad—_
side,"

The "away" category does not appear to follow an easily

describable patterh. It was much more frequent in C,. aleuficﬁs

than in C. asver, reflecting C. aleuticus! overall greater pre-

ference for the parallel alignment. At no time, howéver, wvas it‘

more frequent than the "into" position in C. aleuticus. c.
asper adopted the haway" positioﬁ more frequently than the "into!"
at high current spéeds on gra&el.

As can bé seen from Tables V-and VI, current speeds had

vefy little effect on the frequenby with which C. aleuticus

assumed any position. No significant differences were detec-
table by the Student-Newman~Keul test.

. C. _asper, however, did respond to changing current speed

with a change in pdsition. On a gravel substrate the frequency
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TABLE V
The frequency with which C. asper and C. aleuticus
faced in three directions at four current speeds on
~a sand substrate. Data are arranged to show the
effect of four current speeds on a single orienta-
tion. Tabulated values are means obtained from 30
fish of each species, observed 10 at a time,

C. asper ‘

Cufrentv o 1 2 3 | L
Direction » | |
Into 2.75 1.17 1.25 - 1.0
Avay . 1.0 0.83- 1.0 0.75
Broadside 6.25 8.0  7.75  8.25

C. aleuticus

Current 1 2 | 5 L
Direction | 'A
 Into 3,67 4.0 3.83 4.5
Away 2.58 1.58 1.08  0.83%
Broadside -3.75. L4.42 5.08 L .67

Means joined by dotted lines are significantly different at
p<0.05 by the Student-Nevman-Keul test.
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TABLE VI
The frequency with which C. asper and C. aleuticus.
faced in three directions at four current speeds on
a gravel substrate. Data are arranged to show the
effect of four current speeds on a single orienta- .
tion.. Tabulated values are means obtained from 4O
'fish of each species, observed 10 at a time.

C. asper

Current 1 2 3 | L
Direction |

Into 2,25 2.69 2.38 1.31
Away . 2.75 1.81  1.56 2.98
Broadside 5.0 . 5.5 6.06 '5.81

C. aleuticus

Current 1 2 -3 o
Direction

Into 375 4.0 3,56 3,13
Away 3,13 3.25  2.63 2.94
Broadside  3.13 2.75. 3,81 3.94

Means joined by dotted lines are significantly dlfferent at
p<0.05 by the Student-Newman-K eul test,
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of the "into" categofy decreaéed at the highest‘currént speed
7ﬁsed.(4), and this was significantly different from the fre-
'quency at current 2. The frequency of the "away" category at
first declined and then increased withgcurrent speed, signifi-
cantly-different means being obtained between currents 1 and 3,
‘and Curfents 3 and 4. The "broadside" category remained at
~about the same frequency at all current speeds. |

On a sand substrate the behaviour of C, ésger was somewhat
different. There was a decreasing frequency of the "into"
category, the differences between currents 2 and 3 being signi~
ficant. The "away" category remained about the same; rather it
was the "bfoadsideﬁ'freQuency which changéd. This category.was
6f a significantly lower frequency at current 1, than at any |

of the other three current speeds.

- Stance

A, Observation

- karly in the course of this study it was noticed that Q;

asper and C. aleuticus had several characteristic postures with

regard to the position of head and body and the degree of ex-
tension of the fins. There appeared to be a difference in the
frequencies with which the se Y"stances'" were .assumed by the two
species. Further, it appeared to be possible to correlate a
given condition of substrate and current with a stance for each
species.

The most common posture assumed by Q;_§§EE£ when at rest on

a sand substrate was to-lie with the.belly pressed flat against
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the_sand, the head horizontal, the-dorsél fins somewhat'exé

“tended and the pectoral, pelvic and caudal fins fo1ded.

C. aleuticus also.aSSumed this posture on sand; but on a

gravel sdbstrate sész,more frequently extended the pectoral

fins, thus liftihg the bvody out of the hollows between the

~stones, . Under many conditions of current and-éubstrate C.
~aleuticus assumed the "head down' or "head up" positions_(Fig.
2), in which the body was inclined at an anglé-to the substrate.»_;

The "head up' position was about as frequent as the horizontal,

but the "head down" was usually only observed when the animal

was foraging for food among the rocks, or if it was in an area

~ of extreme turbulence.

The dorsal fins of C. aleuticus were most often extended, -

although under some conditionS-the-folded'posture was of equal
frequency. |

When C. asper were placed on a gravel_substfaté»théy re-
tained their charactefistic posture, so that they lay_bétween -
the stones. |

It seeméd likely that the stances assumed'By fhe_two
species would make a considerable differeﬁce to their exposure
to the current. -Experiments ﬁere therefore conducted to de~
termine differences in the frequencies of the variéus postures
between the species. By comparingvthe stances Qf the animals/
in a variety of conditions of current and substrate, one could

speculate on the function of these postures.



