





100796




\ Ll s




a
J N
1
—_— [ 4
oo 7
. P
' \ R . [, .}l-
feim e e - T - - . R
. . \ . .
AY - .
- . Y »
l ‘a
A - '
, .
v
o
A
0

A QUALITA1IVE AND QUAN1|TAFIVE lNVESTIGATlON ‘

. o ) OF THE BEHAVIOUR OF THE LONGHORN SCULPIN
° .' . B L T s\
’ K Do Myoxocephal us octodecemil nosus (Mltchl l 1 1815) ,

WT‘TH SPECIAL REFERENCE TO FEEDING

P ' Bruce W. Jenkins, B.Sc. . -
;D( .“1 ) " o » i ' : . . ' I ’ .: . «16‘

Z i‘
Y v

" A thesis submltted in. partua! ful filment of

' requnrements for: the degree of Master of

| Sc:ence in Buology.

-

.Me_’mdrial University of Newféundland,_ St. Jo*hn‘s, 'Ne_'wfbundiandi.'

: CMay 1974 . o,
he A . T
.._ |F [ . " . ' . .-\
. | °

i



the most important factor affecting ingdgf{on.

- A s ’ . ' -~

Behavioural observations of Myoxocephalus octodecemspinosus
. . c - ’ K

-were made by diving at'two locatlods on the Avalon Peninsula. Qual-'.

B \

|tat|ve dqscrlptaons of the dally actuvnty were cdmplled wuth two

N

fundamental postures, REST and ALERT and four behaV|ours, rootlng,

‘agonism, locomotion, and feeding, beinyg observed. A.behavloural

‘profile for the Ionghorn sculpin'ﬁgs derived from these descrlptjons;i .

I Lo T

Feeding behavnour occurs'in a stereotyped pattern, snmllar- in
|ts basic form ‘to the feedlng of other marine and freshwater predators.
Desplte tnese behavloural characterlstlcs, the longhorn is an lneffect-

|ve predator of smaller benthic fish species. Fleld observations ind- .
¢ N

.ncated that the longhorn is primarily a vnsual feeder. Laboratorv

\?. o
experiments however, revealed that this specues also employs other

sensory modes for the'detectlon of food

l 3
!

Stomach contents,'nntestlnal cohtents, and occurrence of dlg-

estlve stages in speCImens caught over a 24 hour perlod lndlcated -

¢

cvclip feeding dufring tne;capelin (Mallotus 'villosus), spawning period,

However, ah Analysis of Variance (MANOVA), revealed that time was not

Calorlc analyS|s of selected prey organlsms lndlcated that

~
~
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capelin, with a value of S3hl‘cal’ories‘pe!r gram'd'ry wgig}l\t; is"

the.mo'slt eriergy rich food resource for -inshore populations of the

longhorn sculpin. Large scale movements of r_d_.',octodecerhgpinos'us

m-"

s

td shallower, i‘,n.sh('Jre waters of Newfoundland ddriné ‘the early su

. mer are suggested'to be a phenomenon related to ‘the availabil ity

- .
. '

of ‘this food .resource. .
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e * -~ -INTRODUCTION

The longhorn s'culbin,l Mydxocephalus o'ctodecemspinoaus'(Mitchi'll

. 1815), is an abundant benthic fish of. tﬂhe North Atlantic coastal waters

of Canada and the Unlted States. Mor row (1951) prov'.ides most of . the

.

known mformatlon on this spemes in a detasled account of, |t"s taxonom!c _
hlstory and blology. : Dlstrlbutlon records and morphologlcgal descript’ions .
are glven by Blge]ow and Schroeder (1953) and Leim and Scott (1966)

"

Fritz: (1965), Kohler et.al. (1970}, Scott (1971), and Tyler (i971a)

—_—

describe .se'a,sorlall changes In fhe re]at!ve abundance and d‘istrlbutiqn of

'.-of'fs'nore .Ion'ghorn,p_opulag.ibns,and gi\/e information on the, Iéngth—;veightu
re]-at.i%nsnips of this species. The most recent,'publlsﬁed ‘_d‘a‘ta on this
sculpin are Tyler's (1‘9.7.Ib, ..1972) seasonal analysis of ;tomacn contl:,eh-ts".;
Studies of shal low water i‘n'shore populations are Iackibg however, and

. there are no published descrlptlons of the longhorn sculpln s,behavnour. Ny

M 1

LeDrew (1972) found a slgnlflcant propOrtion of the dlet of M

aeneus (grubby) was Juvenule radlated sha.ganes (Ulvarla subbufurcata), f}’}\s
and states that this shanny-may be vulnerLab4|e to predation because of %
'it's’_driurnal.ac'tivity pattern. Longhoron sculpins are voracio'us.f,eeders_
".and may also be efflment predators of smal]er ;enthlc flsh 11ke the .

a

radiated shanny or the Tock gunnel (Phelis gunne1us) Thls..study Is

a qualltatlve and quantltatlve |vest|gatlon of the behavnoumof T’1. octo- -
—a _-_‘o'-"‘-

decemsp i nosus undertaken to determlﬁ’ s, s:gnlflcance as a benthac
' n}.

-

@%m

-



.'pr_ed'ator and to ;‘Jr",dv‘ide a“fou'ndait'xlon for further s‘tudies of .its g
' ‘A . behavioural ecolo‘gur', - | |
L MATERALS AND NETHODS -
S FIELD WORK . ' | -

0

(I) Ethologlc%:]' Studies - R -
Two sites were chosen for dlrect observations of longhorn behavlour

ot '_duribng the summer. of 1973, (see Figure .!)., At Outer -Cove,. Jonghorns were - \ '

y \

abundant inshore at shallow depths (2. - 7 metres) and__und_er:wa_t_er visibility

was.excel' lent on most occasions, ’(ap'prox.' 12 - 20 metres):, A mask, fins,

and snérkel were used to observe the fish from the surface of the water.
St. Phlllnps, the second 51te, had much poorer visnbl lity underwater

(approx. 3 -7 metres), and’ Ionghorns were not common in:the shal]ow

inshore waters. Scuba ‘was used to observe sculpms-at depths ranglng . \

L4

frorn 5-"15 metres. Observing flSh from behind b]lnds did not ellmlna e’
s ‘ the effect of exhaust bubbles on natural T.fyf)ur. By . remaaning approx-
|mate|y 3 metrés above the substrate, it was possible to make prolonged :

observatlons of_t'he scul pins wuth no apparent dlsturbance of ‘their

.

behavnour

Each observatlon was a 35 - 45 mmute contlnuous perlod during

“which pos tural detalls and assocxated changéLs, movements, and specuf:c

~

.. motor pattierns were recorded on a.slate. For each period, the obset‘ver

swam offshore on the surface and began " observations when the flrst
g 0

£
\'r.)’f‘
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motionless lohghorn sculpin was.encountered. Since' the natural

occurrence of feeding behaviour in the field was so low, a number

. .

" of methods were used to fnducé’séulpin feeding. At St. Phillips,

PR
%

scuba .divers made direct observations 6f sculpin responses to Indi-

B idual Eock~gunnels and radiated shannies. trapped i 4.5 litre.glass -

- ©

jars{placed on_the bottom., Feeding responses to shannies trappéd In

" plastic bags filled with’ seajwater and'tq white, neutrally bdoyant

styrofoam floats were also observed at this location. A Bolex 16 mm

movie camera was used to recqﬁd Ehe feeding attacks on the trapped

. T - [ ‘ ' | - . o
shanny and on the float, and this film was analyzed -in the laboratory.
" An underwater habitat at St. Phillips, .LORA |, enabled ébseryations

t

to be made in relative comfort and safety. Thawed capelin (Mallotus . ™ -

Qfllosus) were reledsed from tHe entry hatch of the habitat andllbng—

3 -

horn feeding responses. to large aggregates of cunner (Jautogolabrus

adsEersus)nattragted by this‘bait were dpcumenxéd. Floodlights on the

-

exterior of LORA | alsd attracted cunner and observations could be made
) at dusk. Poor~gndé%Qater visibillty and the restricted flelds of view

from’ the doméd bpftholes of LORA I7|imited the'va1ue_of some observations.
Feeding activity and;éssociated'postdres of the sculpins Qére observea
’ a . ” '

‘through the ehtry,hatgh.of the habitat.

AUt Guter Cove, live rock gunnels were released in the water column

v

abové{aggregéfés of longhorns and sculpin prédatofy behaviour was observed.
.. : I . .

:Respodses‘to,gunnéls set in minnow trapé'placed~on~the substrate, and to

<

i
i
~
g
«

.-‘I

3

Al

At

“t
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- . !
batted and unbaited lines ‘lowered from the surface were also obsérved.
These established feedlng:gituations at'both locations made possible

a more complete description of longhprn feeding behaviour.

The swimming behaviour of the IongHorn was also quantified during

. -each observation interval. Periods of continuous swimming (excursions); .

o A \ .
"-and the number of glrectlon.changes during each exfursion (turns), were

-recorded for.the entire observation interval. Zhese two actions were

- distinct, recognizeable patterns and were quantified as reliéb}e measures
* of the longhorn's swimming activity. L

All observations.here made during daylight; sunrise to noon obs-

. . ¢ -
———— T

W-——ervations were designated A.M.7and noon to sunset observations were
PR . - . -

designated P.M. Qqantitafive observations were made on longhorns at
“ Quter Cove (7 individuals .n A.M. and 8 in P.M. for a total of 630 -

minutes of -observations), and at St. Phillips (3 individuals In A.M.

’ 8

", and 6in rlM; for a‘togal of 320 minutes of observaqjons).

N

_Dﬁrihg each observation interval, 3 specific behaviours (feeding,
agonism, and rooting) and 1 Modal Action Pattern (stalk) were enum-

erated providing a second &uéhtitifive measure of the longhorn sculpin's

<l

behaviour’ in the natural habitat.
‘An experiment was performed at St. Phillips' to detérmine the-
fun;tional significancé of the obsérvgﬁ locomotor behaviour (i.e. the”

., excursion/turn activity). During August 1973, 8 longhorns Were{hand:

- netted by scuba divers, tagged, and placed.in a large nylon netted -



3]

: steél”ftame cage for a starvation period of 7 to 14 days. The cage

k!

Y

&

was elevéted L feet from the. substrate on an~ir9n'platform to ensure

P

that no' feeding occurred. "After the ftarvation period, thesé exper-,

“imental sculpins were relea§ed individual'ly and théir-swlmming behaviour

o

!

oBserved and quantified using the technidue previously described.
At St. Phillips, the movements of,both the experimental and the

non-experimental fish were recorded onto a'slate during each observation
. . . - 0

though' these ﬁaps were not to scale, they did indicate

‘

¥

period. .Al
gehéFaI directlon changés and relative distances from known' underwater
oo : . -

IabdmarkS: .

(i1) Feeding Periodicity Study-

The standard procedure of sampling stomach contentgmovef,a 24 .

hour period {(Darnell, 1958), was employea to determine the diel nature

)

of the sculpin's feeding behaviour. Longhorn sculpins were abundant

at Outer Cove, a shallow, pebble/rock bottom'bay with large san?.patches, .

and so this site was chosen.for the 24 hour §amﬁling. in July 1973,

. ' . ' . ' Nt R ’
starting at 1600 hours, 6 sculpins were hand netteJ\By scuba-divers every

four hours throughout the following 24 hour period. After each.dive, '
live weights and total lengths of each Speé%menéiLre1measured. The live
fish were then killed by placemeﬁt in a concent}ated solution of the

anaesthetic MS 2227 Entire stomachs and attached intestinal tracts were
removed and immediétely preserved in 90 % ethanol. %Wﬁihin 24 Houré,df
- . '. CT . . ST,



. collection, the‘sampléé were frézenz then‘during the follow!ﬁg.féw.
weeks, individually th?wed énd aqalyzed. The préserVed sahplgs were’.
frozen because of the e;tendéd time pgripd bepw;en sampllaé and analysis
of the contents. This preventéd.deterioratisn oflthe samples befare
analysis. Stémach cosfenfs were‘idgntifiég, weighed wet, and the.rela-‘:
tive stage of digestI;n noted; Decomposition of capelin based on
previous laboratory digestion studies’ revealed three characteristic
stages: STAGF ... capeliﬁ ihtact, body firm, with somé evidénce?of
exterior deterioration; SfAGE ... Vertgbrae revealed with small
pieces of firm muscle agtached, head and Féil m}éging‘except for the

-?kéletal remains; and STAGE |11 :...soft ﬁash of pulpy muscle, veftebrge
and anfgrior skeleton only.. As the 24 hohr diving was.conducted:durihg_

~ the capelin spawning period,.ghis fish spé@ies was ;hg primary toééf

" ohent o% the sculpin's diét-and fhus, relative dLgestfon stages were
éasy'fo determiné- lntestiﬁé] contents were strippédland weighed wet.
The wet samples were then oven dried at 80 “C. fq}'?pafgﬁimately t@o o

weeks to a constant weight. Dry wgights”of the stomach and intestina]

'

contents were expressed'és a ratio to the wet weight of the fish,  i.e.

grams dry weight of contents per, kilogram wet weight of fish. With

this technique, three different quantified measures (stomach conteﬁts,

intestinal ‘contents, and frequency of occurrence of the thrée digestive

stages), 'could be used to»assesé the feeding pattern over the dlel peyidd.n

[ !
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Il. LABORATORY WORK . .. P B o

[ I

. (i)'Light/Dark’Feeding Study

A replicated series of laporatory experiments wereé performed to

-~

_determine the effects of light and time of day on the'feeding success
of the longhorn sculpin. In May 1973, scuba divers hahd,netted 4o .

