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Groups o f  f i v e  smal l  (12 - 18 cm) cod were kept  i n  aqua r i a  
with two compartments, one wi th  sand and one with s tones  and 
a lgae .  When a lone ,  t h e  small  f i s h  usua l ly  spent  most o f  t h e  t ime 
i n  t h e  compartment with s tones  and a lgae .  When one l a r g e  cod ( 2 5  
- 38 c m )  was in t roduced,  d i f f e r e n t  c o n s t e l l a t i o n s  occurred.  When 
t h e  b i g  f i s h  s t ayed  i n  one compartment f o r  some t ime,  t h e  small  
ones usua l ly  s t ayed  i n  t h e  o the r  one. When t h e  b i g  f i s h  f r e -  
quent ly  moved between t h e  compartments, t h e  small  f i s h  p r e f e r r e d  
t o  s t a y  i n  t h e  compartment with a lgae  where they o f t e n  w e r e  
h id ing .  In one experiment t h e  b i g  f i s h  s t ayed  hidden among t h e  
a lgae ,  and t h e  smal l  f i s h  apparent ly  were not  a f f e c t e d  by i t s  
presence.  

Some small  f i s h  were ea ten  by t h e  b i g  f i s h  du r ing  t h e  
experiments .  

INTRODUCTION 

Cod i s  a  c a n n i b a l i s t i c  spec ies ,  and i n  some a r e a s  a  con- 

s i d e r a b l e  p ropor t ion  of t h e  r e c r u i t s  a r e  ea t en  du r ing  t h e i r  

f i r s t  year  of  l i f e  ( e .g .  Daan 1973).  The f i r s t  year  c l a s s e s  a l c o  

t o  some e x t e n t  s h a r e  t h e  same d i e t  a s  t h e  o l d e r  f i s h ,  and a r e  

t h e r e f o r e  p o t e n t i a l  competi torc ( see  Gjøsæter  (1986) P o r  a 

r ecen t  r ev iew) .  In some a r e a s  t h e  year  c l a s s e s  a r e  segvegated by 

depth and o t h e r  environmental f a c t o r s  (Ri ley  and P a r n e l l  1984),  

but  t h e r e  a r e  a l s o  many examples where they  have been caught 

t o g e t h e r  i n  beach s e i n e s  (e .g .  Tvei te  1991) anci i n  Dainisti s e i n e s  



(God0 e t  a l . ,  i n  p r e s s )  . This does no t ,  however, n e c e s s a r i l y  

mean t h a t  t hey  occur i n  t h e  same h a b i t a t s  i n  t h e s e  a r e a s ,  a s  a 

beach s e i n e  w i l l  u sua l ly  cover a r e a s  w i th  d i f f e r e n t  t ypes  of 

bottom. Therefore,  it i s  not  known t o  what e x t e n t  t hey  compete 

f o r  food, o r  how important t h e  preda tor -prey  r e l a t i o n s h i p  is. 

An ana lyses  o f  cod caught i n  beach s e i n e  a t  t h e  Norwegian 

Skagerrak c o a s t  has  shown t h a t  t he re ,  i s  no c o r r e l a t i o n  between 

t h e  number of O-group and I-group found a t  a s t a t i o n  ( G j ø s æ t e r  

and Danie lssen  i n  p r e p ) .  This sugges t s  t h a t  t hey  a r e  s e l e c t i n g  

d i f f e r e n t  h a b i t a t s .  

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  a q u a r i a  where t hey  can choose between d i f f e r e n t  habi-  

t a t s .  By keeping d i f f e r e n t  age groups t o g e t h e r  it can a l s o  be 

ana lysed  how t h e y  r e a c t  t o  each o t h e r  and how t h e y  may modify 

each o t h e r s  h a b i t a t  p references .  

This  paper  ana lyses  how young cod d i s t r i b u t e  i n  an aquarium 

wi th  two compartments, one wi th  sandy bottom and one wi th  s tones  

and a l g a e .  These two bottom types  were chosen a s  t hey  a r e  very  

common i n  t h e  a r e a s  were t h e  cod is  found. 

