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ABSTRACT 

G j Ø s æ t e r ,  J. 1907.  H a b i t a t  s e l e c t i o n  of  j u v e n i l e  cod (Gadus 
morhua) , w h i t i n g  ( M e r  l a n g u s  m e r l a n q i u s )  and  some litt o r a l  
f i s h  i n  an aquar ium.  Flødevigen r a p p o r t s e r .  1, 1987: 17-26. 

Exper iments  w e r e  conducted Lo s t u d y  t h e  h a b i t a t  s e l e c t i o n  of  
j u v e n i l e  cod  Gadus morhua, j u v e n i l e  w h i t i n g  ~ e r l a n q u s  merlan-  
g i u s ,  b l a c k  goby Gobius n i g e r ,  g r e a t  p i p e f i s h  Syngnathus  a c u s ,  
s a n d  eel Ammodytes t o b i a n u s ,  b u t t e r f i s h  P h o l i s  p n n e l l u s ,  t h r e e -  
s p i n e d  s t i c k l e b a c k  G a s t e r o s t e u s  a c c u l e a t u s ,  s e a  s t i c k l e b a c k  
S p i n a c h i a  s p i n a c h i a ,  g o l d s i n n y  C t e n o l a b r u s  r u p e s t r i s ,  and 
f l o u n d e r  P l a t h i c h t h y s  f l e s u s .  Aquar ia  w i t h  compartments w i t h  
a l g a e ,  w i t h  s a n d  and w i t h  no s u b s t r a t u m  were u s e d .  

Cod, w h i t i n g  and g r e a t  p i p e f i s h  p r e f e r r e d  t h e  empty com- 
p a r t m e n t s  f o l l o w e d  by t h e  compartments w i t h  s a n d .  For  t h e  o t h e r  
s p e c i e s  no s i g n i f i c a n t  d i f f e r e n c e s  were o b s e r v e d  a l t h o u q h  
b u t t e r f i s h ,  t h r e e - s p i n e d  s t i c k l e b a c k ,  and s e a  s t i c k l e b a c k  were  
most f r e q u e n t l y  found i n  compartments w i t h  a l g a e ,  and b l a c k  goby 
and s a n d  eel  were most f r e q u e n t l y  f o i ~ n d  i n  t h e  compartments w i t h  
s a n d .  

The e x p e r i m e n t s  a l s o  showed t h a t  cod and w h i t i n g  had a  
s i g n i f i c a n t  a t t r a c t i o n  t o  each  o t h e r .  

INTRODUCTION 

Beach s e i n e  and t r a w l  samples  have  shown t h a t  O-group cod 

o f t e n  co-occur  w i t h  O-group w h i t i n g  and s e v e r a l  s p e c i e s  o f  

l i t t o r a l  f i s h  ( R i l e y  e t  a l .  1981, R i l e y  and  P a r n e l l  1 9 8 4 ,  

T v e i t e  1971,  1 9 8 4 ) .  Al though t h e y  a r e  caugh t  s i m u l t a n e o u s l y  i t  

i s  n o t  known whe ther  t h e y  o c c u r  i n  t h e  same h a b i t a t s .  There- 

f o r e ,  it is n o t  known i f  t h e  o t h e r  s p e c i e s  compete w i t h  cod  f o r  

s p a c e  o r  food,  o r  i f  t h e r e  a r e  o t h e r  t y p e s  of  i n t e r a c t i o n .  
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I n  n a t u r e  f i s h  w i l l  choose t h e i r  h a b i t a t  according t o  

n a t u r a l  cond i t i ons ,  food supply,  occurrence  of o t h e r  i nd i -  

v i d u a l s  of t h e  same o r  o t h e r  s p e c i e s  e t c .  

One approach t o  t h e  s tudy of  h a b i t a t  s e l e c t i o n  i s  t o  keep 

f i s h  i n  aquar ia  wi th  d i f f e r e n t  t ypes  of environment and t o  s e e  

where t h e  f i s h  p r e f e r  t o  s t a y .  Keeping s e v e r a l  spec i e s  i n  t h e  

aqua r i a  s imultaneously can a l s o  g i v e  information about i n t e r -  

s p e c i f i c  r e l a t i o n s h i p s .  

