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? 7 I lie rcspunscs of\vliiting tu a test line \lit11 haited hooks ~ v c r c  stuclird tiur-ins thrcc cruiscs in tile 
Trondlirimsfjo,-d arc;) in tlircr seasons. ' l h r  acti\.it!. of t l ~ c  fish tlircrtcil to\\-a~.ds thr  haifctl Iioirks 
increased at si~nt-isc ;\ntl ticcrrased a t  sunset in ail seasons. In  Octohct----l";uvel111~cr anti ;\lay;Jutic 

thcrc \vas onl?. otrc peak of activity, \vitli tlurations ui' 8 aild I +  Iiours, rrsl~rcti\-rly. \vlicrriis ill 

,Junc;]uI~ tlicre \\.as a ~ ~ c r i o c l  of lo\v activity ;irounti noon bet\z.ccn t\vo peaks in the ti~ornitlg ant1 
c \ -c~i i~rg.  H i g l ~ e r  activity \vas obscl.vetl in periods ol'liiglicr, rather t h a ~ i  lo\\cr,  cilrrcnt, anti 8(b!)(I'k 
of the lisli s\vam tlpstrcani into the licltl of observation. T11cr.e bvas a decrease i r l  ;\cti\.it>- o ~ . c r  t l ~ c  

course ol' trials oT 60 minutcs tluration, ;rncl liookcd lisll seemctl to incrr;rsc th? rcsponsc\ r ~ f  
it1111ookccI fish. T h e  intensity of response \vas lo\\cst in llay;Jul~c \vhcn all fish tvcre r i l~c .  
increilsing in ,June;July ancl Octobcr-So\wnl,cl. \vlirn t l ~ c  fish \%.ere spc.nt. ' l ' l~r seasonal hooking 

prohahilit) o f d i l t ~ - c n t  con~hiliations of hook and  hait ,  calculatccl as  tlic ratio hct\z.cen tlic ~ iumi j c r  
of liooketl fish ancl tlie n u m l ~ c r  ol 'rushrs,  \cas highest in Octol jer-K(~vc~~iI jc~- .  'l 'rcl~lr llooks iverc 

ahout t\viw as  clkctive 11s si11~1c Iiouks. 

l ~ ~ l ' R O 1 l l 2 ( : ' ~ 1 C ) S  
, , I he outcome of a fishing operatioll is determined by thc intcraclion bct\vccn 
the fisllillg gcar and the fish. Fish behaviour is of spccial importallcr for the 
catching process with passive fishing gears, sucll as Io~lglines and tl-aps. 

* l'llis pnl)cr \vas first 11resc11tctl a t  tllc ~latirr~lal S ~ I I I ~ ) O S ~ L I I I I  ~ ~ R c l i a v i o ~ ~ r  o f l i i a r i ~ ~ c  i~~l i~l i i l l s ) )  lielti a t  
Solstt-and. 0 s ;  Sor\\.;t\., 9-10 February 1983. 



7'hc clesigli allcl use of longlincs  ha\^ evolved over centuries, but it is 
presumably still possible to irnpro\re the efficieilc): of the gear. A prerequisite 
for this is a dccpcr ullclerstanding of the relationship bctwecil tllc fish and the 
gear. Direct c~l~scrvations of fish reactioils to longlincs ~ m d c r  natural conditions 
are important iil this conncct io~~,  and are a valuable complenlcrlt to laboratory 
studies on fish bchaviour to\vards baits atld hooks (SOLEMDAL and TILSETH 
1974, FERNO and HUSE 1983) and comparative fishing experiments (B~JORDAL 
1983). Until now, few field studies on Gsh bchaviour in relation to lollglines 
 ha\^ been made (but see JOI-INSTONE and HAWKINS 1981), hence the present 
study was undertakei~. 

Although several species of fish were seen during this investigation, whiting 
was the most ahundCttlt and was thus stucliccl in greater detail. Our  tllrce main 
objccti\rcs wrrc the following: to give a general description of the bchaviour of 
whiting to\varcls baitccl hooks; to record the daily and seasotla1 variations in the 
lel~cl of acti\rity aroutlcl the 1)aited hooks, including the itlfluctlce of current 
strcngth and direction; and to compare the hooking probabilities (catch 
cfficic~lcy) of various combitlatioils of baits and hooks. 

MATER1AI.S .-\XI) AlE'SHO1)S 

Three cruises were madc in the Trondheimsfjorcl area with a 60-foot vessel, the 
RIV Harry Bortctl 11, During Cruise 1, the obser\.ations were carried out in the 
Bnrgc~l fjord (Fig. 1) in two adjacent localities at depths of 25 and 42 n~ 
be tweet^ 27 June and 1 July 1977. During the second cruise (26 October-3 
Novemltcr 1977) fish abundance was too low in the Borgctl fjord, hence the 
cruise \vas concluctecl in the Vcrrabott~ at 4.0 m depth. Cr~iisc 3 (31 May-2 Jullc 
1978) \tias also cot~cluctccl in Vcrrabottl at 40 m. 

Prior to the oltst:r~~ations, an aluminium fi-anle was placed on the bottom ill a 
set-up similar to that sllo~vn in SUTTERL.IN, SOLEMDAL and TIISETH ( 1  981). il 
light-scnsiti\~: underwater television camcra with a wide-angel lens (Hydro 
Products TC: - 125 SIT-\2!) was mounted horizontally in the fi-amc. A 300 \Y 
halogen lamp \\lit11 a Koclak Wratten 92 red filter was also nloutltcd and 
switched on \vhc11 light conclitions madc this necessary. The  filter \vas used 
because p~cliininar) tests had shown that artifical uhitc light could frighten the 
fish. R test longlinc altout 2 m letlgtll was attached to two alumltlium poles on 
the fi-ainc ancl pobitioncd about 1 m altovc the bottorn and 1.5 117 fro111 the 
camera. The  \isible clistailcc was 3-5 m. 

Four stloods of 40 cni length were attached to the test line 40 cm apart. 
Various combinations of hooks and baits wcrc attached to the snoods, usiilg 
either t\tro combinations on alternating snoods or four cliffcrellt combinations. 
Thc  hooks btlerc 110th largc ancl s~llal l  sitlglc l~ooks (h/Iustad No. 8 ancl 10) and 
largc and small trcltlc hooks (Mustacl No. 510 and 310). The  baits were either 



Fig. 1.  ?'lit= s tudy ai-ca. Ekspcrimcl~tal sites arc  rl~arkcd with s 

large (E cross-scctio11 of a large mackcrcl, orlc cm thick) or small ('A 
cross-section, sarnc thickness). A sirlglc hook .was baited by penetrating thc 
rnackcrcl skin twict, and a treble hook was baitcd by penetrating the skin once 
on two of tllc thrcc hooks. 

At  tllc beginning of each trial, the hooks were baitcd afresh and the frarne 
allowcd to sit& to the bottom. Thc observation pcriod started when the franlc 
had reached the I~ottom, and lasted 30-60 mirlutcs or urltil thcrc were no frcc, 
baited llooks left, d ~ l c  to hookillg or bait loss. Thc frame was then haulcd to the 
surface 'tnd, generally, another trial was started at  oncc. During Cruiscs 1, 2 
and 3, there wcrc 51, 75 and 27  trials, respcctivcly. 

The behaviour of thc obscrvcd fish was rccorclcd ac~orcling to dcfined 
bchaviour pattclns (see results). In  addition to this, the swirnming directiorl of 
fish entering the field of observation cvas rccorcled as cithcr upstream, 
downstream or pcrpcridicular (directly at  right angle) to the current. Some of 
the trials were also vidrotapect for more dctailcd study. 



During Cruise. 1, the current velocity was rccordeci hl- a currciit meter once 

ix r  ti-i;tl. Ho\vci.ei-, as both the clirectioil and stl-cngth of the current often 
cliangeci rapidly during a trial, the velocity duriilg the trials i11 Cruises 2 and 3 
was classified elrcry five minutes into the catcgox-ics ( 1 )  little or no planktonic 
particle nlo\.ei~ient and (2)  medium to strong particle mo\7enlcrit. 

Hooked fish brought to the surface werc investigated wit11 rcgai.cl to hooking 
position, Ictlgtll, total weight, liver wcigllt, and stornach and gut content. 

RE% L: L'SS 

ij1:fl.i 1'10 1.R 01.' 11'HITI.V(; TO I I IIIZDS T H E  BAITED H00K.Y 

O f t l ~ e  sri.cral species offish obscr\:cd to react to the haitcd liooks ill this study, 
whiting was the most ahu~ ldan t .  I\'ith the exception of haddock, other species 
s l~ch  as cot1 and clogfish could easily he distinguisccl from whiti~lg c1~1ritlg tlie 
obscr\,atioils. Hacidock wcrc o b s e r ~ ~ c d  only occasionally durillg Cruises 1 ailcl 
3, I ~ t l t  more frequently during Cruisc 2, w h c ~ l  they com~)risecl at)out 10% of the 
hookccl fish. As whiting ancl haddock co~~ lc l  not bc scparatccl with certainty, all 
fish of thcsc sl,ccics were recordccl as whiting, and the hooked hari(lock were 

i~lcludcd whell calculating the hooking probability. As the majority of fish wcrc 
\vl~itirlg, this was 11ot considered to significailtly i~lflucncc the main results. 

'l'hc I)cliaviour of whit i~ig towards the baited hooks \vas di\~idccl i r~ to  the 
fc)llowillg heliaviour patterns: 

Taste - touching the Imit with tht: moutll. 'Yasting followed b), bite or 
iilcon~pletc bite was not recorded. 

C:ompictc - sucking tlie entire bait into the mouth and then spitting it out. 
hitc 
Incomplctc - clifycrs from complete bite in that the fish takes only a part of 
bite the bait in the mouth. 
J e r k  - a rapicl, typically lateral moverncnt of tllr head \\.it11 ths bait in 

the mouth. 
Shake - scvcral rapid lateral i novcme~~t s  with head ancl body lvhile the 

bait is in the ~l iouth .  
K~lsll - swimming rnpidly forward with hait in the mouth 
Bait - the bait is spat or  pulled out of tlic mouth. 
e,jcction 
Hooking - the hook is retaiiled in thc mouth for at least 20  scconcls ~vhilc 

the fish fights \~iolcntly. 
In addition to these behai~iour patterns, during tlie latter part of Ciruisc 2 ancl 
the \vholc of Cruise 3, jerks, shakes und rushes following completc and 
inco~npletc bites wcrc distinguished. Tasting, incomplete bite and reactions 
f'ollowing incon~plctc bites cvere regarded as the least i~itcnsivc beha\iour 
patterns. 



WIlitirlg generally approached the line quickly and dcccleratccl in tile 
imnicdiatc vicinity of a baited hook. 'I'hc fish could then cha~lgc tllc reaction 
and turn a\vay, but they gcilcrally to~lclled t l ~ c  bait with thc rnoutll. Irl 
May-June, h o ~ \ ~ e \ ~ - ,  many reactions were tcr~llillatecl witllout p11ysic;ll 
contact. 'l'hc rcspo~lsc could then contiilue wit21 the fish taking all or part of the 
hait ii1to ihc mouth, Icacling to cither bait ejection or more active bcl~a\,iour 
pattern" c g . ,  rushing. Se\;cral active bchaviour pattcr~ls could ti)llo\v cacl~  
other ~ ~ l l t i l  tllc bait was spat or pullccl out of the rnouth, or the fish was hookccl. 
If tllr: fish was not Ilookccl, it rcnervcd its etfbrts or lrfi tllc iiclcl of oltscl-\.ation. 
As srvcral fish were oftell obscrvccl simultanousl!;, it was not always possil~ic tu 
tell if tilc same fish liiadc scvcral at tnnpts if it lcii the ficld of oljscr\.:rtion for ;t 
time. All fish that cr~tcrctl the field of observation wcrc therefore rcgartlcd as 

ccncwn fish. 

Table  1.  ' I h c  relati\-c ii.cqi~cncy of tllc tlitl?rcnt I~r l i ;~vious  l);rttc~-ns in c a c l ~  season xi\.rn as 

prrccnr;igcs of all I~eli;l \ . ioi~~. pnctrsns. 