MATERIALS 'WD METHODS 

The smal l  f i s h  (< 20 cm) used i n  t h e  experiments  were r ea red  

a t  Aus t evo l l  i n  a l a r g e  outdoor b a s i n  (6x104 m3) du r ing  t h e  

summer o f  1984, and brought t o  Flødevigen du r ing  t h e  w in t e r  of  

1984/85. At Flødevigen t h e  f i s h  were 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  i n  February 1985. In  t h e s e  

s t o c k  t anks ,  t h e  f i s h  were fed  a p a s t e  of  minced f i s h  and 

shrimps wi th  v i tamins  added. The l a r g e  f i s h  used (> 20 cm) were 

caught  a t  s e a  and kept i n  l a r g e  t a n k s  a t  Flødevigen f o r  about a 

yea r  b e f o r e  t h e  experiments s t a r t e d .  These f i s h  were p a r t l y  f ed  

w i th  t h e  same p a s t e  a s  t h e  small  f i s h ,  and p a r t l y  wi th  p i e c e s  of 

mackerel . 
The exper imenta l  s e t u p  i s  shown i n  F ig .  1. The experiments  

were c a r r i e d  ou t  i n  an aquarium d iv ided  i n t o  two compartments 

each  measuring 180 x 60 x 80 cm ( l e n g t h  x width x h e i g h t ) ,  wi th  

an opening 20 x 30 cm between them (Fig .  1 ) .  I n  one compartment 



Fig .  1. The aquarium and o b s e r v a t i o n  system used i n  t h e  expe r i -  
ments.  M :  moni tor ,  C:  c o n t r o l  u n i t  fo r  v ideo  camera, T: v ideo  
t a p e  r e c o r d e r ,  0: opening between compartments. 

t h e  bottom was covered wi th  1 - 2 c m  of  sand taken  from t h e  s e a .  

The o t h e r  compartment conta ined  s t o n e s  of  5 - 20 cm diameter  

w i th  t u f t s  of brown a lgae  (mainly kno t t ed  wrack Ascophyllum 

nodosum) 20 t o  40  cm high.  The aquarium was kept  i n  a s e p a r a t e  

room and observed us ing  a v ideo  system. During working hours  

(0800 - 1545) obse rva t ions  were u s u a l l y  made once an hour.  No 

sys t ema t i c  obse rva t ions  w e r e  made o u t s i d e  working hours .  For  

each  observa t ion  it was recorded  i n  which compartment t h e  f i s h  

were p r e s e n t  and whether t hey  were hidden among t h e  a l g a e  o r  

n o t .  A f i s h  was c l a s s i f i e d  a s  hidden i f  it could  not  be  seen on 

t h e  v ideo  monitor .  No observer  was p r e s e n t  i n  t h e  aquarium room 

except  when t h e  f i s h  were f e d  once a day. Food was g iven  i n  bo th  

compartments, nea r  t h e  opening between them. 

A 60 W bu lb  was p l aced  over  t h e  c e n t e r  of  each  compartment 

o f  t h e  aquarium, approximately 80 cm over  t h e  water  s u r f a c e .  

This  l i g h t  was au toma t i ca l ly  r e g u l a t e d  t o  g i v e  c y c l e s  o f  15 h 

l i g h t  and 9 h darkness .  

Four experiments  were c a r r i e d  ou t  a s  shown i n  Tabla 1. 



Experiments wi th  h a b i t a t  s e l e c t i o n .  Length of f i s h  used i n  
p a r e n t h e s i s  

Exp P a r t  Big f i s h  Small f i s h  Date 

1 1 O 5 (13.5-15.5 cm) 8 - 13 Feb. 
2 l ( 2 5  cm) 5 13 - 18 Feb. 
3 O 5 18 - 21 Feb. 

2 I O 5 (14 - 16 cm) 26 - 28 Feb. 
2 l ( 3 0  cm) 5 28 Feb. - 1 March 
3 l 3-2 4 - 8 March 

3 1 O 5 (12  - 18 cm) 15 - 19 March 
2 1 ( 3 8  cm) 5 1 9  - 22 March 
3 1 4 27 - 28 March 
4 O 4 1 - 2 Apr i l  

4 1 O 5 (14  - 17 cm) 9 - 12 Apr i l  
2 1 ( 3 5  cm) 5 15 - 19 Apr i l  
3 O 5 23 - 26 Apr i l  

RESULTS 

Experiment 1 

P a r t  1, sma l l  f i s h  only.  

F ive  I-group cod, 13 .5  - 15.5 c m ,  were r e l e a s e d  i n  t h e  com- 

partment  wi th  sand  i n  the experimental  aquariurn 8 February.  The 

f i s h  soon swam between t h e  two compartments, and a f t e r  t h r e e  h r s  

and u n t i l  a b igge r  f i s h  was r e l e a s e d  f i v e  days l a t e r ,  t hey  spent  

most of t h e  t ime i n  t h e  compartment w i th  s t o n e s  and a l g a e  (Table 

2 ) .  A f t e r  two days t h e  f i s h  s t a r t e d  feeding .  