I n  t h e  p re sen t  s tudy  a number of  spec i e s ,  o f t e n  occu r r ing  

t o g e t h e r  i n  t h e  beach s e i n e  ca t ches  a t  t h e  Norwegian Skagerrak 

c o a s t ,  were t e s t e d .  The f i s h  were kept  i n  an aquarium where t hey  

could  choose between s i x  compartments, two wi th  sand a s  the 

substratum, two wi th  s tones  and a l g a e  and two empty compart- 

ments. The p re sen t  paper i n t e n d s  t o  ana lyse  t h e i r  h a b i t a t  

s e l e c t i o n  and t h e i r  a f f i n i t y  t o  each  o t h e r .  

MATERIALS AND METHODS 

The f i s h  were caught wi th  beach s e i n e  i n  mid August and kept  

i n  l a r g e  t anks  (2500 1) u n t i l  t h e  experiments  s t a r t e d  on 30 

August (Experiment 1) and 15 September (Experiment 2 ) .  I n  t h e  

s t o r e  t anks ,  t h e  f i s h  w e r e  fed  a p a s t e  of  minced f i s h  and 

shrimps wi th  added v i tamins .  

The experimental  aquarium i s  shown i n  F ig .  1. The aquarium 

had s i x  compartments. The s i d e s  o f  t h e  compartments were about  

60 cm and t h e  water  depth 4 5  cm, g i v i n g  a volume of about 80 1 

i n  each  compartment. From each compartment t h e r e  was an opening 

about 11 x 8 cm. Through t h e s e  openings t h e  f i s h  could move from 

compartment t o  compartment v i a  a c e n t r a l  compartment. The w a l l s  

between t h e  compartments and t h e  o u t e r  w a l l s  were blackened t o  

p reven t  t h e  f i s h  from see ing  through them. A more d e t a i l e d  
l d e s c r i p t i o n  of t h e  aquarium i s  g iven  by Bøhle (1986).  The 
l 
I a q u a r i a  were kept i n  s e p a r a t e  rooms and c a r e  was taken  t h a t  t h e  

l obse rve r  should not  d i s t u r b  t h e  f i s h .  

I n  two compartments (No. P and 3 )  t h e r e  was an approxi-  

I mately 1 cm t h i c k  l a y e r  of f i n e  sand taken  f r e s h l y  from t h e  s e a ,  
! 
i 

and i n  two o t h e r  compartments (No. 2 and 5) t h r e e  t u f t s  of 
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F i g .  1. The aquarium used i n  the experiments seen from above.  

kno t t ed  wrack (Ascophyllum nodosum) rooted  on s tones .  The s i z e  

o f  t h e  s t o n e s  was about 5 x 1 0 ~ 1 5  cm and t h e  he igh t  of  t h e  a l g a e  

t u f t s  about 25 cm. The kwo remaining compartrnents (No. 3 and 6) 

had no subs t ra tum o r  a lgae .  F i sh  were sometimes observed pas s ing  

through t h e  c e n t r a l  s e c t i o n  of t h e  aquarium, bu t  t hey  were never  

observed s t a y i n g  t h e r e .  

A 60 W bu lb  wac p l aced  over  t h e  c e n t e r  of  t h e  aquarium, 

approximately 80 cm over  t h e  water  su r f ace .  This  l i g h t  was 

au toma t i ca l ly  r egu la t ed  t o  g i v e  cyc l e s  of  15 h l i g h t  and 9 h  

darkness . 
I n  t h e  f i r s t  experirnent t h e  fol lowing f i s h  ( s i z e s  i n  

pa ren theses )  w e r e  s imultaneously in t roduced  t o  t h e  aquarium: 

Cod Gadus morhua (- 10 c m )  

Whiting Merlangus merlangius (J 12 cm) 

Black goby Gobius niger (= 11 cm) 

Great  p i p e f i s h  Syngnathus acus (= 2 5  cm) 

Sand eel Ammodytes tobianus (= 12 cm) 

B u t t e r f i s h  Pholis gunnellus (= 15  c m )  

Three-spined s t i c k l e b a c k  Gasterosteus acculeatus i= 6 cm) 

Sea s t i c k l e b a c k  Spinachia spinachia (a 10 cm) 