- sculpins from Middle Cove, Newfoundland. These specimens were trans-

E)
1

.portéd in fresh sea.water to the 90 cm. X éo.cm X 45 cm: fibreglass

mholding'tanks and_maintained in running sea water atlocean temperatures
o , gor one week. The sculoins were not fed duning this interval. - Two
weeks before the experiments‘began, thawed pieces of.capelin were fed

R . . , ' T _
ad libitum and 12 of the most active feeders were chosen as'experimental

P [ S

Tish The mean wet Welght of these fish was h57 grams (379 ~ 565 gm.)’

L

and the mean total length was 3h4. h cm. (32 5 - 36 5 cm. ) After. the ]

" 'i.i |al selectlon, the 12 experlmental fish were ransferred to. the

v

experlmental tank and starved for 14 days before the first experiment
v

began. The same fish were' used for each.of ‘the flve repllcates,,w1th
| .

‘
D]

8 to 12 days starvatlon between eacﬁ feeding experiment
J,
The 220 cm X 220 cm. X 30 cm! expernmentaﬂ tank was divnded into

l2 chambers using wooden frame partltlons c0vered with a fine nylon

—_— mesh, (see Figure 2). This separated each experimental frsh but allowed~
B ~ 1 .

" oa contlnuous flow of sea water throughout the tank. " A black plastic '

-Ganopy: covered the. entlre tank to elimnnate |nterference From labﬁ

~ .
v !

}-' E : oratory'llghtlng. Beneath this canopy. three dlfferent light conditlons

1
1

-
B
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' Figure 2. Experimental tank for light/dark. feeding study.
" A. Side view of tank showing some of the
‘. -partitioned regions. ' _
. B. Close view of black canopy.and darkened
’ . slats covering some partitioned regions.
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were established‘ dividing the tank intd‘three regions, each with Four
partltaoned areas. " At one end of the tank, a 12 hour llght/dark cycle
(desngnated ¢ for cycle) was set up for one set of four partitioned

/ N
.areas. A 25 Watt 1ncandescent bulb wlth a llght green plastic shade .

'was pIaCed approxlmately 95 cm. above the water surface Transntlons
From one light condltlon to the other oc¢curred gradually The opposite

end of the tank was .set up in the same manner except there was no cycle,

. but a, contlnuous llght envnronment (desugnated L. for Iight). The mnddle

four partltnoned areas were completely blacked out to-provide a contin- -

‘uous dark condition (designated D for dark). The wooden mesh partitidnsh

in this middle section wenasheetéd with black plastic.'darkened wooden

slats were IaIdAacross the t0p of these partitions, and black plastlc

1

'sheets hanging from the: canopy - roof to the darkened slats prevented

— !

ltght enterlng from elther of the llghted ends of the experlmental

tank * There was no attempt to record Ilght inten9|t|es 1n “the dark

n

-compartment, and therefore, every possuble source of light ‘may not have
been successfully‘elgmtnated. Despite this_weakne55.1n the apparatus,
.Iight'intensittes.were substantially decreased.ln these partitfoned
-regidns, and ‘the ekperiment'does provide importantwdata on the.effect
. of lipht on scu1pin'feeding success. Four experimental sculpins were
"acclimated under each of the’ three l|ght cond|tions, C cycle, L llght._
and D-dark. .{ :

Prelnmlnary observations |ndlcated that thawed capelsn pleces



percentage of the number of pleces given, i.e. Feeding Success =

'could be c0mpared. : ) o

. {

i . :t . . | " . o

. (10 - 15 gm. each), were consumed immediately when dropped into ﬁhe

' partitioned areas. The sinking motion of the food probably released
the feeding response.' To eliminate this variable, a black PVC two
S - ’ ) '

inch diameter hollow’cylinder was placed it the partitioned area for

each feeding session. One end of the cylinder extended above the water

' level“and capelin pieces could, be added and allowed to settle without

" visual perception by, the sculpin. ‘A 5 minute delay between cylinder .

{
placement and capelnn add|t|on a}lowed the sculpin to become ‘accust-
! ;

omed to the presence of the feedlng cyllnder. " After the capelun :
!

_.‘settled, the cyllnder was. quickly removed witth no apparent disturbance

3 P

" to the experimental fnsh Two of the four sculplns in each light

P !

envuronment were fed in this manner at 10: 00 AM. and the remaining two
under each condition were fed at 10: 00 P.M. that same night.’ .The..

number of capelln pleces COnsumed after 1 minute, 10 minutes, and

2 h0urs from the |nPtfal feedlng was. recorded A small penlight

. aJlowed inspection of/partltnoned areas under dark conditiors with no

i1lumination.of adjacent areas. Feeding success was expressed as.a

. \ ~ ‘ o

# pieces eaten / # pieces given. - In thns way, feedlng success at
) |

dlfferent tlmes of the day as well as under different llght COndItions

A contlnuous Rustrak temperature recorder monltered the ‘sea

s

\,.‘
e



t
. water flow at the intake and the outlet ends of the experimental tank.
The sea water was maintained at'ambient dcean temperatures throughout

all. 5 replicates, Althoughﬂtemperatures.rose"from §.8 ‘C. to 12.0 °C.-

during ‘these experiments, water temperatures during each replicate only

varied by 1.0 ‘C: . 'H- ' .

(i1) Oxygen Bomh Calorimetry

' ?_ The predominance of capelin in longhorn stomachs_during the capefin !

- épawnihg period and|the seasonal nature of this particular feeding

" raises the question of how this food resource compares with others in
L ‘ ) ' / .
terms_of energy. When the longhorn's diet changes from mainly fish to

" mainly invertebrate, what are the energetic changes that .accompany the

I

dietary change ?x To investigate this, the calorio content of certain E

maJor sources of food energy and some potentrai prey of the ionghorn

o

sculpln were determlned : ‘ ) . _ [

Capeiin were  hand netted from the sandﬁpebbie—beach\at Middie S

- ]
Cove during their spawnnng period in"July. 1973, and were frozen.wlthin

2 hours of collection. During the fall .of that year, 8 of these capelin
‘were thawed, biotteH,'and welghed \They werée then dried to, ‘a constant
weight in an'80. 0 C. oven and powdered using a mortar and pestle

Approximateiy i gram samples, three per spec:men, were. peiletized and

b R P
combusted in a Parr adiabatic oxygen bomb calorlmeter followung the / .

- ~

method_in the Parr manual (Parr- Instrument Co., 1964).



Collections oF the Spider crah (Hyas araneus), sea urch:ns -

(Strongylocentrotus drobachlen5|s), and scale worms (Family Poly~
.

-nondae) were made in Dyer_s Gulch, Logy.Bay in January 1974. These”

Y

organisms were weighed .l1ive after blotting, then dried to a constant’
weight/ in an 80, 0 ‘C. oven.. Organisms of each group were ground’
collectuve]y using a mortar and pestle, then powdered in a carbon-’

steel -ball and mnll/palnt shaker apparatus, a piece of equ1pment used

AR

‘by geologists to crush small rock samples. Sea urchin tests were

. Lo, ’ ' . [
removed before the weighing and powderlng procedure.. Whole 'crabs

incfuding'the shell were used in these caloric determinations.f Samples

L

of approxlmately LK gram were taken. from the homogenous mlxtures and

'pelletlzed then gembusted as out]lned in the prevnous paragraph

!
Large amounts of ash remalnea after each combustlon of the crabs due'

to the calcareous exoskeleton (CaC03) Assuming all ash to b b33_‘

and applyung the correction of 0.137 calorses per mrfllgram of CaCD3

gEVen by Paine (1966), al owed a correctlon for endothermy to “be .
" - CA

"applied'to this group Apgropriate correctuons for the Tength of'

fuse wlre burned acld formatlon, and the energy equivalent of the )

calorlmeter were made

-

Alffdeterminations were within,/1.2 % of the mean caloric value:

for each specimen A varlatlon up to - 7 b % occurred between the ind-

|V|dual capelin, most probably due to the presence of large quantitles



&

'baaic observable units of each beﬁavlodr. Reproducfive behaviour is

14~

© of roe in the female specimens However, calﬁric values for each

0 » .

capelnn were aII wnthln the 1.2 % margln

RESULTS - B

|. QUALITATIVE BEHAVIOURAL DESCRIPTIONS

Aimost 16 hours of direct daylight observétions at St. thllips‘

'and OutEr'Cove have provided a Fairly comprehedsive picture of-the:f

¢

fundamental postures and assocnated behavnours thch constltute a

, Ionghorn sculpin's daily a?t¢v|ty A graphlc presentatldﬁsgf these

aCtHVItIES is given in the behav!oural profile, Table 1. Barlow s

(1968) term Modal .Action Patterh (M.A.P.) is‘used'tq descrfbe.the

not described as longhorns spawn offshore in the winter and these '

were inshore summer observations.

Détalled'deécriptioné.of an organism's posture would be incom-

'

plete without incorporating information on the apparent function. of ..

Vo

~ s ' - .
- the observed.behavioyr to which that posture appears related. Hence,

the'nomenclature used to describe the longhorn's bostures are - ifh

v

© fact dlrectly related to the apparent behaviour observed accompanynng

. "‘"\.

. that n9§ture' : '_ o ) - . )

. .
Vo v
[T

" A BASIC'BODY POSTURES - - . ‘\_ S A

There were two fundamental body postures observed whlch in thelr

. varijous fprms are clearly dlstlﬂgUlshable. The REST position is an ~

invariant posture which is not commonly observed but nevertheless

‘ . N ¥

.o~
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,The entire’ body becomes elevated above the substrate with omly" the

constitutes a basic}body“postion, (see Figure.3). -In.thls'posture,

the sculpin is néstled in rock crevices or ln.the furrows of sand =
oo, 5 )

patches. The body is low and follows the contours of the substrate.

The head is Hown: resting on the bottom and the fins are adducted to

the body and folded In this position the sculpin ls~motionless and
unresponsive unless handled roughly or physically dlsturbed The
longhorn is Stlll, and although the eyes are operf, they do noq'move

—

about. Geheraﬁlyf the sculpin exhibits no movement or activity

except tor tail sway in a heavy surge. f
| .The secbnd‘basie body posture is the ALERT position; (see

Flgure h) In lts most fundamental form, the body ls at an angle

to the substrate with the head, remaining longltudunal to the body

axis, elevated above the substrate. Extension of the pectorals and‘:‘

‘possibly the pelvic fins serve to raise the head and anterior portion

of the_body. Most-of the.ventnal surface of thé:body is in contact

a

" with the bottom and the fins are either partlally or completely ext-

: ended dependlng upon the degree of activtty.- Since sculplns In this

v TN
posture qulckly respond ‘to external stimuli, and numerous behavioural

units have begn observed assoclated'wlth this posturé, "It seems that
. 4

actnvely respondlng to an external stlmulus change thelr body postnon.

9 !

peIV|p, pectoral, caudal, and:anal.finsuln_eontact W|th the bottom.

- '
- T - i

©

the -ALERT position;represents the sculpin in lts actlve state.*‘Sculblns

v k2

'

LY



Figure3..” REST posture showing- sculpin 'nes,t‘led:anbn'g' the.

.rocks.
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Figure k.
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(1) Root]ng Behaviour .

5

'
[

.

-B.  BEHAVIOURS, '

There are four recognlzeable behavnours in the daily

v
- 1

activ1ty of the longhorn sculpin rheSe were termed rootlng, agon?sa

locomotion, and- feeding. " Each’ is aSSOC|ated wuth the ALERT posture.

8
-5
L.

This peculiar behaviour was only ellcited by sculpins on a sand

substrate. Ihe longhorn rotates longitudinally about=90 to_one side

'expos!ng'its pale ventral surface. The body then undul ates againpst

the sand in a rapid series of jerky movements. The rooting series

ends with the eeulpln ina normal ALERT posture. This behaYIodr'Is
usually repeated two or three tnﬁ\efdbrlng a single swtm It -has
also been observed to begin from an,Jmmobrle position, althouéblftﬂ

usual]y octurred durfng'swimming.- The sand is distured into a_large

cloud after the rootlng behavlour

’

Thls behaviour occurs rarely, having been observed only 9 times.

B TEN

L

These fins,spread out and extend -to sdobort the body,f(eee Figure 5).

" . - V::‘

)

-

<

while observing 3_different |nd|viduals at Outer.Cove. This behavnour

-’"was_not"obServed'at St. Phillips.

