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ABSTRACT 

Gamble, J . C .  and Houde, E.D., 1984. Growrh, morrallty and fee- 
drrg of cod (Gadus morhua L.) larvae ln enclosed water 
columns and ln laboratory tanks. In: E. Danl, D.S. 
Danlelssen, E. Moksness and P. Solemdal (Ed~tors), The Pro- 
pagatron of Cod Gadvs rorhua L. FlGdevlgen rapportser., 
l, 1984:123-143. 

In h ~ r l l  l982 cod larvae here reared rn four 30 1 laborarory 
tanks and rn two 300,000 l columnar plastlc enclosures for 3-4 
weeks from hatchrng. North Sea oll "production water" was added 
to one 05 the enclosures rmmedratelv after rntroductror of the 
yolk sac larvae. Natural zooplaqkton at an rnltral copepod 
nauplrl co~centratron of 5-7 I-- provrded the food source for 
enclosure larvae. Food In the tanks, marnly copepod nauylrl and 
small copepodltes, was malntalned at about 300 Items l- . 

Post yolk sac speczfic growtn,rates of iarvae ln the en- 
closures were 10.0% and 10.4% d--. in the laooratory, cod 
larvae of Norwegian origln qrew ar 7.8% and 7.7% d;-, whlle 
those of Clyde Sea orlgrn grew ar 1.7% and 6.0% a--. Uatural 
dallv mortality rares were 8.4% and 9.7% In the enclosures and 
10.6%, 14.5%, 15.6% and 10.0% in the tanks. 'Productron hater ' 
had no detectaDle effect on the treated larvae. 

Larvae In borh svsrems started feedlng ar 4-5 days afrer 
hatchlng and feedrng lncldence was soon over 60%. The dlet of 
enclosure larve consrsred almost entrrely of naupllr of the 
copepod Pseddoealanus ezongatvs. The relarlcnshio between 
numbers and srzes of food ~ r e w s  relarlve to standard lengrh and 
rhe relarionshrp of maxlmum gut content derght ro larval ilze 
dere determrred. Pumw samples revealed rhdt cod larvac in t h e  
enclosures preferred the rot2 7.5 m of tPe water column. 



L a r g e  i n c l o s u r e c  n a v e  p r o v e d  r o  i;e l i l v a l u a b l e  L.? e x p e r i -  

m e r t a l  s r u d y  o f  a q u a r i c  o e l ~ i g i c  e c o s ? s t e m c  l n  g e p e r a l  ( M e n z e l  

a n d  S t e e l € ,  l 9 7 8  Gamble a n d  D a v r e s ,  1 9 8 2 )  a n d  f o r  pollution 

{ S t e e l e  1 9 7 9 )  a q d  f i s n  l a r , r a e  ( a i e s t a a ,  1 9 8 2 )  i n  c ? r t r c u l a r .  

F o r  s e v e r a l  y e a r s  r e p i l c a t p d  c o l u m n a r  e n c l o s u r e s  h a v e  b e e n  

d e p l o y e d  a t  a  s n e l r e r e d  f ~ o r d i c  s i t e ,  Loch E k e ,  o n  t h e  h e s r  

c o a s r  o f  S c o t l a n d .  . n r r l a l  o b j e c r 1 J e  o f  t h e s e  e x p e r l r n e n t s  

was  t o  tesr  t h e  e f f e c t s  o f  h e a v y  m e t a i  p o l l u r a n ~ s  o n  c h e  

e n c l o s e a  p e l a g i c  s y s t e m  ( G a m b l e  e t  a l . ,  l 9 7 7  D a v i e s  a n d  

G a m b l e ,  1 9 7 9 ) .  More r e c e n r l y  we r e a r e d  l a r j a l  h e r r i n g  s u c c e s s -  

f u l l y  i n  tk.e e ~ c l o s u r e s  ( G a m b l e  e t  a l . ,  1 9 8 1 ) .  

S i n c e  t h e r e  i s  considerable c o n c e r n  a b o u t  p o s s l b l e  

deleterious e f E e c t s  o f  t h e  o i l  d r l l l l ~ g  a c t i v l s y  i n  t h e  V o r t h  

S e a  o r  r h e  p e i a g l c  e c o s y s t e - n ,  we h a v e  t e s t e d  t h e  e f f e c t s  o f  

w a t e r  s o l u b l e  d e r l b a t l v e s  o f  o r l  p r o a h c t i o n  ( " p r o d u c t l o n  

w a t c r ' i  o n  n e r r i n g  l a r v a e  a n d  o t h e r  p e l d g i c  c o r n p o L e n r s  7 b ~ i t h r n  

the e x p e r i r n e q t a l  e n c l o s u r e s  ( D a v l e s  e t  a i . ,  l 9 8 0  I J a c t a c h l a n  e t  

a l . ,  1 9 8 1 1 .  H o w e v e r ,  h e r r l n g  spawn a e m e r s a l  e g g s  a t  s p e c l f l c  

s l tes  d l s t a n t  f r o m  a r e a s  o f  o r l  p r o d u c t - o n  s o  we b e l l e v e d  t n a r  

i r  w a s  a e s l r a b l e  t o  t es t  a  p e l a g l c a l l y  developing f l s h  s p e c l e s  

w h o s e  e m b r y o n i c  a q d  l a r v a l  s r a g e s  rn lgn t  o c c u r  i n  s u c h  a r e a s .  We 

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

e x p e r z m e n r s  I n  t h e  F l @ d e v i g e n  e n c l o s u r e s  ( e . g .  E l l e r t s e n  e t  

a l . ,  1 9 8 l a ) .  