I n  t h e  second  exper iment  two cod (J 1 0  c m ) ,  two w h i t i n g  (=  

12 c m ) ,  one s a n d  e e l  (a 12 cm),  one f l o u n d e r  P l a t h i c h t h y s  f l e s u s  

(- 15 c m ) ,  a n d  o n e  g o l d s i n n y  C t e n o l a b r u s  r u p e s t r i s  ( 9  cm) were 

used .  The f i s h  s p e c i e s  and t h e  s i z e s  used,  w e r e  t y p i c a l  f o r  t h e  

c a t c h e s  i n  a  beach-se ine  t a k e n  a t  t h e  Skager rak  c o a s t  d u r i n g  

autumn. Cod and w h i t i n g  which a r e  t h e  most i m p o r t a n t  s p e c i e s  

from a  f i s h e r i e s  p o i n t  o f  view, were u s e d  i n  two exper iments ,  

t h e  o t h e r s  i n  one o n l y .  

The f i s h  were p l a c e d  i n  t h e  e x p e r i m e n t a l  aquar ium 1 h b e f o r e  

t h e  e x p e r i m e n t s  s t a r t e d ,  and t h e y  were o b s e r v e d  a t  i r r e g u l a r  

i n t e r v a l s  one t o  f i v e  t i m e s  a  day. I n  t h e  f i r s t  exper iment  t h e  

f i s h  w e r e  o b s e r v e d  25 times over  a  p e r i o d  o f  two weeks. I n  t h e  

second  exper iment  t h e  f i s h  were observed  1 3  t i m e s  o v e r  one week. 

I n  b o t h  e x p e r i m e n t s  t h e  p o s i t i o n  o f  t h e  f i s h  was r e c o r d e d .  I n  

t h e  f i r s t  exper iment  it was a l s o  r e c o r d e d  how many t i m e s  t h e  

f i s h  had changed compartment between c o n s e c u t i v e  o b s e r v a t i o n s .  

The f i s h  were n o t  f e d  d u r i n g  t h e  e x p e r i m e n t s .  

RESULTS 

Exper iment  1 

Two s p e c i e s ,  cod and whi t ing ,  were most f r e q u e n t l y  obse rved  

i n  t h e  empty compartments (Tab le  1) . Three s p e c i e s ,  p i p e f i s h ,  

s a n d  eel and  b l a c k  goby, were most f r e q u e n t l y  o b s e r v e d  i n  t h e  

compartments  w i t h  sand .  The o t h e r  s p e c i e s ,  s e a  s t i c k l e b a c k ,  

t h r e e - s p i n e d  s t i c k l e b a c k  and b u t t e r f i s h  w e r e  most f r e q u e n t l y  

o b s e r v e d  i n  t h e  compartments w i t h  a l g a e .  F o r  a l l  s p e c i e s  t h e  

h y p o t h e s i s  t h a t  t h e  f i s h  occur red  e q u a l l y  i n  e a c h  compartment 

t y p e  c o u l d  b e  r e j e c t e d  (Tab le  2, L o g - l i k e l i h o o d  r a t i o  t e s t  (Zar  

1 9 7 4 ) ) .  For  w h i t i n g  t h e  number obse rved  i n  t h e  empty compartment 

was s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  o b s e r v e d  on s a n d  (G = 7.8,  v 

= 1, 0 .01  > p > 0 . 0 0 5 ) ,  b u t  f o r  cod and p i p e f i s h  t h e  d i f f e r e n c e  

between s a n d  and  empty was n o t  s i g n i f i c a n t  ( G  = 1.52, v  = 1, p > 

0.10 and  G = 0.14,  v  = 1, p > 0.75 r e s p e c t i v e l y ) .  Sea 

s t i c k l e b a c k  and b u t t e r f i s h  were b o t h  more f r e q u e n t l y  found i n  

t h e  compartments  w i t h  a l g a e  t h a n  i n  t h e  o t h e r s .  (G = 6.28,  v  = 



Table l 

Distribution of fish in a six-compartment aquarium 

Sand Algae EmPtY Total 
Species 1 4  Tot 2 5 Tot 3 6 Tot 

Cod 8 1 9 1 O 1 2 13 15 2 5 
Whiting 4 1 5 2 O 2 8 10 18 25 
Great pipefish Il 1 15 O O O 1 12 13 2 5 
Black qoby 8 8 16 1 5  6 2 1  3 2 5 
Sand eel 7 4 11 O 3 3 3 0  3 17 
Three-spined 
stickleback 2 7 9 O 10 10 O O O 19 