Figure 2.

a)
b)
c)
d)
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Four postures of C. asper and C. aleuticus

head up
head down
pectoral fins expanded

pectoral fins folded






23

B. Method

To determine the stance most commonly éssumed in any given -
, condition of substrate and current, fiVe_fish of one species
were placed together'in fhe flow tank and éxposed_to one of two
current conditions, "noncurreﬁt" (less than 6 cm/sec) and “cur-
rent" ‘(greater than 10 cm/séc). The fish were actually observed
~at three différent current speeds, but since-there was'nq de~-
tectable difference among these categories they were considered
as one, Conséquently_there are three times as many recofdings
for "current" as "noncurrent." The position of the head and
body, and the degfee of expanéion of the dorsal and pectoral
- fins were ﬁoted. The pectoral fins were not considered to be
"expanded" if they were merely fanned dut flat against the sub-
strate, but only if they were held at an angléAto‘thé substrate
(Fig. 2).

A totai of 473 recordings were made, fifteen fish of each

species being observed on sand, and fifteen on gravel. Recor-

dings were made for approximately five minutes at a time.

C. Resuits
' The counts obtained were grouped according to alternatives,
e.g., "pectoral folded" (p.fol.) and "pectoral extended" (p.ex.’.
A series of X2 tests wére then pefformed on the groups (Tables
VII and VIII).
C. asper assumed the folded position of the pectoral fins

under all conditions tested, the most marked preference being

shown with gravel and current (Table VII). The horizontal
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TABLE VII

Postures assumed by C. asver on sand and_gravel sub-
strates under two conditions of current.

Sand : Gravel

Current ' Noncurrent . Current Noncurrent

Pectoral Fins

Extended 1y 3 | 5 : 0

‘Folded . 33 13 59 15
ra 7,68 6.25 43.6 15,0
Preferred p.fol, p.fol, p.fol. p.fol,

Dorsal Fin

Extended , 37 10 55 o 15
Folded 10 6 7 0
e 15.5 1.0+ 37.16  15.0
Preferred - d.eX. _— . d.ex. d.eX.
Head
Horizontal o 14 53 1y
Head Up 5 - 2 9 1
~ Head Down 1 0 0 0
Y . 82.99 21.5 77.85 L. 1
Preferred hor. . hor. hor. hor.

l<6 cm/sec and >10 cm/sec.

¥not significant at p<0.05.



Postures assumed by C. aleuticus on sand an
substrates under two conditions of current.

Pectoral Fins

Extended
Folded
Preferred

Dorsal Fins

Extended
Folded
Preferred

Head
Horizontal
Head Up
Head Down
X2

Preferred

16 cm/sec and >10 cn/sec.

*not significant at p <0.05.

 TABLE VIIT
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Sand

g-éravel'

Gravel

Curreﬁf Noncurrent_ Current Noncurrent
26 3 95 80

45 17 62 5

5.08 9.8 6.9 66.18
p.fol. ?.fol. PeEXe PeEXe

29 17 70 59

12 3 87 26

31.11 9.8 1.84* 12.81
d.ex. d.ex. — d.ex.

,58 13 77 39

12 7 75 L2

1 0 5 L

61.79 - 12.70 64.5‘ 31.51
hor. hor. hor./h.u. h.u./hor.
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(hor.) position of the'body_wes similarly greatly preferred,

- the preference beihg more marke§ in currentvsituaeiens.A‘The 

extended posture of the'dofsal'fins (d.ex.) was more frequent

than the dorsal folded position (d.fol.) at all times and this
preference was significant except under sand and ﬁoncurrent |

.conditions.

C. aleuticus showed a much greater variability of stance

~with changing conditions, Like C, aeper, C. aleuticus showed a

distinct preference for the pectoral folded posture on a sand

substrate. However, when placed on gravel C. aleuticus nmuch

preferred the pectoral extended posture. This was especially
marked under noncurrent conditions.

C. aleuticus assumed the dorsal extended posture with a.

greater frequency ‘than the dorsal. folded in three out of four
cases, . The exception was a small non81vn1flcanu preference for

the dorsal folded position with gravel and current.

C. aleuticus fafoured the horizontal position on sand, but
on gravel the "head up" (h.u.) positioﬁ occurred with equal
frequency. |

Thus the two species behaved in a very similar manner on a
sand substrate, but differed markedly in their response te a

~

gravel substrate;

Movement in Resvonse to Current

A, QObservation

It was observed that C. asper had great difficulty in moving

around in the tank in a current of any magnitude, and that even

P ~ R
(AN N W
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in noncurrent conditions Ezﬁgvdid not move about as much as C.

aleuticus.