T h l s  p a p e r  d o e s  n o t  f o c u s  o n  t h e  e i f ~ c t s  o f  ' p r o d u c t l o n  

w a t e r ' ,  r n d e e d  r h e  r e s u l t s  indicated n o  discernable e f f e c r s .  W e  

w i l l  c o m p a r e  t h e  m o r t a i r t y ,  g r o w t h  a n d  f e e d l n g  o f  c o d  l a r v a e  

r e a r e d  s ~ m u l t a n e o u s l y  LP t w o  v e r y  d i f f e r e n t  s y s t e m s ;  s m a l l  

i a b o r a t o r v  t a n k s  ( r u b s 1  a n d  l a r g e  I n  s l t u  e n c l o s u r e s  ( b a g s ) .  

L a r v a e  w e r e  r e a r e d  i n  l a b o r a t o r y  t a n k s  a s  w e l l  a s  e n c l o s u r e s  t o  

c h e c k  v l a b i l i r y ,  t o  p r o o l d e  l l v e  l a r b a e  f o r  a d  h o e  e x p e r i m e n t s  

a n a  t o  c o m p a r e  l a r v a e  f r o m  t b ~ c  s e p a r a t e  l o c a l i t i e s .  



";TFRIAI,S AND METi3CIDS 

Cod L a r v a e  ~ n  t h e s e  e x p e r i m e n t s  o r i g r n a t e d  f r o m  p a r e n t  f i s h  

f r o m  t h e  C l y d e  S e a ,  S c o t l a n d  ( B a l l a n t r a e  B a n k )  a n d  f r o m  a d u l t s  

b r o u g h t  l i v e  t o  t h e  f i s h m a r k e t  i n  B e r g e n ,  Norway.  I n  b o t h  c a s e s  

r i p e  g o n a d s  w e r e  removed f r c m  t h e  f i s h  a n d  f e r t i l i z a t ~ o n  

c a r r i e d  3 u t  l n  v i t r ~ .  Norwegian e g g s  w e r e  f e r t i l i z e d  o n  March 

l 6  a n d  C l y d e  e g g s  o n  March 2 2 ,  l 9 8 2  b u t ,  d u e  t o  d i f f e r e n t  i n c u -  

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

2-4 A p r i l .  E g g s  f r o m  f o u r  i n d l v i d u a i s ,  t w o  f r o m  e a c h  l o c a l i t y ,  

w e r e  u s e d  i n  b o t h  t h e  b a g  a n d  t u b  e x p e r i m e n t s ,  a l t h o u g h  I n  t h e  

b a g s  m o s t  e m b r y o s  ( 9 1 % )  w e r e  f r o m  t h e  N o r w e g i a n  m a t e r i a l  s p l i t  

7 0 : 3 0  b e t w e e n  t h e  t w o  f e m a l e s .  T h e  t u b  e x p e r i m e n t s  c o m p a r e d  

l a r v a e  f r o m  C l y d e  a n d  N o r w e g i a n  l o c a l i t i e s .  

Two 4 . 7 5  m d i a m e t e r  b y  1 9 . 5  m d e e p ,  c o l u m n a r ,  t r a n s p a r e n t  

PVC e n c l o s u r e s  ( G a m b l e  e t  a l . ,  1 9 8 1 )  moored  i n  a  30 m d e e p  e m -  

b a y m e n t  o f  I.,. Ewe, L .  T h u l r n a l g ,  w e r e  s t o c k e d  w i t h  a b o u t  4 5 , 5 0 0  

d a y - o l d  c o d  l a r v a e .  T h e  l n i t r a l  l a r v a l  d e n s i t y  w a s  a b o u t  0 . 1 5 0  
1-1 

a t  a n  a p p r o x l r n a t e  b a g  v o l u m e  o f  3 0 0 , 0 0 0  l .  I n  t h e  t u b  

e x p e r l r n e r t s  2 0 0  n e w l y  h a t c h e d  l a r v a e  w e r e  p l a c e d  i n  s t a t l c ,  

b l a c k ,  p l a s t i c  cylindrical t u b s  c f  30  l c a p a c i t y  w i t h  a  w a t e r  

d e p t h  o f  a b o u t  25 c m .  S t o c k i n g  d e n s i t y  was  6 . 5  1-l. Two tubs 

c o n t a i n e d  C l y d e  and  two Norwegian l a r v a e .  