P a r t  2, sma l l  and big f i s h .  

A b i g  f i s h  ( 2 5  c m )  was r e l e a s e d  i n  t h e  cornpartment wi th  

sand.  A f t e r  some movements between t h e  compartments du r ing  t h e  

f i r s t  days it s t a y e d  i n  t h e  compartment w i th  a l g a e  (Table 2 ) .  In  



Table  2 

Nurnber of obse rva t ions  and percentage  d i s t r i b u t i o n  of f i s h  i n  
t he  aquariuin 

Small f i s h  Big f i s h  
Exp. % No. Sand Algae Algae Sand Algae Algae 
no. obs .  open hidden open hidden 

T o t a l  3 O 3 2 7 

15 of 26  obse rva t ions  it was hidden among t h e  a lgae .  The b i g  cod 

d i d  no t  e a t ,  whi le  t h e  small f i s h  a t e  du r ing  t h i s  pe r iod  too .  

The smal l  f i s h  were more o f t e n  i n  t h e  compartment wi th  sand 

when t h e  b i g  f i s h  was present  than when t h e y  were a lone  (Table 

2 ) .  They w e r e  a l s o  s i g n i f i c a n t l y  more o f t e n  on t h e  same s i d e  a s  

t h e  b i g  f i s h  when t h i s  was hidden than  when it was a c t i v e  (Table 

3 ) .  Aggressive behavior  from t h e  b i g  f i s h  were seldom observed, 

and t h e  smal l  seldom showed avoidance. 

Table  3 

D i s t r i b u t i o n  of sma l l  f i s h  when b i g  f i s h  is  a c t i v e  and hidden 

Small f i s h  i n  same Small f i s h  
Compartment cornpartrnent o t h e r  

Big f i s h  a c t i v e  2 2 3 3 
Big f i s h  hidden 5 7 18 



t3 2 

P a r t  3, smal l  f i s h  only.  

When t h e  b i g  f i s h  was removed 18 February, t h e  small  cod 

were again  more f requent ly  found i n  t h e  compartment wi th  a lgae .  

P a r t  1,  small  f i s h  only. 

F ive  I-group cod, 14 - 16 cm, were r e l eased  i n t o  t h e  com- 

partment  wi th  sand on 2 6  February. During t h e  f i r s t  day they  

moved much between t h e  compartments, f o r  t h e  next two days they  

s t a y e d  mostly i n  t h e  compartment w i t h  a l g a e  (Table 2 ) .  The f i s h  

s t a r t e d  feeding  a f t e r  two days. 

P a r t  2, smal l  and b i g  f i s h .  

1 

A b i g  cod (30  c m )  was r e l e a s e d  i n t o  t h e  compartment wi th  

sand on 28 February. During t h e  f i r s t  days it spent  most of  t h e  

t i m e  i n  t h e  compartment wi th  sand (Table 2 )  but  made f requent  

s h o r t  v i s i t s  i n t o  t h e  compartment wi th  a lgae .  The small  f i s h  

s t a y e d  mainly i n  t h e  compartment w i th  a l g a e  during t h i s  per iod ,  

and w e r e  o f t e n  h id ing .  However, t h e  b i g  f i s h  was not observed 

a t t a c k i n g  t h e  small  ones. Both t h e  smal l  and t h e  b i g  f i s h  were 

feeding .  

P a r t  3, small  and b i g  f i s h .  

Between 1 and 4 March two of  t h e  smal l  f i s h  were e a t e n .  The 

f i r s t  day o f  t h i s  p a r t  of t h e  experiment both t h e  b i g  and t h e  

smal l  f i s h  f requent ly  moved between t h e  compartments (Table 2 ) .  

1 The smal l  f i s h  d i d  not e a t .  Apparently they  were f r igh tened  by 

1 t h e  b i g  one. 
l 
l During t h e  n igh t  between t h e  4 and 5 March t h e  t h i r d  f i s h  

was ea t en .  During t h e  f i r s t  p a r t  of  t h e  fol lowing day t h e  b i g  

f i s h  cons t an t ly  s tayed  i n  t h e  compartment with a lgae  and t h e  



small ones in the compartment with sand. All the fish took some 

food. 