C. aleuticus is a much better swimmer than C. asper. When

attémpting to move up or downstream in the presence of a cur-

reht, C. aleuticus kept close to the substrate, particularly if

it was gravel, and moved in a series of short, rapid leaps (Fig.
3&). Using this method, they had a remarkable ability to main-

tain their position ih areas of extreme turbulence and fo move

uPétream against a current capable of displacing the gravel.

A C. asper attempted to move up or downstream by Swimming up
at an angle to the substrate (Fig. 3b). They were rarely able
to make.any advances upstream in any but the slowest currents,
éndvtheir progress downstream was considerably hastened by the‘
current. At times they appeared to be caught up by the current
and swept helplessly along until théy reached the end of the
tank farthest from the current source. They were then able to
right themselves by twisting their bodies until they were para-
1lel to the substrate and to sink to the bottom of thé tank,

Ekperiments-wére carried out to detect a quahtitative dif-
ference in the amount of movement up or downstream.by the two

species under various current conditions.

B.  Method

To test the amount of movement of the species, a béttomless
wire cage was placed in the middle portion of the flow tank,
where a current of constant speed could be'maintained.' The side

wall of the tank, above the plexiglas window,'was’marked off in
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Figure 3. The nmethods used to swim in a.current

a) C. aleuticus

b) - C. asper



<direction of
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inches along the length of fhe wire fehce, sd that the fishfs
position could be determined at a glance through the window
_(Fig,'l). The posterior margin of the first dorsalifin was.
taken as a position marker, to eliminéte the effect of changes
iﬁ the direction faced without»anybmovement up or down strean.

A single fish was introduced at thé.midpoint of the cage,
and its position was recorded every three minutes fdf fifteen
minuteé while it was exposed to a current of constant speed.
At.the end of this time the fish was'femoved andvan,individualb
of thé other speciesAand appfoximately'the same size waé simi-
1arly'te5ted; These fish“were then'disqarded and anofhér pair
~was tested at the same current speed{

A total of forty fish‘were tested, ten under‘ﬁnoncurrént”
conditions (less than évcm/sec) and thirty at three different
current speeds (13, 20 and 25 cm/seé).

This experiment was conducted on a gravel substrate.

C.  Results

| The data from thié experiment were tested by an anélysis of
variance (Table IX). The species difference (S) was sigﬂificant
at p<0.05 (F = 37.23). Currents (C) and the species x currents
interaction (S x C) were not significant.

The species means were compared by Tukey's w (Table X). C.
aleuticus showed a greater amount of movement than C. asper
ﬁnder all current conditidns.

The only significaﬁt change in amount éfAﬁ§§sment with in-

creased current speed was a decrease in riovement by C. aleuticus




‘Total number of inches moved by C. asper and c.
aleuticus in fifteen minutes at four current

TABLE IX

Speeds,

SOURCE 'Ss df M8 F
Species 70.33 1 70.33 37.23%
Current 1,77 3 0.59 0.31
sxC 2 3 1. 0.74
Error 60.L8 32 1.89

Total 136.?8 39

*significant at p<0.05.
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TABLE X
Mean number of inches moved bJ ._asper and C
aleutlcus in fifteen minutes at four current”
speeds., Conmparison of species means.

Tukey's w = 2,3609.

CURRENT 1 2 3 L

Means for:

C. asper 0.4 0.2 0.1 0.8

C. aleuticus 6.8 5.5 7.8 4.8
Difference

between the )
species!' means 5.7¥ = 5.35*% Y L,0*

*¥significantly different at p<0.05.

—---significantly different at p<0.05, when comparing
within a single species at different current speeds.
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between currents 3 and 4 (Table X). There is a definife but

‘nonsignificant increase in movement by C. aleuticus between

currents 2 and 3.

Feeding Behaviour

_A. Observation

The superior swimming abilitY’and greater "alertness" of

C. aleuticus is reflected in the species' feeding behaviour.

The most common method in both species is to make short,
horizontal darts across the bottom of the tank to seize food
that is lying on the surface of the substrate or floating just .

above it.  Such "darfs and grabs' have been réported‘in another
.cottid species by Smyley (1957). This behaviour is sometimes
directed towards inedible objects, which are then spat out. C.
asper relied almost exclusively on this technique of food get-
ting. The largest individuals, which spent mdst of the_daytime
in their hides, made brief sorties for food not far from the
refuge, and quickly_returned to it. This méthod was used fof
small food items such as brineshrimp, énd also fof.small fish,

A method that was very rarely observed in C. asper but

quite often in C. aleuticus. was swimming to the water surface
fo get food that was drifting down. Atvfimes the fish's body
would be almost perpendicular to the water surface, while the
péctoral fins were used in a fanning motion, and the body un-
dulated, This activity usually lasted less than thirty seconds
and it was most commonly. used When>eating brineshrimp.