1 J i  18.1 i O . ( i  l 1 ..i -1.5 13.4 17 i2  
Junc;July 1 I I !  I.!! 12.2 2.8 4 255 
Oct-Sov 31.7 12.9 2.7 0.5 2.2 167 33.3 1H(i 

SE.i.YOLYzil, 11-11?1.4 TIOAY 1,Y TIfIi I.\'TLA\T.SITl' 01.' I~~S1'OAVSE 

The rclati\~c occurrence of the difrcrcnt 11cha1.iour patterns in diffcrrrlt seasons 
call be used as a measure of the seasolla1 I~ariatio11 in the intensity of response 
('Table 1). As jcrks, shakcs and rushes following complctc and i11~0117plctc l~ites 
were not ditrerclltiatcd for thc i ~ h o l c  s ~ u d y ,  tile comparison is n:atlc writ11 
recorclcd data from thc last part of Cruise 2, the whole of Cruise 3, and fiom a 
video-analysis of Cruise 1. T o  increase the size of ~ h c  material, data fbr all 
single Ilooks were lumped together. This was justifiable because only oilc 
barely significa~it difrcrc~lcc was foulld in the relative fi-ccjucncy of clifl~ercnt 
behaviour patterns among the diffcre~lt colllbinatioiis of single hooks and baits 
within scasons. The  jrrk and shake reactions were cornhilled to forill one 
category. 

Thcrc were markccl seasolla1 differences in the rclati\,c occurrence of the 
different brha\.iour patterns (p<0.001, x'-test). 'The ratio bct\\jccn the number 
of cornplctc and illcornplrtc bitcs and the ratio bctcvceil the number of jerks, 
shakes and rushes follo\ving complete ancl incomplete bitcs (complctc \,crsus 
iilcompletc jcrks, shakes aild rushes in Table 1) cvcrc lowest in May-June and 

highest in October-Xovcmber. Rush was least frcclucnt in h ~ I a y ~ J u n c  alld 



tasting least frequent in June-July. Generally speaking, the intensity of 
response was lowest in May-June and rose to about the same level in June7July 
and October-November. 

DIEL VARI.4 T ION IN ACTIVITY 

MAY - JUNE 

The die1 variation in the activity of whiting towards the baited hooks in 
different seasor-is is shown in Fig. 2 as thc sum of all behaviour patterns except 
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JUNE - JULY 

OCTOBER - NOVEMBER 

4. 
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Fig. 2. 'The clicl variation in activity oTwliitillg towards a test line in three seasons given as the sun1 
of all bel~aviour patterns towa~.cls the haitcd hooks. Each point sfpresents onc trial weighted 
to a 60-min observation time. Tllc curves are drawn by I ~ a n d .  Sunrise ancl sunset arc 
inclicatcci hy arrows. 



for bait ejection and hooking. In  May-June the fish wcre diurnally active for 
about 14 hours, the activity increasing at  dawn and decreasing at  dusk. The  
activity was relatively low during the night. InJune-July, there were peaks of 
activity at dawn and dusk with periods of low activity around noon and 
midnight. I n  October-November, there was again only one peak of activity 
during daytime, lasting about eight hours. 

Tablc  2. 'The inllurnce of the current on the number  of fish responding to the baited hooks, fish 
activity (sum of all behar~iour  patterns),  and  nu l~ ihe r  of llookecl fish in periods of high and  
low activit).. T h r  mean values for the first 30 minutes of trials with a relatively constant 

current arc  given. 
Trials lasting for 1G30 minutes a r e  ~veiglltcd to 30 minutes anti trials lasting less than 10 minutes 

are  clisregardetl. 

High-activity pcriocl Low-activity j~criocl 
C~1rrci7t No r r i t  Current  No current 

No. of fish rrsponcling 
Fish activity 

No. or liooked lish 

A CTIVITY AA'I) 5 M'I.M.\IIA~G' UIRECTIOIV RELATII/E TO CURIIEI\TT 

The influence of the current on fish activity was investigated using the data 
from Cruise 2 in October-No\lember. The strength of the current was not 
estimated in the same way in Cruise 1 ,  and the amount of data from Cruise 3 
was too small to permit this a~lalysis. The trials in the period of high activity (8 
a.m.-4 p.m.) were treated separately from trials in the period of low activity 
(the rest of the 24-hour cycle), as the pronounced die1 variation in activity 
could otherwise conceal any effect of the current. Trials without current 
generally occurred cither at  high or low tide. The amount of data did not 
permit any comparisoll between ebb and flow. 

Tahle  3. Swimming dircction of fish relative to current,  given s e p a ~ l t c l y  for fish with and \vithout 
rcsponsc to\varcls the hai t rd  hooks. T h e  numbr r  of fish and percentage of total (within 
111-ackrts) arc  given for the clilrerent swimming directions. 

S\virnming clircctiol~ Fish with response Fish without rrsponsr 

Upstream 
Downstream 

Perpendicular to the current 

Table 2 shows that the number of fish responding, in ally one of thr defined 
behaviour patterns, to the baited hooks was higher in trials with current than in 
trials without current in periods of both high (p<O.10, klann-Whitney U test) 
and low (p<0.05) activity. The samc tendencies were observed for fish acti\.ity 
and the number of hookcd fish (high-activity period p<0.05, low-activity 
period n. s .) .  



I hc, s\vimming clircction of ~ rh i t i ng  rclativc to ihr direction of current is 
given in Tablc 3. Data are prcscnted from the cruise in May-J~lne. The  
majority of fisll swam upstream ~ ~ h c t h e r  they made a response or not 
(p<0.001,~'-tcst). Howcvcr, fish which responded to the baited hooks slsarn 
upstream nlore often tlian fish that made no response (p<0.001). 

CH:l.YGE.S 1.Y :1 (.'TI 1.17')' If 7THLY TK1;lLS dAYD T T H  EFFECT OF HOOKEII I.%SH 
7 I he ciccrrase in the Ic\.cl of activity cluring a 60-min trial is illustrateti in Fig. 3 

by t l ~ c  rccluction in thc n u n ~ l ~ c r  of jerks and rushes. No clcar change in the 
rtlati\.c occurcncc of the cliffercnt behaviour patterns was found within a trial. 

.-. F l S H  HOOKED 
0-0 NO F l S H  HOOKED 

Fix. 3 ,  Tllr mcan numhcs of ruslirs and jci-ks in sucrcssivr 5-min intervals of the trials. T h e  activity 
\\lie11 110 llookctl Gsli \ s r r r  prrscni on thr  tcsr line is co~nparecl with the activity \vlicii a t  
least nne fish \$;is struggli~ig on thr  linc. Each point rcprcscnts tlir mcan of k o m  3 to 90 
.j-min intrsv;rls. 1)ai;i T\.rre takcn k o m  tlir cruise in Jui1e;July. 

Fig. 3 also comparcs the numher of rushes and jcrks in 5-mi11 intervals in t l ~ c  
presence and al~scncc of hookcd fish. A decrease in activity over time was found 
under both conditions, but the mean number of rushes and jcrks was about 
twice as high in the prcsencc of hookccl fish. A similar, although somewhat 
smaller, cliff-el-cnce ivas found if those 5-mi11 intcrvals when fish bccanie hookcd 
were clisregarded. This shows that  the difference cannot be cxplained simply by 
a correlation between high activity and hooking, and indicates that thcrc is 
actually a positive effect on gcncral activity by fish hookcd on the line. 

As the vast nlajority of hookings took placc in connection with a rush, cf. 
Discussion bclo\v, the hooking probability was calculated as the number of 
hookcd fish di\,idcd by thc number of rushcs. T h e  hooking prohability differed 



Tahlc 4. 'Shc probability ofhooking \vhiting \\.it11 v;~rious conihinatio~is orhuok anti hair, c;ilrulatrti 
as thr  ratio b e t ~ l c r n  nutnhers of hookecl lish ant1 ri~shcs iii r;tcl~ se;rson. T h e  numhrt.  US 
hookrd l is l~  is given within brackets. 

Bait 

Sm;tll 1,argr 
Hook 

Small I.argr S~na l l  Small I>argr Lasgr 

T i m r  of year singlr s i~lglr  treble singlr singlc trrblc 

with the comhina t io~~  of hook and bait (Table 4) and was about twice as high 
for treble hooks tliarl fbr singlc hooks ( l ~ < ~ . O l , ~ ' - t e s t ,  regardless of size of hook 
or bait). No sigtlificallt difTcre~lce in hooking probability between any 
combination of single hook and bait or between any cornbi~lation of treble hook 
ancl bait was found kvithin one season. 

Scaso~lal difFcrenccs were also found in the hooking prohal~ility. hooki~tg 
probability of a small sir~glc hook with small bait was significantly higher in 
October-November than in %lay-June (p<O.Ol) or JuncTJuly (pc0.05) .  A 
large single hook with large bait also had a higher llookillg 111-obability in 
October-Kovemhcr than in Julie-July (p<0.01). 

Tnbic 5. Data from tllr 11ookrd I\-hiting in cliffcrc~it sesons. ('She \vrigl~t \\-as nrit recostled (luring 

the cslrisr i ~ i  ,Ju~ic;July). 

S o .  huokctl in mouth .14 3 9 -12 
Ko. huokcd ill stonlac11 or ihro;~t  3 (i 13 
1le;in Icngtll in cm (ratige) 37.8(2(%30) 36.1 (21)-56) 38.2(3(&47) 

Mran  total \vcigl~t ill g (I-anqc) 456(131-987) - .133( 16f+1008) 

h1c;ln livri- \ \right in g ( r ; ~ ~ l g c )  13.1(1.5--10.0) - l O ~ l ( 1 . 7  71.0) 

Data from the hooked whiting that wcrt brought to the surfjcc a r t  p re s tn~cd  
in Table 5.  h?ost fish wcrc: caught in the moutll. Srvallowcd hooks in the 
stomach or throat rvcrc scldorl~ found, although thcsc: cases wcrc rnorc conlnlon 
in Octohcl-Novcnlbcr t h a ~ i  in hlay--;lunt (11 < 0.05, ?-test). 

Whiting caught in Octol~cr-Novclnhcl wcrc longer tllall whit i~lg caugllt in 
Junc-July ( p  < 0.05, t-test). However, in tlic a u t u ~ n n ,  in adtliticjn to single 
hooks, trcblc hooks were used and tclid(:cl to catch larger fish (singlc-hooks' 
mean captured length 36.7 cm and mran total ~ u e i ~ h t  373 g versus trcblc hooks' 
mean length 39.5 cm, p < 0.01 and mran total weight 474 g, p < 0.05). No 
scasollal diffcrcllcc was foulld for fish caught with single hooks. Thcrehre ,  the 
size distribution of ~1hiti11g is the same in all cruises. No other significant 



diff'crcncrs in length, total weight, or liver weight were found for the different 
combinations of hook and bait within or between seasons. 

Fish caught in the stomach or throat were not sig~lificantly different from fish 
caught in the mouth with regard to length or total \vcight. Fish wit11 swallowed 
hooks had, however, a lowrr liver weight (m = 4.9 g) than fish caught in the 
mouth ( m  = 12.9, p < 0.001, blann-Whitncy U test, data from Cruise 2 ) .  A 
condition factor, based on gutted weight, was also calculated from Cruise 2 
according to the formula 

gutted weight in g X 100 
Q= 

(length in 

and showrd that fish caught in the stomach or throat had a lower mean 
condition factor (0.62) than fish caught in the mouth (0.69, p < 0.01). 

The majority of fish had no stomach content, but as hooked whiting was 
observed to regurgitate, there were no rciial-tle data on stomach contents prior 
to hooking. Generally the gut was 113-213 full. 

Approximately equal numbers of male and female fish were caught. In  
May-June all mature fish were ripe, in June-July all but one fish were spent, 
and in October-November all fish wxre spent. 

DI.SCL:S.SIO:V 

There was a cliurnal rhytm in the activity of whiting towards baited hooks that 
varied seasonally, increasing at  sunrise and decreasing at sunset. Differc~lcrs 
bct~reen seasons in time of sunrise and sunset may therefore explain, to a large 
extent, the seasonal variation in the daily rhytm of activity. In May;June and 
October-November there was only one peak of activity, wliich lasted longer in 
M a y - J L I ~ ~  than in October-November, corresponding to the period of 
daylight. Howevcr, in June-July there was a period of low activity around IIOOII 

between two peaks of activity in the morning and evening. Similar shifts 
between one arid two peaks of activity, in connection with an increase and 
decrease of tllc light cycle, have been observed in laboratory studies for several 
species of fish ( M ~ L L E R  1978). 