(2) Agonlstuc Behaviour

Y

D|st|nct agoncstic :nteractions between indiv1dual longhorns

were dbserved at, St Phlllips A]though 5culp|ns were found at high

o

) dénsltles at Outer Cove, no agonnsm was noted at this location The: F

C
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" "Figure 5.
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frequercy -of occurfence of this behaviour was very low. and witﬁ;;'so".

few ob‘servagions, a detailed analysis of ts Modal Action Patterns
was not possible. Despite this drawback, certain details were evident
I “and. provide a basis for fussther - research into this behaviour.

- Most ‘of the 9 single ‘interactions observed had a simple stereo-

typed pattern, The dominant and subordinant fish are both in the

K4

<L _."A"LERT pd'sit_ion. The aggressive lopghorn wit.h erect dorsal spines -

and extended fins, quickly swims towards the anterior of the seéo:‘ond
fish and 'apbroaches from the side or head on. The domi nant. fish

. "approachgé to within one metre of its subject before- the subordinate
. .

- sculbin quickly pivots away from its aggressor and flees. ,A_fter a

$
' ‘ "swimming chase with some turns -land of a variable distance, the aggressor
- \ . s . \ . . ¢
abandons pursult and returns to the geheral vicinity where the agonism- - -

)

originated. |t was not unusual for the subordinate fish to return,

1.
) L »

' cnl.y. to be chased away again by the same aggressor.

a

The basic units of the behaviour then, appea‘r to be the approach, -
- which incorporates a threat, the flee, and the chase. .No-.submissive
-actions apart from fleeing, were observed.

On gne occasion, a variation of this behaviour was observed. A

previously observed to be éggr;e-ssive, approached from behind ,.
to within'one third of a metre from a second sculpin. - When the’ approached

. fish .did not flee, -the aggréssor continued to advance, ‘Swam alongside,
- _ ’ [ '



'pect_éral fins, "At this poin't,- the second fish

“arid settled in front of it. ':Immedlately; the aggressor. shook Its. body;

" quivered from side to side, and repeatedly-opened and c1osed its

uickly pivoted ang

.

swam away with the- typ'ical flee -response. This unysual action on

the part of the aggressor could possible be an exaggerated threat’

display: No:flee re;ponse_énsueﬁ when the thre‘aten-ing approath ‘was

" ' .. . . . . . . e
. elicited, so amore-direct interaction was necessary in the encounter.

~ There- appea.r_s' to be no relat_ionshrip" between size of the lon'ghorh g
,a,nd the outcome of t'he encoun‘tebrl :Srn‘alll ‘sculpins were seen to .be
succeéeful a‘ggresso.rs"ove‘r | larger. ones.and _vlice versa.
’ Whlle uslng dead capelin to attract cunner to the entry hatch
of LORA I at night, it was usual for, b or Ssculplns to. be,.attracted

'_alsq. Under these condIthns, agonistlc behaviou_r was observed;. "On

one occaslon, two longhorns dqrnlnavted the llghtéd region benea'th.the“

hatch, while 3 or L others remained In the per.iphe'ry.% These peripheral

'

flsh occasmnally ventured into the llghted reglron only to be chased

" away by one of the two aggressors, follownng WhICh the aggressor quickly

‘returned to the lighted area. These fwo dominant sculptn did not

d'ltsblay any agonlct’ic’behavi:our towa.rds each other, despi_te' thel r close -

v o

prox'imity.

Although scu]pms are attracted to large feeding aggregates of '.-

cunner and agonism is common under t:hese condItions, agomsm is.not

LY



sculpin. .Mdvement ,of the .extended pectorals elevates the body

.i.

. o '_23_

restricted- to feeding circumstances. Aggressive -interactions .have been

observed between indiyiduals not involved in a'ny'-‘apbaren.t fedding

Ve

. .behavigtur and not at’tractéd to- large groups of,bt—t_mpr«_ f‘é‘edigg‘ fish.

. This, together with the fact that Pumerous longhorns In the same

general area-do not ‘exhibit agonism, make it difficult to suggest.

the purpose.of this behavlour.  More extensive ‘observations will

L

§

.be required to detefniin"e ‘the funptional significance‘élf longho‘"n_

sculpin'agonis.t'ic _B'ehaviodr. ' T

T )

(3) Locomotor Behavi;our ' b o

Locomo tor behaviour is a common diurnal activity of M.

13

‘octodecgmsp‘i nosus. This behaviour is chéracterized by f‘ouf:MoHal I

Actlon 'Patterns;_ swim, stop, jshuffle,v‘anc“i '_tur'nabout. e
(i) Swim. ' C R e
.‘ . I R . ) . ' b s 0 R ,/.
.- From an ALERT posltiop', periods of contlnuous swimming or

swims: are_initiated. _A conspicuous extens ion”of the caudal and

dorsal fins immediately pr_ecede's the onset of 4 swim. ‘This per—

- ’

v
ceptible alteration of f|n~position als.o precedes the shuffle and

s

turnabout M. A P.'s of locomotor behavnour.'\ It Is possible that a

)
u ; b

rajsed- level of excitatlon precedlng any motor actlvity causes such * -
3 :

a Hn change, sint:e fun extensmn ,seems character/lstic of the active
9 - .

.
'

compl-etely frci_n"\_ the ;s_ubstra'fe y and'ﬁndul_ations qi’ the tail and body

. "" 1 ,}p' ) o



...2[{. . ____,—_..___—._._._.

\

propel the fish- forward Durlng the swlm,lfms are usually addpcted'

Ea
2

to the body, a]though during a d?rectnon change, .5. 2 turn, ,the
. N

! | e - N R P )
pectoral fins extend -Swumslare ugually clos® to the substrate,

kN

excursions up into the Water' column occ%rri‘ng onjy 'during a feeding

response. The pectoral f:ns extend at Bhe termmatlon of a swim

[

/ _ :
and the sculpin settles to the bottom in ap ALERT pos]tion. On o

.rocky bottoms, swims are mostly shor‘t trips from one boulder to .-

" .
v ' + ?

rock and alight a short. distance away (u'5191 ly a metre or so), on

another rock. *1t is not uncommon fory longhorn to initiate a swim’
.from a lar,ée boulder,'extend all fins_",’then slowi-y glide or coest °

r

to the pebbled substrate be]w, agaln endmg in an ALERT posture.

- Longer swims up to and exceedlngt~ even metres have also been observed

- -

on rocky substrates but these are more  common on a sandy bottom.

~The se longer exc’uréions are cha'racter'ized' by steady continuous swimming

)
3

“with numerous direction changes. S R

(ll) Stop

*This M.A.P. occurrs b'e.tween a series of swim M.A.P.'s. Sculpins
»are in the ALERT posture and are ‘stationary. A consp i cuous action .

durmg thzs M A.P. is the flush.'. The _mendtble's ext.end, the gitl: .-

N ey -
« P N

v

- anothér. An. immob{i,le fish will suddenly initiate a swin from a large 2 e

B

. . .}
oper_cu1a dllate, and the fish pumps in a spasmodic Jerk. This acti,QQ L

Ut - g . s,

- has been observed after ingestion ‘and gopears to flush bits ‘of food

N
+
=
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(4) Fee&ing Behaviour
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from the buccal caV|ty 0ut through the ‘gills., However, this

o T s !

action has also. been dbserved to occur when no feedlng was appar-
o . -

ent. Tail sway.is Aot an uncommon occurrence in a heavy surge and,

» s

14

gill cover movements are also detected as movements associated with

!

the stop MIA.P. . S e s
« {iii) Shuffle - ' ' ’\

" This M:A.P%gQISQ,OCCUFé between ‘swims. The immobile fish

. ' . . , . .
suddenly extends-its pectorals -completely -and uses them in con-

o : 2 ’

junctlon with repeated bddy twists to resettle. The axial directjoa

of the body changes only ‘slightly lf at all The function of this

M.A.P: is not apparent, but it appears to readJust "the frsh's pos~=

ition on the substrate. o ' . ,
(?J)dernabqut S R - ' <.

Cbmplete changes in axial direction occur in the feurth“H.A.P.

n ©
. Y

of locomotor behaviour, the turnabeqt. Statlanary fish extend~thélt T

pectorals cpmpletelyhand rotate them with a twist of the boay.w This

rdises the body completely from the substrate and changes fts direction,’

(see Figure 6). This form of repositioning may increase sncoming .

> _.

_stimulatinn by changin§ the stanping.fieia of the *sculpin.

- ~ o, o -

4

?

;The feeding behavijour of:&f octodecemspinosus is a stereotyped
IS ' ' . N - . . . . ' N -

& o

Kbehavlout'characterized-by a sequénce of five distihct'Modaf'Aetton

P . - . .. o
. . .
i ..

> " i [
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,quterns. Clearly récogqizeable behavioural'units; fixatlon: ,

- orientation, stalk, attack, and ingestion constitute the complete -

.sequence of the feeding behaviour. ' ) _ R Z._ .
! ’ . , . N . -

G

'(FY Fixation : o
;  The sculpin in an ALERT: posture quick[y,rotates'its eyes
toward§ and 'fixes' Jpon the m?vihg-objéct; ij;h?s‘poteﬁtial food
is above Fhe schipin in the water'colbmn, the head t}lts-tp one sfde,l )

cocked towards the food. Immediately preCedfﬁ@ thg next M.A.P., the

v

dorsal spines erect and serve to extend this fin. Thée extended fin

« «cpositiop is jndiqative of a reponsive fish about to change lts pattern
) 2 . . . '\']

of'activity,‘in this case, to.orient towards the faod.

.-

Visual fixation of the %Qod appears to be the food detection R

phase of the feediqg Behavfour.f However, feedlﬁg behaviour not init-

- . 0. . l
_ially dependent upon vision has been observed ‘in the laboratory.
SéuiBIns elicited feeding attécké on the black Feeding cylinder during
the ' light/dark Iaboraxgry experiments., The. iWitial response was to

- s -
=

"

the placement of the tube andlpr bably involved viégal cues. However,.
feeding responses were again /é?iigfed when cape}ﬁﬂ“bieces were dr ped

- . - Y
into the cylinder. As thése reponses were delayed, sculpins were got-

reacting to the presence of the eiperlmenter,"Bug gd ghé capelin. .
. . I' . '\.
i qusibly olfactory or pressure ﬁpiﬁuli were detected. Whatever the
* . . I. - .. ' , I ‘.-
sensory stimulus involved, visual fikation was not observed, only a -

\
A
PR T



Swift oriéntation

- 2‘8..

‘1'/ ’

-
)

to tﬁé cylihder by axial'reposiﬁioning. .This .-

1 A -

_seems to Indicate that -a -visual fixation is not necessary for: the

.feeding sequence to be completed. Some form of 'sensory fixation

must have occurred though, as a directional orientation occurred.

(ii) Orientation

This M.A.P. aligns Ehe,sgulpin so that it faces the food object.

It is aégompiished by a partial turn or a complete turnabout: towards

.the food.. These actions occur in the same manner as was described

for “the turnabout M.A.P. of the locomotor behaviour. It is possib1g

' that these actions are not M.A.P.'s of locomotor behaviour but are -

ﬁn fact components of an. incomplete feeding response. The alternative

1 s

already discussed is that such actions serve to change the .longhorn

&

«§Eulpid's scanning"figld. More obéervations.of lbcomotor and feeding

.

behaviour are needed to' clarify this point. - , ‘ N

In ény‘evént, orientation is a discrete M.A;P. of'theffge&iné
: ~t . -

,»behaQiourh_and is. distinct from the relatively immobile fixatlon M.A.P.

“If a Ioﬁéhornjf?xétés upbn a prey'aﬁd is'éi?gady in the éorrett axial

[

position, ‘no orientation oécurs; stalk éctions'immediately follow the -

- .

. fixation, -,

(iii) Stalk

- * Stalking §culpins in the ALERT posture have been observed pos- .

: Itiopedffrom_approxiﬁétely Ib cm. to Q.5 m. from the préy. The pfed-,"

ator s very responsive and\alT.fiqs are extended. |If the stalk M.A.P.

'
n



P U -

- —_

0

P I

is of a. long duratidn, var;ous degrees of fln extensaon are appatent,
but the body and head are always elevated and dorsal spines erect
precedtng any. change in pos:tlon. s

'During a staTk, this behavieer is interrupted by sudden ehort

advanqes towards the prey. 'TheSe lunges cover several centimetres

and apparently posrtlon the predator closer to |ts prey, possnbly
to increase its success at - the final attack lt [s also p055|ble

'that these’ lunges are “intention movements“ lndlcating the direction'

in whlch the behaviour of the flsh wi L.l proceed A second “intentlon_
movement“ type -of motor actlvity ls the start; -a sudden forward
31urch. No distance is covered quring these starts and they clearly o

indicate,the active nature of the: predator.

The stalk M.A.P. is'usually_a prelonged pattern hav{nd been

)
"

observed for.periods exceeding 30 minutes without an attack. Howeveryj .

p . . . 1 . '. Lt
- the fixation, orientation, and stalk M.A.P.'s can occur ip rapid suc-
g ?

cesgion durlng feeding responses to. swiftly swimming prey far instance.’

