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Laboratory experime~ts with cod Larvae (CaC-ie -ci.?;.ia L,) 
during optimum feeding conditions showed that cod Larvae were 
sporadic feeders rather than continuous feeders. Digestion 
rate of copepod nauplii was less than 30 nin, but varied with 
gut c~ntent volume. The cod iarval gut evacuation rate 
vari.ed with food availability and state of digestion of the 
gilt content. Criteria for larval gut content analysis for 
the evaluation of the cod larval feeding conditions in the 
sea are given. 

Several studies have been carried out to find cod iarval 

prey species and size selection, both in field studies 

(Wiborg, 1948; Marak, 1960; Bainbridge and KcRay, 1963; Last, 

i978; Ellertsen et al. ,  , 19771, laboratory studies (Ellertsen 
et al,, 1980)) and in enclosure studies (Ellertsen et al., 

1981). These authors found that the main cod iarval prey 

orga'isn was copepod nauplii. The size range of naupiii most 

frequently captured by first feeding cod larvae was within 



100-100 ijm (carapace length). Conclusions have consequently 

been made on the early cod larval selection of prey species 

and sizes. The larval gut filling rate, gut evacuation rate 

and digestion time of the main prey organism are, however, 

not well known. This information combined with gut content 

analyses of field sampled cod larvae and plankton can enable 

better estimates on the larval feeding conditions at the 

place and time of capture. 

The objectives of this study are to present data on cod 

larval feeding rate, gut evacuation time and digestion time 

of copepod nauplii and applying these results in defining 

criteria for cod larval gut content analyses for the evalua- 

tion of larval feeding conditions in the sea. 

The present study is based on laboratory experiments on 

first feeding cod larvae under optimal feeding conditions as 

described by Ellertsen et al. (1980) . 

MATERIALS AND METEODS 

Cod eggs were stripped from different female fish kept 

separate and artrflclally fertilrzed. Ten m l  of egqs rrom each 

group were incubated in l0 l aquaria in stagnant filtered (7 

pm and 1 pm Fulflo filters in series) and UV-irradiated sea 

water. The temperature was kept constant at ~ O C .  Antibi- 

n t l c s  were administered according 10 Shelbourne ( i 9 5 3 ) ,  

supplemented with 2.5 I.E. mycostatinelml. The antibiotics 

were only given in one dose on the first day of incubation. 

The aquaria were gently aerated with filtered air (0.22 urn 

Xillipore filter) during the period of incubation. 

A homogenous age group of larvae were made by removing all 

larvae hatched during the first 24 h of the hatching period 

and all unhatched eggs 48 h later. All experiments were 

performed 7 days post-hatching. 

Natural plankton was sampled by an automatic pump system 

described by Tilseth et al. (1983). The size range of the 



prey varied, due to the filters of the system withirl 90-500 

um. 

The feeding experiments were performed in 5 l black walled 

aquaria at constant temperature (~OC). The light condition 

was kept constant at LOO lux by neutral filters. The light 

intensity was measured at the surface by a Tektronix J1E 

photometer with an illuminance probe 56511 (color corrected 

within 2% of the C.L.E. photopic curve) with a maximum 

sensitivity at about 550 nanometer. The aquaria were gently 

bubbled to keep the prey as evenly distributed as possible 

during feeding. After the feeding period, cod larvae were 

preserved in 4% formaline in loO/oo sea water to avoid 

shrinkage. 

Feeding experiments 

A total of l60 cod larvae from each of two different 

female fish (A and B) were transferred from their incubators 

to 16 feedinq aquaria, which were stocked with 20 larvae. 

These aquaria were stocked with prey organisms (0.5/ml! just 

prior to the experiments. Twenty larvae were sampled for gut 

content analysis at l5 min intervals for i h followed by l h 

intervals, The experiments were terminated after 4 h (group 

A) and 5 h (group B) respectively. 