Butterfish 1 1  2 4 1 3  17 2 1 3 22 
Sea stickleback O 1 1 2 16 18 6 O 6 25 

Table 2 

Log-likelihood ratio tests of distribution of fish in experiment 1 

Number of observations on 
Species Sand Algae Empty G P 

C od 
Whiting 
Great pipefish 
Black goby 
Sand eel 
Three-spined 
stickleback 

Butterfish 
Sea stickleback 

1, 0.02 > p > 0.01 and G = 13.6, v = 1, p < 0.001 respectively) . 
Black goby and sand eel were not significantly more frequent in 

the compartments with sand than in the other compartments (G = 

4.7 and 4.2 respectively, giving p 0.10) . Neither was there a 
difference between sand and algae for the three-spined 

stickleback. 

Examining the total number of observations in the six 

compartments it seems that 1, 5 and 6 were most frequently 

visited. Comparing the two compartments with sand (1 and 41, and 



t h e  two wi th  no subs t ra tum ( 3  and 6 )  t h e  d i f f e r e n c e  between each 

p a i r  o f  d u p l i c a t e  compartments was no t  s i g n i f i c a n t  (one sample 

t - t e s t  t e s t i n g  t h e  hypothes is  t h a t  t h e  mean d i f f e r e n c e  were not  

d i f f e r e n t  from zero .  (Zar  1974) t = 1.27 and 0.74 r e s p e c t i v e l y ,  

v = 7, p > 0 . 1 ) .  Arnong t h e  two compartments wi th  sand, compart- 

ment no. 5 had s i g n i f i c a n t l y  more obse rva t ions  t han  no. 2 (t = 

2.26, v = 7, 0.05 > p > 0.025).  

The number of t imes  a f i s h  had changed compartment between 

two consecut ive  obse rva t ions  were recorded (Table 3 ) .  With t h e  

except ion  of g r e a t  p i p e f i s h ,  which changed 4 t imes  and b lack  

Table  3 

Nurnber of changes of cornpartrnent between 
consecu t ive  o b s e r v a t i o n s  

Spec i e s  No. 

Black goby 16 
B u t t e r f i s h  11 
Three-spined s t i c k l e b a c k  11 
Sand e e l  11 
Cod 10 
Whiting 1 O 
Sea s t i c k l e b a c k  8 
Great  p i p e f i s h  4 

goby which changed 16 t imes ,  a l l  t h e  o t h e r s  changed between 7 

and 11 t i m e s .  I t  was a l s o  recorded how o f t e n  two s p e c i e s  were 

observed i n  t h e  same compartment (Table 4 ) .  Cod and whi t ing  were 

observed t o g e t h e r  17 t imes  and s e a  s t i c k l e b a c k  and b u t t e r f i s h  1 4  

t imes .  A l l  o t h e r s  were found t o g e t h e r  O t o  5 t imes .  If a l l  t h e  

f i s h  were d i s t r i b u t e d  independently and randomly, each p a i r  o f  

s p e c i e s  should  occur  t o g e t h e r  about 4 t i m e s .  
Assuming t h a t  cod and whi t ing  had t h e  p re fe rence  f o r  

s u b s t r a t a  a s  g iven  i n  Table 2,  and no p o s i t i v e  O r  nega t ive  

r e l a t i o n  t o  each  o the r ,  t hey  should occur t o g e t h e r  about 7 

t imes .  There is t h e r e f o r e  l i t t l e  doubt t h a t  a co-OCcurrence of  

17 t i m e s  i n d i c a t e s  a p o s i t i v e  a f f i n i t y  between t h e  two spec i e s .  



' Table 4 

Association between species kept in a six compartment aquarium 

Cod Whiting Sand- 
eel 

Three- Black Pipe- Butter Sea- 
spined goby fish fish stickl. 
stickl. 