The observcd die1 variation in activity could be explained by both a die1 
variation in the feeding tcndcncy and a daily vertical migration. I t  is known 
that whiting migrate vertically and can adjust the vertical distributioil 
accordi~lg to the prevailing amount of light (BLAXTER and PARRISH 1958, 
BAILEY 1975, GORDON 1977). There arc no data about vertical migration in the 
present study, but a descent at  sunrise could partly cxplail~ the generally high 
daytime response to the baited hooks. However, the low ~looll t in~e activity 
fou~ld in June-July is not easily explained by vertical migration. We also 
observcd relatively large numbers of whiting in the field of ohscrvation even 
during the periods of low activity. Therefore, it seems likely that a variation in 



feeding tcnclency may be partly responsible for this recorded cliurnal activity 
rhytm. 

Superimposed on the diurnal rhytm was the current, whose presence led to 
increased acti\rity and a higher number of hooked fish (cf. TILSETH, SOL~EMDAL 
and FERNO 1978). I t  is known that whiting have a well-developed sense of smell 
(ARANOV 1959), and,  as 80-90% of the whiting swam upstream to enter the 
field of observation, there is good reason to believe that a strong current can 
carry the olfactory stimuli over a greater distance and thus attract more fish. 
Upstream nlo\rrnlent towards smell stimuli has also been observed in other fish 
species (SIJTTERLIN 1975, VALDEMARSEN, FERNO and JOHANNESEN 1977). 

'I'hc decreasing frccjucncy of response to the baited hooks over a one-hour 
observation period may be due to a reduction of the srncll stimuli from thc bait 
in co~ ju~ lc t ion  with a decrease ill the number of available baits (cf. FERNK, 
TILSETH and SOLEMVAL 1977). Changes in the response of the fish after 
experience with baited hooks may also be in\~olved in the decrease since 
avcrsive stimulation by contact with the point of the hook may give negative 
reinforcement and tcrniillatc the response. Such negative conditioning is 
known to take place in cod (FERNO and H r r s ~  1983). I n  this way, fish initially 
attracted may gradually leave the area if not caught. 

When hookccl fish wcre present on tllr test line, there were more responses 
tonrarcls thc baited l~ooks than wllrll no fish were hooked. This positive effect of 
hooked fish corllcl be explained by the observation that fish often approached a 
struggling hooked fish and reacted to the fi-ee baits moving with the s t r ~ ~ g g l c .  
Whiting also react \~isually to nloving food in the laboratory (XRANOV 1959, 
PAWSON 1977). No fright reactions wcre observed at  the llooking of another fish 
in the 11rescnt stucly. 

Whiting showed an increased intensity of response to the test line from the 
spawning period in May-June, wllcn all fish were ripe, to October-November, 
when all fish wcrc S ~ C I I C .  This may reflect a scaso~ial variation of the feeding 
tendency. I n  cocl, the food intake is low during the spawning period both in the 
laboratory (SOLEMDAI, 1984) and ill the field (RAE 1967). A correlation between 
the fceditlg tendellcy ancl the bchaviour towards the baited hooks is also 
indicated on the indi\liclual level by the finding that whiting with swallowed 
hooks hacl a lower liver weight and a lower condition factor than whiting 
caught in the mouth. A corrclatioll between swallowing of the hook and low 
condition factor has also been found in cod UOHANNES~EN 1983). 

M711en investigating the efficiency of a particular combination of hook and 
bait, it is essential to know which bchaviour pattern leads to hooking. Rush was 
chosen as the most important bchaviour pattern, as it occurred in conncctioll 
with the vast majority of hooking (cf. FERNO, SOLEMDAL, and TILSETH 1981). 
Howc\rcr, as it was not possible to decide the exact moment of hooking, a fish 
may be caught during a previous kehaviour pattern, e.g., a bite or jerk, and the 
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~Tliougli c x t ~ ~ c n ~ c l > .  ~ . a r i a l~ le ,  tllc solul~ility of petroleum hydrocarbons in tllc 
sra water is lo\\.. C:omponcnts \vith lo\\) boiling points c17aporatc cjuickly, 
ho\vcvcr, clcl~cr~cliug oo t e ~ n p c r a t ~ ~ r c ,  wind speed, and like influcnccs. 
Petroleum prociucts spillecl on  the sca surface may also Ijc cmulsificcl in the 
watrr colun111. 

:lficr ;in oil spill near StaL7angc.r (Norway), concrntrations of hydrocarljons 
wc~.c 1i)und 1111 to 200 pg/1 altliough co~lcentrations of 20 000 y/l wcrc found 
close to arcas where oil hat! gathered in bays (GRAHI.-NIELSEN e l  a / .  1976). Thc  
high \.alucs occurrccl as oil-in-~vatcr emulsions. 

Sevcral cxprrimcnts havc bcc11 yrrformcrl lo study possiblc cffccts of 
1xt1-oleunl Ilyciroca~~bons on nlarinc lifr. Many of these involved high oil 
conccntrat io~~s that only \:cry scldom might bc found in the sea, for example, 
im~ncc~ ia t c~y  after oil spills ( K ~ ~ H N H O L U  1969). 

RICE (1973) Ibuncl that fry of Pink Salmoi~ ( O n c h o ~ - / ~ ~ ~ ~ z c l z u s  gorbzlschn) avoided 
Prndhoc Kay oil at ;I concc~ntratio~i of l . G  yg/l. S ~ I A Z L J K I  (1964) found that some 
fish spccics (golly, pcrch, stripcd mullct) avoicled ctcrudc pctrolcurn~ a t  0.7 
vg/l. Other types of oil rcquircd much highcr conccntrations to give the salnc 
effects. 

Earlier cxpcrime~lts on tllc l)eha\iiour of adult cod ( G a d u s  morhua L.) in 
relation to I1yclrocarl~ctns are lacking. HELISTRMM and 1)mvrxc (1983) have 
e~timatecl thdt cocl can clctcct \ ~ r y  lo\\? conccntratlons of petroleum hydrocar- 
bons, of the ordcr of 0.1 &l. 

It is not known whether rcalist~c conccntrations, i.e., those less than 500 
pg/1, of~jctrolcum hycll-ocarbons in the sca may altcr the natural pattern of fish 
I)chaviour, i .c.,  migration and catcllahility. Thc  aim of this study was to 
in\.cstigatc ally n~,oiclancc cff'ccts of hyclrocarbons duc  to chronic pollution or 
oil spills. cxl~e~.imcnts wcrc perforriled at thc Institute of Marine Research, 
Fl~cic~.igcn Biological Station, Norway, in tllc period 1979-198 1. 

~~1E'I'HOI)S 

The  rxpcr i~~icnts  wcrr pc~rformccl with two aquaria. One aquarium is 
cog-shaped, wit11 thr r t  compartmrnts and a hexagonal core. 'The other is 
rcctangulz~r, with t~\ro compartments. 

THE COG-.YILIPGI) .-I QC'd IZIl.,II 

A skctch of a cog-shaped aqua r iu~n  is given in Fig. 1.  Except for thc bottom in 
thc cc~ltral section, which was of acryl, the walls and bottom wcrc made of 
glass, scaled to a steel frame with siliconc gluc. T h c  water depth in the 
aciuarium was 30 cnl, giving a total volurnc of 55 1 in each compartmcnt. 

Sca water was introcluced separately in each compartmcnt, and thc flow was 
adjustccl to maintain equal volumes. An o v c r f l o ~ ~  outlet was placed in the 
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Fig. 1 .  T h c  experinrent;~l aquaria. Top: the cog-shaped aquarium, Bottom: the tl*ro-compal.tjllrl,t 
aquarium. 

nliddle compartment. This was separated from the outer compartnients by 
glass, except for openings, 11 em x 8 em, through which the expcriniental fish 
could move. T o  minimize the risk of water entering other compartments, the 
inflows to the sevrral com~~ar tmen t s  wcrc equalized. \/\later outlets were 
a r~anged  as overflow in the middle compartment. 

The aquarium was shield from daylight and the side walls covered with 
black cardboard. Six 25 W lamps above the aquarium and controlled by a 
dimmcr providrcl equal illumination to each compartment. 

In  each compartment infrared light sources and photo detectors wcre 
mountecl for recording where the fish stayed and moved. When the fish 
interrupted the light bram, an  impulse was given to a counter. There were two 
detectors and two counters for each compartment. The detectors werr rnounted 



identically in cacll compartnzent. The  numbers on the counters, reflecting the 
s\vininii~ig activity in each compartment, were most oftc11 loggeci every two 
hours. 

The size of the acluarium was chosen so that the fish would cxperiencc the 
need for rnorc spacc or water than was in a single compartn~ent, i.e., thc fish 
~1ould  be coilsta~ltly motivated to movc to another compartment. This was 
ncccssary to facilitate data-gathcri~ig. 

The fish wcrc co~lsidered to be acclimatcd to the cxperimcntal conditiolls 
and unstressecl when their swimming mode was rclaxed ancl thcir pigmentation 
Mias natural. This cnsurcd that the fish had rclicvcd any stress due to the 
capture, transportation, or transfer from the storagc tank. 

The oily sea water was prepared by letting clean sea water, at a rate of 1-1.5 
l/min, flow through a diffusor and sink by gravity as small drops through a 
colum~l of the lighter fuel oil (Fig. 2). In this way, a rclativcly large portion of 
the sea watcr camc in direct contact with the oil. This rcsulted in a rclativcly 
high conccntration of hydrocarbons; namcly, 2000-3000 ygll in thc outflowing 
watcr. 

Initially, it was desirccl to use Ekofisk crude as a sourcc in preparing a ((water 
soluble fraction)) (WSF). Bccause of technical problems in mixing the crude 
with sca watcr, this could not be pcrformcd. Thcrefore, the Fuel Oil No. 2 was 
selcctcd as the pollutant. This is a refinery product which, compared to Ekofisk 
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Fig. 2. The petrolrum-watrr mixing arrangcmcnt. 



cruclc, lacks only the lowcst- and highest-boiling-point components (Fig. 3).  
OIIC of thc espcricnccs from the Ekofisk blowout in the North Sea in April 

1977 was that thc h>clrocarhons irltroduccd to thc sca were both in true 
solution and in emulsified form (GRAHL-XIELSEX, 'I\'ESTRHEIM and \ I~ ' ILHE~M- 
SEN 1977). The oily watcr in the present study, as indicatcd 011 the 
chron~atograph (Fig. 4), contained hydrocarbons both in solution and in 
emulsion. In  this i-cspect, at  least, thcrc is a similarity in chemical exposure 
comparcd to thc Ekofisk blo~vout (GRAHL-XIELSEN et nl. 1976). 

The experiments lasted from a fcw days to four weeks. Usually one hatch of 
oil was uscd throughout the same experiment, sometimes from one experiment 
to thc ncxt one. 

I t  has been argued that the most soluble components of the oil might be 
((washed out), with time, and that the M'SF in the aquarium could shift toward 
thc lcss soluble components. Tests of the outflowing sea watcr from thc column 
showcd that the colltcnt of the most soluble components at  the times of 
mcasurcmcllt was as high as at the bcginiling of the cxperimcnts. 

The supply of oily sca bvatcr to the aquarium was taken from the outflow of 
the oil column and dcli\rercd at  a constant rate by a closillg pump. Thc  
concentration of hydrocarbons in the aquarium was nltcred by adjustme~lts to 
the closillg pump. T h c  clean and thc oily sca watcr were mixed in a glass funnel 
to cnsurc dilution bcforc ciltcring the aquarium. 

THE TI 1'0- CO.I~P.-IRT.~IEII'T Ql~~z-iRll  i l l  

The two-compartment aquarium was rectangular, with dimensions 180 cm X 

120 cm x 80 cm (Fig. 1). Thc aquarium was divided illto two equal 
conlpartnlcllts by mcalls of a partition wall of shaded glass. The aquarium was 
coristructcd from a steel framc, with bottom and sidc \valls of glass. T h e  
cnd-walls werc made from acryl. Tllc acjuarium was covered by black 
cardboard, shaded from daylight, and illuminatcd from above by a single 60 W 
lamp. 

Thc illlets of the sca water were placed at the cnd ivalls, one in each 
compartmcnt. Thc  flow was adjustcd by valves and controllcd separately by 
flow mctcrs. Two overflow outlcts wcrc placcd in t l ~ c  oppositc cncl-walls, ollc in 
each compartmcnt. Thcrc was an opciling in the partition wlall near the outlets. 
This opening, 20 cm X 20 cm, was made as small as possible to miilimizc 
penetratiorl of water from one compartment to thc other, while bcing large 
enough to Ict thc fish swim through easily. 

Sea water with hydrocarbons was preparcd in the oil column (Fig. 2)  and 
delivered by a dosilig pump. The pipelinc from thc oil columll was collnccted 
directly to thc pipeline with clean sea water. The  oily sea water was directed to 



only olic of the two conipartments at any one timc, but could be shifted from 
one to thc othcr. 