Digestion time 

Coa larvae were observed rn vrvo durlng feedlng. The 

larvae change swlmmrng pattern when capzurlng prey (describes 

by Ellertse~ et al., 1981). Pfter szccessful capture of pre] 

these larvae were transferred to a small aquarlum (Flq. 1) 

where the gijt contenr of the transparent larvae could be 

observed by a brnocular mrcroscooe. The gut content of these 

larvae were afrer 30 mrn drssected out and stalned v r ~ h  l". 

tolurdrne blue 1 v  1 %  borax. 



F r g .  l .  Cod l a r v a e  r n  vrvo o b s e r v a ~ r o n  aquarrum ( l 0  cm X l 0  
c m  X 2 cm) .  The aquarlum was submerged rn a  g l a s s  thermos ta -  
t r c a l l y  c o n t r o l i e d  w a t e r b a t h  ( 5 ' ~ )  d u r r n g  o b s e r v a t r o n .  

Gut e v a c u a t i o n  t ime 

One hundred and f l f t y  l a r v a e  (group B )  were f e d  0 . 5  

p rey /ml  f o r  l h. I m e d l a t e l y  a f t e r  t h e  f e e d l n g  p e r l o d  twenty 

l a r v a e  were p r e s e r v e d  f o r  g u t  c o n t e n t  a n a l y s l s .  The remal-  

n l n g  130 l a r v a e  were g e n t l y  t r a n s f e r r e d  t o  a  1 l beaker  w l t h  

f ~ l t e r e d  s e a  w a t e r .  A s  a  p rocedure  t o  g e t  r r d  o f  t h e  p rey  

organisms, about  2 / 3  o f  t h e  volume were s lphoned  o u t ,  and t h e  

same volume of  f r l t e r e d  waxer was added. T h l s  p rocedure  was 

r e p e a t e d  two t l m e s  b e f o r e  t h e  l a r v a e  were t r a n s f e r r e d  t o  a  5 

l a q u a r l a  of f l l t e r e d  w a t e r .  Twenty l a r v a e  were sampled 

f o r  g u t  c o n t e n t  a n a l y s l s  I n  30 mln l n t e r v a l s  f o r  2 h  fol lowed 

by l h  l n t e r v a l s  f o r  2 h. 

2 4  hour  f e e d i n g  exper iment  

F l v e  hundred cod l a r v a e  (group  C )  were t r a n s f e r r e d  t o  a  7 0  1 

aguarrum s tocked  wr to  0 . 1  p rey  organlsrn/ml . The prey  organ-  

I s m s  were even ly  d r s t r r b u r e d  r n  t h e  aquarrum through an " a r r  



lift sjstem". h e n t y  lar~ae were Sampi€?d fo- gilt content 

analysrs every h o u ~  through a 24 hobr perlod. T%e aquarru- 

xias co~erec? by a 10% neutral filter. The light lntenslty 

varred between 100 lux and 200 lux durz~g day tlme, decreas- 

rng from l900 h to 2460 h when ~t reached a minrmum of 0.5 

lux a ~ d  rncreased to 100 lux at O5C0 h the next ciay when the 

experiment was terminated at l130 h. 

RESULTS 

Feeding experiments 

Ninety-seven percent of the prey organisms identified in 

the gut content analysis were copepod nauplii, 1.6% could not 

be identified and 1.4% were bivalve veliger larvae, rotifers 

and copepod eggs. 

Hours 

Fig. 2. Percentage of cod larvae with stomach contents 
(feeding incidence) during a feeding experiment, group A 
larvae (A) and group B larvae (B). All larvae are 7 days 
post-hatching. 

The results of the gut content analysls are grven as cod 

larval feedlng lncxdence (Flg. 2) and cod larval feedlng 

ratio [Fig. 3). Cod Larval feed~ng lncldence rs defined as 

the percentage of cod larvae wlth gut contents. Flg. 2 shows 



the feecling incide~ce during +_he feeding experLment lasting 

4 h in group A larvae and 5 h in group B larvae, The feeding 

incidence increased rapidly and reached a level of 90% in 

both groups during the first 2 h, 

In group A larvae the feeding incidence varied between 83% 

and 100% through the next 2 h and between 80% acd 93% during 

the next 3 h in group B larvae. 