\Gehehal!y; jtnappeers that duhing’the staih; the predater walts for»the
.jdrey to exeqee.itself or fdt'seme other stimhius.to lhitiate'the next
M.A.P. of the feeding behaviour. - -

(iv)”Autack

. I. ) - .h-'.

~~ The attack M.A.P. differs gcdordihg to whether the prey_is on

the substrate or in the water,columd “0On the substrate, the predator

suddenly lunges towards the prey THIS action covefs a short. distance,'



0

/usually less than half a metre, and is characterlzed by its rapldlty

N

and |ts termination by.lngestnon attempts.

When the prey is in the water column, a Iocomotory attack

ocCcurs: It begins with' an extens«on of the pectorai flns and eredtion ‘
ofAthe dorsal spines, and a slow swimming ascent towards the~prey.
As the food Is abprdached, the sculpin swiftly accelerates to the

Tinal quick lunge.of ingestioﬁ. After an attack is Inltiated In the

water columqﬁ |t |s common for the saulpln to lunge a number of times - .
[l .

jat its prey |f the flrst Iunge |s unsuccessﬁul. Such multlple feedlng

lunges have been obserVed when Jonghorns attacked aggregates of cupner
at St. Phillipa. In the mldst of the cunners, frenzued turns and twists

‘with ineffectual lunges lead to an unsuccessful attack These obser-
4

vations suggest that the sculpnn under such condutions 1s dusorlented

. and unable to direct its feeding attack at a speciflic prey. ’ o

' -

{v) Ingestion

'Inuestion is the last ‘M.A.P. of the feeding resppnae. A ﬁew '
;centtmetres from the prey, the- mouth bpena and fopd'is sucked into
che buccalrcavity. Swa[iéwlhg was not:detected after the food was’

swept into the mouth: Incidental debris, sand and/or pebblea are’

0}

'P expe]]ed,throuéh the mouth after ingestipn. "When larger prey are

mihgested (eg. capelln), a form of swallowing does occur. Gu]pung,

1

con5|sting of a stow extensnon and retractnon of the jaws gradually

a

. . _ »
forces the prey down the esophagus The large pharyngeal tooth'pads‘a
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ane probably important'hfthis form'of lniestiOn.'.lf lngestion'is

not sqccessful in a mid- water attack the sculpin slowly settlessto'w'

the substrate into an ALERT posture. - The predator-is.still very

’ responsnve and-may even |n|t|ate a second attack. On some occasions,

'the unsuccessful sculpan settles and tdrns away from the feedlng site.
1

No further responses are elIC|ted I the food is too large to be

"'ingested, the sculpin “bulldogs” the food with a side to side movemeht
) &> . .
of the'body. The food is. part way in the mouth, and rapld Jerks from

slde to side occur, as If to free or break up the food

\

—

The feedlng behaviour can be interrupted before'completlon'ofr
. the lngestion M.AP. Sculpins attacking prey in the water column
have abandoned the attack to avoid an interfering light beam shone by

" a diveru Also, sculpnns have been observed stalklng large crabs (Cancer

sp) for long perlods, then abruptly lnltlatlng a swlm and leavnng the

‘site of .the crab. A / o

! . . . ' . . B

C..GENERAL FEEDING OBSERVATIONS:

PR ' -
] ' . . . T - -
- [ .

A form, of social facilitation among the scdlplns appeareb

during feeding: ,When Ulvaria or Pholls -are released; one sculpin. -

. may initiate a feeding attack, but Is soon accompanied by several

more. When' there is much activity ln the form of'repeatedtlngestlon

o attempts or multlple-2eed|ng lunges, for example when food ls released

‘ among a group of sculplns, numerous other longhorns convnge on the

] : v
feedlng site. One sure way to double or.'triple -the, number of SCUlPInS

!
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'In an area is to estab1ish a s»tuatlon whichmstlmaﬁates feeding - This

safe phenomenon has also been observed durnng feedlng in the laboratory.
\

L

A dozen immobile sculp|ns on the tank bottom do not altl respond immed-.
iately to the . |ntroduct|on of a few pieces of capelin.. One or two
immedlately attack and Ingest. the capelIh,.and this stlmulates the
others resultnng in a frenzy of actlvuty, thh’sculplns attemptlng to

"ingest one anothers flns; These repeated attacks on each othet suggest‘

"that the longhorns do not visugily dlscrlminate food from -non= food but -

. !
respond primarily to movement . These fish respond to and actua]ly

u-lngest pleces of paper and bits of algae swaylng in the current Thesei

I
»ltems are qulckly ejected, and it is not uncommon to see the same flsh

ingest the same |tem agaln.’ SCUlplns have, 3150 been observed feedlng

selectlvely on dead capelin whith moved sllghtly wrth the water flow

ObServatjons 'such as these support the statement that.the longhorn is

a scavenger as well as a bott m predator.
, .

The longhorn sculpin does not'ﬂbem to be a very successful pred-
? - ! "

. ator of the rock gunnel Whenvthls prey was released at the surface 'J

At 0ute4 Cove and began to swim to the bottom/'numerous longhorns

a /
responded to and attempted .to Ingest it, but/were unSUCcessful . The
/ .
prey/undulated Lmong the Iuhglng scu1p|ns and successfully reached the
o
substrate cover.. Pholis’ SW|mm|ng-across bare sand patches were chased
. - _3

'-by/scdlplnsf but easnly reached the - rocks frlnglng thetsand before

" -the sculbins could catch them. Some of the predatorsMnear the srte of ,

T, ) * ..‘ oy T
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L
conceéiment exhibited-the stalk M,A;P;; bjt no fngeEtion oflthfs
prey occnrred Peleasing thislprey from.the surface nay not be a
’feeding situation normally encouhtered by ‘the sculpln, but it indicates
"the |neff101ency of the longhorn as a predator of thls small benthic
prey Also On)several dcves,-IOnghorns wére observed within one
, half a_metre of @xposed Pholis and no. feedang occurred. . fhe movement
. of lndlvidual flounder-swnmmnng on the bottom near sculplns dld not
. ellcit.enyyfeedlng'behavipur,elther. What releases a ﬁeeding attack -
if Pt‘ié not.juet movement remains to be determined:

QUANTITAFIVE ANALYSES OF- LONGHORN SCULPIN BEHAVIOUR .

The frequency of ?ééurrenCe o% 3 SpeC|flC behaviours, (Feedlng,
rooting, and agon|sm), and-1 M.A, P (stalk), was Qetermnned from the
|ndIV|dua| observatlon data of both locations. A Multivariate'Analy%is
':iof Variance computer program (MANOVA, Clyde 1969), Was uéed to assess:
the effects of locatlon-(Outer-Cove and St. Ph|ll|p5) and time (A M.
and P M.) on the occurrence of theSe behaviours and this M.A.P. Sog-
'nlficant dlfferences between the occurrence of the 3 behavioursTor the -
1 M.A. P |n the morntng and in’ the afternoon would be.evudence of a .
d:el pattern in the sculpin S activnty However, ttme had nb sig-
’nlflcant effeét on .the frequency of occurrence of these’ measures,

“(F = 0.840, P ¢0.519). ‘This is attributed to the absencé of the

'agonistic behaviour at duter Cove, and the absence ofthe rooting" -

%



behavibur'at-St. Philiips. However, conclusions abeui the diel

nature of scu]pin actlvuty based on thts analysrs alone should not

be- considered defnnltlve. The frequency of occurrence of the four

meésures‘Was‘so Tow, thet appILcatlons of the MANOVA test are'sub;ect
" to criticism.f WEthOutrmore complete data, cqnclusions on:the:effecps

: I . ) ! .
. of location-or time on'behaviour-should not be made.

Quantification of loeemotor_behaviour was achfeved by .expressing
the observed number of excursions and number of turns as a function, of.

the observation ‘interval. As a result, for the experimental and non-

-

experimental observattons, the # of excursions/minute and the # of
turns/minute are two quantitative measures that can be statistically.
--énalyzed To assess the effects of locatlon and time on these two

measures of locomotor behaviour and to compare the experlmental and

¢

non- experlmental behaV|ours, the MANOVA program was again used Non= .

. experimental and"experimentél data from St. Phlll!ps anq Outer Cove

-

are presented in APPendix I and 2 respectively

There appears to be much variability in these’ two measures of

‘ .
) the“locomotor behaV|our of -non-experimental fish.’ Th{s Is apparent

‘when,tne standard deyiations and ghean éetivity ya]ues In Teble.é are
compered.‘ Nelther location . (F = 2;938,:P(0.b77i, nor time (F = 0.538,
ﬁ{.0;592), had a SEgniflcantﬁeffect pn-the-iocomofor:activley as repres-

) ented bylencursions end.turns.z This isnevidenee suggesting tnet no

!



Table 2. -
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> .
1

Quantified locomotor behaviour of nonfexperimental

“longhorn sqﬁlﬁins at Oliter Cove.and St{'Phiilips.

Time effect ...vv...

. ‘LOCB.'t'iOIl'/Time ) ; st s 00

F
F
F

4

' QUTER COVE ST. PHILLIPS
CAM, P.M. AMST . P,
. Mean number of - ) . '
.excursions/minute 0.109 "0.151 0.350 0.245
Standard Deviation- |° 0,070 . 0.223. |' 0.606 0.279 -
Mean number of L : o
turns/minute 0:103 0.055. 0.360 © 0.273
Standard Deviapion 0.076 . 0,059 0.598 0.289
. Total number of
fish cbserved o 8 3 6
' . Observation time; o : oL
total minutes 365 . 265 100, . 220
’ 2
'MANOVA:....F values Location effect .... F =2.938 . B.<0.077

0.538 P<0.592
0.408 P<0.670

Voo
1

b
&
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diel actuvnty pattern exnsts in the longhorn sculpln s behaviour,

sxnce the number of excursions and the ‘nunber of turhs, per mlnute are

-~

randomly dlstrlbuted-over the morn|ng and afternoon dayllght hOurs

‘
Q

However, the power of the F test needs to be inCreased with. the add-
* ;
|t|on of more Indlvidual obServatlons For each time and location.

: With such a h|gh degree of varnatlon about the mean actuvuty va]ues
: 5 -
" and the small sample size, this data may not be representatlve of the

' .- . e

' population
Only “two c0ntro| fish were observed for the St. Phill?ps ex=:
\ perlment due to dlfﬂncult»es in making the caged sculplns lngest food.,
Desplte this drawback, the experlmental behaviour can be compared with
the non-experimental.tocomotor“behavlourlof.the ]onghorn.. Table:3.
'compares the co]lapsed data’ (A M. and P. M data booled), hrom the non-
. experlmental observations of each snte wnth the experimental observatlons.
There was also much variation in the activlty of thenexperimentally

starved sculpins. Even with such'variation, the locomotor behaviour

" of the experimental fish was more intense than‘for the ‘non-experimental -

..k,.

fish at both‘locations Both the # of excursuonegmlnute'(F =5, 98&,'

. PCO. 007), and the # of turns/minute (F = 13. 265, P<O. 001), were

-

significantly’ thher than the values for the non- experlmental fish.

‘Thus, the experimental séulplns,exhibited more locomotor activity
than the non-experimental Ionghorné. o B '_~ ) ) .5

»
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‘“Table 3. _Quantifigd locomotor. behaviour of nonTexper".iﬁxental and -
- ‘ experimental longhorn s:culpints .at Outer Cove and at St.

Ph'illuip‘s, (A.M. and P.M.:data pooléd for non~-experimental:
. i - LY .
, data), ° | ) T
y . © NON- NON-¢ o
EXPERIMENTAL E)CEERIMENTAL EXPERIMENTAL -
. OUTER COVE- - |- ST. PHILLIPS | ST: PHILLIPS
*Mean 'number of S . . . ')
" ‘excursions/minute- -+ 0.131 0.280 0,619
, : : ' e
« ")‘ ) .- ’A » . .‘? I
“Standard Deviation 0.165 . 0.378 0,433
N
. N\ -
Meen number of .- - _ #* ) ..
. turns /minute 0.077 0.302 - :0.’{56\
0 . -A. & °
" Standerd Deviation 0,070 0.379 0.h29
Total number of '
fish observed. 15, . 9 . LT
‘Observation-time, . ) -
total minutes B . 630 320 278" v
. AR CoaT S
'MANOVA (univariate test).....F values Excursions/min. F = 5.984
S | : v 1 *P.<0.007
Co ) .+ . . Turns/min. - F =-13.265
P © P <.0.001
’ R ™ ) s . &‘ \ ’ . Y
. s e o
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_the longhorns were abundant on the long rifts oﬁ decomposing capelin

-38- S

- -y e ' v
N - . . ]
. 4 : 1 ;

It is also-apparent from‘TabJe 3 that longhorn 1ocomotos behaViour

3 EY

. ) ’ . -] -
.is more. intense at St. Phillips than at Outer Cove. °Jhe incorporation

U 4
< . 3 N ) . y o

wof the swimming activity of the agonistic interagtions into, the St..
. 7 ) . - oD . RS

'Y L ' o *
- .