For the rest of this experiment the big fish moved 

constantly between the two compartments. The small fish, with 

very few exceptions stayed in the compartment with algae, and 

were often hidden. The big fish was feeding. The two small ones 

were obviously frightened, but one of them took some food. 

Experiment 3 

Part 1, small fish only. 

Five I-group cod, 12 - 18 cm, were released into the com- 

partment with sand on 15 March. The fish quickly found the 

opening between the two compartments, but stayed mainly in the 

compartment with algae during the whole period (Table 2). The 

fish started eating on the 18 March. 

Part 2, small and big fish, 

A big fish (38 cm) was released. It spent considerably more 

time in the compartment with sand (15 observations) than in the 

other compartment (6 observations). The small fish were observed 

59 times in the compartment with sand and 46 times among the 

algae (Table 2). Although the big fish several times showed 

signs of aggression (rushing against the small fish), the small 

fish were apparently not frightened. 

Part 3, small and big fish. 

Between 22 and 27 March one small fish was eaten. The 

remaining small fish subsequently stayed in the compartment with 

algae, and they were usually hidden (Table 2). The big one 

stayed on the sand, but had some brief excursions into the 

compartment with algae. As it was always in the compartment with 

sand at the time when the observations were made, this is not 

recorded in Table 2. The big fish took food, while the small 



ones d i d  no t .  The smal l  f i s h  w e r e  obviously very  f r igh tened  of  

t h e  b i g  one, and they  quickly  h i d  when it approached. 

P a r t  4, smal l  f i s h  only.  

A f t e r  t h e  b i g  f i s h  was removed on 28 March, t h e  smal l  f i s h  

p a r t l y  came over t o  t h e  compartment wi th  sand, b u t  s t i l l  t h e  

major i ty  s t ayed  i n  t h e  compartment wi th  a lgae ,  and almost h a l f  

of them w e r e  h id ing  (Table 2 ) .  They w e r e  s t i l l  no t  feeding .  

Experiment 4 

P a r t  1, smal l  f i s h  only.  

F ive  I-group f i s h ,  14 - 17 cm, were r e l e a s e d  i n t o  t h e  com- 

partment wi th  sand on 9 Apr i l .  The f i r s t  day t h e  f i s h  occurred 

equa l ly  i n  both compartments (Table 2 ) .  For t h @  two fol lowing 

days they  spent  most of t h e  time i n  t h e  compartment w i th  sand. 

Some of  t h e  f i s h  took some food on t h e  t h i r d  day. 

P a r t  2, smal l  and b i g  f i s h .  

A 35 cm cod was r e l eased  i n t o  t h e  compartment wi th  sand on 

15 A p r i l .  I t  s t ayed  i n  t h e  compartment wi th  sand f o r  t h e  rest of 

t h e  experimental  pe r iod ,  I t  was observed t h a t  it took a few 

s h o r t  excurs ions  i n t o  t h e  compartment with a l g a e  bu t  it was 

never t h e r e  when t h e  p o s i t i o n  was recorded.  I t  was c l e a r l y  

aggress ive  when one of  t h e  small  f i s h  came i n t o  t h e  compartment 

wi th  sand, and t h e  small  f i s h  were observed among t h e  a l g a e  

about 94% of  t h e  time (Table 2 ) .  The b i g  f i c h  a t e  when fed,  

while  t h e  smal l  ones d i d  not e a t  much. 

P a r t  3, smal l  f i s h  only.  

During t h i s  pe r iod  too ,  t h e  small  f i s k  s t ayed  i n  t h e  com- 

partment wi th  a lgae ,  and p a r t l y  hidden (TabPe 2 ) .  Two o f  t h e  

f i s h  a t e  very  a c t i v e l y  during t h i s  per iod ,  t h e  t h r e e  o t h e r s  a t e  

l i t t l e  o r  nothing.  