I t  was not possible to prevent sea water from cntcring the other 
compartment. the fish had the trchoice)) bctween oily and less oily sea 
water. 

For mo~litoring and recording the compartment in which the fish stayed, two 
ultrasound transmitters wcrc placed in the opciling in the partition wall. These 
were coi~l~cctcd to an  elcctroilic unit. When the fish moved through the 
opc~ling, the two sound beams were interrupted. The sequence of interruptions 
indicated the direction the fish moved, and conscquc~~tly where the fish had 
becn. A strip chart recorder indicated where the fish stayed. T o  obtain a 
quan~itativc measure of the duratioiis of residence of the fish in the different 
compartnients, the recordings on the chart paper wcrc measurcd by means of a 
lilic meter and conlputed to give fish distributions in percent of timc b c t ~ ~ e c i l  
the two conipartmcnts. 

Thc sea water used in all experiments mias taken from 75 m depth, through 
the Biological Statioii's sea water system. The  saliiiity range was 30-32 %o, the 
tcniperature \ , a r i d  bctwcc~i 6 and 12" C, though very little withill cach 
expci-iment. I n  the last two experiments .with the two-compartment aquarium, 
the temperature was held constant at  10" C .  T o  some extent, different 

temperature lcvcls might explain different levels of total swimmilig activity and 
may have influeliced how fast a response to changes in water quality could be 
recorded. 

Water samples of 0.8-0.9 1 were taken from the aquaria by siphoning into a 1 
1 separator funnel. Hydrocarbons wcrc extracted by shaking twice for 3 mill 
with 20 ml of distilled dichloromethane. Of the extract, 10-30 ml was 
evaporated in a Rotavapor to 0.5-1.0 ml. The hydrocarbons with C,,<10 were 
to a large cxtcllt lost during this procedure. This volumc was transferred to a 1 
ml Microvessel where it was coi~ccntrated further by blowing 11itrogcn. In  the 
first experimental period, the volume was adjusted to 15 p1. Later 011, 40 p1 was 
used as a standard \iolume. When the injection in the gas chromatograph was 
to be perfornlcd by an  autosampler, the concentrate was transferred to a 0.1 ml 
V-shaped vial and the \,oluiiie adjusted to 40 yl. 

The quantification of hydrocarbons in the sea water was perfornicd by gas 
chromatography (GC). Watcr samples from the first five expcrimc~lts with the 
cog-shaped acjuarium were analyzed on a Pcrkirl Elmer 900. The GC was 
equipped with a 114 inch X 10 feet glass column, packcd with 3% SP  2100 on 
801100 Supclcoport. Thc  tempcraturc profile was 80-295" C, at  8" Clmin. 
Carrier gas was nitrogen at  50 ml/min. The GC was equipped with flame 
ionization detector (FID) .  

For the quantitative estimates, the area below the chromatographic curve, 
measured by means of a planimeter, was subtracted from the area below the 



chromatographic curve resulting from injection of the same volume of solvct~t 
(dichloromethane). As a standard, a solution of Fuel Oil No. 2 in dichloro- 
methane was used. T h e  injection volume was standardized to 2 pl. 

Water san~p l r s  from the last four cxpcrin~cnts with the cog-shaped aquarium 
and from all the experiments with the two-compartment aquarium were 
analyzed on a Hrwlett-Packard 5880A gas chromatograph. Most of these 
sanlples were injected by an automatic sampler. This GC was equipped with 
FID and 114 inch X 6 feet glass column, packed with 10% SP2100 on 801100 
Supelcoport. The  temperature profile was 40-250" C, at  8' Clmin. The  carrier 
gas was nitrogcn, a t  40 rnlln~in.  

Fro111 the last experiment with the cog-shaped aquarium and all the 
experiments with the two-compartment aquarium, the quantitative estimations 
were performed by the electronic integrator in the HP 5880 system. The  
calculations were based 011 the standard of Fuel Oil No. 2 and dichloromethanc 
as solvcnt as before. 

Chromatograms of the Fuel Oil Xo. 2 standard and a sea water extract are 
shown in Figs. 3 and 4, respectively. The precision of the analysis is judged to 
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Fig. 3. Chromatogram of the Fuel Oil Xo. 2, diluted in methylene-chloride. Hrwlett-Packarci 5880 .4 
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Fig. 4. Ch1.omntogi-am of the (ovatel- soluhlr fraction)) of the Fucl Oil No. 2, i n t ro t l~~ced  to the 
expel-imcntal nquar i ;~ .  Hr\vlrtt-l'ackard 5880 A. 

be of the order of t20°/0. For srveral reasons, the sensitivity of the analytical 
mcthod is judged to be about 10 pgll. 

By increasing or dccreasillg the flow of oily water and by rccorcli~lg the fish 
mo\lemcnts, the fish reaction to different concentrations of hydrocarbons could 
br studied. With a water flow of 1.5 I/min and volume of each compartment of 
675 1, 20 hr elapsed brfore the hydrocarbon concentration in thc aquarium was 
in balance with the last adjustment. 

Most of the fish used in this study were caught in traps along the coast 
brt\vccn Arendal and Grimstad (southcastrrn Norway). In a few experiments 
one-year-old fish, which had been hatched and bred at  the Biological Station in 
Flerdevigcn, were used. 

The fish held in clean sea water in tanks before being transfcrrcd to the 
experimental aquaria. This should have constituted adequate acclimation to 
laboratory conditions. The fish needrd different time periods to bc accustomed 
to thc conditio~ls in the cxperime~ltal aquaria. This irlcluded fillding the small 
opening betwcc~l the compartments. Some of the fish found these openings 
rapidly. Later, thcsc same fish could find and move through the openings very 
easily. Other fish ctlcarned)) very slolvly to move through the openings. Some 



fish apparently were stressed or frightened and never succeeded in moving 
between the compartments. These were taken out and discarded. 

Before introducing the oily sea water, it was desirable that the fish should 
have an active, but relaxed swimming behaviour, be able to find the opening 
easily, and spend approximately equal periods of time in the two compart- 
ments. The  last itern was difficult to achieve. Therefore, in most cases, 
hydrocarbons were introduced to that compartment where the fish apparently 
preferred to stay. 

The time period needed to adaptation and acclimatization varied from 2 
days to 3 wceks. 'There were large differences among the individual fish. Only 
one fish was used at a time. 

Data on swimming activity is not included in this paper. However, in some 
periods, the activity could he extremely  lo^^, and the fish hardly moved from 
one cornpartme~lt to the other. I n  such periods, food items were sometime$ 
introduced to the aquarium divided equally among the several compartments. 
This usually resulted in increased activity, also between the compartments. 

During the study, 30 experime~lts were performed. However, some of these 
were pilot experiments and had to be terminated due to stressed fish or to other 
reasons. Altogether, 16 experiments were executed, 10 with the cog-shaped 
aquarium and 6 with the two-compartment aquarium. 

RESUL'I'S 

Recordings of the percentage distribution of the fish among the three 
compartments are summarized in Table 1 and Fig. 5. Fig. 5 shows that at  very 
low concentrations, below 50 pg/l, the fish showed distribution percentages 
from 5 to close to 100. This reinforces the impression that the fish only to a very 
small extent noticed the petroleum at  concentrations below 50 pg/l. 

When the fish were offered concentrations 50-100 pg/1, they most often 
stayed for less than 35% of the time. When the fish were offered 100-200 pg/l, 
they stayed there always less than 30% of the time. 

Table 1 .  Nun~bcr of recordings at each concentration range giving different rates of activity in the 
cog-sl~aprtl aquarium. 

Concentration of 
petrolcum hydrorarbons Activity (%) 

(!%/I)  &15 1 6 3 5  3 6 7 5  76100 
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Fig. 5. Rrcorclillgs of the time spent in water with cliKerent concentrations of petroleum 
hydrocarbons in the cog-shaped aquasiunl. 

A few times the concentrations were increased to 200-400 pgll. With some 
exceptions, thc fish stayed in such conccntrations not more than 10-15% of the 
experimental periods. 

The results from the 10 experiments in the cog-shaped aquarium show that 
avoidance of petroleum hydrocarbons was observed in all of the experin~ents 
(Table 2).  Also, responses named ccindiffcrence)) and ccattraction)) were 
observed, though far more scarce. I n  one case, the avoidance response was 
recorded at  concentrations as low as 30 pg/l. Petrolcum concentrations were, to 



Table  2. Effects of exposure to petroleum llyclrocarhons in tlie cog-shaped acjuarium. 

Concentration of 

Experiment no. hydrocarbons 

(~911)  

Beliavioural 
response 

Avoidance 

Avoidance 
Attraction 
AvoitLance 

(Avoidance) 
Avvoidance 
Avoiclance 

Avoitla~lce 
(Indiffcre~lce) 
Avoic1;~nce 

Avoidance 
A\~oidancc 

Avoidance 
Avoidance 

Avoidance 
It~differcnce 
..\voidance 

Avoidance 
A\,oiclance 
Avoidance 

Attraction 
I~iclitrereilce 

Avoidance 
(Avoidance) 
1lldiKel.rnce 

a large extent, maintained in the range 50-100 yg/l during thc experiments. A 
majority of recordings within that rarlgc sho\ved the avoida~lce response. 

With one exceptiotl, the indifference response was recorded only at 
conccntratio~ls below 50 yg/l. From thc 10 experiments with the cog-shaprd 
aquarium, it seems that the conccntration rdllge of 50-100 pg/l of petroleum 
hydrocarbons is a border zone between avoidance and indifferencr. 

Rccorclings of the percentage distribution of the fish between the three 
compartments are summarized in Table 3 and Fig. 6. Not even at high levels of 
hydrocarbons did the iish show any distinct response. As sern from Table 4, 
both avoidance, attraction and illdifference were recorded, also at  hydrocar- 
bons levels above 100 pg/l. 

DISCUSSION 

The aquaria were constructed in order to separate diffcrent types of water 
without to much intermixing. Hydrocarbons to some extent did penetrate the 



Tablc 3. Sumher  of rrcordings at  each concentration range of petroleum hydrocarbons giving 
clifTcrcnt ratrs of activity in the two-compartment aquarium. 

pctrolei~m hydrocarbons Activity (%) 

( ~ d l )  0-15 16-35 36-75 7 6  100 

other compartments. The  situation for the fish was thus most often a ((choice)) 
betwccn not quite clean water and water containing a higher concentration of 
hydrocarbons. Because of the small opening between the compartments, an 
artificially elevated threshold of stimulus may have had to be exceeded before 
the fish moved to another compartment. However, in most experiments the fish 
moved freely through the openings, and it seemed that the openings presented 
no major hindrance. 

The results are variable. Within one estimated level of concentration 
betwccn different experiments or within one experiment with the same fish, the 
behavioural responses were observed to vary. This could be explained from 
natural variation between specimens or from variation or instability in the 
experimental conditions. How rapidly the fish ((learned)) or <(accepted>) the 
experimental situation in the aquaria seemed to vary from fish to fish. Although 
obviously stressed fish had been sorted out, some slightly stressed fish may 
have been included in the experiments. 

T o  some extent, the classification of the behavioural responses was based on 
subjective judgement. Sometimes, it seemed reasonable to classify the 
behaviour from a change in fish distribution. In  other cases, the classification 
was based on the actual fish distribution. 

Very often a response to a change in thc hydrocarbon supply was apparently 
delayed. This could be due to the need for a period of 2&24 hr to stabilize a 
new concentration, combined with a possible period for the fish to combine 
differcnt stimuli (((think over))) before taking action, i.e., swimming away from 
the oily water. Such a period would be parallel to what ATEMA and STEIN 
(1974) called tralert phase)) in experiments with lobsters. 

A dclayed reaction could also be explained by <(habitual behaviour)), in 
which the fish continued to stay or maintained a swimming pattern they were 
used to, despite the environmental conditions becon~ing unfavourable. Despite 
such uncertainties, it is concluded that the results support the conclusions 
below. 

A response has bcen characterized as rravoidance)) if the fish stayed away 
from the concentration to be studied 60-100% of the time. This does not imply 
that the fish stayed away continuously; the fish could inspect the water or could 
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Fig. 6. Recordings of the time spent in water with different concentrations of petroleum 

hydracarbons in the two-compartment aquarium. 

accept to stay in the water of adverse quality for some time before searching 
activity for better water quality increased and the fish succeeded or happened 
to reach water of an  acceptable quality. T o  facilitate data collection, the fish 
had to have a requirement for movement (and probably food-searching) which 
resulted in the fish moving into a compartment of adverse water quality. 