C. aleuticus would quite frequently move over the gravel
] q y 2 )
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’putting the head down in'the crevices in the subst;ate to pick
~up food that had settled there. 'This foraging behaviour was7‘
used.mainly in 6btaining bfineshrimp, although occasionaily a.
bguppy that was small enoﬁgh to settle BetWeen the stones was

eaten in this Way.

C. aleuticus ate readilj whenever food was available, even
“during fﬁe times of day in which their general level of acti-
vity was somewhat reduced., C. asper less often ate food as soon
as it was_preéented, and during their relatively inactive per-
iod they would usuélly eat only if the food was deposited at
the entrance of the hide.

C. aleuticus seemed to rely on sight to a certain extent

in obtaining its food. The dropper by which thé brineshrimp
wére introduced to the tank had only to appear above the water
surface to set off a burst of activity in the fish; in particu-
iar, swimming to the water surface beneath the dropper,*'

C. asper were observed to roll their eyes up and to follow
the food with their eyes as it drifted to the bottom of the
tank. | o

‘The role of the chemical senses in obtaining food was more
difficult to determine. Individuals of both species were ob-
served to turn around and swim towards food that had been in-
troduced out of line of their sight some distance away in a
tank., "But whether this wés a response to chemical stimuli, or

to the activity of other fish in the tank, or a chance sight

of the experimenter, could not be determined.
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B. Method N
| Preliminary tests were conducted in an attempt to ascer-
‘tain the role that the chemical senses played in detécting the
presenqe of food. The tests were.eonducted in a ¥ shaped'maze
(29m X.S%" x 63") (Fig. 4). The stem of the Y was partitioned
off with a plece of black plexiglas (4" x 6" x 1/10m) whlch
could be raised or lowered on a string by the experlmenter.
The}mazevwas completely enclosed by black polyethylene cur-
tains with nafroW_Slitsvthrough which the fish could be ob-
served, |

A continuous flow of dechlorinated waterbwas provided by
~small (1/16") plastic hoses draining from two-5 gallen’tanks
on a shelf behind the enclesure.' These hoses fed into the two
arms of the Y and a»siphon drained eff the excess water at the
" stem of the Y. Water flow through the‘tubes was controlled
by stopcocks.

A single fish that had been food deprlved for about a week
was placed in the stem of the Y behind the plexiglas barrier
in the evening and left undisturbed overnight. ﬂThe following
mofning approximately 5 il of thawed brineshrimb was introduced
into one arm of the Y. The barrier was then raised and the
fish's movements recorded for 30 minufes.

Five fish of each species were tested in this way.

The direction and rate of diffﬁsion Qf fluids in this maze
were studied by observing the pattern of diffusion of various
amounte of a 1% solution of methylene blue. It was found that

the first traces of the dye were detectable by the human eye
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Figure 4. The Y trough used for food detection
experiments. ,
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at the stem of the Y a maximum of five minutes after the dye
had been introduced to the arms of the Y. The maiimum time for
the diffusion of the heaviest concentration of the dye in this

manner was fifteen minutes.

C. Results -

The résults‘of this experiment caﬁ only.serve as an indica-
tion of the directioﬁ that futuré expefiménts.shduld fake, aS'b
the.number of fish tested was limited by the time a#ailable for
this study. | ” |

Four out of five C. aleuticus rmade "incorrect! first

choices (Table XI). Only three C. asper made a choice, but all
three chose correctly. This may be explained in part by certain
differences in the behaviour of these species., When C. asper

are disturbed they most often react-byilying very still for

some time after the stimulus is removed., C. aleuticus usualiyb
vswim quickly away from the source of the disturbénce (Appendix
C). As a result, when the barrier was raised, the C. asper
stayéd in the stem of the Y for as long as 27 minutes before
making their first choice (Table XI). Four out of five of the

C. aleuticus, however, when disturbed by the barrier left the

stem of the Y in the first thirty seconds after the barrier was

raised. The three fish that swam int6 the incorrect arm moved

to the correct after 6 to 6.5 minutes had elapsed.