" Phillips observations may account for this d%fference.' No agonism

D}
T

was_recorded'at Outer Cove. L W

- v N LN
o

p Traces of sculpln movements at St..Phllllps, both non- experlmental

i at A

o .

‘and experlmental, are presented'in' : endlx 3. The§e maps c!early

‘ - 3.

show an offshore movement by the exp rlmentally starved scurﬁlns ' The .
£

non- experlmenta} flsh remalned Tq thd same genbral VICInlty and showed -

escapgng or avoiding'the caged area., None~of'the'tagged.-caged fish

o

. were ever recoveredl T o I | . .
©UNILCFEEDING PERFODJCITY ™~ - © e i n
G?)'General tnformation -. ! - '

.The stomach and®intestinal gontents of 37 longhorn scufpins-wére

o’y © - . . . -

sampled over a single 24 hour period on Ju@y 5/3, 1973L Total lengths
of the sculpins had a range 'of 26.5 =« 43.0 cm., andjli&e weq weights
ranged from'237_% %88°gm.“ The sex ratio of the sample was 3:1, with

19 males and 18 femalés. - ' . . - ' o:u

Observatlons durlng the collectnon dives' lndncated _that the - O

sculplns were not actively feedlng upon ivung capelin. Instead,

o

that formed after the capelin-had spawned apd died, Nume rous feedlng

- . . . 4 . . [N

,no offshore tendency. Possnbly, :h;ngged °fish, uppn release, were ' .“
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responses with the-compkete feeqing-behaviour sequence of M.A.P.'s

e

'were observed at'tbese‘locétions. Sculpins in the ALERT postdre Were‘
nere v ) . e

2
! . . R N

common on the rifts and eppeared to respond to the swé&ing motion of

'the capelin bodies in the water turrents. Durlng the |nterval between

the 2400 hour and 0400 hour dives, aggregates of sculplns shifted

From the capelin rifts to large sand: patches a short distance offshore.

49 . '3
Capelin are in abundant supply during thelr spawnlnglper|od and
are a primary food source for the longhorn sculpin during this time.
. A ., , .
Thirty-four of thirty-seven stomachs contained food, and.each of these

'
1

contained at least one whole capelin with ngested remains of others.
! o _ - .o '

' *Although capelin was the major-'dietary componeat, splder crabs, amphi-

)

.‘ﬂppd§,-fish.eggﬁa and algal filaments were also found. These items

- . Vo . - .
however, represented a negligible portion by weight of the stomach

-

. . - ' N - N
contents and were not included in the calculations.

v

+ . (ii) Measures of Cyclic Feeding
’ ¢

Three measures were used-to determine changes in feeding intensity

over the 24 hour period. Stomach contents, intestinal contents, and

,frequency.of_occurrence of digestive stages'here'stat?stically analyzed

-

separately, and then compared for evidence of fezdﬁng periodicity.

The mean ratlos of dry weIght-stomagh contents (grads) per wet

weight_of_fish (kilograms) fordeech éample time are presented in

Flgure17A A deflnlte pattern is evident, max i mum values1of 13 5

gm/kgm at 2400 hours decreasvng to a mlntmum of 3.3 gm/kgm at 1200

v

i
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hoﬁts._ This §UQgest§5a cyclic feeding pattern with the ;cu]pin
havinglintensifiéd itszééﬁgng aftér'IZOO hours. Sculpins appear
,to feed heavily all night and tha level of teeding then falls off
“at sunrise. To test thislhypothesis,_an Analysis of Covariance:
using Clyde's (1969) MANOVA computer orogram, nac'used to analyze thc ,
nata. Fish-weidht may influence the calculatedtratios,.so the wet
neight of theosculpin was chosen as the coyatfata, while the stomach j
contents ware the critérion.' Mean dry welght values of stomach contgpﬁs
were compared for each of the six’ sample times. By determining the

F ratio, the varlanca accounted for by the time of sampling nas cal-

culated accordlng to the formula W 2= SSb df (MS,, )/SS = MS

LN

wg’
(Hays 1963) T|me does not have a sngnlflcant relationshlp to stomach
content welght, &F =1, 8&1 PLO. 136), and hence the NuIl Hypothesvs
(ho = time has no effect on sculpin feedlng), cannot be reJected

. Only 10.59 % of the varlablllty of the stomach content weights is
accounted for by the time' varlable. The :1arge range ahigt)cach mean
value was caused by more than Just]tlme ‘ |

From Flgure 7A, it tan be seen that the,mean weight of the stomach
contents per knlogram of Scu]pln is consuderably lower than that for
thelgndnyldual with. the fullest stomach. Tha average stomach iin
thebpopulation.was not completely filled;'a‘phinomenon also'notgﬁh

. by Mathur (1973) and Keast and Welsh (1968) In their studies of

.freshwater fishes; -There may'be a number of reasons'for this. An

4
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“individual 'overeats' during one feeding perlod, then may consume

correspondlngly less at the next one. Alternately, metabol ic needs .

maycbe adequately met by Iess than the maximum |ntake of food feed-
ing may be rhythmic, or the amount of food available in a glven time |
may ‘be 1imited, (Keast and Welsh 1968). As this sampling occurred
; . durlng the capelin spawning per|od, a time of an over abundant food -
supply, and since time appears.not to have a sagnlflcant effect upon
:feeding; only the ftrstltwc alternatives seem tc be viable for .the
longh?rn sculpin population. |
°' The second measure'cflfeeding period}city,'intestinal contents;
: disnlay a similar trend in times of consumptaon as dld the stomach
\l : _‘ Yrcon-t’ents. In Figure 78, it IS apparent that maxlmum values of 3 0
- gm/kgm at ZOOO'hours decrease to a minlmuM‘of 1.7 gm/kgm at 0800 hodrs.
.There is a reduced amount of varnabllity in thi's data and the same |

\ )

"+ :Analysis of Covariance employed to analyze the stomach contents tndscates

| [ Nl

that t|me does.have a 5|gn|ficant reLatnonshnp to In;estiual contents, !

(F =2, 646 P <0. 0&3) However, the ca]culated F ratio is only just
sngnlflcant at the 0.05 Ievel and tlme only accounts for 18 99 % of .

he varlance.nn these samples, Feedtng perlodiclty inferred from

e e T T . 0 .
- .. . .the intestinal content data would be suspect withont a consgderation
,of the factors which contribute'to the bulk of the varianCe
é
Figure 8 presents the ratlo of mean dry weught stomach contents

to the meanldry weight intestinal contents over the sampl:ng pertod
. . 1 . :

..(:‘ . P ~— : ’ . . ;r o
. - , . . ‘\)

e —e
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This ratio {ncreases ever the interval from kZOO‘noure to 0800 hOUFS,.
—.the same period that both stomech and'jntestinal‘contents'decrease
to their minimum values, (see Figure'% A siB). This suggests that
food was stlll enterlng the stomach up to 0800 hours, feedang stopped
or was very infrequent at noon, and by 1600 hours had begun again,
increasing thereafter. However, the changlng stomach/lntestlnal_content‘
ratio is not gus; a function of the.additior'of food to the stomach, but
" also changes with evacuation ratee; The verue of this statistiﬁses-a. |
meaeure ef feedin? neriedieity therefore, Is questionable without in-
Fformation dngut digestion; { , '
| The thirq measure'of_feeding periodicity, frequency of ocgnr-
rence of varjohs stages_ of capelin decompeeition, bear’éut qute we!l:
.the feediné trends indicated‘by the stomach and intestinal content
data.. é}om Figure 9 A 81B? it is apparent'fnat the jnitial.and nid:

2 . .
1 . . v . ~

.stages-df,digestion (stages | and I'1),; are common at 2400 hours but

become less frequent as the dey.progresses. These nerlods of high
frequency of stages | a;d Il cerrespond to periode when stomach and'
intestinal cpn;ents'are peaking tsee.Figure 7.A&B). The final
-.'stage of digestion, stage ll1, has a different pattern aitogether,
(see Figure 96). This stage islpbet abundant at 0800 hours,,the time
when early steges are'not in'common occdrrence; It appears that‘
this .third measure of feeding periodicity also lends credence to

v

_ the hypothesls of CYC]IC feedlng by the longhorn sculpin. Early

;o

N
X
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3 . 'stages of digestion.become most t:qmn\on during the"lZOQ to 2400 hour .
Q‘eriod, with d]gestion to stage |11 occn:rring- from 0400 to 0800
hours .’ Figure 10 represents changes in the ratio of. the frequepcy.

of CCurrenc of stage. | stomach contents to: stage 1 stomach con:

tents over the-214 hour period. ' From 1600 to 0400 hours, there is aj '

R " Edrast'ic shift In the c.ond|t|on of the stomach contents This abrupt
irlse m the ratio suggests that feeding is greater than dlgestlon

- during th,Fs period. Again;_ the §Lame‘ c\/.Cll_C feeding pattern could be

. ‘inferred"vfrom this data, Howeyer:, a X2 analys.l\s of the fre’quen-cy of

) occurrence of thevthree dlg‘es'-tive.etages over/ time (3 X 6 contln'g.ency

table) , produced no sugmficant results, (X = 1.0 666 P<O. 3852)

Thus, desplte the trends of f‘eedmg perlodlcity exhlblted by the three - Y
' . . ) ,\\
- djgestlve stages, time does not‘have a slgnificant relatl,on to the / S
condition of the stomach contents. v N ; v ‘-';\\

i

Although time does not have a. sxgnlflcant effect upon the three
measures of feedlng activlty, there _does exIst a clearcut development
Lo of a. maximum a~_nd mlnlmum stomach content weight; and _this 'criteria '

.provides a basis for the calculatlon of ~the daily ration accordlng

. to the method used by Keast and welsh (1968) and Mathur (1973). The‘ Co
'*:"‘. dal ly ration defined by Rlcker (1946) , -is the quantity of food consumed

'_e'ach day by a fish, expressed as a.fraction .Of percentage of rts total' _'

.Weivght. This Irnethod ‘invelves determination of the(;,diffe'r.ence t')etween\
o _thé, maximuit and succeeding mlnimum'nean“welg‘ht stomach ‘conte'ntvs per m

) . )
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stage | to dig'esgi've stage ||| for each sampling .

time.. Ratios determined -from va]’ués, in<Flgure
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weight of“fish; For the data on theolonghorn sculpin shown ‘in -
,Figure 7A, the daily ration is det&rmined to be 10.2 gm/kdm or 10.2 %
of the Body'weight of the sculpin. Thfs value may be consfderéd:mi:*

imal because some- digestion must occur during feeding énd there may
. . PN

be Feedingqﬁhen volumes of stomach contents lessen. This calculated

3

daily ration for the longhorn.sculpin agrees quite wel] with data
- from other sources, (see Table 4),- al though the ‘sculpin's daily ration

..
a

is at the lower range-of these values. ' : u :
Stomach content data for the longhorn-and other ﬁaginé fishes -
. , N

collected by Tyler (1971b) cannot be used to calculate a daily rat.ion

‘
)

o S - L
because his values are‘seasonal,'not daily. However, his data is cém-
~pared with the Outer Cove stomach data and with values for other marine

fishes collected by Gibson (1973), (see Table 5). It is immediately
. i o -

. ) . - - i ) - .
~apparent that large ranges occur in stomach content data for most marine
L A - : Lo o

fish, Pleuronectes platessa {plaice) béing the only exception. Com-

_ paring;yalue§ for the longhorn; it is evident that the maximum value
” ' L ' o o
.from the 24 hour dive at Outer Cove, 13.5 gm/kgm,Eis much; lower than

" Tyler's summer value of 40 gm/kgm. In fact, the Outer Cove maximum

value only equates with Tyler's minimal wintqr value., Stomach contents

S - -

of the longhorn during the winter were primarily mysid (Mysis-stenolepis)
. ~ , . . \- s
&

and shrimp (Pandalus montagui), with values-up to 14 gm/kgm; whereas .

during the summer,}Meganyctibhanes norwegica (krill) was the primary

0

prey with a peak in early. summer caused "by Cidpea harengus (herring). .

Y

LR

&

t
”



Table 4.

i
.

; ' T

-

_1'9..

Comparison of longhorn sculpin daily ration calculated

~
: -

from 24 hour dive data, withidai;y ration of other fishest N

S

h . N . 1
. H
SPECIES HABITAT TEMP. [DATLY RATION SOURCE" -
: ' °c. | % vody wt. '
i - Salvelinus fontinalus - fresh- - P . o
o (brook trout) : wiZEr?" 1 16 12.0-6.0 Third. Ed. New
A Q, o R ' York State
S h ' Hatch. Feeding
f X Chart, 1952;' e
. Lepomis mecrochirus . |fresh~ ) , -
‘ X (%luégili)-, ' water, 25 3.0 Gerklng,I195h. '
q v \ lad. : ' . 9
L. macrochirus : 1.8p _ -
. L. gibbosus Zpumpkinseed) fresh~ ' 1.08 Seaburg & '
" Pomoxis nigromaculatus weter,. 17.7- 1.5k Moyle, 196k,
. ;. (black crappie) - [Retural } 23.3 ' 2
‘ : . ' - v
. . - : ' . \
* L. macrochirus . 2.5 B \
L. gibbosus -, ; L 2.6 _ R
Perca flavescens (perch) |fresh- . 2.0 Keast & Welsh,
~ Fundulus diaphanus " |water, 18 - 1.4 1968
! " (killifish) natural 22 . . L
o " ‘Ambloplites rupestris I : 4,0 .
_ - - ‘ (rock bass) . -
: g S o - o -
K Percina nigrofascista  |fresh- 15.0-] 2:6.- 4.9 Mathur, 1973.
(banded darter) | . 22.8 : ' : v
l Myoxocephalus )
B octodecemspinosué:{ marine, | * 9.5 1.02 Jenkiqs; present.
' (longhorn sculpid)| = . ' paper. '
; ' ’ {
hi I .
3
B _ /I o . %
C ! ' - %
i ¢ k -



. |
"' Table 5.