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

s e a w a t e r  a n d  i n c r e a s e d  f r o m  7OC t o  ~ O C  d u r i n g  t h e  month- 

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

a v o l d e d  b y  immersion i~ a t r o u g h  o f  f l o w i n g  s e a w a t e r  pumped 

f r o m  L .  Ewe. T e m p e r a t u r e  r a n g e d  f r o m  5 . 5 - l l o c ,  a v e r a g i n g  

8-IOOC d u r i n g  t h e  e x p e r i m e n t .  L i g h t l n g  i n  t h e  b a g s  w a s  

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

t o  a b o u t  80% o f  a m b i e n t .  D u r a t i o n  of s u r f a c e  l l g h t  i n t e n s i t y  

a b o v e  0 . 1  l u x  i n  A p r l l  a t  t h e  l a t i t u d e  o f  L .  Ewe (57O 4 9 ' N l  

was  1 5 - 1 8  h  ( B l a x t e r  a n d  S t a i n e s ,  1 9 7 1 ) .  L l g h t  i n  t h e  t u b s  w a s  

e n h a n c e d  b y  o v e r h e a d  f l u o r e s c e n t  t u b e s  s e t  on  a  l 4 : l O  h  l i g h t :  

d a r i c  c y c l e .  

No z o o p l a n k t o n  was  a d d e d  t o  t h e  b a g s  a f t e r  t h e  s t o c k i n g  o f  

t h e  c o d  l a r v a e  a l t h o u g h  t h e  o r i g i n a l l y  e n c l o s e d  z o o p l a n k t o n  

s t o c k s  w e r e  e n h a n c e d  b e f o r e  l a r v a l  a d d i t - l o n  w i t h  e x t r a  6 8  pm 



mesn ne-tcd zoopiar4io-1. In rbt tabs rer-cdughr zoopiarkton, 

fllrerea between 350 v n  and F8 p m  meshes was monitored 
- 1  

replenished &en necessary ard mainrai?ea near 30C i - .  Pera~?nn 
a?d clrculatlon ~n rhe tubs was alded by a slngle arrstone and 

20-25% of tne seawater was replaced on alternate days. There 

bas no artlficral clrculat~on nor routlne water exchange ln the 

bags. 4ddrtlons of "productlon water' from 9" Fortles Freld In 

the Uorth Sea were made ro one bag (D1 lmmedlarely after larval 

addrtlon (age 1 day posr-hatcn) and on day l8 posr-hatch. The 

concentratlon of the lnitlal sample, 6 pm l-l '011-equjvalents 

by fluorescence", t~as a 600-fold dllurlon of tne 'producrlon 

water" and b~as armed ar srmularing the condltlons wlthln 

500-1000 m from a productlon platform. The second addltzon Mas 

l4 p g  l-l. The fluorescence method used to measure =he 

concentratlon of hydrocarbons ln 'productlon water' (Davles et 

al., 1981) may seriously underestlmate the concentratlon of 

rota1 hydrocarbons since the major comoonents are rnonoaromatlc 

hydrocarbons, ben7enes xyienes etc. ( J . M .  ?awles D I F S ,  

A~erdeen, personal commuflcation, 1983). Tne seco~d bag ( C )  

conralnlng coc larvae was an untreared control. 

Larvae were collected at 4-day rntervals ln the b-gs at dusk 

uslng a 350 prn mesn metre plankton net hauled verrcallv 

through l9 m up the cenrre of rqe bag or a counterwe~ght system 

(Gamble er al., i9Sil. Ar In s l ~ u  electric Dump, capacity 170 

l .m:n-l, ,as also used on four dares to ascerrali- tne deoth 

disiributlon of thc larvae. I;ankro~, l-~cludrcg larvae, was 

coliecred ln a 68 pm mes5 sleeve frrted anterlor ro the pump. 

On l2 (9 day old larvae), l5 and 23 Forll, 2-mln Dump samples 

were taken at both the srde and centre of Bag C at l ,  2.5, 7.5, 

12.5 ard 17.5 n depths 3r the occasrons about i2 h ppart. On 

25-26 4pr31 water bas pumped ar the usual deprhs aqd at an 

addrtio~al depth, 15 m at rhree zlmes aurlng a 24 n perlod, 

bur dlth r h e  pump belng moved contlruously across tbe bag ar 

eacn aeprn. Tne pump was used reqdarly cc assess zoopianhron 

popdlatlons 1~ botn caqs. 

In the tags surXvlvi, rates ITere determined rrorn the metre 

ner hauls ,tPrle In the tuas t'ey Liere estlmzred from chr, num- 

bers oi sur ,l iors at rhe F P ~  05 T ~ C  experlrnen~s. ~ T I  Pxponer?rlal 



decrease was assumed for rhe tub oopuizrlons. both czses 

adjus-iments kere made for collection (1.e. flsbrng) mortalltv 

to permit esrlrnacion of expected survrvai races (Rlcker, 1 9 7 5 .  