Ability to detect food by chemical senses;}

TABLE XTI

ness of first choice,

C. asper
-1

2
5
L
5

C. aleuticus

1

v W

Time of First
Choice
(Minutes)

11.5

27.0
19.5

0.5
0.5
0.5
0.5

20.0

Correctness

of First
Choice

correct

- correct

correct

incorrect
incorrect
correct

incorrect

incorrect

Cdrrect-

Time of First
Correct Choice
(Mlnutes)

11.5
27.0
19.5

6.0
6.5
0.5
6.5
23.0
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~ DISCUSSION

Discussioﬁ of Results

Since C. aleuticus on a sand substrate adopted a flat-lying

vposture<(pe¢toral.fins folded, dorsal fins extended, body hori- .
‘zontal) that was common in C. asper it is probable that this
position is a response to C. asper's usual substrate. That this
is indéed a reaction to a sand substrate is indicated by the
fac£ that both species exhibited-this postﬁre on sand in current
and "ndncurrent" cqnditions.v Smyley (1957) reported that Q;'

- gobio, which inhabits areas of slow to‘mpderate current, and
_.which exhibits many behavioural traits similar to those of (.
asper, has a marked “preference" for keeping the body in contact
with some surface,

The preference on the paft of C. aleuticus for the exten-

sion of the pectoral fins on a gravel substrate was more marked
in conditions of 'moncurrent' than current. It may be that this
- position exposes thebahimal to a certain amdunt of current, but
that the stance has a function that is sufficiently "important"
to ensﬁre that this posture will be retained in swift water, al-
though at a reduced frequency. The significaﬁce of this raised
posture might be that it permits the animal to catch food drift-
ing in the water or to move with greater ease from stone to
stone as it forages among the rocks. It would also allow the
fish to maintain a more viligant watch on its surroundings.
o e Lo

et )

In areas of extreme turbulence and current of greater than

25 cm/sec C. aleuticus put the head down into thé“current.



39

Howevér this posture was uncommon in a regular, eveﬁ currenf
except when i£ was used for hunting for food.v It might enable
the animal to maintain position in aréas of great.tﬁrbulence.

The functional gignificance‘of the alignment with respect

_to the‘current is a matter for speculation, but it does appear
to be related to the postures that the species éssume.y Animals
which live in a strong current have special.problems which they
can meét in a variety of ways. Animals with streamlined body
shaﬁes that offef a minimumrof resistance to the water can.swim
againsf'thé current, Those with flattened body shapes and
clinging habits minimize the effect of the current by pressing

- against the substrate. And still others escape altogether and

take shelter under rocks.dr_in mats of aguatic vegetation |

(Needhanm et al., 1935). It could be that faciﬂg parallel to the

current and spreading the pectoral fins enables C. aleuticus to

resist the current more effectively. - However, C. asper pre-

sunably obtains an even greater degree of security by lying down
between the stones of a gravel substfate; The advantages‘to C.

aleuticus remaining on fhe surface'ofvthe stones must outweigh

the increased exposure to the current.

The Yinto" position appears to have a special significance

for C. aléuticus. Since C. aleuticus feeds partly on organisms
floating in the water, the '"into" pbsition would enable them to
detect food floating downstream and to intércept_it more
efficiently. If the fish faces away from the oncoming current
it has to swim downstream after the food. If.i£.faces into the

current it can dart up to intercept it. Such quick darts and
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.leapsvare more characteristic of thése species than prolongéd_-
swimmihg.

| The fact that both species assumed the broadside positién
more frequéntly on sand than on gravel suggests that this posi-
tion is an adaptation to a sand environment. It woﬁld seem
unlikely that it hés-a_function as a means of.avoiding'the curé
‘rent since it places more of the fish's body directly in the

- path of the current than any other poéition, However,'C. asper
employed this position more frequently in current than non? |
' currenf, on sand, Since g;_gépgg is a poor swimmer, especially
in a current, the significance of this position might be that
“it enables the animal to move most of the time at an angle to
the direction of flow, so that it is less easily displaced by
the current.

In the light of their feeding behaviour observed in the

laboratory it is likely that C. aleuticus depends on vision to
a greater extent than C. asper does. g;_§§§g£ probably depend
mostlyion their chemical senses to detect food and only use
their vision to locate food more precisely as they dart forward

to seize it. The ease and frequency with which C. aleuticus

take floating food indicate that they depend on vision to some
degree, |
Thaf at least some species of cottids rely on vision to
some extent is indicated by Smyley (1957) and Phillips and
Claire (1966), who studied C. gobio and C.<gerp1exus'respec—

tively, and who found that these species preferred moving food.

C. asper's reluctance to feed during the day is probably
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'related‘tOnits inhibition against leaving the hide during this
‘Périod.' Smyley (1957) noted that C. gobio ate vegy:closefto'
the hide and seldom emerged'to hunt food, except at night.