The fish were not observed to react at  concentrations of 10-15 pgll. 
Indifference was also noted at  100-130 pg/l. In  one of the experiments with the 
two-compartment aquarium, the fish did not respond to concentrations up to 



Table 4. ElI'rcts of rsposurc to petroleum liydrocarbons in the two-compartnrent aquarium. 

Experiment no 

Concentration ol 
llydrocarbons 

( ~ 9 / 1 )  

Behavioural 
responsc 

Avoidance 
Attraction 
Illdifference 
Avoidance 
Indilfcrence 
Attraction 
Avoidance 
Avoidance 
Attraction 
IndiKerctice 
Attraction 
Avoitlance 
IndilYerence 
Inciiffcrence 
A\.oidance 
IndiKcrence 
Attraction 
IndiKerence 
Attraction 

400 ygll. However, a t  the end of that experiment, the fish was stressed and 
exhibited very low activity, hence this recording is doubtful. 

The  behavioural response characterized as ccattractionn was noticed mostly 
at  high concentrations. This characterization is judged to be doubtful when it 
appearcd suddenly during the experiment. However, it has becn reported that 
fish schools have been attracted to oil spillcd on the sra surface; it is possible 
that certain components in the fuel oil may give rise to food-searching activity. 
Thus, under special conditions, fish may be attracted to petroleum, but this is 
probably not a ctnormaln response. 

I n  the two-compartment aquarium, thc experimental fish displayed the 
indifferent response more often than in the cog-shaped aquarium. The reason 
for this cannot be fully explained. I n  the two-compartment cxperimcnts, larger 
fish were used. I t  may be that these fish were less sensitive to petroleum 
hydrocarbons. It may also be that the sizc proportions of the two-compartment 
aquarium were unsuitable for the larger fish. 

Despite variable results, the main conclusion is that the cod in these 
experimrnts avoided concentrations of total petroleum hydrocarbons down to 
50-100 yg/l. The question is how these results can be applied for conditions a t  
sea. 

I t  is obvious that the fish's life in a n  experimental aquarium is different from 
that in the sea where the fish may be influenced by varying stimuli, for 



example, salinity, tcmperature, current, and light. The total fish behaviour is 
also a result of feeding activity or food searching, sexual activity, migration, 
social activity (schooling), and avoidance of predators. 

In  the sea, behavioural responses due to a pollutant may be overwhelmed by 
responses due to other stimuli or cnvironmental conditions. In  the laboratory 
experiments, such changing conditions were eliminated, hence the responses 
which were observed in the aquaria should derive from the concentration of 
petroleum hydrocarbons alone. 

I t  is impossible to simulate completely in a laboratory what will happen in 
the sea after a n  oil spill or during chronic pollution by petroleum hydrocar- 
bons. Thc hydrographic and atmospheric state to a large extent influences the 
quality and composition of hydrocarbons entering the water column. I n  
addition, thrre are almost an  infinite number of crudes and petroleum products 
that may be spilled into the sea. 

Within these limitations, then, it seems reasonable to conclude that cod 
avoid petroleum hydrocarbons a t  concentratiolls down to 50-100 vg/l, whether 
these are in true solution or emulsified as droplets. This may also happen in the 
sea unless other stimuli should be stronger. 

The obsrrved threshold concentrations are well below the concentrations 
recorded after oil spills in the sea, for example, the Ekofisk blowout in 1977 
(GRAHL-NIELSEN et al.  1977), where recordings in excess of 300 pg/l were made. 
As judged from the prcsent results, it seems that the cod would leave or avoid 
such an  area of pollution. 

If such concentrations are to have any noticeable effect on fisheries, the 
concentrations would have to last for weeks or months. Mortality among large 
fish with high swimming performance is very improbable because these will 
move away. Mortality on free-swimming fish due to oil spills has hardly ever 
been recorded. I t  is also likely that the fish density would have to be very high 
before any severe effects in practical fisheries could occur. 
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ABSTRACT 
FERNO, A. and HOLM, M. 1986. Aggression and growth of Atlantic salmon parr. I. Different 
stocking densities and size groups. EskDir. Skr. Ser. HnuUlzders., 18: 113-122. 
, . I h e  aggressive hehaviour and growth of salmon parr under crowded rearing conditions was 

studied at  four dif i rent  densities. One  or several fish per aquarium was dominant, displaying a 
kind of territorial defence and committing a significant part of the observed aggressive acts. Large 
subordinate fish were more aggressive than small fish at  all densities. The ratio between the 
number of performed and received aggressive actions was about the same for large and small 
subordinate fish at the lowcst density, but with increasing density this ratio became higher for large 
parr. Small fish grew slower than large fish at  the highest density and suffered generally from a 
higher mortality. Factors other than aggression also seemed to inlluence growth, as both the 
growth rate and number of aggressive acts per fish decreased with increasing density. 

INTROIIUCTION 

Parr of the Atlantic salmon (Salmo salar L.)  are territorial under natural 
conditions (KEENLEYSIDE and YAMAMOTO 1962). The  aggressive behaviour 
might be a negative factor in the cultivation of salmon parr. 

A negative correlation between growth rate and density under crowded 
rearing conditions has been found in salmon (LINDROTH 1972, REFSTIE and 
KITTELSEN 1976), rainbow trout (BRAUHN, SIMON and BRIDGES 1976, KILAMBI, 

* This paper was Grst presented at  the national symposium ((Behaviour ofmarine animals)) held at  
Solstrand, Os,  Norway, 9-10 February 1983. 



ADAMS, BROWN and WICKIZER 1977, REFSTIE 1977), and coho salmon 
(FACERLUND, MCBRIDE and STONE 1981). I t  has often bccn assumed (e.g. 
REFSTIE and KITTELSEN 1976) that suppression of growth by aggressive 
behaviour was involved. BROWN (1946a) demonstrated that maximum growth 
in early stages of brown trout took place under moderate densities. Low 
densities led to suppressed growth of the smallest individuals, presumably due 
to some kind of social Ilierarchy, whereas there was a general suppression of 
grocvth at  high densities. An optimum degree of crocvcling was also found in 
2-year-old trout (BROWN 1946b). 

Tile aggrcssive behaviour of salmon parr has earlier been stucliccl in the 
laboratory (c.g. KEENLEYSIDE and YAMOMOT~ 1962, FENIIERSON ancl CARPENTER 
1971), but until now, there has bccn no systematic study on the aggressive 
behaviour of'salmon parr  under the crowded conditions typical in aquaculture. 
The present study was therefore undertaken. The aggressive beha\~iour at  
different densities was investigated, and the aggressive activity of large and 
small parr was compared. The  relationship beteveen the aggressive behaviour 
and the growth rate was also studied. 

MATERIALS ,-\XI) ~IE'I'HOUS 

Seconcl-generation hatchery-reared fish were used in the experiment. 'The eggs 
came from a cornmercial fish farmer at  Hitra in middle Norway, and the parent 
fish originated fi-om a river in the same area. The  eggs wcrc hatched in January 
1975 at  the field experiment station in Matre, near Bcrgen. The  fish were about 
one year old at the start of the experiment in January 1976. 

The aquaria were semi-oval fiber glass tanks with a glass fiont. The  water 
inlet was on the backside, with an  inflow of about 4 Ilmin, and the outlet was on 
the concave bottom. The  bottom was covered with a perforated aluminium 
plate providing a horizontal floor of 4820 cm"evc1 with the bottom of the 
wi~ldow. The  watcr depth was 40 cm, giving a volulnc of about 200 1. The  
temperature was around 10' C, and the oxygen saturation varied betcveen 82 
and 94%. The source of illuminatiol~ was 100 W white fluorescent lights placed 
on top of each aquarium, and the photoperiod was 12 hrs starting at  0800 
hours. 'The fish wcrc fed to satiation by hand three tirncs a day clurirlg week 
days, at  0830, 1200, and 1500 hours. 0 1 1  Saturdays the fish wcrc fed only once, 
at  1200. No feeding was done on Sundays. 

The aquaria were stocked at  initial densities of 255 g (120 parr) at density A, 
505 g (229 parr) at  density B, 1005 g (393 parr) at  density C, and 2000 g (878 
parr) at  density 1). T h e  initial length of the parr varied between 40 and 94 mm. 

In  order to distinguish large fish from small fish, all fish of the least 71 mm 
length were freeze-branded with liquid nitrogen on both sides of the body 
under the adipose fin. The  estimation of growth rate of large and small parr 



was based directly on the freeze-branding. When comparing the aggressive 
activity, the fact that some of the unmarked fish had outgrown sonle of thc 
marked fish, during the course of the rxpcriment, had to be considered. 'The 
number of large fish in cach aquariunl was thcreforc defined as the mcan 
between number of marked fish at  the beginning of the experimcllt and numbcr 
of marked fish plus number of unmarked fish larger than the smallest marked 
fish at  the cnd of tlic cxpcriment. Unmarked fish clearly larger than the 
smallest marked fish were recorded as ((large)) during the observations. 

The observations of fish hehaviour started three days after stocking. 
Observations were made four clays a week for cight weeks. Tlle experiment was 
then terminatcd, and the length and weight of thc fish werc recorded. 

During the observations, the laboratory was in clarkncss. The observations 
began at 1000 hours. The  aquaria were obser\led in rotation to avoid systematic 
errors. 'The obscrvation time was 15 min/aquarium/obscrvatio~~ day. This was 
divided into two periods: 10 mill for obscrvation of the whole aquarium and 5 
min for observation of the special observation volume. This volumc was 
delineated by two parallcl lines 20 cm apart on the wi~ldow pane and bottom at  
the ccntcr of cach aquarium, 411 fish could be observed with reasorlable 
accuracy in this restricted volume, and the reliability of the observations from 
the ~vholc aquarium could in this way 11c cstimatcd. The number of fish in thc 
special ohservatioi~ volume ivas recorded bcforc an  observation. The  obscrvati- 
ons were recorded on magnetic tape and later transcribed. The following 
aggrcssi\lc bchaviour patterns wcre recorded: 

Atlack - an approach towards another fish followed by a blte 
Clzarge - an approach not followed by bite 

Nzp - a b ~ t c  not preceded by an approch 
Cl~nse - at least two successive attacks tolvarcls a flreing fish 

Frontal and lateral displays (KEENLEYSIDE cind YAMOMOTO 1962) wcre also 
obscrved, but it was not possible to record thesc hehaviour pattcrns 
systematically ~lnder the lligll dcllsitics in the cxpcrlment. 

RESUI, 1's 
AGGII6SSI I.'k BhH;i 170 C'R 

Aggressive behaviour patterns wcre observed relatively frequently with no 
systematic change in aggressive activity during the eight wccks of observation. 
Tllc total ~luniber of aggrcssivc acts per aquarium incrcascd somewhat with 
incrcasing drnsity (Tablc 1 ) .  Thc  aggressive activity per fish was, howevcr, 
highest a t  tllc lowest density and decrcascd markedly with increasing der-tsity. 



Tablc  I. 'l 'l~c aggl-cssix-c ;~crivity a t  densitirs A-U (initial dcnsities 255-2000 g pel- 200 I). 

i'Y11ole arjual.iurn Special ohse~.vatio~l volume 

Density ; \ B C D r \ B C U  

Total tlo. oE ;~$grcssivr acts 779 820 972 1279 220 236 224 314 
Agg~.essivc acts per l i s l~  
pel- m i l l ~ ~ t e  obsel.v;~tion 0.023 0,012 0,008 0,005 0,067 0,040 0;021 0.017 

Tablc 1 also s l ~ o ~ v s  tlic results fi-om thc obscrvatio~ls in the special 
obscrvation \,olun~e. The ~lunibcr of aggrcssivc acts per fish in this volunlc was 
at all clcrlsitics higher t11a11 in thc obscrvations from the whole aquarium. This 
was probably bccause passivc fish had a tcnderlcy to cluster along the tank 
walls, but unrccordcd aggression during observations of the whole acjuariunl 
m a y  also co~ltributc to this difference. ' Ihc observat io~~ tcchniquc was, 
howcvcr, regarclccl as \.&lid since similar tc~ldcncics wcru fou~ld for both types of 
observation. 