D I S C U S S I O N  

Most of  t h e  small  f i s h  used i n  t h e  experiments  were l e s s  

t han  one year  o l d  (0- and e a r l y  I-group f i s h ) .  Most of t h e  b i g  

f i s h  were between 1 and 2 years  o ld ,  bu t  some were probably 

t h r e e  yea r s  o l d .  A l l  f i s h  belonged t o  t h e  s i z e  and age groups 

which a r e  taken  f r equen t ly  i n  beach s e i n e s  (e .g .  Tvei te  1972)  . 
When small  f i s h  were alone,  they  u s u a l l y  p r e f e r r e d  t h e  com- 

partment  wi th  s t o n e s  and a lgae  (Exp. 1, 2  and 4 ) .  In  t h e  f i r s t  

p a r t s  of  t h e  experiments ,  before  a  b i g  f i s h  was ~ntroduced, the 

smal l  f i s h  were never h id ing  among t h e  a l g a e .  When a  b i g  f i s k  

was in t roduced  seve ra l  d i f f e r e n t  c o n s t e l l a t i o n s  occurred .  I n  

experiment one t h e  b i g  f i s h  were h i d i n g  among t h e  a lgae  most of 

t h e  t ime,  and showed no s i g n s  of agg re s s ion ,  and t h e  smal l  f i s h  

appa ren t ly  d i d  not  r e a c t  much t o  t h e  t h e  presence  of b i g  one. 

When t h e  b i g  f i s h  s t ayed  i n  t h e  compartment wi th  a l g a e  

( p a r t s  of exp. 2) o r  i n  t h e  compartment w i th  sand ( p a r t s  of exp. 

3 and 4 )  t h e  small  f i s h  gene ra l ly  s t a y e d  i n  t h e  o t h e r  compart- 

ment. I f  t h e  b i g  f i s h  f r equen t ly  moved between t h e  compartments 

( p a r t s  of exp. 2 and 3) t h e  small  f i s h  u s u a l l y  s t ayed  i n  t h e  

compartment wi th  a lgae ,  o f t en  hidden among t h e  a lgae .  

Therefore,  it seems t h a t  t h e  sma l l  f i s h  g e n e r a l l y  t r y  t o  

avoid a  h a b i t a t  occupied by a  b igge r  f i s h ,  o r  when t h a t  i s  not  

p o s s i b l e  t hey  s t a y  where they  can e a s i l y  h ide .  I n  two o f  t h e  

four  experiments  one o r  two of t h e  sma l l  f i s h  were e a t e n  by t h e  

b i g  one. In t h r e e  experiments c l e a r  s i g n s  of  aggress ion  from t h e  

b i g  f i s h  and f e a r  from t h e  smal l  f i s h  were observed, and f o r  

long pe r iods  t h i s  f e a r  apparent ly  prevented  t h e  small  f i s h  from 

e a t i n g .  Apparent ly t h e  f e a r  was s t r eng thened  when one o f  t h e  

smal l  f i s h  had been ea t en .  

The environment i n  a  small  aquarium is  very d i f f e r e n t  from 

n a t u r e .  The observa t ion  t h a t  smal l  cod p r e f e r  a bottom wi th  some 

v e g e t a t i o n  f i t s  wel l ,  however, wi th  t h e  conclus ions  based  on cod 

samples from t h e i r  n a t u r a l  h a b i t a t s  (GjØsæter and Danj?!ssen i n  

p rep .  ) . 
I f  t h e  i n t e r a c t i o n  suggested by t h e  p r e s e n t  experiinents 

t a k e s  p l ace  i n  na ture ,  i t  could be expec ted  t h a t  i n  yea r s  wi th  



many I-group cod i n  t h e  l i t t o r a l  zone t h e r e  s h o u l d  be  1) few 0- 

g roup  cod  and 2 )  t h e  O-group s h o u l d  be  s m a l l  due t o  food 

c o m p e t i t i o n ,  and because  t h e y  may have t o  spend more t i m e  h i d i n g  

and l e s s  t i m e  e a t i n g .  Data from beach  s e i n e s  t a k e n  i n  t h e  Risør -  

a r e a  on t h e  Skager rak  c o a s t  from 1945 t o  1985 ( T v e i t e  1972, 

GjØsæter and D a n i e l s s e n  i n  p r e p . )  were a n a l y s e d  t o  r e v e a l  any  

c o r r e l a t i o n  between number o f  l -group cod and number o r  s i z e  o f  

O-group cod, b u t  no s i g n i f i c a n t  c o r r e l a t i o n  was o b s e r v e d .  T h i s  

s u g g e s t s  t h a t  a l t h o u g h  t h e  mechanisms s u g g e s t e d  above may be  of  

impor tance ,  o t h e r  f a c t o r s  a r e  e q u a l l y  o r  more i m p o r t a n t  i n  

d e t e r m i n i n g  t h e  number and s i z e  o f  O-group cod i n  t h e  l i t t o r a l  

zone . 
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