Werner aqd Elaxter, 1980). A severe storm destroved the bags on 

3 Yay and all remalnlng larvae were lost. 

Larvae colLected by metre net from the bags dere preserved 

~mmedrately In 2% formalzn:lS o/oo seawater solutlon (Blaxter, 

1971). Larvae In a subsample of 20 randomly selected lndlvl- 

duals, but rnclualng che largest and smallest from the haul, 

were measured and then freeze-drled prlor to drv welght deter- 

mlnatlon. A fbrther sample of 20 lndlvlduals was taken for gut 

content analysls In whlch lengths of all food Items were 

measured. Larvae In the tubs were sampled regularly for stan- 

dard length measurement, feedlng lncrdence and representative 

slzes were selected for subsequent dry werght determlnatlon. On 

one occaslon 25 larvae at 7 days old were removed from both a 

Clyde and a Norwegian tub to estlmate gut evacuation rate. 

Larvae from the Dump samples In Eag C were counted only slnce 

too much damage bas caused bv the pump for detalled measurement 

or gut examlnatlon. 

Materlal hhlch ~ettled znto the botrom cone of the bag was 

pumped through a plpe to the surface. Collections of thls 

settlement were made dally durlng the flrst two weeks of tne 

experlment and rhen at two day intervals. Larval remalns were 

removed and counted. 

RESULTS 

Mortality and Survlval 

Due to the preiirdrure s-iorm destruction of the bags and con- 

seouent loss of survlvlng larvae, larval mortality rates were 

determined only from net sample data assumlng an exponential 

decrease In popularlon slze. There was no slgnlflcant differ- 

ence iP>>0.05) betweer the two bag ~opulatlons from the routlne 

metre net bauis (Flg. 1a and Table l), nor were there any ob~rl- 

ous changes ln morrall-iy dbrlng the experlment. The slmllarltv 

vas corfrrrned rnde~endentl) by tne nearly ldenrlcal patterns of 



fallout of dead iarvae iFxg. lb) xhlch peaked 7 days after 

hatchrng. A secondary peak 20 days post t*atch could represent 

fallout of larvae whxch failed to feed althauqh i t  xs later 

than the time of l4 days suggested by Tilseth and StrGrnrne 

(1976) and by Ellertsen et al. (1980) for cod at SOC. 

Independent estimat-es of mortality were obtal-ned from the 

pump samples (Table l). These results confirmed the similarrty 

between bag popuiations, but the slopes (mortality rates) of 

  he zooplankton pumo-samnled larvze and the metre ner s-rnples 

dere signrfica~tly drfferent (p<O.Ol). Vo slonlficanr 

differe~ce was detecred between rhe slopes of the Bag C metre 

net and the dlurnal pump samples. The reason for the relariveiy 

hlgh pump-sample estimates of mortalrty probaoly resulted in 
part from avoidance of the pump by growlfig larvae. 

In the four tubs from 2 to 8 llve larvae rerralned at 26-29 

days a f ~ e r  hatchrng 11-4%). However, because 48 to 77 of rke 

origlnal 260 larvae were sampled durifig the course of rhe 

experiment, expected survlval rates %ere somewhat hgher. Per- 

centage dally mortalxry razes (M!, derlved from the Instantane- 

ous rnortallty coefficient ( z )  , ?4 = 100 !l-e-Z), together wlth 

i LW" 

l ! X 

yxq .  1. qcr-i.al~ ty cf l~rvae ?n ban C: idots, cont?nuou..: Izne) 
and xn baa E (crosses, 4ashed LLI?~). (a) numbers cauqhr rn dusk 
metre net collecrxons, (b? fallour of dead larvae lnro base of 
baqs. Eiaq I? ->las treated with ool * w e l l  "production : ; a t e r W .  



Bag c o d  l a r v a e :  r e g r e s s r o n  p a r a m e t e r s  f o r  e q u a r i o r s  r e l a r r n g  
e x p o n e n t r a l  d e c r e a s e  r n  s a w ~ l e  s i z e  w i r h  l a r v a l  a g e  ( L r  N t  = 

LnNo - z t  , X  I n  d a y s ) .  S . E .  - s t a n d a r d  e r r o r .  

S a m p l i n g  D e v l c e  LnNo S . E .  z  S .E .  r n  

M e t r e  N e t ,  Bag C 7 . 1 5 7  0 . 2 1 6  0 . 0 9 2  0 . 0 1 2  0 . 9 0  8 
Yetre N e t ,  Baq D* 7 . 3 2 7  0 . 4 8 2  0 . 1 0 7  0 . 0 2 8  0 . 7 2  8 

Pump, d l u r v a l ,  Bag C  1 0 . 1 0  0 . 6 8  0 . 1 3 4  0 . 0 3 9  0 . 6 3  9  
Pumw, Z o o p l  . Bag C 5 . 1 5  0 . 3 9  0 . 1 8 4  0 . 0 2 0  0 . 9 3  l 8  
Pump, Z o o p l , B a q D *  5 . 8 1  0 . 4 1  0 . 2 1 2  0 . 0 2 1  0 . 8 6  l 8  

= t r e a t e d  e n c l o s u r e  

TABLE 2  

% d a l l y  m o r t a l i t y  a n d  % s d r v r v a l  a t  2 5  d a y s  p o s t  h a t c h  r n  b a g  
and t u b  c o d  l a r v a l  p o p u l a t r o n s .  