The cod larval feeding ratio is defined as the ratio 

between the nuder of prey found in the gut contents to the 

cumber of larvae examined in the sample. Fig, 3 presents the 

feeding ratio against time during the feeding experi~ent. 

Hours 

?lg. 3. TSe ratro bet\.een the number of prey Items found rn 
the larval gut conten~s to the number of larvae eramrne2 rn 
groiip A 1 ar77ae ( P  a-td group B larlrae ( B )  . >l1 lar~~ae are 7 
days post-hstchlng. 

The feeding ratio increased during the first 3 h of feeding 

in group A larvae and for 4 h in group B larvae, reaching a 

maximum of 3.1 nauplii/larval gut in group 4,  and 3.2 naup- 

;ii/larval gut in group B larvae. This seems to be the 

maximum level of gut filling. An estimate of the volume of a 

mean size nauplius most frequently captured by first feeding 

cod larvae gave a volume of 91 ul (estimated to be spherical 

with its appendages, r=liO urn). The mean volume of a dis- 

tended gut (cyiindrical) of a 4.5 mm standard length cod 

larvae was estimated to be 329 pl. This gives a maximum 

estimated feeding ratio of 3.5 naaplii/larval gut, which 

shows that the average larva cannot fill its gut with more 



that 3 or 4 nauplii at a time. As democstrated ic Fig, 3 the 
.L. irme to reach the maxi nu^ gut filling Level was 2 h artd 45 

nin in group A iarvae and 4 h in group B larvae. A linear 

regression analyses of the 2ata within these time intervals 

gave a feeding rate of 1.13 nauplii/larval gut per hour 

(y=0.10+1.03 X ,  r2 = 0.97) in group A, and 0.94 naupliiilar- 

val gut per hour (y=0.18+0.76 x, r2 = 0.95) in group B 

larvae. A t - test showed that the difference in slope (e.g. 
feeding rate) was highly significant (p>0.0001). 

This means that the larvae in group k were amre efficient 

feeders than group B larvae. The mean standard length of 

larvae in group A was 5.1 rtm and 4.4 mm for those in group B. 

Digestion time 

The dlgestron trme of prey captured uy cod larvae IS, rn 

the preserr study, defrnea as the trme for the gur conrent to 

becomr travsparert . 
The reiults from the vrsdal observation of a naupLrus 1220 

pm carapace length) In ;he gut of a 7 ways old cod iarvae 

showed rhar t\e nauplrus beeaxe transparent wltDln 30 r1n. 

Smaller nauplrr were observed rn a transparent state after 

approxrmately 15-20 mrn. Flg. 4 shows a photo of 3 nauplrr 

Fig. 4. Nauplrl drssecred  fro^ a 7 days old iarvae afrer a 
30 inrn feed1i.g perrod. The naup1:r are colored irrsh 1 'k 
tolurdrne blue rn 1 % borax prlor to photagraphr~g. 



all dissected out from the gut of 7 day old cod larvae, 

which had been feeding for 30 min. Nauplius A is not or very 

Little affected by the process of digestion and is defined as 

digestion cateqory l (del). In nauplius E most of the soft 

parts are dissolved, defined as digestion cateqory 2 (dc2), 

and in nauplius C only the exuviae are left, defined as 

digestion category 3 (dc3i. Exuviae were never observed to 

be affected by the digestion process, but often the appen- 

dages fall off and the exuviae collapse. 

Gut evacuation time 

The gut content analysis from the gut evacuation experi- 

ments with group B larvae are presented in Fig. 5. The 

experiment was run in two steps, starting with a l h feeding 

period followed by a 4 h starvation period. 

v- 
1 2 3 4 

Hours 

Fig. 5A. Percentage of cod larvae with stomach content 
(feeding incidence) during a gut evacuation experiment 
performed on 7 days old group B larvae. For further expla- 
nation see text. 