A largc ~ l u ~ n h e r  of fish could be obscr\wl simultaneously with reasonable 
accuracy bc~cause most fish kcpt their position, quietly tail-beating against the 
current. This made movements of si~lglc fish easily dctectablc. O ~ i l y  the 
obscrvations of thc total water volumc are considered hereafter. 
O n t  or sc\~cral domina~lt  fish per aquarium could br disti~lguisllcd during lnost 
observations. O ~ i c  fish coulcl be clomi~iant for several weeks, but could also bc 
displaced hy a challc~lger. Do~ninallt fish were gc~icrally largc and had a palc 
overall colouration with black \~crtical 1)ancIs througl~ the rycs.Thcy defc~idcd a 
kind of territory i11 which the densit) of other fish was lower than elsewhere in 
the aquarium. X donlinant often patrollecl its tcrritory from a position 5-10 cni 
abo\rc the bottoiil, but coulcl also clcfcnd a tcrri to~y higher up. I11 thc lo~vcst 
density, thc clomi~lant fish often defended thr whole bottom area as its tcrritory, 
but at  higher dcllsitics sonic fish were usually present in tllc vicinity of a 

dominant witllout bci~ig attackccl. I lomi~lants sccmcd to selccti\~cly attack fish 
that mo\ ccl. 

At thc lowcst densities, there was usually one dorni~lant fish (nican per 
observation = 1.1 in both A and B) committing 47% (A) and 17% (B) of the 
aggrcssivc acts. At densities C (K= 1.7) and D (K= 1.9) therc were often scvcral 
dominants (up to four) committing rcspcctively 7% and 25% of the aggrcssivc 
acts. 

Table 2 shows all obscrvcd aggrcssivc acts by both dominant and 
subordinate fish. Of  thc different aggrcssivc behaviour patterns, attacks were 
observed   no st frcqucntly, followcd by chargcs, nips and chases. With 
increasing dcnsity, attacks bccamc relatively more frequcnt (p<0.001, chi- 
squarc tcst) and chargcs less frequcnt (p<0.001). Thc proporti011 of chases was 
highest at  thr  lowcst dcnsity (p<0.001). The mcan illte~lsity of the aggrcssivc 



Table 2. m e  n- of different aggressive behaviom patterns bet- different categories Of fish at densities A-D (initial densities 250-20009 per 200 1) 

Aggressor- 

Ccm.-Large 

b.-Skall 

Large-Lun. 

Small-Ccm. 

Large-Large 

A B C D  A B C D  A B C D  A  B C D A B  C D 

~ttack 

Large-Small 

ml-Luge 

ball-Skall 

55 29 25 65 

116 24 17 116 

7 2 5 6 

14 4 1 9 

10 843 199 116 

QiKge 

34 108 159 1843 

14 66 86 83 

193 190 191 381 

23 36 15 20 

126 44 5 99 

1 1 

1 

2 30 38 11 

Nip 

11 41 53 23 

7 15 13 5 

54 46 28 41 

2 

1 3  1 

1 1 

1 19 27 5 

(hase 

6 16 23 10 

4 7 19 12 

37 34 53 46 

mtai 

4 4 1 

27 3 25 

4 5 2 

84 69 40 86 

270 74 22 241 
b-- 

8 2 6 6 -  
-4 

15 4 3 9 

13 141 269 134 

3 4 5 

1 1  2 1 

16 3 8 

51 168 239 226 

26 89 120 101 

300 273 272 476 



behaviour (regarding chase as the most intensive and charge as the least 
intensive behaviour patterns) was therefore not systematically changed with an 
increase in density. 

Dominant fish had a tendency to make relatively more charges and chases 
(41% and 7% of all aggressive acts) than subordinate fish (14% and 2%, 
p<0.001, chi-square test), whereas the reverse was true for attacks and nips 
(dominant fish 51% and 1%,  subordinate fish 73% and 1l0/0, p<0.001). 

There was also a significant difference between large and small subordinate 
parr in the relative occurrence of different behdviour patterns (p<0.001), with 
large parr performing more charges and small parr more nips. There was also a 
difference in the target of the aggressive actions of the different categories 
(p<0.05), with large parr receiving more attacks and small parr more chases 
and charges. All aggressive behaviour patterns will, in the fbllowing, generally 
be treated together. 

Large fish constituted 13% (A),  24% (B), 41% (C) and 31'10 (D) of the total 
number of subordinate fish in the different densities. Large fish were generally 
more aggressive than small fish, and made 17% of thc total number of 
aggressive acts of subordinate fish a t  density A (p>0.10, chi-square test), 46% 
at density B (p<0.001), 57% at  density C (p<0.001), and 38% at density D 
(p<0.001). 

Of the total number of aggressive acts aimed at subordinate fish at the 
different densities, large fish were the targets in 17% (A), 37% (B), 45% (C) 
and 25% (D).  This means that large fish were attacked more than small fish at 
density B (p<0.001) and less at density D (p<0.01), whereas no significant 
difference was found a t  densities A and C.  When all densities are regarded 
together, large and small fish were observed equally often to be the object of 
aggression, but there also seemed to be a tendency for small fish to be attacked 
rclatively more with increasing density. 

Table 3 shows the ratios between the number of performed and received 
aggressive acts of large and small fish. At the highest densities, small parr 
seemed to have a less favourable situation than large parr. 

T o  get a better idea of the dominance rela1,ionship in the aquaria, it is 
important to know between which categories of fish aggression occurred most 
frequently (see Table 2).  Dominant fish were seldom aggressive towards each 
other. Dominants directed more aggression towards large than small subordi- 

Table 3. The ratio betwccn the number of performed and received aggressive acts of large and 
small fish at drl~sitics A-D (initial densities 255-2000 g per 200 1). 

Density 

4 B C D 

Large fish 
Small fish 



Table 4. Gro\zrtll ancl Sood utilizatio11 at densities A-D (initial densities 255-2000 g per 200 1). 
we~gllt of feed (g) 

Food convelslon fact01 = 
qrox th (g) 

Density 

A B C D 

Total weight gain (g) 
Relative weight gain 

(% of original \\'eight) 

Food conversion Factor 

natc fish at the three lowest densities (A: 24%, p<0.05, B: 48%, p<0.001 and 
C: 65'10, p<0.001). No difference was found at the highest density (26'10, 
p>0.10). Dominants also had a tendency to make more attacks towards large 
fish and more charges towards snlall fish (p<0.01). 

Large subordinate fish were significantly more aggressive towards large fish 
at three of four densities, and directed 20% (p>0.20), 46% (p<0.001), 53% 
(p<0.001) and 37% ( p t 0 . 0 5 )  of the aggressive acts towards them at densities 
A-D. Small fish were generally more aggressive towards small fish, while 
directing only 8 %  (p<0.05), 25% (p>0.90), 31% (p<0.001) and 18% 
(p<0.001) of their aggression towards large fish at densities A-D, respectively. 

The total weight gain was highest a t  the highest density, and decreased with 
decreasing density (Table 4).  When the growth is considered relative to the 
original weight (relative weight gain), the most rapid growth was found in the 
lowest density. 

The specific growth ratc of large and small fish is presented in Table 5. The  
growth ratc was dependent on density (p<0.001, chi-square test). with small 
fish growing relatively slower with increasing density. 

Table 5. Thr spccilic gro\vtIl rate (G) oSsalmon parr at densities A-1) (initial densities 255-2000 g 

per 200 I ) .  

G = L,YT - I,,Y, 

- t 

where Y ,  = weight (g) a t  start of espcrirncnt, Y., = \veigl~t (g) a t  end of rspcrimcnt and 'T-t = 

time of experiment in days. 

Density 

.\ B C I1 

Large fish 

Srnall fish 



Table 6. ' r h ~  pcrccnt mortality of lnrgr anti s n ~ a l l  par-r a t  clerlsitics '4-D (initial clrnsitics 25g2000  
g per 200 1 ) .  

Illortnlit);, '10 
Urnsit)- Srnall lish Large fish Total 

The total mortality was not significantly influeneed by density (chi-square 
test, 'Table 6). Small fish suffercd generally from a higher mortality than large 
fish, and a significant difference was found at dcnsities C (p<0.05) and D 
(p<0.001). I t  was also the smallest fish within the group that died (mean 
length of dead unmarkcd fish was 50.1 mm vcrsus 59.6 nlm for the mcan length 
of the \vhole group during the period). The eyes of small fish were often 
damaged, indicatiyg aggression as the cause of death. 

I ) I S C : U S S I o ~  

A relatively high rate of aggressive activity of salmon parr under cro~vdccl 
rearing conditions was found in this study. One or several fish per aquarium 
showed a kincl of territorial defence altliough, with increasing density, othcr 
fish were acccpted in the vicinity of the dominant. This finding is not in 
accordance with the observation by KALLEUERG (1958), who states that 
territoriality of salmon parr  as a rule is not observed under crowded rearing 
conditions. T h e  territorial clefcnce observed in the present study may be 
enhanced by the small sizc of the aquaria. I n  larger tanks, the scarcity of points 
of refererice could hinder establishment of territories. 

Non-territorial fish also showed aggressive bchaviour. Small parr displayed 
generally less aggressive activity than large parr. If the ratio between the 
number of performed and received aggressive acts is taken as a measure of the 
position of the fish in the social hierarchy, the results clearly show that the 
situation for small parr became less favourable with increasing density. A 
relationship between the aggressive bchaviour and growth is indicated by the 
finding that, compared to large parr, the growth of small parr became slower 
with increasitlg density. Small parr also had a higher mortality than large parr. 
, . 1 hese observations are in agrecrncnt with a study on coho salmon (FAGERLUND 
et (11. 1981 ), where crowding stress particularly affected the growth and stress 
level (measured as interrenal cell diameter) of small fish. This contrasts with 
the findings for brown trout (BROWN 1946a), where supprcsscd growth of small 
individuals appeared especially at low densities. 



Altllough the total  lumber ofobscr\.cd aggressive acts might seen1 to be high 
in the stucly, an  individual fish was seldom the object of aggressioll due to the 
high number of fish ( a  mean of once every 44 to 204 min at  the different 
densities). I t  coulcl be questioned whether such a low frequency can influence 
growth, in view of the few aggressive cncounters during feeding, an observation 
which invalidates direct competition for food when food is abundant. However, 
even such a low level of aggression could induce a level of stress leading to a 
decreased growth rate - mere visual contact with another fish could in fact 
influence growth, as demonstrated in Blennius pholis (VVIRTZ 1975). Another 
possibility is that physical injuries from aggression depressed growth and 
increased mortality. 

In  this study both growth rate and the frequency of aggression per fish were 
highest at  the lowest density. 'The decrease in growth rate with increasing 
density found in other studies (e.g. LINDROTH 1972, FAGERLUXD el nl .  1981) was 
therefore probably not caused by an  increase in the level of aggrcssioll with 
increasing density. Factors other than the aggressive hehaviour could suppress 
growth at  high densities. One  explanation for the present observations is that 
the water quality was negatively influc~lced by increases in density, as the 
inflow of water was the same in all aquaria. The oxygen saturation was, 
however, ne\lcr below 82%, and sllould therefore not be a limiting factor for 
growth (SMAR.~  198 1). The  concentration of ammonia nitrogen in the water was 
not measured. Another explanation is that high densities could have made it 
difficult for the fish to move and reach the food, as proposed by REFSTIE and 
KITTELSEN (1976). In  the present study, the food utilization was not negatively 
influenced by an increase in density. Although the fish were fed ((to satiation)), 
feeding could apparently have continued for a longer time if food had been 
given ill snlaller quantities. This may apply especially to the highest stocking 
densities. The feeding procedure could ~hereforc have influenced the difference 
in growth b e t w c c ~ ~  the densities. 
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The  aggressive behaviour a ~ l d  growth of dilfel.ent pop~rlations of Atlantic salmon pars and the 
~~oss ib le  el'fect of fill-clipping on these traits were studied. Each of three 200 1 aquaria was stocked 
with 90 un1~1;rrkcd hatclicry parr from one of three difprent populations (one S\vrdisli, two 
Koswegian). Three other ac l~~ar ia  were stocked with mixed groups consisting of 30 parr from each 
population. To enable identification, two of the  three groups were alternately fin-clipped (adipose 
fin or pelvic fins). Significant diffrre~lces in aggressive activity and growth were found between the 
populations. The  population with the most aggressive parr had the slo\vest gro\vth in both pure 
and niixccl groups. Parr with cut pelvic fins both performed and received fewer aggressive acts than 
parr with cut adipose fin or unmarked parr. The  results suggcst a negative correlation between 
aggression ;1nd growth, and indicate that growth diKercnces bctwee~i populations to some extent 
may be mediatccl by genetically dcterniincd dift'ercnces in behaviour. 