-p 

R a q s  Tabs 
Ncrwa:, C l v d e  

C D* 1 2 3 4 

T o t a l  M o r t a l r ~ y  8 . 8  1 0 . 1  1 2 . 6  1 6 . 1  1 7 . 1  1 2 . 1  
N a t u r a l  Y o r t a l i t y  8 . 4  9 . 7  1 0 . 6  1 4 . 5  15.6 1 0 . 0  

2 5  d a v  S u r v i v a l  i 0 . 3  7 . 9  5 . 1  2 . 0  1 . 4  - 1 . 2  

* t r e a t e d  e n c l o s u r e  

t h e  2 5  d a y  % s u r v r v a l ,  S  = 1 0 0 e - ' ~ ,  v a l u e s  a r e  shown I n  T a b l e  

2 ;  e x p e c t e d  s u r v r v a l  w a s  c a l c u l a t e d  f r o m  n a r u r d l  mortality. 

T h e r e  w a s  q r e a t e r  m o r t a l i t v  ln t h e  t u b s  t h a n  2 - 1  t h m  b a g s .  

Grcwth  

Growth  i n  s t a n d a r d  l e n g t h ,  F i g .  2  a n d  T a b l e  3 ,  'zas s i m i l a r  

r n  b a g s  a n d  t u b s  e x c e p t  f o r  t u b  " C l y d e  3 " .  B e c a u s e  t h e  c o d  

l a r v a e  d i d  n o t  g row f o r  t h e  f i r s t  4-6 d a y s  a n d  t i e r e  p r i n c i p a l l y  

s u b s i s t i n g  on  y o l k  r e s e r v e s ,  l i n e a r  r e l a t i o n s h i p s  a d e q u a t e l y  

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

o n w a r d s .  E x c l u d ~ n g  " C l y d e  3" t h e  d a i l y  i n c r e a s e s  I n  s t a n d a r d  

l e n g t h  i n  t h e  t u b s  were 0 . 0 8 0 ,  0 . 1 0 1  a n d  0 . 1 2 2  m m  c c n p a r e d  t o  

0 . 1 2 2  a n d  0 . 1 2 3  mm I n  t h e  b a g s .  C o m p a r i s o n s  b e t w e e n  t h e  lrnear 



Age post Hotch(doys) Age post Hotch(doys) 

F i g .  2 .  Growth  of  c o d  l a r v a e  i n  ( a )  b a q s  a n d  ( b )  t u b s .  Combined 
d a t a  f r o m  e a c h  r e a r i n g  s y s t e m ;  means  a n d  a b s o l u t e  r a n q e s  
i n d i c a t e d .  

TABLE 3  

Growth  o f  c o d  l a r v a e :  regression p a r a m e t e r s  r e l a t l n g  l l n e a r  
I n c r e a s e  I n  s t a n d a r d  l e n g t h  ( m m )  o n  a g e  p o s t  n a t c h  ( d a y s ) .  
Mlnlmum a q e  o f  l a r v a e  1s 5  d a y s .  

a  S.E. b  S.E. r2  n  

Bag C  2 . 3 8 4  0 . 1 0 9  0 . 1 2 2  0 . 0 0 6  0 . 7 6  1 3 8  
Bag D* 2 . 4 8 7  0 . 1 0 0  0 . 1 2 3  0 . 0 0 5  0 . 8 0  1 3 8  

T u b ,  Norway 1 3 . 9 3 7  0 . 3 0 3  0 . 1 2 2  0 . 1 8 7  0 . 5 0  45  
Tub,  Norway 2  3 . 9 2 1  0 . 1 5 1  0 . 1 0 1  0 . 0 1 2  0 . 6 8  36 
T u b ,  C l y d e  3  4 . 7 7 5  0 . 1 5 1  0 . 0 2 9  0 . 0 0 8  0 . 2 8  3 8  
T u b ,  C l y d e  4  3 . 9 1 3  0 . 0 7 7  0 . 0 8 0  0 . 0 0 4  0 . 8 4  5 8  

* t r e a t e d  e n c l o s u r e  

r e g r e s s r o n  s l o p e s  f o r  g r o w t h  l n  l e n g t h  o f  t h e  "Norway l " ,  

"Norway 2"  a n d  " C l y d e  4 "  l a r v a e  o n l y  showed a  s l g n l f l c a n t  

d l f f e r e n c e  ( p < 0 . 0 5 )  b e t w e e n  t h e  t w o  e x t r e m e s ,  "Norway 1 "  a n d  

" C l y d e  4 "  ( T a b l e  3 ) .  When t h e s e  t u b  d a t a  w e r e  c o m b l n e d ,  t h e  

s l o p e  o f  t h e  common r e g r e s s r o n  d l f f e r e d  s l g n r f l c a n t l y  ( p < 0 . 0 1 )  

f r o m  t h e  c o m b l n e d  s l o p e  f o r  b a g s  C  a n d  D a l t h o u g h  when " C l y d e  