In Fig. 5A is presented the observed feeding incidence 

showing that the larvae had reached 56% feeding incidence 

during the feeding period. The feeding incidence was reduced 

to 30% during i h of starvation. In the following 3 h of 



s t a r v a t i o n  -icx-x- -,l l i t t l e  v a r i a t i o n  i n  the cod l a r v a l  f e e d i n g  

I-ncidence was observed .  T h i s  shows t h a t  a b o u t  50% o f  t h e  

l a r v a e  which had been a b l e  t o  f e e d  empt ied  t h e i r  g u t  comp- 

l e t e l y  d u r i n g  t h e  f i r s t  hour of s t a r v a t i o n ,  w h i l e  t h e  o t h e r  

h a l f  r e t a i n e d  t h e i r  g u t  c o n t e n t s .  T h i s  i s  demons t ra ted  i n  

more d e t a i l  i n  F i g .  53, 

I 2 3 4 
Hours 

F i g .  5B.  Feeding r a t i o  c a l c u l a t e d  f o r  l a r v a e  found w i t h  
stomach c o n t e n t s  i n  g u t  e v a c u a t i o n  exper rment  ( a ) ,  and t h e  
volume o f  p r e y  based  upon d i f f e r e n t  d i g e s t i o n  c a t e g o r i e s  ( b ) .  
For  f u r t h e r  e x p l a n a t r o n  s e e  t e x t .  

The l a r v a l  f e e d r n g  r a t r o  1s I n  t h l s  c a s e  o n l y  c a l c u l a t e d  

f o r  t h e  l a r v a e  w r t h  g u t  c o n t e q t s  from e a c h  sample. F l g .  

5 B ( a )  shows a f e e d r n g  r a t l o  of  2 . 4  n a u p l r l / l a r v a l  g u t  a f t e r  

t h e  c e r m l n a t r o n  of  t k e  f e e d r n g  p e r l o d .  T h r s  was reduced t o  

1 . 3  n a u p l l r /  l a r v a l  g u t  d u r r n g  2 h  o f  starvation. Durrng t h e  

n e x t  2 h  no f u r t h e r  r e d u c t l o n  r n  l a r v a l  f e e d ~ n g  r a t l o  was 

observed .  

The r e d u c t l o n  r n  amount of  d r g e s t a b l e  g u t  c o n t e n t  1s 

p r e s e n t e d  r n  F i g .  5 B ( b ) .  The volume o f  t h e  d l g e s t a b l e  

o r g a n l c  m a t e r l a l  of  p rey  1s g iven  r n  a r b r t r a r y  u n l t s  based  on 

t h e  d r f f e r e n t  d l g e s t l o n  c a t e g o r r e s ,  where d c l  1s g i v e n  t h e  

v a i u e  1 . 0 ,  dc2 t h e  v a i u e  0 . 5  and dc3 t h e  v a l u e  0 .1 .  ( I n  do3 

r h e  e x u v l a e  a r e  a lmos t  a lways observed  r n  a c o l l a p s e d  s x a t e )  



Fig. 5 B i b )  sI-:ows +-hat the -~oluine of the gut content was 0.55 

at the start of the starvation period and decreased to 0.13 

after l h and 30 min, with no further reduction in the 

following 3 h and 30 min. 

24-hour feeding experiments 

The main prey organisms sampled and fed to rhe cod larvae 

during the 24 h feeding experi~ent were bivalve verllqer Lar- 

vae (62%), and copepod nauplil (35%). Only a few rotifers and 

copepod eggs (3%) were found. 

1230 1430 1630 2835 2030 2230 0035 021 0430 a630 0835 $330 
Time 

Fig. 6A. Percentage of cod larvae with stomach content 
(feeding incidence) during a 24 h feeding experiment. For 
further expianation see text. 