Comparison, of longhorn sculpin stomach

fponpgnt'weights- .

! .‘with.valgﬁf.for other marine fishes. 1
N ) . ._ . -/" ) '
% \
. - LU ‘ o J
) e 'SPECIES - STOMACH CONTENTS SOURCE
’ ' MINIMUM M.AXIMUM
. grams / kllogram' : .
!
N 1” - . . , . !
Hlpp05103501des plate5501des - 3 0 Us .
A (plaice) ; '
CaduéAmorhua (cod) 7. 27 -
' Macrozoarces americanus 5 ’ .25 !
. (ocean pdut)
) , . .
Melanogr&mmus aeglefinus 2 ;2. Tyler 1971b
(haddock) ' : - seasonal samples
. ' &
Pseudopleuronectes o of -stomach contents.
L aﬁericanus;(flounder) 2 1k ‘
Rala erinacea (little skate) Qo 15
. UrOphycis teruis (white hake) 15, Lo
N N i
, e T : .
Myoxocephalus octodecemspinosus 14 ho - 2
(longhorn) + = | i
,PIeufonéctes platessa (pldice) 0.75 1V 2.0 Gibson 1973.
s . '“' - .~ daily summer samples
M. betodecenspinosus ". 3.3 13.5 - Jenklns, present study
1 4 v . .
' : . . ,— daily summer samples.
:. I ’.".. 5 o ' i -" -, '
: | — |
- oo i S
) . 1 ’
\ . 1
- X .
. ) e { . ’
{ ; s
. _ o ! : "
' o ’ o
L )
. y .
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Stomach content values of up to- 4o gm/kgm were found durlng the

krill and herring summer peak (Tyler-1971b) . lt is evudent from

these Figures that offshore populations of M. octodecemspinosus

.ingest different kinds of prey and contain substantially more food

] .

in'their stomachs than .the inshore populations oF:the longhorn-sculpin.' )

ln iev&foundl and.

! : . !
'
. 1] .‘

V. tALORlC CONTENTS.OF SELECTED MARINE ORGANISMS

Caloric values dete}mined on the basis of~dry welght samples

) . -

are presented in Table 6. Calories per gram wet we|ght were ‘calculated

! v {
from dry welght values using the wet/dry welght ratlos as a converslon

V4

factor. The mean caloric. content per |nd|vldual ‘was: calculated by

"mul tiplying the mean individual weight (grams) and the mean calories

h  per gram dry weight (cal/gm dry wt.) for each epecies. Capelin (M.

per gram dry weight.

o

villosus) and scale worms (Polynoi&ae) had the'higheét‘calorlc values,

5341 and'h396 calories per gtam dry weight respectively, whereas the '

I=] [

spider crab (Hyas araneus) had the lowest energy content, 2691 calories’
i " © . P
- / .

", Table 7 compates these values with those determined by other

'researchers. The caloric an’b'for'if drobachiensis (sea urchin),

3458 calories per gram dry weight, Is consistent witn Reddin's (M.Sc.

i

1973) value of 3448 cal/gm dry wt., a dlfference of only 0. 5 z. BraWn v

et. l._(l968), included the sea urchln tests |n thelr determlnatlons,\

. 2
y . STy . I
. - \ .
. v

R
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, g
SPECIES SAMPIE | saMPLE |MEAN |MEAN | RATTO MEAN-’ MEAN o | MEAN
. .| -s1zE |.patE . | INDIV- |INDIV- |WET/DRY | CALORTES ‘| caLorRIES | 'INDIVIDUAL

o | IDUAL |IDUAL | WETGHT _ PER GRAM | PER GRAM | CALORIC CONTENT ~
' Wwer .| DRY - .| wer wr. | prY wr. |  (Kilocalories) -
lowe, | own q '

" Mallostus L ' - - t . . :
_villosus’ 12 July 31.19 5.86 -] 5.32° 1006k 5341 31,30
(capelin) {25) 1973 . . ) > . ’ | -

Hyas araneus A s Jen.” | 2k.12 | 6.18 3.90 690 B 2691 116.63

.(gpider crab)!. (6) iorh | R |- A

Strongylocentrotus S . ) . ': ) 0 ' ‘ - . o '
* drobachiensis 20 Jan. . 7.8 | 0.96 | T.L.8 . k62 3458 - 332 T

(sea p:éhih)' ,ﬂG)_ 197k . B 1 ' : a S ‘ -

- . '," . . _\ . ' . ) T :..
Polynoidae b 20 | Jah. 0.h 0.09 5.11 860. - 4396 . . 0.0,
. “(scele worms)  (2) | 197h ' _ - |

b -
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Celoric values for marine fauna of the North-west Atlantic.

SPECIES

CALORIC CONTENT

" SOURCE "

_ CLASS ECHINODERMATA -

S

3

Strongylocentrotus -
drobachiensis (sea urchin)

CLASS CRUSTACEA -

Meganyctlphanes norvegica
(krill)

’

Mysis sténolepis (shrlmp) \.

Pandalus ‘montagui (shrimp)

Hyas araneus (splder crab)

Cancer irroratus (rock crab) .

' CLASS PISCES

. Mallotus villosus (capelin)

Tautqgolabrus adspersus
‘(cunner);

y

" Clupea haréngus|(herr1ng)

-

" " 1

-

3448 cal/gm dry wt.

.‘\

3458 "

883

819

" 1029

1320

gls
.3h8
© 690

2610 cal/gn.dry wt.

2691

k211

1004 cal/gm we@:wt.

- 1058
- 1927 -
2058

cal/gm wet wt.

Reddin, (Msc./T73).-
-Jenkins, present

. study.
Brawn, et.al. 1968.

Tyler, 1971b.

Brawn, et.al. 1968.

~Jenkiné, present
study.

Bramn, et. al 1968.

Jenkins, present
study. . ..

Reddin, (qgc./fg);

Jenkins, present
study. '

k-]
.

Braﬁn,\et.gl.:}968.

'Tylex, 1971b.
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then_édrréc&ed-forwendothermy, Wheﬁeas,‘thé,methodoidgy used in tdis
.study and by Redding (1973) involved the removal of the teGt gnd

» o _‘ dgte}mjnatfon-of\caloric Va‘nés 6n dry Qéights of the'cont nts, oqu.,'
'This could ;ccount for these large differences ih valups} éfawn's
. _g;,gl,'(l968) be[ﬁg much lower because of the greater dry weight

a

- . ';wfth-the includéd test.' Bréwn et.al. (1968) also inélpded.the exo-

!

*ske leton in'ﬁhe combustions of the séider crab. Their Vélue'pf 2610
cal/gm dry_wt,'js quite similar to .the value given {n Table 6: 2691
cal/gm dry wt. The_reactions involvin§ the calcareous expskelet&ﬁ'
of'£he créb were gorreq;ea for. Tyler kl97]b) on the other hand,

- ) . wet weight, comparéd to ;he'converted wet Weight value .in Tab]e;6,

. §90 cal/gm wet wt. ,Tfler'remov;d fhe crab ekoské]eton and this p%o-.
.abley accountsif$r the higher caloric content, ({er; slmf}éﬁ numbe r

. Voo, . . 1 . ’
:of calories are present with and without the shell, but the number

of ;alories'expreéaﬁd bef weight decrea?es wheﬁ.the weighf is in-, ‘
creased with:thé eresencé of shéll); bt 1s also'possiblf that app--
'érgnt‘différgncés in caloric-contegts between.workers‘might.be accoutt-
C . 5 ed for on the basis of differences~}n the size of the animals 5ampled..”
‘(SEjvé;téQa, 69/70 Bedford Bienpial){ qr‘to'seagonal1df€fqrencés in the

B - calbric content of tHe'organiims (Wissing and.Hasler '1971). It s eQ}dent

| — . . . i ' _
v -from Table 7 that capelin have a caloric value similar to that bf.the!

:‘_ cunnéf, (1004 'and 1058 cal/gm wet wt. resbeqtively)! but much lower .

il
. \

. y . . . - . . o
[ ' Y ., . . ‘. J \ " . S

. . P ; - ¢ N
. . . . - N . - . »
. . PN . N
. 3 N R i.' . - . L. L
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. Y

than the caloric content value for herrlng, (2058 cal/gm wet wt. )

'
~

The comparlson of calor;c values is dlfflcult because there‘

is no standard prodecure for the treatment of specimens for combustion.

Some researchers include calcareous exoskeletons and correct for endo-

thermy, while others remove the shell completely before gombustion.

Some express caloric contents.in terms of wet weight and others use

dry we}ghts, or both. With no standard me thodology, determining and

'-comparlng bhe sngn:fncance of various prey organlsms in a flsh‘s dlet

»
¢ .

"value was calculated using.caloric measures expressed as either dry

is almast |mp055|ble. For this reason, mean |ndlvldual caloric content

ﬁva]ugs for eacn prey organlsm were determined, (see~Table 6). This

\

or wet weights, and represents the amount of eneréy available from

pné entlre prey organism. If the entire prey is-consumed, then this

) expréééiOn of caloric content is valld and usefuf for comparing dif-

ferent.components of a predator's diet ds relative sources of energy.

From Table 6, it is apparenf that capelin proyide_moye'energy ﬁer ind-
ividual than do_the other tested organisms. One capelin contains on - -

the,aVerage 31.30 ki]bcalorjes; nearly twice that of one crab, and

almost 100 times the energy ‘in one scale worm. - "Table 8 |llustrates -

“content par'ind1vndual. The Y/X value is'a. ratio expressung the

E)

the nmportance of each specues 1n terms- of wetnwelght and caloruc

number of'o?ganisms of species X required toieqaal the wet weight

or caloric con}ent of one organism of species Y. Hence, the mean

1

el

>
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- Comparison -of potengial prey organisms Qhowing their
relative significance in terms.of  (a) mean individual
_wet. weights and (b) mean individual caloric contents.
Tale values are Y/X ratios of'the organism's respective
- weight .or .caloric value, (see text for explanation).

i -|- '\‘ X ‘ t .
CAPELIN -| CRAB | URCHIN WORM
TAPELIN .| * 1,00, 1.29 b3k ) 67.22"
CRAB ° ' 1.00 3.36 | 51.99-
URCHIN ! .. 1.00° | 15.18.
. il
WORM - v - .1, 1.00
T S |- L/ .
.. -" ‘ll "
x .\"‘d,- )
' ! ’ ’ Co
" CAPELIN | CRAB | URCHIN | WORM
| capezv | 1.00 1.88 -] 9.43 78.25
CRAB - 1i00 | s.00 41.58
URGHIN = .| "1.00 830
WORM - \ 1.00
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: v o .
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individual wet wefght of capélin is 31.19 grams, and of a crab is

,-24.12 grams. The Y/X ratio (31.19/24.12) id 1.29, i;e.‘theuwet weight:

oo 0f 1.29 |ntact crabs equal the wet weight of .1 capelln It is evident

A P - ~N_

from Table. 8 that capelln provnde the r1chest dlet for the smallest
|nd|vndual weight of these preysorganlsmg. Only 1.29 crabs are nec-
essary to equal the wet weight of one capelin,‘byt 1.88 crabs are

réqufred tOIpEovide the same ambunt of energy. This means that 0.59
[

(l 88 - 1.29), crabs or lh 00 grams of extra food Weight is reguired

to obtain the same amount of energy from a, different prey organnsm
3>

S‘ma]arlly, 1. 03 (78.25 ~ 67 22), scale worms or 5, 07 grams of extra
food welght are requlred for this prey. Not as much weight-is nec~'
'essary [nhthelcaée of the-;cale worms becau;e pf their hibher~£a|orie
per weight value. It is also because of this higher caloric céhtent
‘that fewer scale.wprmé need'tdipe cohsumed to‘equai'the-crab's caloric

“content than to equal- the crab's wet weight, (i-e7\bl.§8 compared to
'5"99). L ‘ ‘ . . , . - ‘ . l~

Since capelin was the primary component of the longhorn's diet
| . o . 4 '

in early July 1973; the previously calculated daily ration can now
. be expressed as 10.2 grams: of capelin'bgr kilogram 6f sculpin. With
. . ?