The difference in swimming ability betweeh_these species
is probably alsovreléted-to.their feéding behaviour, as C. aéper

appears to be a lurking predator, at least in the daytime,

" whereas C., aleuticus is an active forager and hunter.

" General Discussion.

Taylor (1966) attempted to determine the extent to which

C._asper and C. aleuticus select the current and substrate types
with which they are associated in the Little Campbell River. He
presented individuals of three size groups (1ess than 40 mm, 40
to 85 mm and 85 to 90’mm) with a choice of fine (sand) or coarse
(gravel) substrate. He also presenfed current (45 cm/sec) and
"noncurrent" (less than 7 cm/sec) choices, and current and‘sub-
strate choicés simultaﬁeously. His results are summérizedvon
Table XII. Comparing this with the current and substrate con-
ditions at the collection sites (Table XIII), one can see that

C. aleuticus behaved as one would expect from field observations.,

A1l size groups selected current and gravel over noncurrent and

sand. No significant difference was detected in the gravel/sand
choice of the largest size group but this accords with their

+ occurrence in the pool habitat. Similarly, the lack of prefer-

ence with regard to current in the C. aleuticus fry cofresponds

with theilr collection in areas of slow current.

The results of the C. asper tests are less convincing in



TABLE XIT

~ Summary of results of substrate/current velocity choice’
~experiments (G. Taylor, 1966). "

Condition Selected When Presented With:

Size Group gravel/sand
<40 mm (Fry)

-~ C,_asper gravel
C. aleuticus gravel

4O to 85 mm
C. asper

C. aleuticus

85 to 90 mm
C. asper

C. aleuticus

no preference

gravel

no preference

no vpreference

noncurrent/
current

no preference

no preference

noncurrent

current

no preference

current

'sand/gravelvand

noncurrent/
current

no preference

current/gravel

no preference

current/gravel

no preference

current/gravel
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TABLE XIII

Ecological data on the areas of the Little Campbell
River from which C. asper and C. aleuticus were

collected, . _ _
Middle River
- Lower ' :
Estuary. River - Pools Riffles
Most silt, - sand,  sand, ~ coarse and
Common mud, silt, ' fine fine
Substrate - oyster mud gravel gravel
shell : '
Current* ' _
cm/sec 0-30 0-45 <7.5 0-90.
Species C._asper - C._asper C. asper C. aleuti-
Collected >100 mm cus
| C. aleuticus . C. aleu-
Fry 40 mm) © . ticus

>80 mm

*measured by Taylor (1966).
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that a surprising lack of a preference for noncurrent is shown
by two size groups. This may have been due to Taéior's experi-
mental method, which involved checking the fish's position at
.intervals, rather than continuous observation. He reported

‘that many C. asper never left the startlng p01nt where the cur-
rent was rather low. |

Taylor did find, however, that the greatest divergence in

choice between C. asper and C. aleuticus occurred in the size

group that was most sharply segregated in nature. Taler's
1abora£ory findings, when'comnared with his field observations,
indicate that the laboratory conditions:corresponded»to the na-
tural habitat. This enables one to assume that behaviour ob-
served in these conditions is . a real feature.of the animal's
response to its environment.

The findings of this study egree on the whole with Taylor's.
C. asper tends to avoid current on a gravel substrate by lying
down among the stones, and to minimize the effect of current

on sand by keeping the body pressed flat against the substrate.

C; aleuticus, however, adopts a posture and an orientation‘that
actually exposes it to the effects of the current, on a gravei
substrate.

That the species are differentially adapted to their mi-
crohabitats in some way is apparenf from Ta&lor's results. The
findings of this study indicate what some of the behavioural
adaptations are. |

The morohology of C. asper and C.'aleuticus also reflects

the differences in their habltats. Among related snecies of
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fish that differ in fheir sﬁimming habits it is a general rule
that the more active form hasva'slenderer caudal ﬁéduncle and a
more streamlined shape than’its sedentary-relatives (Lagler et
al., 1962). Dorso-ventral depression is assbciéted with bottom
dwelling stream fish and it presumably aids them in keeping in
position in a strong current (Lagler et al., 1962). C. asper is

thus typical of the trend in sedentary bottom dwellers and C.

aleuticus is representative of more active fish.