The results from the gut content analyses from the 24 h 

feeding experiment are presented in Fig. Q. The variation in 

cod larval. feeding incidence during the 24 h period is 

presented in Fig. 6A. A level of 85% feeding incidence was 

observed 3 h after the start of the experiment. Duri~g the 

next 6 h only minor variation in feeding incidence was found. 

A decrease in feeding incidence was observed during the hours 

of light reduction to a minirnurri level cf 40% at 2330 h, 

showing that about 50% of the larval popu!.ation which had 

been able to feed had evacuated their gut. Tke feeding 

incide'nce increased agaic after midniqht with increasirg 

W light - intensity, varying between 775 and 90%. 



Fig .  6 B  shows t h e  cod l a r v a l  f e e d i n a  r a t i o ,  p r e s e ~ ~ t e d  a s  

t h e  number of  p r e y / l a r v a l  g u t  (a), t h e  number of b i v a l v e  

v e l i g e r s l l a r v a l  g u t  ( h )  and t h e  number o f  n a u p l i i / l a r v a l  g u t  

( c l .  

1230 1430 1630 1830 2030 2230 0030 0230 0430 0630 0830 1030 
Time 

Fig .  6B. Average nunher of  p rey  i terns i n  t h e  cod stomachs 
( f e e d i n g  r a t i o )  d u r i n g  a 2 4  h  f e e d i n g  exper iment  ( a ) ,  t h e  
number o f  b i v a l v e  v e l i g e r s / l a r v a l  g u t  (b), and t h e  number of 
n a u p l i i l l a r v a l  g u t  ( c )  . 

The f e e d i n g  r a t i o  i n c r e a s e d  t o  4.0 p r e y / l a r v a l  g u t  d u r i n g  

t h e  f i r s t  3  h  of  f e e d i n g  which gave a  f e e d i n g  r a t e  of  1 .3  

p r e y / l a r v a l  g u t  p e r  h. The g u t  c o n t e n t  a n a l y s e s  showed t h a t  

t h e  l a r v a e  c o n t a i n e d  59% b i v a l v e  v e l i g e r  l a r v a e  and 4 1 %  

copepod n a u p l i r .  The cod l a r v a e  populatror i  s topped  a c r r v e  

f e e d l n g  a f t e r  t h l s  p e r i o d ,  a s  demons t ra ted  by che  r e d u c t r o n  

i n  f e e d i n g  r a t i o  from 4.0 p r e y l i a r v a l  g u t  t o  3 . 0  p r e y l l a r v a l  

g u t  d u r i n g  t h e  f o l l o w i n g  3 h.  

These t w s  p e r i o d s  were fo l lowed by a n o t h e r  3 h  p e r i o d  o f  

a c t i v e  f e e d i n g ,  demonstrated by t h e  i n c r e a s e  i n  f e e d i n q  r a t i o  

from 3 p r e y / l a r v a l  g u t  t o  5 . 1  prey!larval  g u t  from 1630 h  t o  

1930 h. T h r s  g i v e s  a  f e e d l ? g  r a t c  of  0 . 7  p r e y i l a r v a l  g u t  p e r  

h .  The cod l a r v a l  f e e d r n g  r a t 1 0  t h e n  d e c r e a s e d  concorn-raptly 

w l t b  t h e  r e d u c ~ r o n  rn l i g h t  I n t e n s i t y  f r o n  1930  h  ro 0030 h .  

Both b iva lve  - . r e l l g e r s  and naupixr  m r e  d e f e c a t e d .  



m- ihe feeding ratio was less than 2 pr t : : / l a rv~L gut Z u r i n q  

night time 62236 h to 0430 hi. An increase in co? larval 

feeding ratio on bivalve -Jel.iger lar-~ae was, however, ob- 

served from 0030h, indicating tnat these prey organisms might 

be more easy to capture at lovr light intensities. After 

midnight 2 feeding periods were observed, from 0230 h to 0530 

when the feeding ratio increased to 3.5 prepllarval gut, 

followed by a passive period from 0530 h to 0730 h with a 

reduction in feeding ratio to 3.1 prey/larval gut. The 

feeding ratio increased again during the last 4 hours of the 

experiment, reaching a level of 5.1 prey/larval gut at 1130 h 

when the experiment was terminated. The bivalve veliger 

larvae dominated the gut contents in all samples after mid- 

night. These prey organisms were, however, found digested 

(the two shells separated and the content dissolved) in only 

3 samples, the first one 4 hours after the start of the 

experiment. The veliger larvae were, however, observed 

stuffed like plates when these prey increased in nunbers. 