4"  was o m l t t e d  f r o m  t h e  t u b  d a t a  c o m b l n a t l o n  n o  d l f f e r e n c e  Mas 

d e t e c t a b l e .  B o t h  t h e  b a g - r e a r e d  a n d  t u b - r e a r e d  l a r v a e  d e v e l o p e d  

d l s t l n c r  s l z e  hierarchies ( F i g .  2). T b e  t u b  p o p u l a t l o n s  w e r e  



m o r e  v a r l a b i e  a n d  e r r a i i c  t h a n  ? h e  b a g  p o p b i a t l o q c ,  o n c s l b l y  17 

p a r t  d u e  t o  z h e  s m a l l  s a m p l e s .  T h e  g r o w t h  r a r e s  o f  t h e  f a s i e s t  

a n d  s l o w e s t  g r o w l n g  l a r v a e  w e r e  0 . 2 0 5  a ~ d  0 . 0 6 5  m m  d - l  L P  t h e  

b a g s  c o m p a r e d  w l i h  0 . 2 9 5  a n d  0 . 0 2 4  mm d - l  I n  t h e  t u b s .  

D r y  w e l g h t  I n c r e a s e s  ( T a b l e  A )  a l s o  were s l r n l l a r  b e t w e e n  t h e  

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

t o  D .  Exponential r e l a t l o n s h r p s  w e r e  f l t t e d  t o  t h e  d a t a  f o r  

l a r v a e  o l d e r  t h a n  5  d a y s  a f t e r  hatching, s l n c e ,  p r l o r  t o  t h l s  

p e r l o d ,  some w e l g h t  l o s s  o c c u r r e d .  B e c a u s e  ric r o u t i n e  m e a s u r e -  

m e n t s  o f  d r y  w e l g h t  o f  t u b  l a r v a e  w e r e  made ,  w e l g h t  l n c r e a s e s  

w e r e  I n f e r r e d  f r o m  conversion o f  t h e  s t a n d a r d  l e n g t h  m e a s u r e -  

m e n t s  t o  w e l g h t s  u s l n g  a  cornblned  l e n g t h : w e l g h t  r e l a t r o n s h l p  

( T a b l e  5 ) .  D a l l y  s p e c l f l c  g r o w t h  r a t e s  ( S G R ) ,  c a l c u l a t e d  f r o m  

instantaneous g r o w t h  c o e f f l c l e n t s  SGR = 1 0 0  i e g - l )  , w e r e  

1 0 . 0 %  a n d  1 0 . 4 %  f o r  b a g s  C  a n d  D respectively, 7 .8% a n d  7 .7% 

f o r  t h e  Norwegian a n d  1 . 7 %  a n d  6 . 0 %  f o r  t h e  C l y d e  t u b s .  

T h e  c o m b l n e d  1 e n g t h : w e l g h t  p o w e r  r e l a t l o n s h l p  o f  t h e  b a g  

l a r v a e  d l f f e r e d  s l g n r f ~ c a n t l ~  l n  s l o p e  ( p C 0 . 0 0 1 )  a n d  intercept 

( p < O . 0 0 1 )  f r o m  t h a t  o f  r h e  tub l a r v a e  i ~ a b l e  5 ) .  q o x e v e r ,  s r n c e  

t h e  b a g  s a m p l e  I n c l u d e d  a  much l a r g e r  proportion o f  l a r v a e  w l t h  

y o l k  s a c s ,  w h i c h  l n l r l a l l y  l o s t  w e l g h t  w i r h o u t  l n c r e a s r n g  I n  

l e n g t h ,  t h e  power  r e l a t l o n s h l p  d l d  n o t  d e s c r r b e  t h e  l e n g t h :  

w e l g h t  r e l a t l o q s h l p  f o r  t h e  s m a l l e s t  l n d l v l d u a l s .  When a  

s t a n d a r d  l e n g t h  o f  3 . 5  mm was  c h o s e n  a s  a  mlnlmum l e n g t h ,  t h e  

TABLE 4  

G r o w t h  o f  c o d  l a r v a e :  regression p a r a m e t e r s  r e l a t l n q  
exponential l n c r e a s e  l n  d r y  w e l g h t  ( m g )  o n  a g e  p o s t  h a t c h  
( d a y s ) .  Mlrlwum a g e  of l a r v a e  1s 6 d a y s .  S e l a t l o q s n l p :  L n h t  = 

LnWo + a t .  

tnWo S . E .  q S . E .  r L  n 

T u b ,  Norway I - 3 . 0 0 6  0 . 1 9 9  0 . 0 7 5  0 . 1 1 6  0 . 5 2  40  
Tub, korway 2  - 3 . 1 7 0  0 . 1 1 6  0 . 0 7 4  0 . 0 0 9  0 . 7 1  3 1  
T u b ,  C l y d e  3  - 2 . 4 2 3  0 . 0 7 7  0.017 0 . 0 0 6  0 . 1 8  3 3  
Tub, C l y d e  4 -3 .152  0 . 0 5 8  0 . 0 5 8  0 . 0 0 3  0 . 8 5  5 3  
pp..-----.--.--- -..P-- 