C. asper and C. aleuticus lack swim bladders, as do many
[fish which inhabit swift streams (Lagler et al., 1962). Al-
though the absence of a swinm bladder is no drawback to a seden-
tary bottom dweller, it might at first appear to be a disadvan-
tage to a more active species. Swim bladders which functidn as
hydrostatic organs enable fish to expend a minimum amount of

energy in maintaining position (Lagler et al., 1962). However,

Nl in a strong current to be of equal density with the water re-

~ quires greater, not less, energy to maintain position (Lagler

et al., 1962).

| The mouth size of cottids is of the first importance, as it
determines the size of the food that they eat (Northcote, |
1954). Of the two species considered here, the larger'C. asper
also has the larger mouth relative to body size. In the labora-
tory they feed almost exclusively on organisms resting in the
substrate or floating just above it. Northcote (1954) reported
that C. asper of greater than 30 mm mainly eét aquatic insect
larvae such as Plecoptera, Ephemoptera, Trichdpféra, and Diptera

(chironomids), which live among weeds and stones or burrow in
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sand or mud (Macan and Worthington,:l951)‘ Sculpin fry eat the

“larger planktonic forms, such as- Cladocera -and Copepoda (North-

‘cote, 195L), which, like all planktonlc species, are rather

small animals (Macan and.Worthlngton, 1951). Active, small -

mouthed sculpins, such as C. aleuticus, cOuld'éontinue to ex-

- ploit the plankten as an additional food source when adulfs;

L

This would require a superior swimming ability and a greater

dependence on vision than the bottom feedihg hobit, If the fish

inhabits areas of strong current it must adopt modes of be-

haviour that enable it to obtain this kind of food in fast wa-

ter. ‘Thus C. aleuticus orients parallel to the direction of
flow and 1ifts itself above the rocks on spread pectorél fiﬁs,
permitting it to survey it's surroundings and to launch itself
quickly upwards to cafch floaﬁing_food.

C. asper is a poor swimmer. Such a loss of swimming SEEE:;”
offset by certéin advantages. These include a gain in mimetic
resemblanée to the substrate (Ap?endix D), and in the efficiéncy
of such secretive habits as the usé-of stones of other objects
as shelter (Lagler et al., 1962). C. asper is extremely secre-
tive, spending most of the brightest hours of the day under

logs or stones or in mats of vegetation.,
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SUMMARY

This study is an examination of the behaviour of two re-
lated sympatric species which occuﬁy different'micfohabitats
to determine which are some of the important behavioural édap-
‘tations to these differences in environment.
| C. asger'is collected in areas of slow current and finely

textured substrate. (. aleuticus is most frequently found in

areas of moderate to fast current and coarse sﬁbstrate.

When exposed to a current in the laboratory C. asper .
presses the body againéf the»éubstrate and lies at right angles
» to the current, thusAavoiding the current, or at least mini-
"mizing its effects.

In a current C. aleuticus faces parallel to the direction

of flow and on a gravel substrate réises_the body by the expén—
sion of the pectoral fins., One of the functions of this posture
may be that it enables the animal to sight on‘and cafch floating
food. The spread pectoral fins might also enable the animal
to resist the current,

In both species stance aﬁd Grientafign to the current seen
to be in part a response to the nature of the substrate. Both

C. asver and C, aleuticus adopt a typically'c. asper posture and

orientation on sand with a greater frequency than on gravel, and

1 C. aleuticus type behaviour isvmore frequent in both species on

gravel than on sand., However, C. asper still assumes the broad-

- side position on gravel with an equal or greater frequency than

the parallel, and C, aleuticus still shows a preference,
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although a reduced one, fbr the parallel alignment on sand.
Both species.appear to employ vision and the_éhémical’
 senses in obtaining food, but to different extents..'C.-aleu-
ticus appears to employ vision more than g;_§§ggg.does.. How-
ever, C. asper would requiré some aidvfrom visioh to sight on

the food before darting forward to seize it.

C. aléutiéus relies on vision to locate its food when it
feeds on fioating organisms. waever, the foraging behéviour -
shownvby this species suggests that théy also use the chemical
senses in hunting, although perhaps their abiiity to deteét |
food in this manner operates ovef.a nuch shorter distance than
in C. asper.

C. asper is a very poor swinmmer compared to C. aleuticus
st S Sy

and moves around much less in both current and noncurrent condi-

tions, This corresponds with C. asper's reluctance to leave

its hide during the daytime.
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APPENDIX

In the course of this study, many hours ﬁere spent simply
observing the fish in a variety of ‘situations, in an attempt to
form avgeneral impression of their behaviour. Many incideﬁts_

" were observed which were not further examined by experiments,
‘but which héve considerable bearing on this study. This
Appendix, therefore, is an outline of some of the more pértinent
of these 6bservations, which make up the background for much of

this résearch.