While in all samples the majority of the copepod nauplii were 

found in digestion category 3, only between 4% to 20% were 

found in dcl and dc2. 

Newly captured copepod nauplii (dcl) were found in the gut 

content of cod larvae in all samples, with the exception of 

two samples during the dark period at 2330 h and at 0130 h. 

DISCUSSION 

Durlng the present feedrng experlments of cod larvae, the 

condltloas for feedlng both wltn regard to lrgbt lptensrty 

(ELlertsen et al., 1980) and prey denslty (Solberg and 

Tllseth, 1 9 S 4 )  were kept at an expected optlmurn level. Under 

these condrtrons evrdence presented ln thrs paper suggests 

that cod larvae do not feed contrnuously (Frg. 6 9 ) ,  but are 

sporadlc feeders havrng intervals between feedlng to drgesr 

food. Thrs aas also suggested by Marak (1960) from field 

studies or cod larvae. Other frsh larvae, mwever, have been 



de-ons t ra ted  CO be r o n t ~ ~ i o u s  f e e d e r s  ( l a rgemouth  b a s s ,  

' z e i o r z  rvs 6 rro & e ; ,  Laurence ,  '971, ena ? e r r i n g ,  l 

p 7 ~ ~ a , 7 2 s s ,  t i e rner  anc! B ,ax te r ,  1981). "his cor t t rasc  c o u l a  a e  

due t o  che  r e l a t r v e l y  s m a l l  g u t  volume and r a p r d  d r g e s t r o n  

r a t e  r n  cod l a r v a e .  The d l g e s r r o n  t lme  1s unders tood  a s  r h e  

t rme from r n g e s t l o n  of  r b e  prey  u n t r l  x t  becomes t r a n s p a r e n t .  

?his proved t o  be  dependent  on t h e  amount of  d r g e s t a b l e  

o r g a n r c  w a t e r r a l  I n  che g u t .  The d l g e s t r o n  t l n e  r n c r e a s e d  

'rom l e s s  t h a n  30 mrn f o r  a  s l n g l e  n a u p l r u s  t o  1 h  and 30 

rcrn when t h e  a v e r a g e  l a r v a l  g u t  c o n t e n t  was 2 . 5  n a u p l r r /  

l a r v a l  g u t  ( F l g .  53). 

The cod l a r v a l  f e e d r n g  r a t e  was evidently dependent  on t h e  

s t r a t e g y  of  f e e d r n g  a s  demons t ra ted  I n  F l g .  3  and 6 B ,  showrng 

a  l r n e a r  I n c r e a s e  I n  number o f  p rey  c a p t u r e d  u n t l i  g u t  

rnaxlmum f l l l l n g  was reached .  The shape and vo lune  o f  t h e  

d r g e s t e d  o a u p l r l  a r e  s t l l l  I n t a c t  r n  t h r s  p e r ~ o d  and become 

l a t e r  c o l l a p s e d .  

Even l f  t h e  p rey  d e n s r t y  was k e p t  a t  an oDtlwum l e v e l ,  

d r f f e r e n c e  l n  f e e d r n g  r a t e  h e ~ w e e n  l a r v a l  g roups  of a r f f e r e ~ t  

s t a n d a r d  l e n g t h  was observed .  Tbe l a r g e r  l a r v a e  proved t o  

have a  h i g h e r  feeding r a t e  t h a n  s ~ a l l n r  o r e s  ( F r g .  3 ) .  The 

maxmtum g u t  f l l l r n g  however, d r d  n o t  d l f f e r .  The f e e d l n g  