.ifheiknohn céldricﬂv$1ue for fapelih,‘(see Tdble 6). the dally caloric
17 ! .

ration, or lntake of the scu\pnn{}s 5k, HS k;lpcalorles Uhfértunafely,‘
the |nd|v4dual prey welghts were not determlned durlng Tyler s (197Ib)

stomach analxses, and hence the" daily' ration in terms of prey,welght

[ !

T
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" in shallower, inshore waters. - .

. Ly R : Y -
and calories can nogﬁbe determined for the offshore sculpin populations;

and-no comparison can be made with the populations of longhorns found '

( ' s

’
<

»V. EFFECTPOF LIGHT CONDITION ON FEEDING SUCCESS
A

o , .
Despite the wide- temperature range:which'exlsted for the five

' N

independent feeding replicates, therejwas-no'sigificant‘differeﬁcq
in feeding success undeér identical 1ight conditions bétween each

replicate. An Analysls‘of Variance revealed a P{0.05 for the' cald-

ulated F values of each feeding exposure time..

The -mean feé&ing success over the fivé replicates is given in -
Figure . It isapparent that feédfng'succeﬁs is dlminishéd-under -
darkened conditions, qlthougﬁ'it'still-reméfned dbove 50 %. A Mu}ti-

variate Analysis of Variance (Clydel]969), was use tp compare feeding ‘

success in relation to three independent variablest’ exposure time (1

minute, 10 minutes, and 2 hoyrs), light tondition (12 hour cycle, coﬁtf
1 ' ' N » DS . -’ .

inuous l}ght, and‘contihuoushdark), and feeding time ( A.M. and P.M.).
Two of these variable% had a significant effec;; %both éxposure time -
(F = 5.581, P<0.005) and light condition (F = 6.560,” P< 0.002), had

a significant‘relatipn to.the success of feeding. Feeding success

is Significantly higher undef lighted conditions and is significantly

increased with [ncreased time of.éxpoéure to fdod. Thus, although
e L ‘ : < [
cdndztions may not have been below the.visual threshold. of the sculpin

o

e

i

Cq
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tne longhorn sculpin. Ordlnaté values are meﬂn' o - '75
: feeding success over flve replicates, two fish per ,:'. '
-replicate, Success . measured in relatlon to three o

independent variables‘ exposure time (I...l min.} o T

...10 min.,- and 3...2 hours)’ feedlng tlme (A H

[y

and P M. ), and light condntion (12 hour llght cycle, _ - .

¢ N - ’ .
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“during the dark feeding condi;ions; a sufficient decrease «in light -

«F

\ i N -
|ntensuty was achieved. ' This darkened 1ight condition resulted in

{

[ sagnlfrcant changes in Feedlng success, attestlng to the importance ‘ )
\ o 1

of Ilght for sculpin feed;ng. ~’; ]
: . N .. .‘ . - /;.

Dlspu§1;10N

Y

~in his review on the behaviour of Tittoral fISE“wGIbSOH (1929 o

state;:bhat methods of obtaining Food are related 'to. the kind of food

.

.ingestéd by the fiéh,,and hé concludes that feeding behaviour is basic-
¥ . L °

~ally the ‘sarnie for each feedlng type. A comparison of the longhorn

2 7]

L4

to and thus, incredses the

Sémeta and Studhqlme (1972), de@dripe e_sLmilar‘

3

organism. Olla

gviour which precedes Feeding of the EUﬁmer flounder

- (‘u

(Para]:chthys dentatus) and Olla, Wickland, and Wilk (1969) state
] A

that during feeding, the'wtnter flounder (Pseudogleuronectes americanus), ' .

°

changes its direction and location every four to five minutes. That
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“few Feedlng responses were .observed durlng the 1ocomotor behavnour of

athe longhorn does not eltmlnate the pOSSﬂbllIty that th|s is an act;ve
2 f
search|ng\behaV|our. Barnett (1967), describes the appetltlve comp-

/
onent of feedlng behaviour~as belng/provoked by-a bodi}y deflcnt, and

v

that: wude ranglng movements within -the envoronment of the organlsm are:

:nlt«ated by and malntanned by sPecuflc |nternal states, even “though

,equent reward in. the way of. food may be absent The-sngnlflcant

- AY ! =

‘increase in locomotor behav:our of the experumentally starved sculpins

Al

,’suggests that these fish inéreased their_food searching aetivities' .

o

‘as a result of their ‘food deprlvatuon.- Golgan (1973),, developed a.

. mode] where hunger was assumed to be jointly determlned by" metabollc'

- AN

. need and gastrlc yolume. On the basus‘of thns model, magnedicted

behavioural.changes-of‘the pumpkinseed'sUnfish (Lepomis gibbosus), v

¢- __’_“___—ﬁ";_—- _ _‘____..____—/

oin the laboratory wlth changes in food deprlvat?oh. DeRuLter and

1

' ( & L
Beukema (1963),.Found a decrease in the food search:ng act|v1ty of

>

the stlckleback (Gasterosteus aculeatus), with satlatlon‘and a cor-.

. S , _ _ : 2 .
respoang rise in foraging behaviour with deprivation. It would -

s

.seem on the basis of this eVTdence, that the locomotor behaviour‘of‘

\

~the Jonghorn cou]d be a form of/foraging However, w4th no adequate

a

_controls in the fleld experlment, this, cannot be conclusnvely dem-

onstrated. The dEprlved exPerlmental sculplns exhlbrted a dlrectlonal

»

offshore movement “not obsérved for the non experlmenta] é{sh suggestlng

. w
\ (TR > A

that an avoldance response by. the sculptns after long perlods of captnvnty

. ¢
. - . . .. . . - ~-

. .
\ Lo,

R . o . S . @
Ay _ ' . . v . . -

'
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.'the forcing of larger prey down the esophagus by repeated “gulpzng“

I

o

may be lnfluenCIng thelr ]ocomotor behavnour Although‘the exadt'

'nature of thlS Iocomotor behaV|ou has not been determlned, the

actuvnty c105ely.resembles the fpraging behaV|ogr of cher marine ';..
v L ‘. " A -

‘and freshwater'flshes, and the. sdlts from this study suggest,that

\

the sculpln s Iocomotor behaV|our |s a foraglng act|V|ty - i [

§
f ! X ) .
‘The feeding behavnour of ﬂ, octodecemspinosus also has numerous .

action patterna which resemble those offother'predatoré‘ The. long-
Horn sculpxn s feedlng mechanlsms most cloSely resemble thOSe of the .

smal] marlne COttld Parenophrys buballs Western (1969) descrlbes P.

©

bubalss as a visual predator of Crustacea (amph|pods and crabs), which’
sta1k§?|ts prey and attacks wnth E sudden forward Iuhge ~lngestion of
sma¥ ler prey by ”suckgng“ dlrect]y into the Iarge tirmnnal mouth and

i

actions, are feedlng characterlstlcs commOn to both specaes. 011la et.

Lal. (]972) descr:be snmllar v:sua] fuxatnon, stalk,.aqd strnke patterns

for the summer;flounder. .The wlnter'flounder expels.mud sand, and debris

'fncidentally ingested in an actlon comparable to that of t Ionéhorn,

(Olﬁa et.al. 1969). Nursall (1973) descrlbes_lngestldb by the fresh-

water perch (Perca flavescens), to ‘be a kind,of suctlon %wung to a large

Fapld increase |q—the buccal cavnty ThlS Specqes ?f ﬁerch also exhlbits

LA b?ijiour snmllar to the longhorn! s socnally facilutated Feednng. One:

indivndual |nvest|gates a real or a. potentlal prey and thls aCthlty
[ ' < . A
attracts other perch, tending to rennforce the dlrectlon of the Feedlng-n




-~ . i ~ <
) i . 3 ; . .
- [ N T B B
activity.. One predatory perch riseé to a prey and others'Follow, o ‘-ff
. , M - “ . . ’ N v ﬂ .
resulting Ln"repeated feeding attacks. The group also chases prey .
along the bottom, mhe s?me feeding patterns observed when the long- ﬁac o
horn SCU?puns respond to aggregates of cunner and also to released b
~+rock gunne!Su Another freshwater predafor Wlth almost ldentlcal - S

; : .

. Feeding actions is’the northern pike .(Esox luciusO.. Nursall's (1973) f;

description. of the pnke S eYﬁtmovements, orlentatlon of'the body axis . T,
. towards the- prey, stalk movements, followed by a QUICk lunge at the

R : e T
prey, closely resemble feedlng actions of M. octodecemspunosus .The,‘

’»freshwate¢¢§g|ckleback S complete response to prey discovery cons;sts
: t . A
of frxatlng, grasplng, and swallowung (DeRuuter ahd Beukema l§63)

agaln! a strlklng snmllarlty to the longhorn S actlons.

N )

There is deflnltely.a stereotypy-of\predatlon behaviour among . :; e

certain marine and freshwater predators. ‘Al though the behaviour may.

“differ in shall details, the feedlng’sequence'does occur in.,a, stereo-

. . ) : o .. - A
S . . . . 3 P e T : -

typed pattern with similar basic chdracteristics. . c

. - = .. -, . . . i, e . ) N . . )

The rooting behaviour observed ateOuter Cove is similar:to the

éHafe sequence of.stickleback;oqserved by _Tugendhat (1960}, ‘The stickle-,

z - . . ' . ) y Tt '__ . N ) B A . ) 1‘
’back:¥otates its body to the side and with a:strong tail beat, scrapes

She glll cover against the hard éurface'of_the aquaria. These‘chafes S

" are often repeated several timés in succession. This behaviour has .
oo ) ' 2 . /- N

not been observed in the field and no discussion of its fpg%tional
" significance was offered. The same Kind of behaviour occurs in Blénnius - §ﬁ&\.
' . . ' i . T\:-: . . v i h ) . " " e L ﬂ '

v . - _. to o . » . .'\":_‘\



. gholls (blenny), Gadus morhua (cod), and Pleuronectes glatessa (plalce),.

e ' (anson, personal ‘communfcation). Gibson (1968), describes thlS behave

' iour in'the blenny as a dlsplacement"cleaning appearlhg in a conflict
i \

sntuatlon He refers to the termmolﬁ of W|ckler (1957), ‘who descrnbes

\
1

this ”cleaning behavuour“ in the two blennles Ba fluviatilis’ and B.

or”

. o pavo. ' The rootlng behav10ur of the longhorn sculpln could be th'S

~clean|ng behaviour. 'The;abraslve action of the sand may be used to
N . ) \ -

ﬁnwould have to be demonstrated that, (l) sculpnns can sense the presence

>
'

of ecto- paraﬁﬁies and (2? these parasites\are irritating to the fi¢h.
. A : :

. .remove irritating ecto—parasites.' For‘this to be the case however,,lt ,

.

~-

\ : * Vot

This would be-a,djfficult task. .Furthermore, the rooting has been

- observed elicited.by indivlduals with no obvious ecto-parasites and
. o
longhorns heavfly infested wuth parasites in laboratory aquarla do

not exhlblt rootlng behav:our. Further bbservations are necessary
. . : . . . . .- ‘ . .
before thls behaﬁlo:?QEan be conclusively termed "cleaning behaviour“

- There is a second thesns that can explain the function of thns .
- .
" behaviour. The rootlng could disturb and exposeffood organisms -suc

,.as small Crustacea or Annelida froﬁ _the sand These organisms occur
" < in longhorn stomachs and such behaviour would be aduantageous to the

:foraglng sculpln. A]though |n|t:ab observatlons lnducatad thls mlght

"be-;he case, (hence the term root(ng) further observatlons»suggest

'thls mlght not be true.1 The sculpln does not return to\the dlsturbed

reglon after a rootlng serueS'and feedlng-does not occur during the

o
3 fa]
v

I
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R actua} behavoour Only one feeding response was observed after a’ ¢
. . -rootnng series and thIS occurred about ‘one metre beyond the disturbed
v . ry :
o T region. 1§ Food organlsms are - exposed by this behavnour, the sqgulpins

— do ‘not appear to feed upon them o

N
y

Lnght plays a domlnant role in the_pgrgggtign_gf_jodd by the'
_Ionghorn sculpln, and accordlngly, this predator qan «be termed a -

-'visual predator” (see Blaxter 1970 for a discussion of thlS term)

o - . \ . ’

Direct observatlons of V|sual flxatlon upon.prey..in the laboratory

and ‘in the natural environment provlde evrdence that l»ght is requlred
<L A
v or at Ieast used by the Ionghorn SCu]plﬁ.. Behav:oural observatlons

as a criterion used to determine the |mportahce of Tnght to feedlng" ‘

~

f:sﬁ were used by Marak (1960) The second crlterlon for vnsual feedvng

by\the lohghorn'sculpln is the more exact fnformatlon available from-

the light/dark )aboratory feedlng experiments, i.e .‘féeding is sig-. -
' ,n nnflcantly reduced under condut!ons of . darkness fhe‘MOst'strihing
L hi' ;featu;; ar:s:ng from these experlments howeVBr, s that the )onghorn
—N_T*——‘--§cutpln has the- abllaty to: Feed guite successfully under dark cohdituons

J i :
T ‘This sugg!mts that vuston is an |mportant sensory ‘mode for food det-

ectxon, but it |s'hot essent;al foresuccessfui nngestlon. fj
,‘f B1qxter (1968), found similar laboratory results.with young plaizeu;-

) (PIeuronectes platessa), feeding wupon llve Artemla nauplll. He sug-
’ gested that another sense, elther chem:cal or mechanrcal is operatlng
-, - !
. The response of the sculplns to the PvC’ feedﬁng Cylinder wthh masked
\ . L . ot . lu-" (ETI N
I . v . - » . B Lot .
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’szual Perception of the food lndacates sculptns a!so have the a'ﬁiluty

to detect ‘the' presence oF food by other sensory modes: M. octodecem-

'spinosus,..like the cod (G morhua, Brawn 1969) ‘relies 'hea:vil‘y upon

[y . o4

. - : o N . ‘e
vision to ltocate food, but st tches search modes under extreme feeding

‘condi tions. . These secondary modes however,.are not as efficient as the

AL

_the sensory and'Behavioural abHity to feed under dark .conditi'_on‘s'.