* t r e a t e d  e n c l o s u r e  



Dry werahr (mgl on sta?dard iengtn ( m m )  reidtlonshrp of 
comblnea populatrons of bag and of rub cod larvae: log 10 
transformarlon of power relarronshrp. ( S . L .  - standard length) 

log a S.E.  b S.E. r ' n  
--p--- --- 

Bags C L D, all dara -2.978 0.032 3.065 0.058 0.90 33.7 
Baqs C - 3, > 1 . 5  mm S.L. -3.347 0.042 3.587 0.063 0.93 253 

resultant relatlonshlp had an exponent closer ro that of the 

tub larvae (Table 51. A notable difference was observed In 

standard length of the youngest larvae, about 3.5 mm In the 

bags compared to 4.5 mm In the tubs. The larvae collected by 

metre net In the bags were obviously shrunken desprte rapld 

preservatlon. IP contrast, tub larvae whlch had been sampled 

with a beaker and flxed by addltron of formalln, apaarently 

shrunk less than bag larvae. 

Food and Feedlng 

Flrst rndlcatlo~s of exogenous feedlng bere noted 4 days 

post hatch In the tubs and 5 days rn the bags (Flg. 31. In both 

rearlng systems the rncldence of feedlng rncreased wrth larval 

age alxhough the age-related rncrease ln feedlng rncldence In 

the dayrlme collectrons of tub larvae was greater than rn the 

dusk-caughc bag larvae. The attempt to determrne dlurnal feed- 

rng perlodlc~ty from rhe in sltu pump samples was not conclus- 

rve because of gut damage. Nevertheless, the lowest rncldence 

noted was 8.3% at 0600 h In 12 day old larvae suggesting that 

llttle feedlng had ocurred In rne preceedlng few hours. 

Gut content analyses were done only on bag larvae. We found 

rbat durlna the experlwent the diet consisted almost entlrely 

of calanold copepod nauplll of whlch Pseudocaianus elongatus 

formed 98% of the total. Food concentratlons at the onset of 

first feedr~g, days 4-5 post hatching, were about 5 and 7 

naupllr 1-l In the two bzas .  F elnngatus formed 80% of rhe 

bag coprpcd naupllar po~ulatlon at that tlme. flthougb no gur 
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Age post Hatch [days) 

~ r g .  3. F'eedrng rncrdence as derermlned by aresence of matera1 
I n  quts of cod larvae from baqs (crosses) a ~ d  tubs (dots). 

TABLE 5 

Preference vectors, alpha (Chesson, 1978), calculated for 
grouped food ltems from guts of cod larvae from the bags. 20 
larvae sampled ln each bag on each occasron. Absence on an? 
caregory In the guts 1s lndrcated by a dash. 

Food Item Bag Preference Vectors at hge [days) 
5 9 13 l7 2 1 2 5 2 9 

Copepod Eggs C 0.29 
D - 

Copepod VaupLli C 0.71 
D 0.52 

Copepodltes C - 
3 0.05 

Cladocera C - 
D - 



a n a - y s e s  were  d o n e  on t u b  l a r v a e  a b o u t  60% of t h e  305 'aod 

organisms l-l * e r e  n a u p i l r  o f  p elo?gatus. 

The p r e f e r e n c e  f o r  copepod n a u p l l r  1s f u r r h e r  ernphaslzed by  

t h e  h l g h  v a l u e s  f o r  C h e s s o n ' s  ( 1 9 7 8 )  a l p n a  l l s t e d  l n  T a b l e  6 .  

F u r t h e r m o r e  t h e  v e r t l c a l  d l s t r l b u t l o n  p a t t e r n s  o f  cod  l a r v a e  

( F l g .  4 )  and o f  copepod n a u p l l r  ( F l g .  5 )  o b t a i n e d  f rom pump 

s a m p l l n g  b o t n  e n d o r s e d  t h e  vlew t h a t  t h e  l a r v a e  must nave  been  

selecting P. zlongatus n a u p l l r .  Whi le  t h e  cod l a r v a e  showed a  

d i s r l n c t  p r e f e r e n c e  f o r  t h e  s h a l l o w e r  r e g l o n s  o f  t h e  w a t e r  

column,  f rom t h e  s u r f a c e  t o  7 . 5  m d e p t h ,  t h e  n a u p l r l  were  much 

more e v e n l y  d l s t r l b u t e d  o r  c o q c e n t r a t e d  below 1 2 . 5  m d e p t h .  

T h e r e  was a l s o  no d e t e c t a b l e  d i f f e r e n c e  be tween  t h e  abundance  

o f  cod l a r v a e  a t  t h e  s l d e  of t h e  b a g  ( 4 4 . 7 % )  compared w l t h  t h e  

c e n t r e  ( 5 5 . 3 % ) .  