r a t e  was obvrous ly  a l s o  modl f led  by t h e  p r e v l o u s  f e e d l n g  o r  

r a t h e r  t h e  ,volume of  t h e  g u t  c o n t e n t .  T h l s  was demons t ra ted  

l n  t h e  continuous f e e d l n q  experrment  ( F l g .  6 B )  showlng a  

f e e d l n g  r a t e  of 1 . 3  p r e y / l a r v a l  g u t  p e r  hour  d u r r n g  t h e  f l r s t  

p e r r o d  o f  a c t r v e  f e e d r n g ,  b e l n g  reduced t o  0 . 7  p r e y / l a r v a l  

g u t  a f t e r  t n e  p e r l o d  of  d r g e s t l o n .  The l a r v a l  g u t  maxrmum 

f r l l l n g  s e e n s  t o  be  a  f u n c t r o n  of volume and s t a t e  o f  d r -  

g e s t l o n  of  t h e  g u t  c o n t e n t .  T h i s  1s a l s o  demons t ra ted  r n  

Fig. 3 and 5 B ,  showrng t b a t ,  when t h e  l a r v a e  were a l lowed t o  

f e e d  f o r  o n l y  4 t o  5 h  t h e  maxlmum f l l l l n g  was 3 . 1  n a u p l r r /  

L a r v a l  g u t  (g roup  A )  and 3.2 n a u p l r x / l a r v a l  g u t  (g roup  B) 

( F l g .  2 ) .  When t h e  l a r v a e  were a l lowed t o  f e e d  f o r  2 4  

h, however, t h e  maxrrnum f r l l r n g  I n c r e a s e d  from 3 . 2  p r e y / l a r -  

v a l  g u r  t o  5.1 p r e y / l a r v a l  g u t  d u r l n g  9 h (Fzg.  6 n ) .  



?he passage  of  p rey  th rough  t h e  g c t  v a r i e s  - r j i t h  temp€-- 

r a t u r e  (Laurence ,  1 9 7 i )  and prey  d e n s i t y  {Werner and B l a x t e r ,  

19801. T h i s  i s  probably  a l s o  t r u e  f o r  cod l a r v a e ,  b u t  v a r i e s  

a l s o  w i t h  l a r v a l  g u t  f i l l i n g  o r  volume o f  g u t  c o n t e n t  r e l a t e d  

t o  p rey  a v a i l a b i l i t y .  T h i s  i s  demons t ra ted  i n  F ig .  5 A  and B ,  

showing o n l y  a  minor d rop  i n  f e e d i n g  i n c i d e n c e  and t h a t  t h e  

l a r v a e  d i d  n o t  d e f e c a t e  u n d i g e s t a b l e  remains d u r i n g  s t a r v a -  

t i o n .  During t h e  i n  v i v o  exper iments  cod l a r v a e  were a l s o  

f e d  c o l o u r e d  prey  i n  o r d e r  t o  s t u d y  t h e  passage  of  p rey  

th rough  t h e  l a r v a l  g u t  a s  d e s c r i b e d  by Laurence ( 1 9 7 1 ) .  

i n s p e c t i o n  of t h e s e  l a r v a e  by microscope showed t h a t  when t h e  

l a r v a e  had f i l l e d  t h e i r  g u t  w i t h  2 t o  3 n a u p l i i  t h e  p e r i s t a l -  

t i c  movement of  t h e  g u t  i n c r e a s e d .  T h i s  a c t i o n  a l t e r e d  t h e  

p o s i t i o n  of t h e  n a u p l i i  i n  t h e  l a r v a l  g u t .  Consequently t h e  

s t a i n i n g  method d e s c r i b e d  by Laurecce (1971) cou ld  n o t  be  

a p p l i e d  i n  t h e  s t u d y  o f  food passage  th rough  t h e  cod l a r v a l  

g 3 t .  