- . . . N

primary.visual perception. .

- These laboratory results indicate'that the tonghorn sculpin has,

A}

How’aver, feeding by night under tank conditions is not, necessari. ly . >

~ revidence of pocturnal- feed;_ng in the natura-l envnronment. ” Hoar (19142)

.di scovered a-.learning factor which' affected“feeding suécess of Salmo

salar on chopped earthworm. Blaxter (1968), also found residual feed-

-nng in dark laboratory expernments, and suggested that learnlng and

[-.

" type of food may affect; feeding behawour. The longhorns were con- -

q .
flned in small parltloned areas, but it is unllkely that two trlal :

’

Iearnlng over a perlod of 12 hours could occur,\ and even if lt di d, ]

> -
I v,

‘.retent‘lon of such a learning factor over a two week starvatlon pern‘od

N : .

":between replccates is even more unlikely'. The small feedlng space

idid  restrict the locomototr: activity of the sculpins, and as’ ,a res,u]'t.,_'

» R

P (' . ‘- . . ’ R .
. feeding succeé’s was measured‘ onry under conditions where food was in

the immediate vucnnlty of the sculpin. However, such candltlons can

and do ex1§,,1.n—-the natural hab;tat R;fts of dead capelin are regxons

of lscu]pun aggregPtnons and stomach content analysas reVealed successful

doo T -

14

/
s
.



. cussed by Surber ~(\I9.30) and Darnell” and Melerolt’to .(]962),

. sampled over a 24 hour peripd

<

P

[}
ingestion of dead capelin during al'l hours of the 24 hour ddy. Qulite -
clearly, a"‘o'n_ghorn situated\ on a capelin r'ifthas _the ility to '

succéssfulfy feeéi upon ‘this food resource.

-~

As sculplins were observed

to be nnefficnent predators of llve Fishes ke the rock gunnel durang

-0 L v

& the day, |t is not Ilkely that thlS Spemes of scu]pm |s an effectlve

: ored_étor of small benthlc flshes durlng perjods of darkness. '
fn Methods of determining changes in the feeding' i'nte'nsity of fish
“*’—”“-—_‘\;Fn’ the natural environment in a glven 24 hour perlod have been dis* '

and have

‘The most common™
A

. . : . X
receptly been employed by numerous other workers.
L ) - N

apprbach, Is to infer feeding times From"tne' weight‘ offé,tomach 'contents

[N

ot

(Seaburg and Moy]e 19611 Keast 1968 N

0

‘S Edwards and Steele (1968), and Gibson

-and Keast and Welsh 1968).

. rhe\/ sampled s tomachs

1

(i§7=3), osed a modification of this method.

over the "day) Ight hours, then performed a multiple regression of the

. ‘data, searching for significant' changes in\stoma\ch content welight as

b 0 ) . . ( -~ .
‘the day progre§sed Kru'uk (1963), used intes‘tinal contents .as an

" index of feedlng perlodrmty in the common sole {Solea vulgarls)

P

percentage of soles wnth food in the lntestlnal tract and food posnrhlon

1

" in the |ntestlnes were determlned and statlstlcal}y analy ed mth a

X2 test. . A th:rd Index of feedlng period,nclty, used for comparison -

-~

.

with and verlflcatlon of stomach contc;nt WEIghtS, is the occurrence :

ofgva.rlious stag_es of digestion in the stomach

The.

Barnell and Melerotto (1962

o



. _Mathgr- and Rob_bi_'n.s: (1971), and Mathur (1973)_,-_'Found a cor_r.espOnd-ence

- sanfpllng bs]chnlque to infer Feednng Pel‘|0dICItY is ‘now under questlon

e

\ . . - 3 . .
between stomach content conditon.and peak times of stomach content

A

welght

. The valldlty of some of these app]lcatnons of the 210 hour”

v . -

WIth the eXCeptIon of Kruuk (1963), Edwards and Steele (1968), and , 9

\

Glbson (1973), o statistical analysm of .this kind of data has .been
¢ 1]

gfubllshed Yet, deflnlte feedlng perlodlcltnes havejbeen mferred

\ \,'
from data characterlzed by Iarge 5catter about mean values The data

presented.for-'the—'longhorn sculpm stresses- the 1mportanCe'vof app]ymg

l‘lgOl‘OUS statlstlcal analysus to ‘2h hour sampllng data and of account-
| .

" ing for the large amount of variabi th, before concludlng the presence'_'

of cychc feedlng Defimte CYC]IC feedlng trends were sugflested by

|

. the three most- common: measures of feeding” penod:c:ty, and Vet no

-a

°

conclusnons about cyc.l,uc. feednng in the longhorn sculpln- can be- made

» Q

becaus_e.' of* the resul ts-of the statistical tests.. Time did not. have a-
significan‘t effect' upon these three measures and only a smal| prOportlon

.of" the ]arge var:abl 1 ;ty present ‘In the data was accounted for by tlme
! .
af’ samplmg. 'Feedlng lntenslty is not on]y affected by prey: dlStl‘lbutIOn, o

prey snze, avallablllty of prey, and predator size (Ivlev 1961) ," but
_variatlons in movements, experlences and motlvatlonal leve]s of the
PN 3

predator also mfluence the rate at whlch they consume food "(Ware 1971)
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oy

At the |nd|vndual level, a cbmplex array of bnotic and ablotic factors

_affect |ngest|on rates,. and thls accounts for the large degree of
. : \
varuatl'on m stomach content data Cyclic feedlng is on]y one cause

Vo of t)e"g;,é&erved scatter, and Its accurate determlnat:on is not possible

wi thout aconsideratgon-of the other causes 'of individual variation in

~ 'stomach contents. . : S . ‘
o _rf. ‘octodecemsp inosus . then,’ is not a c,ycl ic feeder. during the

13 - r

_capelin spawning' "‘period at ]east. 1t has the physucal and behavuouradl‘

- abili. .ty to successfully mgest certain klnds oF food under night con-

A

dItlons and the fleld studles |nd|cate that food consumptlon does in '

AY » .

_ fact occu‘r \throughout,_the 24 hour"per_iod.

BE‘HA\H,OURAL ECOLOGY_ OF THE _LONGHdRN SCULPIN

¢ Tyler (1971a), classifies M. ot:to'decemspinosus'as a reéular

component of the demersal flsh communlty of Passamaquoddy Bay, "'N.B..

ont_the basis of its contmued presence durlng seasonal trawls. FIuc’t-
' iJaJti'ons. in abundance of this. species 5t_i_l l-occurred howaver, with times

: ) ‘ 3\ o
of decreasing numbers offshore corresporiding to the establishment of

summer inshore populations. Iin Newfoundland, longhorns move inshore.

a

~ about mid-May and remain in these .shaHow waters till the"end of Sept-

ember , (Pepper, persona] 'commonication)' Tyler (197lb), also found

- pronounced dlfferences m the quantity of food in the stomachs of long-

horn sculplns for'dlfferent months, and he sugges-ts that these‘_ f]uct-

. ) . L ! | ‘
“uations. are oaysed by the absence of principal prey (see Tyler 1972,



PR A
s el

.L";. . ' .' . . - . . L ’_

re.this term), in the st‘-%mach. Some of the months of decreased
'sto'mach 'co'ntent Weight appear to c’orrespond.to times of-onshore |

‘movement, and it is possuble that these onshore movements are.a’
l

summer phenome(non related to feedlng - Blgelow and Welsh (1925),
state that the seasonal mugrat:ons of the longhorn in the Bay ‘of

[

Fundy region are related to/temperature Mor row (1952) however,

*

e

...,Nconcludes that temperature.is not the controll rngfactor, but may.
\ . N .
only contrlbute to these. seasonal migratlons. Morrow also determined

LI

'month]y changes Il‘l the coe,ffic:éht of cond|t|on of the Ionghorn sculpln, h

.and times of weight loss correspond not only -to breedlngvtimes, but

= o
al;o are co:ncldent wnth the onshore movements of thlS specles. If
* S N .

such ohange_s in v_veight& accompany these onshofe mo.ver;lents, then there . R
' '_rnust be a suff'lcilent food \re‘s?ource inshore, to susta’ln,the pop.ullatio'n: " . _ .
during the summer. . In Ne%vﬁoundland waters, the spawnwi'ng 'cape'lin'.
proyi‘dle ’just 's-uch a resour.ce. ‘ D‘urlné t'his spawningl'peri'od,' an.un-
Iirnited food resource is es.t-ablli'shed under conditions“of no'competit- “
“don, andcsculplns need not be‘terribly efflcuent to obtaln Iarge rattons,

v 3 I

ofy thls r|ch -food source... Feedlng can occur at all’hours of the 24 hour

day and the Ionghorns llterally engorge " themselves on this one food e .
[ C? B N e
L ]'he capel'nn provide the richest dlet for mshore _popu]'atlons of the / : -

'Ionghorn sculpln ThIS is not on]y ln terms of energ? content of the

pr y, but also wuth regard to the amount of energy expended ‘to capture -



N

and"ingeé,t the'“pre'y'. Ing'estion' of capel‘in during trhEI(J" spawning
N
perlod reqq|res no foraglng or pur;ult, as th|s food is ungested

.

- dead from the rlfts of capelln bodnes left after the spawn. More
. ‘ )

longhorns

energy would be expended in the search For and capture of crabs :

"

and even more to encounter and mgest worms,*ﬁor a -smaller return - .
. ] ¢ f . . . . S .

hn'enerd'y. "A;rminimum,ot ene-'rgy;expendl-ture'thr-ough'f"oraglng behav-.‘

|our, concurrent w1th an lnexhaustable Food supply r:ch in calorles,
o . N © . ., . ?
'prowdes.an ideal .SItuatlon .for |nc'rea5|rlg the groewth.of rndlvudua\l

fféhore 'populations oF-the longh'orn lnge'st primarily

the krill (Meganyctlphanes norweglca)durlng the: summer, (Tyler 197lb),_

v ' ‘

whlch has a substant|ally lower caloric contept than the principle .

° ' . v B [

pr'ey-of the longhorn inshore, ti.e. the capelin,- (see Table 7) .- (lffrf -

r Iatlons of t e. lon orn,scul i st primafil st
wopu h gh pin |nge p |ma i y is

tenoleEls and Pandalus montagm, a crustacean dlet rich m energy

(comparable to and exceedlng the capelun, see, Table 7) ’ altho"ugh

‘most probably more costly in terms of energy to obtam It |s sug* "

°

gested that® the - large scale movementsmf M. octodecemSplnosus to shal-

lower unshore regions durlng the early summer, rney in fact t{e a: phen-

o Y

X~

"omenon related to. the ava: l<ab|l|ty of large amounts of thls energy rich .

- .
v « . - - . R

" 1
- b

.

Durlng the mterval precedlng t.he capelln spawnmg perlod antl

}.for a short perlod thereafter, smaller benthlc flshes like the dlurrlally

\

( Q ’ ,

act|Ve rock gunnel and the nocturnal redlated shanny, are potentlal prey-

N



/
b

7

.- . EY - . c l‘ . #. -
for the longhorn. The’seulpin!s feeding behaviour seems .suited

Ny
. v

for éuccessfui utilization of these fishes. The longhorn lles in

b

wait for extended perlods and- qUIckly lunges to ingest ltS prey,

and also makes forays about |ts terrltory, apparent]y in search of
, p v
0

, food. . However,’ Ionghorns are not effectlve ﬁredators of theSe fishy

The sculpqn does repond to hhese smallertbenthlc fishes, but is not

suqcessful inits rngestion attemptsw Nursa1l (]973), observed ?ﬁ#"

iIar lneff|51ent predation attempts .by the freshwater nokthern blke,

and statﬁs that the abdndance .of the prey, fish probably compensatée for

.

~ 1

\

" the - 1ow Ptedatlon success rate. The rock guzze} and radiated shannY

however, are not in great enough abundance t compensate for ‘the ihh

X /2? . o,
effectnve longhorn dnd therefore, .do not appear to be an lmportant
. o &
food'resourcelfor this species of sculpin. -
' ,'. . * a . N .
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. APPENDIX.f.c Individual QuantjtatjvehDaté of the SWimming Activity

" DATE
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