INTRODUC'TION 

Salmoll parr are territorial under natural conditions (KEENLEYSIDE and 
YAMAMOTO 1962). Resulting aggressive hehaviour could have a negative 
influence on growth under crowded rearing conditions. i n  experiments at high 
densities (FERNO and HOLM 1986), snlmoi~ parr showed a relatively high 

* This paper was first presented at  tlir national symposium ~Beliaviour of rnari~ie aninials>> held at 
Solstrand, Os,  Norway; 9-10 February 1983. 



aggressive activity, and dominant individuals with territorial defence were 
established. There were also indications of a relationship between the 
aggressive behaviour and slow growth of small parr at the highest stocking 
densities. 

In the present study, the growth and aggressive behaviour of different 
populations of salmon parr have bccn studied in both pure and mixed groups 
using fin-clipping as a marking technique. Bchavioural differc~lccs between 
populations could be relevant to selection experiments for growth (e.g. 
NKVDAL, HOLM, M ~ L L E R  and ~ S T H U S  1975), and, since fin-clipping is a 
common means of identification in such studies, its possible i~lfluellce on 
bchaviour and growth is investigated. 

The salmon parr (Salmo s n l a ~  L.) used in the expcrime~lt werc second- 
generation hatchery-reared fish originating from three different rivers; namely, 
the Lonevdg Rivcr and Etne Rivcr in southwestern Norway and the Skellefte 
River in northeast Swedrn. The  Lonev%g River is a typical grilsc river whereas 
the Etne and Skellefte Rivers produce big salmon. 

The parcnts of the parr were all selected for good individual growth rate. The 
eggs were hatched i11 January 1977 at  the field experiment station in blatrc, 
near Bergen, where this experiment was performed. All parr had bccn reared 
under the standard rearing conditions at the field station. The fish were about 
one year old at  the start of the experiment in January 1978. 

The six aquaria in the cxperimc~lt were 200 1 semioval fibre glass tanks with 
a windorv pane of the same type as described by FERNO and HOLM (1986). The 
water inflow was about 1.0 I/min and the temperature was 10+1° C. The 
aquaria were illumillated from above with 100 W white fluorescent lights, and 
the photoperiod was 12 hrs starting 0730 hours. The  fish were fed to satiation 
by hand with colnmcrcial dry pellets three times a day. The fish were in a 
healthy state throughout the experiment except for a short period with 
bacterial gill d~scase,  which was cured by antibiotics. Each aquarium was 
stocked with 90 parr, a density that was favourable for observing, yet not 
unrealistically low for rearing conditions. Lengths and weights of the fish were 
measured at  the start and end of the experiment. Initially the fish were 50--99 
mm long and the total weight per aquarium was 200-250 g. 

Aquaria 1-3 were stocked with single-populatior, groups, viz. 90 unmarked 
parr from one population in each aquarium, and aquaria 4-6 were stocked with 
mixed-population groups, viz. 30 parr from each of the three populations. The 
fish from two of the populatiolls in the mixed groups were fin-clipped (adipose 
fin and pelvic fins, respectively) to enable identification of the populations 
during the observations. The clipped fin of the populations was alternated 



between the aquaria in order to avoid systematic error and to clctect possible 
effects of fin-clipping on bellaviour and growth. 

The obser\~ations wcrc begun four days after stocking. 'The laboratory was in 
darkrless durillg the obser\7ations to prevent disturbances. Observations were 
made on thrcc aquaria for 15 mill per aquarium between 1 I00 and 1200 hours, 
and on three aquaria between 1600 and 1700 hours, with the order of 
obscr\ration rotated bctwecn the aquaria. 'There wcre 30 observation days for 
the uniform groups and 28 for the nlixecl groups durirlg a total experimental 
period of 60 days. 

A dictaphone was usecl for recording the ohscrvations. The aggressive 
bchaviour was defined as the four different categories of attack, chargc, nip and 
chase (cf. FERKO and HOLM 1985 for definitions). I n  this paper, only the sum of 
all behaviour patterns is considered because no significant differences wcre 
found in the relative occurence of any one behaviour pattcr~l  either between 
different populations or bctwecn different marking methocls. 

RESUL'SS 

The aggressive activity of the fish was low at  the beginning of the experiment, 
but then increased. One  fish generally became dominant (see FERKO and HOLM 
1986) in each acfuarium, defending a kind of territory which could lrary in size 
and position from day to day. A dominant fish gcllerally remained dominant 
throughout the experiment, but sometirncs challengers became dominant, and 
in some ol)scr\~ations there wcre up to thrcc dominant fish. The dominant fish 
in the aquaria with mixed groups were, with few exceptions (four observa- 
tions), Etnc parr. 

Table 1 sho\vs the aggressive activity of dominant ancl suhordinate fish in the 
different aquaria. 'There wcre significant diKcrcnccs between the aquaria 
concerning the proportion of the aggressive acts made by dominants ( p  < 
0.001, chi-scjuarc test), there being least aggression by donlinarlts in the 
aquaria with highest aggressive activity. Regarding the total number of 
aggressive acts, Etne parr had the highest aggressive activity of the unifornl 
groups, followcd by Lonev5g parr ancl Skcllefte parr. Significant clifkrences 

werc observed between Etne and Skellefte and between Lonevgg and Skcllefte 

Table  1.  Tile nulnher of ;rggrrssivc acts made 1)) dominant ant1 suhortlinate fish in the different 
aquaria. 

Pure groups hlised groups 

1 (LonevSg) 2 (Etnc) 3 (Skellet) + 7 6 

Dominant fish 
Subordinate fish 

'Total 



Tahlc 2. I\lixrtl 91-oups. Suni11c1- of;~ggrrssivc acts ( n )  m;tcle hy tlic difcrrnt  catcgorirs ofiisli atit1 

the ~ x r c c ~ r ~ a g e  of tot:ll in cacli ;rc1~1arir1m. Acju;rri~lm 1i~um11cr in brackets. (Uo~ilirlants ;trc 
csclutled). 

~ 

I'olxllatio~i 

Etnc I>oncvHg Skcllcftc 
;\larking 11 YO n YO 11 YO S LI 111 

Unm;~rked 165 51.1 6 I58 30.3 (5) 1.59 27.4 (4) 482 
Aclilx~se lin 236 49.0 (5) 165 28.1 ( 4 )  94 29.3 ( 6 )  515 
Pclvic fins 256 14.1 (4)  62 19.3 (6) 108 20.7 (5)  q26 

- - 

Sum 677 385 '36 1 1421 

( p  < 0.01, M'ilcoxon matchcd-pairs signed-ranks test), although not l)rt\vccn 
Etnc and Lonc\rSg ( p  < 0.075). 

7'he number of aggressive actions rnade in the aquaria with mixed groups 
was ~r l lc ra l ly  lower than in the aquaria with pure groups. Table 2 shows the 
aggressive activity of tllc difkrcnt populatiotls in tllc mixed groups. Thcrc ulcrc 
sig~lificant dif~ercnccs bctuleell the pop~ilations ( p  < 0.001, A N O V A R ) ,  ~ ' i t h  Etne 
parr being the most aggressive. (The  aggressive activity of the dominant fish 

was excludccl from thc analysis, as this ~ ~ u l d  otllcrwisc bias the da ta) .  'l'hcrc 
was also an  illtcractioll between population and fin-clipping (p  < 0.01), wit11 
fish lacking pclvic fins being the least aggrcssi\,c. 'Ilrc cff(;ct offin-clipping alone 
on the aggressive ljella\,iour was not significant. 

Thcrc were also ccrtai11 c1ifYcrcncr:s in the nurnher of aggressive actions 
rccei\~ccl by the difTcrcnt categories of fish (Table 3).  The  effect of fill-clippiiig 
(pc0.05)  was more importailt than tlic population of origin. Fish with cut 
pe11.i~ fills were least often the target of aggressive acts. 

I t  is also of ilitcrcst to see whether intra-populatio~l or inter-populatio~1 
aggression in the mixed groups was 111ost fi'ccluent. Etne anct Skclleftc parr had 
a tendency to direct the aggrcssivc bclla\~iour toward mcrnhcrs of tllcir o ~ v n  
pop~ilation (44% and 55% rcspecti-vcly, p < 0.001, chi-square test). L,onc\Gg 
parr had no such tendency (37%). 

'Tahlc 3. l l isct l  g~-oups. Tlrc n u ~ ~ ~ b e r  of aggrcssivc acls (11) rcceivetl 11)- the cliiTcrcnt categories of 

fish z~ntl the percrntagc of total ill encli aqua1-iun1. Xrlunrium number ilr  b~-;lckcts. (Uonii~ralrts arc 
excluded). 

-. 
Population 

Etne 1.oncvHg Skrlldic 
5larking 11 % 11 %I 11 Sum 

L:nmarkctl 163 38.0 (6) 187 29.9 (5) 313 39.8 ( 4 )  663 
Adipose fin 280 44.8 (5) 270 34.3 (4) 163 38.0 (6) 713 

I'elvic fills 204 25.9 (4)  103 24.0 (6)  158 25.3 (5) 46.5 

Sum 64 7 



'Fhcrc were also other diffcrcnces in behaviour between the populations, 
which, although difficult to cjuarrtify, were apparent to the ohscr\~er. Etrle parr 
had a tencte~lcy to keep near the bottorn. During fkeding they generally lay on 
tile 11ottonl: niaking short bursts to take the food particles, whereas Lonevig 
and Skclleftc parr generally were positioned higher in the water volume, 
rushing to the surface when feeding started. Parr with cut pelvic fins seemed to 
br positioned higher abo\rc the 11otto1n than urlmarkcd parr and parr with cut 
adir~osc fin. 

Another ol~scrvation was that Skclleftc parr seemed to be more easily 
frightened than the parr fro111 the two other l~opulations. At the begi111iing of 
the experiment, Skcllcftc parr wit11 submissive colouration (cf. KEEIVLEYSIVE 
and Y~~MAMO?(I 1962) oftetl lay in rows on the bottom. Individual Skclleftc parr 
often maclc rapid bursts around in the aquarium. The homogeneous Skcllefte 
group clisplayccl morc (50 incidcrlts) f'right reactions, with the fish s\vimming 
violently around in the aquariuni, that1 did the fish in thr other aquaria (14-22 
incidents). 

, -  l;\l)lc 1, T h e  jiro\vrli anti li)ocl utilization ol 'dilkrcnt pol,ul;itions and markings of salmon parr.  

hle;tti \\ cights \\.it11 stnncl;lrd ctr\-iations. specific g~.o\vth rarcs and Sood conversion factors are  given 
[ci' f : ~ ~ t h i j  dtld H o L . ~ ~  191ii) lbt- (Iclii~iiiotis). Y.\1 = ~l~itll i irkcd. h F  = acIil)~sc fin. Pl' = pelvic fills. 

rium ~lledll  t l l~a t l  gl-o\vth convrrsion 

1'olxil;r t ion l k i  \vcixl~t [s)  wvriglit ( g )  rate Sactor 

1 I,ollc\.Xg 

2 E r t ~ c  
3 Skcllrftc 

Skrllrlic 

-1 Lorlev+, 
Etnc 
I,onr\-:lg 

i Ernc 
Skrllrlic 

Ctnc 
0 Skcllvl?e 

1,illli~vig 

'Thc data on gi.o\vth arc presented in 'Fable 4. In homogenous groups, the 
s~xcific growth ratc of' Etnc parr was lower than the growth ratc of LoncvZg 
and Skclleftc parr (p  < 0.001, Students' t-test). I,onc\~ig parr had a somewhat 
better g r o ~ r t h  than Skellefte parr, but this c l i f k r c n  \\>as not significant. This 
trctld also appearcd in the lnixcd groups, as there nlrrc significant differerlces 
betwccn the populatioris (11<0.05, AIVOVAR), with Etnc parr gro~ving most 
slo\vly and Loncvig parr growing most rapidly. 'i'herc was 110 significant 
d i f~c~~cncc  in growth wjitli rcspect to the diff'cre~lt nlarkirlgs and no interaction 



between population a11d marking co~lld be clctectcd in the ANOVAR. Table 4 
also shows that thc hornoge~~eous Etne group had a poorer utilization of food 
than pure I,onevHg and Skellefte g r o ~ 1 1 ~ .  The mortality in the experiment was 
generally low, with no systematic cliH'ercnces between populations or marking 
methods. 

Parr from the Etne popu la t io~~  grew slo\vcr than parr fi-om the Loncv%g and 
Skclleftc populations in I)oth pure and ~nixccl groups. The slow growth of Etnc 
parr may be related to their frequent aggressive activity (see  FERN^ and HOLM 
1986). Etne parr wcrc rnorc aggressive t l ~ a n  Lollc\'rSg and Skcllcftc. parr in both 
pure and n~ixccl groups, and the dorllillant parr in the mixccl groups were 
generally from the Etne population. ' lhc  high aggressi\le activity of this 
populatiotl could hc get~ctically determined, altllough nothing is known about 
the aggressi\,c activity under other conditions. Hereditary diffcl-(:rcnces in 
aggrcsivcness arc known in other fish species (see, for example, HOLZBERC and 
SCHRODER 1975). 