Cod l a r v a e  were never  observed  d u r i n g  t h e  f e e d i n g  e x p e r i -  

ments t o  d e f e c a t e  t h e i r  g u t  6ue t o  h a n d l i n g  o r  p r e s e r v a t i o n ,  

which h a s  been observed i n  h e r r i n g  l a r v a e  [ B l a x t e r ,  1965; 

Rosen tha l  and Hempel, 1 9 7 0 ) .  When food was a v a i l a b l e  a l l  t h e  

t i m e ,  t h e  l a r v a e  f i l l e d  t h e i r  g u t  volume i n  3 h ,  b u t  d i d  n o t  

e v a c u a t e  t h e  g u t  ( F i g .  6B), i n d i c a t e d  by no r e d u c t i o n  on 

f e e d i n g  i n c i d e n c e  d u r i n g  t h e  f ol iowing  d i g e s t i o n  p e r i o d  of  3 

hours  ( F i g .  GA). The volume o f  t h e  l a r v a l  g u t  c o n t e n t  was 

e v i d e n t l y  reduced th rouqh  t h i s  p e r i o d .  The l a r v a e  s t a r t e d  

e v a c u a t i o n  of  t h e i r  q u t  c o n t e n t  %*.?hen t h e  g u t  f i l l i n g  had 

reached  a  l e v e l  of 5 . 1  p r e y i l a r v a l  g u t ,  9  h  a f t e r  t h e  s t a r t  

of  t h e  exper iment .  A t  t h i s  l e v e l  t h e  g u t  volume was obvious-  

l y  f i l l e d  w i t h  u n d i g e s t a h l e  p rey  o r  remains.  The l a r v a l  g u t  

c o n t e n t  a t  t h i s  s t a g e  c o n t a i n e d  45% n a u p l i i  and 55% b i v a l v e  

v e l i g e r  l a r v a e .  Only a  few b i v a l v e  v e l i g e r  l a r v a e  were found 

d i g e s t e d .  i n d i c a t i n g  t h a t  cod l a r v a e  do n o t  seem t o  b e  a b l e  

t o  d i g e s t  b i v a l v e  v e i i g e r  l a r v a e .  T h i s  was a l s o  observed  i n  

f i r s t  f e e d i n g  h e r r i n g  l a r v a e  by Fossum ( i 9 8 3 ) .  

Cod l z r v a e  s t a r t e d  t o  e v a c u a t e  t h e  g u t  concomi tan t ly  w i t h  

t h e  r e 6 u c t i o n  i n  light i n t e ~ s i t y ,  which c o u l z  have i n f l u e n c e d  



the process of cat evacuation. The light intensity di2 not, 

however, drop below the threshold for visual feeding whi-ch is 

reported to be close to 0.1 lux by Ellertsen et al. (1980). 

Newly captured nauplii, dcl, were found in the gut content 

showing that the larvae were able to feed during the "dark 

hours". This was also observed by Gjasater and Tilseth 

(1382) in cod larvae sampled at night in the Lofoten area. 

The objective of the present study was also to find 

criteria for cod larval gut content analyses Eor the evalua- 
4.' iron of lar~ral feeding conditions i.n the sea. Based on the 

results from these investigations the cod larval feeding 

incidence must be evaluated together with the larval feeding 

ratio. A hiqh percent feeding incidence does not necessarrly 

indicate good feeding conditions, because cod larvae could 

keep the gut content for several hours during starvation. 

Cod larval feeding ratio is in the present study defined as 

the ratio between the number of prey found in the gut content 

to the number of larvae examined in the sample. A feeding 

ratio <1.0 prey/larval gut clearly indicates several larvae 

of the sample with empty guts, and if no newly eaten copepod 

nauplii are found then there are good reasons for believing 

that the larval population has been starving for several 

hours. Good feeding conditions however are indicated in 

larval gut content analyses when the feeding incidence is 

>90% and feeding ratio is > 3  .G prey/larval gut. If capepod 

nauplii are the main prey organisms and more than 10% are 

found in dcl (newly eaten), then the availability of food to 

first feeding cod larvae may be considered as good. 
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