Cod 
Whiting 
Sand eel 
Three-spined 

stickleback 
Black goby 
Pipe fish 
Butter fish 
Sea stickleback 

I N. observed 25 25 17 19 25 25 2 2 2 5 

For sea stickleback and butterfish the theoretical number of 

co-occurrences would be about 9 and the observed frequency was 

14. Similarly cod and stickleback should occur together slightly 

less than once and cod and butterfish 3 or 4 times. 

Experiment 2 

Cod and whiting were still most frequently observed in one 

of the empty compartments (Table 51, and so was the flounder, 

while goldsinny seemed to prefer compartments with algae. Sand 

Table 5 

Distribution of fish in a six-cornpartment aquarium. Experiment 2 

- - 

Sand Algae EmPtY Total 
Species 1 4  Tot 2 5 Tot 3 6 Tot 

Coå 1 0  1 5 0  5 O 20 20 2 6 
Whiting 0 2  2 2 1  3 O 21 21 26 
Flounder 1 0  1 1 0  1 O 10 10 12 
Sand eel 3 2  5 O 1  1 1 2 3  9 
Goldsinny 0 3  3 3 7 10 0 0 0  13 



ee l  showed no  c l e a r  p r e f e r e n c e .  Out o f  13 o b s e r v a t i o n s ,  a l l  t h e  

g a d o i d s  were  f o u n d  t o g e t h e r  i n  o n e  compar tment  8 t i m e s ,  i n  t h e  

f i v e  o t h e r  c a s e s  t h r e e  were f o u n d  t o g e t h e r  a n d  one  a l o n e .  T h i s  

s u p p o r t s  t h e  o b s e r v a t i o n  t h a t  t h e r e  i s  a  p o s i t i v e  a f f i n i t y  

b e t w e e n  c o d  a n d  w h i t i n g .  

DISCUCSION 

The d i s t r i b u t i o n  o f  f i s h  i n  t h e  e x p e r i m e n t  may depend  on  

s u b s t r a t u m  a n d  t h e  p r e s e n c e  o f  o t h e r  f i s h  i n  a d d i t i o n  t o  l i g h t ,  

c u r r e n t ,  n o i s e  a n d  o t h e r  d i s t u r b a n c e s .  

The  i n t e n t i o n  was t o  keep  l i g h t ,  n o i s e  a n d  c u r r e n t  s i m i l a r  

i n  a l l  c o m p a r t m e n t s .  I t  i s ,  however ,  d i f f i c u l t  t o  judge  how 

s u c c e s s f u l  i t  was,  and  t h e  d i f f e r e n c e  b e t w e e n  compar tmen t s  w i t h  

s i m i l a r  s u b s t r a t u m  may b e  d u e  t o  d i f f e r e n c e  i n  one  o f  t h e s e  

f a c t o r s .  

Cod a n d  w h i t i n g  seern t o  p r e f e r  empty  c o m p a r t m e n t s .  F o r  c o d  

t h i s  d o e s  n o t  a g r e e  w i t h  o b s e r v a t i o n s  i n  l a r g e r  a q u a r i a ,  where  

young c o d  seem t o  p r e f e r  t o  s t a y  among a l g a e  (G jØsæte r  u n p u b l . ) .  

The compar tmen t s  u s e d  i n  t h e  p r e s e n t  e x p e r i m e n t  were, however ,  

v e r y  s m a l l ,  a n d  it c o u l d  b e  t h a t  t h e  c o d  f o u n d  t h o s e  compar t -  

m e n t s  w i t h  a l g a e  t o o  crowded.  I t  c o u l d  a l s o  b e  t h a t  t h e y  j u s t  

f o l l o w e d  t h e  w h i t i n g .  P i p e f i s h  a l s o  p r e f e r r e d  t h e  compar tmen t s  

w i t h o u t  a l g a e .  I n  n a t u r e  it i s  comrnonly f o u n d  on s a n d y  b o t t o m s ,  

among e e l - g r a s s  ( Z o s t e r a )  o r  s eaweed  (Muus 1967,  Wheeler  1 9 6 9 ) .  

The  a f f i n i t y  o f  t h e  s e a  s t i c k l e b a c k  a n d  b u t t e r f i s h  t o  

c o m p a r t m e n t s  w i t h  a l g a e  f i t s  w e l l  w i t h  t h e i r  n a t u r a l  h a b i t a t  

(Whee le r  1 9 6 9 ) .  The p r e f e r e n c e  f o r  s a n d  showed by  t h e  b l a c k  goby 

a n d  s a n d  ee l  i s  a l s o  e x p e c t e d  (Muus 1967 ,  Vaas  e t  a l .  1 9 7 5 ) .  