4 direct causal relationship betweell high aggressive activity and slow 
growth cantlot, however, be clearly demonstrated in this study. I t  is also 
possible that the observcd tcnclency of Etne parr to keep near tlle bottom coulcl 
lead to a frccluent occurence of aggrcssio~l as well as low utilization of foocl and 
a low growth rate. Most aggression seelnecl to occur near the bottom, and Etne 
parr were positionccl near the bottom also during feeding time. 

A conncctio11 hct\vcen aggressive activity ancl positiot~ in rrlatiotl to bottorl~ 
is also indicated by the findings that parr with cut pelvic fins had a tc~lclellcy to 
stay high in the water volume ancl to perform anel receive fewer aggressive 
actions than ~~tlrnarkecl parr and parr with cut adipose fin. 

A negative correlatio~l l)etwcetl aggrcssi\lc activity and growth Lvas, however, 
not always fbuncl in the study. 111 the pure groups, Skellefte parr wcrc least 
aggressi\lc, but Lonev2g parr had a somccvhat higher growth rate. This may be 
the outcome of a generally higher level of stress in Skclleftc parr, as indicateel 
by their frequent fright reactions. 

Even if the findings in this study are not wholly conclusive, the connection 
between population, gro\vth, ancl aggrcssive activity suggests that gcnetically 
based differences in growth betweet1 salmon populations (N.,EVDAI. et al .  1975) 
to some extent Inay Itc nlccliatcd via genetically detcrmitlecl bchavioural 
differel~ces. The c f i c t  of fin-clipping must also be considered when eval~iating 
experitnctlts with marked fish. 
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THE BEHAVIOER O F  NORWAY LOBSTER 
TOWARDS BAITED CREELS 

AND SIZE SELECTIVITY O F  CREELS AND TRAWI, * 

, ~ S M U N D  B J O R D A L  

Institute of Eishcrics Technology Research, 
I'.O.Box 1964; X-5011 Kordtles> Norway 

.ABS'SRAC:'I' 
UJORDAL,  A. 198(5. '1.11~ 1,chaviour of Xorway lobster towards haited creels and sizr selectivity of 

crcc.1~ ;tntl rmwi. I.i'rkIIir-. .5'kr. .GI. ffo~inlsl.~r(/cr-r., I#: 131-137. 
'I'hc hchavivur of Sorw;iy lohstcr iA\b/~h,-opc norr,ylcu.r I,.) to\\~asds haitrcl creels \\.;ls sri~tlirtl hy 

unclcr\v;lter- telcvisioti a t  thl-rc tlilrcrcnt localitirs. A t)pic;+i nocturnal activity pattern \vas 

ohsrrvrri. .\lost of tlic i~ttlivitlu;tls apl~roaclicd thr  creel up  cusrrnt.  'l'lie general l)cha\-iour in tlic 
vicinit) ofcserls ant1 lobster ~ L I ~ ~ O W S  is sI10rtly clcscril~rtl. 'Slic cl-crls xvrrr I;,und to Itave ;1 liiirly lo\v 
catch ra t r ,  1xi11,y lcss tllatl ten per crnt  of tlic nl)srrvrcl inclivicluals. C:atchcs ofKor\vay Irjhstcr by 

crccls ;tntl trn\vI have clistinctly clilli.rrnt Irngth dis t r ih~~t iot ts .  'I'lic j,ossil)lr rrasotts Ibr this a r r  
tliscussrd. 

1S'TROL)UC:'TIOX 

The Norway lobster (1Vepkrops ~zo~vegiczts L.) lives mainly on or in muddy bottoms. 
During I ~ ~ I I - a c t i v c  periods, it livcs in burrows in the bottom substrate (DYBERN 
and HBISETER 1965). 

The European catch of Norway lobster is mainly taken by trawl. During the 
last 15 years, however, a fishery based on baited creels has been developed in 
Scotland (BJORDAL 1979), Faroe Islands (BJORDAL. 1978) and Norway. The  
present bchaviour studies arc intended to assist de\lelopment of' this crcel 
fishery in Norway. 

* 7'liis paper w;ts first prcscntrtl a t  the national sy~nl)osiurn <<BcIiaviour of marine animalsn I~'ld a t  
Solstrand, O s ,  Norway, 9-10 Frhruary 1983. 
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MATERIALS .4KU h1ETHODS 

The behaviour studies were conducted at  three different field localities along 
the coast of Norway over a two year period, from May 1978 to May 1980 
(Table 1) .  

Field observations were accon~plished by underwater tele\lision. The  camera 
was mounted above a baited creel, facing down, with square field of'view 2.5 n~ 
on the side, as shown in Fig. I .  The  tecllnical specifications are given in Table 
2. 

Table 1.  Ficld ohscrvation loralitirs. 

Date Locality Ilcpth ( m )  

12-16 May 1978 Idysel,jorclrn 

04-21 July 1970 L.yscl,jorclcn 
13-33 Feb 1980 Sylr ia  
2G23 May 1980 Narnyfjorclcn 

An artificial light source fitted with a red filter was used. According to 
previous investigations (LOEW 1976), the Norway lobster is not a l ~ l e  to detect 
light of wave length greater than 500 nm, nor does it show behaviour effects at  
such long wavelengths (CHAPMAN and HOWARD 1979). 

Table 2. Specification of observation cquipmrnt. 

UTV-camera 
Colitrol unit/monitor 
Viclco recorcler 
Light source 
Filter (rctl) 

Hyclro Proclucts, 1'C-125-Sit-W 
Hytlro Protlucts, SC 303 
Sony i\V-3420 C E  
EKect, 0-500 \Vatt 
Koclak \\'ratten no. 29 
(min. wave length: 605 n m )  

Since the field of view was rather narrow, there was a risk of overestimating 
the number of Norway lobsters, as the same individual could enter and leave 
the area several times. T o  minimize this effect, an  individual was regarded as 
ccnew)) if the time interval between leaving anct entering cxcceded one minute, 
or if the individual that cntercd was clistinctly different. 

4 strip of plastic, 1 cni x 20 cm, was mounted at  the top of the creel to 
indicate the direction of the current. Entrrilig and leaving dirrctions of the 
individuals relative to the current direction, time spcnt in ficlcl of view, and 
observations of other species were recorded. Observations of special interest 
were recorded on videotape. 

RESULTS 

DIURLVAI, ACTIT'ITY PATTERN 

The diurnal activity, expressed as the average number of individuals observed 
per hour, is shown in Fig. 2. During 214.5 hours of observation a total of 246 



Fig. 1 .  Obses\~;ltion ai.rallgcrnrnt. i\ : c a ~ i ~ e r a  karnr, B : tripod, 1 : UTV-camera, 2 : liglit, 3 : cable. 

4 : float, 5 : susl'ace security line, 6 : creel. 

Norway lobstcrs were seen, the majority of these in the period between dusk 
and dawn, with peak numbers observed betcvecn 2200-2300 hours and bet~\lecn 
0100-0200 hours. Of these, a total of 13 individuals were caught in the creel, 
nine brforr and six after midnight. 

ATTKAC7'IO:V TO BAITED CREEI, I1ERSL:S CI-'R.RKE,VT DIRECTION 

Fig 3 shows the distribution of tlie approach-direction of the Norway lobsters 
relative to the direction of the current. The  figure is based on 79 individuals 
from the Lysefjorcl observations. Most of the Norway lobsters approached the 
creel up current, in a sector 30' to either side of the current direction, while only 
one individual approached the creel down current. 

BEHA TIIO LIR IIV VICINITY OF BAIT6D CR6EL 

Norway lobsters that entered the field of observation generally approached the 
creel and searched around it. Tlle duration of the search period varicd from 1 to 



42 5 h o u r s  
l n = 6 4  

12 h o u r s  

Fig. 2. Iliurnal ;rctivit!. pattern. ?ii~rnl)cr oS Noi-\vay lohstrr ohscr\-cd pcr IIOLII. i ) I ' ~ h s c r \ ~ a t i o ~ l  a t  
~ l i r cc  tlilTcrrnt loc:rlitirs. 1 : Sylr ia .  I1 : Na.ro>ljortlrn, 111 : 1.yseIjordril. Fillrci circlrs : 

catch ofNor\vay lobster. Xrro\vs intlicatc time o f s ~ ~ ~ i s r t  ;inti siinrisr. Black area i ~ l ~ t f r r  tllr 

x-axis gi\-cs n u i i ~ l ~ e r  of liours ol'ohsr~.v;rtioil (min.: I lir., mas.:  17  lirs.). 
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40 rnitlutcs, whcli the inclividual eitilcr left the Geld of observation or ciltered 
tllc crcel entrance. Only 65% of the observed inciividuals were in actual 
physical contact u.ith thc c1.cc.1, \vhilc the rest citller circled around it or passed 
at a distance. The  catch rate, or p r o p o r t i o ~ ~  of obsct~ved animals that werc 
captured lvas lo~v,  a\.craging 6.1 per cent. 

OB.Yf<l< T:i TIO>\' Olq' .VOK I f I1 1' LO1I.Y 7EK I,\' .i,Z;r) C,%O.SE TO Bl.I{lf 0 11 5 

Occasionally the obscr\-ation rig was positioned close to one or sc\~eral burrows 
inllal~itcct by relati\,cly small Nor\vay lobsters. l h c s c  were obser\~cd to spend 
most of their tirnr si t t i~lg in the 1)urrow entrance, leaving only for short periods, 
and usually retreating to the burrow when otllcr collspecifics or fish 
approached. Burrow systems with tlrrcc different crltrarlccs werc obscr\.ed, and 
tllc Norway lobs t c~  could usc these altcrnatcly. 
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Fig. 4 gi\.cs thc le~lgth clistribution of' Sorway lobster caugllt hy trarvl and 
crccls at a fishing ground, Sundent,  in the Faroc Islands, and b?- creels a t  
dift'crcnt fjord localities in Norway. Although the Faroese creel and trawl 
catches arc takcn at clifkrcnt tilncs of thr  year, t l ~ c  length distributions should 
be rcprcscntati\.c of thc  clistil~ct size diffcrcncc of catches taken by the two types 
of gear. 'Trahvl and crccls seem to i:xploit the Norway lobster population o \ .c~ ,  
the sarnc size range. Tlle trawl catches contain a \.cry high prol~ortioll of small 
individuals, whereas tllc crccl catches sllow a more even lcligth distribution. 
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This stucly has shown that the catch ratcs of Norway lobster can he lo\\, 
compared to the nun1l)cr of indi\.iduals attracted to the baited crccl. 'This sccllls 
to hc causccl by follo~villg rrasons: 

A P P R O A C H  D I R E C T I O N  - D E G R E E S  





Catching Xorway lobster by creels can be divided into two stages: the 
attraction stagc, which in\rolves long-distance attraction by olfactory stimuli, 
and the gear stagc, which operates in the proximity of the crecl. 

The selection process seems to start already in the attraction stagc. CHAPMAN 
and HOWARD (1979) suggest that the bait stimulus does not induce the Norway 
lobster to leave its burrow, and that attraction only occurs when the animals 
are stimulatect during a feeding excursion. The duratio~l of the feeding 
excursion is positively correlated with the size of the animal. 

Consequently, a small Norway lobster with a fairly restricted feeding range 
should have a loxv possibility of reaching the creel compared to that of a large 
individual. Thus,  we call assume that even before the Norway lobster is ill 
contact with the gcar, there is a selection process exposing a relatively high 
proportion of large illdivicluals to the gcar stage. 

In thc gcar stagc, the critical factor is location of the creel entrance. Since 
this secms to depend on trial and error, the possit)ility of entering is somehow 
proportional to the search time. Small individuals were observed to be easily 
scareti or cIisturhect during the gcar stage, wl~ile larger individuals seemed to 
have a higher threshold for disturba~lces like gear repellation and the 
appearance of conspecifics or other species. Thus,  small Norway lobsters will 
spend less tinlc searching fol- the entrance and make no or few trials to entcr the 
creel, wllilc larger indi\liduals may makc numerous trials. 

The relatively high proportion of large individuals in  the creel catches thus 
secnls to be causccl by a two-step bellaviour-dependent selection process in the 
attraction ancl gcar stages. 

AKYO\1'I,EI>GE;\1CUUi'5 
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