. A. Adaptability to Laboratory Conditions

v~ C._aleuticus appeared toadapt more quickly to the labora-

tory conditions than C. asper. C. aleuticus'began,to eat nuch

sooner after they were brought into the laboratory. In inducing
fish from the field to eat, it was noted that the smaller indi-
viduals of both speciés were the first to-také the fobd; By
placing individuals.from a group of fish that were eating wéll
in a .group that were'nét eating, it was possible to induce the
second. group to eat.

Individuals of both species were kept ali&e and in apparent
good health for over a year, indicating that they were well

adapted to laboratory conditions.

B, ~ Influence on Numbers on Behaviour
In keeping these fish and in observing their behaviour, the

numbers of individuals kept in a single tank seemed to be of
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some importance. Both_Species exhibited very little.éggressive
behaviour.among_themselves,'except when extrémeiy-érowded.: Al-
 _though cottids-are territorial in the breeding season (Morris,
1954; Smyley, 1957) and the larger specimens (greater than 80
mm) were usually cbllected 6n1y a feW'at a time, there did not
appear to be any necéssity to separate the fish in individﬁal
aquaria. in fact, it was found that whehever the fish were
isolated in this manner they stoﬁped eating and éooh died. This
is not.tb say that the deaths wéré attributable to starvation,
as in ﬁost cases the dead fish were of normal weight.

When ten to thirty fish were kept together,'many individuals
would associate under a single flowerpot. This was particularly
marked in C. asper, which spent so much of their time in these

refuges.

One ﬁale C. éleuticus in breedingicohdition established a
territory in one flowerpot in a tank with aboﬁt'fifteen other
fish, but very 1ittlé‘response to his di3plays was noted in the
other individuals. | '

Some aggressive behaviour was seen in connection with feed-
ing when the animals were very crowded, This was particularly

noticeable in C. aleuticus, which in these conditions custo-

marily fed with its pectoral, caudal, and dorsal fins, and
sometines its operculum spréad. This is very similar to the
aggressive behaviour noted by Morris (1955) in C._ gobio. Nor-
mally these "displays!'" did not result in any overt aggressive
activity, although a few incidents were.noted; The most common |

activity of this nature was pectoral fin biting, although there
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was also some chasingnand’nipping. vDisplays‘of this nature
were also noted in C. asper, but less frequently, and overt
aggressive behaviour was very rare,.

Cases of aggregation‘behaviour have been reported in the

field for,both~C.'aleuticus_(Greenbank, 1957) and C. asper ’
(Northcote and Hartman, 1959). |

C. Response to Unfamiliar Stimuli

on many different occasions these fish were obsefvedﬂﬁhen

they were presented with unfamiliar objects or stimuli. Some-
times this was done déliberately, at others it occurred as a
~result of an experiﬁent that waé primarily designed for some
other purpose. | |

| When the stimulus was an unfamiiiar.variant of ohe which
‘was common invthe natural environment,tsuch as frozen brine-
shrimp, the fish did not behave in an."excited" manner. They
might ignore the unfamiliar object for minutes or even days;
then approéch slowly, and finally exhibited no_avoidaﬁce‘be—
haviour when another such object was introduced.

| Stimuli which the human observer might expect'to be fri-
ghtening were reacted to in a variety of ways. An object,
such as a styrofoam éhapé, dragged over the surface in rather
deep water, elicited very little responSe-other'than upward
eyerolling. bHowever, if a‘handnet was dragged along the bottom
of the tank both species became very '"excited,!" swimming
quickly away from the disturbed are of the substrate,

Lights of even very low intensity shone on a.darkened tanlk,
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and tapping on the side of the tank, elicitedbsomgyhat dif-
ferent behaviour in the two species. The animal would either
"freezé" in position and remain immobile, or it Would}swim
quiékly away; often to the nearestvhide.b'The former reaction

was most common in C. asper, the latter in C. aleuticus..

D. Cryptic Colouration

Both C. asper and C, aleuticus have a remarkable ability to

élter the shéde and pattern of their colouration to suit_their
: ;background. This makes them very difficult to see, when they
are observed from above,

On a uniform, pale coloured béckéround, such as grayish
sand, C. asper became uniformly pale gray, and their fins are
nearly transparent., On a more varied background, such as gray
" and black gravel and/or brown sand with-weeds, they are marbled,
witﬁ five or six pronounced dark vertical saddles under the

dorsal fins. The belly is light coloured.

In C.‘aleuticus, colouration ié fairly charactéristiq of
the individual animal. Most individuals ére speckled gray and
white, with three black saddle marks and black bars on dorsal,
pectoral and caudal fins, A few fish, however, are_speckled
brown and white, producing a sandy colour, with very dark brown
or black saddles., In all iﬁdividuals on a highly variable sub-
strate, such as gravel, the saddles are prominent, but they fade

when the fish is placed on a uniform background.