The  b l a c k  goby had  changed  compar tmen t  more o f t e n  t h a n  

a v e r a g e  a n d  g r e a t  p i p e f i s h  less o f t e n .  T h i s  i s  p r o b a b l y  a  

r e l a t i v e  measu re  o f  t h e  m o b i l i t y  o f  t h e  f i s h ,  a l t h o u g h  a  f i s h  

c o u l d  move s e v e r a l  times between t h e  o b s e r v a t i o n s  and  it would 

b e  r e c o r d e d  a s  o n e  i f  it e n d e d  i n  a  d i f f e r e n t  compar tment ,  a n d  

it would  n o t  b e  r e c o r d e d  a t  a l l  i £  it e n d e d  i n  t h e  same com- 

p a r t m e n t  a s  i t  s t a r t e d .  

The  c o d  a n d  t h e  whit i-ng o c c u r r e d  t o g e t h e r  much more o f t e n  



than should be  expected from t h e i r  h a b i t a t  s e l e c t i o n  a lone .  

Other obse rva t ions  a l s o  i n d i c a t e  t h a t  t h e  j uven i l e s  of t h e s e  

s p e c i e s  o f t e n  occur t o g e t h e r  .in aqua r i a  (Gjøsæter  unpub l . ) .  

There a r e  i n s u f f i c i e n t  obse rva t ions  t o  t r a c e  any p o s i t i v e  o r  

nega t ive  r e l a t i o n s h i p  between t h e  o t h e r  s p e c i e s .  

Due t o  t h e  smal l  s i z e  of t h e  aquarium, only one o r  two f i s h  

of each s p e c i e s  was used. This  might i n f l u e n c e  t h e  behaviour of 

f i s h  t h a t  normally occur t o g e t h e r  i n  schools  o r  o t h e r  groups .  

Three-spined s t i c k l e b a c k  o f t e n  seem t o  be  schooling,  p a r t i c u -  

l a r l y  t o  p r o t e c t  themselves a g a i n s t  p r eda to r s  (Keenleyside 

1 9 7 9 ) .  Cod and whi t ing  might t o  some e x t e n t  be occu r r ing  i n  

groups t oo ,  bu t  few d a t a  a r e  a v a i l a b l e  on t h e  n a t u r a l  behavior  

of  t h e  age  groups used i n  t h e  p re sen t  experiments .  

A s  on ly  one f i s h  of  each s p e c i e s  was used i n  each expe r i -  

ment (except  cod and whi t ing  i n  exp. 2) ,  i nd iv idua l  d i f f e r e n c e s  

w i th in  a  s p e c i e s  could  i n f luence  t h e  r e s u l t s .  For t hose  s p e c i e s  

used i n  both  experiments ,  t h e  r e s u l t s  were, however, s i m i l a r ,  

a l though t h e  specimens used were no t  t h e  same. 

The experiments  sugges t  t h a t  t h e  j uven i l e  cod and wh i t i ng  

have t h e  same h a b i t a t  p reference ,  and t h a t  t hey  a r e  p o s i t i v e l y  

a t t r a c t e d  t o  each o t h e r .  The feeding  h a b i t s  of t h e  two s p e c i e s  

a t  t h e  Skagerrak Coast i s  not  known i n  d e t a i l ,  b u t  t h e r e  a r e  

i n d i c a t i o n s  t h a t  cod e a t  more c r abs  and hermit  c r a b s  and less 

f i s h  t han  t h e  smal l  wh i t i ng  do (Danielssen and Gj@sæter, 

unpubl . ) .  Data from t h e  North Sea a l s 0  suggest  t h a t  wh i t i ng  i s  

more p i sc ivo rous  t han  t h e  cod (Gislason and Helgason 1 9 8 5 ) .  

Fu r the r  s t u d i e s  should be done both  i n  aqua r i a  and i n  t h e  

f i e l d  t o  a s s e s s  t h e  n iche  ove r l ap  between juveni les  of  cod and 

whi t ing .  
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