201 
0 20 ( 0  60 80 

Percentage  of Total  Larvae 

F l g .  A .  V e r t l c a l  d r s r r l b o t l o r  p a t t e r n s  of cod l a r v a e  on f o u r  
d r f f e r e n t  o c c a s r o n s  ( d a y s  o o s t  h a r c h )  I n  bag C a s  d e i e r m l n e d  by 
pump. 



n. Pseudocolanos, 

Percentage of Total Caught 

F l q .  5 .  V e r t l c a l  d l s t r l b u t l o n  p a t t e r n s  o f  a l l  copepod n a u p l l l  
and o f  P. e l o n g a t u s  n a u p l l r  I n  Bag C on t h r e e  s e D a r a t e  
occasions. Days and t l rnes  of s a m o l l n q  r e f e r  to a q e  o f  c o d  
l a r v a e  specified i n  F l g .  4 .  

Standard Lenglh(sai 

F l g .  6 .  Number o f  r n d l v l d u a l  f o o d  l t e m s  I n  g u t s  of bag c o d  
l a r v a e  c o l l e c t e d  a t  d u s k .  



Gur f u l ~ r e s s ,  d e f r n e d  a s  n u m b e r s  of  I t e v s  p e r  g u t  i n c r e a s e d  

d r t h  l a r v a l  s l r e  (fig. 6). A l r n e a r  r e g r e s s l o p  w a s  f i t t e d  r o  

t h e  h r g h 1 y  v a r r a b l e  d a r a :  
2  

n o .  5 o o d  ltems = - 1 8 . 5  + 6 . 0 2  X s t a n d a r d  l e n g t h  ( m m ) ,  r = 

0 . 5 3 .  Gut  c o n t e n t s  r ~ c r e a s e d  b y  6  I t e m s ,  o n  a v e r a g e ,  p e r  m m  

I n c r e a s e  I n  l e n g r h .  T h e  p r e f e r e n c e  f o r  p. zlongatus n a u p l l l  

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

n a ~ p l r a r  1 e n g t h : d r y  w e l g h r  r e l a t r o n s h r p  o f  K l e l n - B r e t e l e r  e t  

a l .  ( 1 9 8 2 ) :  

log lO n a u p l l a r  d r y  w e l g h t  i p g )  = - 5 . 5 7  i 2 . 2 7  x  l o g  l 0  
c a r a p a c e  l e n g t h  ( p m ) .  

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

c o d  l a r v a l  d r y  w e l g h t  w a s :  

d r y  w e r g h t  g u t  c o n r e n t s  ( p g )  = - 1 . 1 9  , 6 2 . 8 3  X d r y  w e l g h t  

l a r v a  ( m g )  , r2 = 0 . 6 4 .  T h u s  o n  a v e r a g e  a b o u t  6% o f  t h e  t o t a l  

d r y  bqelght  o f  a  c o d  l a r v a  a t  t h a t  t l m e  o f  d a y  w o u l d  b e  g u t  

c o n t e n t s .  

T h e  d r y  w e r g h t  r e l a t r o 7 s h l ~  a l s o  incorporated I n c r e a s e  i n  

s l r e  o f  maxrmum f o o d  r t e m  w l r h  r n c r e a s r n g  s l z e  o f  l a r v a  i F l g .  

5 ) .  W h l l e  t h e r e  w a s  a n  o b v r o ~ ~ s  p o s l t l v e  r e i a t r o n s n l p  f o r  t h e  

s m a l l e r  l a r ~ a e ,  t n e  f o o d  i t e m  s i z e  r a n g e  was  l i m l t e d  b y  t h e  

rnaxrmum s l z e  o f  t h e  P. eZongatus n a u p l l r .  The  f e w  lterns 

l o n g e r  r h a n  0 . 4 0  m m  d e r e  c o p e p o d  s t a g e s .  T h e  r e l a t l o ~ s h r p  

b e r w e e n  d r y  w e r g h r  o f  g u t  c o n t e n t s  a n d  l a r v a l  a g e  ( F l g .  8 )  a l s o  

was  variable; t h e  d a t a  a p p e a r  t o  r n l r r o r  c h e  p r o g r e s s r v e  h r e r a r -  

c n l c a i  s r r u c r u r e  o f  t h e  e n c l o s e d  ~ o p u l a c l o n s .  4 g o o d  r e i a t l o n -  

s h r p  b e r w e ~ n  maxiwum g u t  c o n r e n r  w e l g h t  and  l a r v a l  a g e  was  

o b s e r v e d  i n  F r g .  8 .  The  p o w e r  f u n c t r o n  d e s c r r b l n g  r t  w a s :  

Max. w e r g h r  o f  g u t  c o n t e n t  f u g )  = 0 . 0 5 7  w l a r v a l  

a g e ( d ) 1 . 8 g ,  r2  = 0 . 9 .  

Z o o p l a n k t o n  

T h e  mos t  a o u n d a n t  o r g a n l s r n s  w e r e  c o p e c o d  n a u p ; l r  w h o s e  

n u m b e r s  i? bnrh e n c l o s u r e s  g e r e r a l l y  I n c r e a s e d  t 5 r o u g h o u t  t h e  
- l  

e x o e r r r n e n c  f r o m  6-40  i n d i v r d u a l s  l - .  However ,  f o r  a  verb7 

s h o r r  p r r r o d ,  ai?our 4 d a y s  i n  e a c h  e n c l o s u r e ,  v e r y  l a r g e  



F I ~ .  7 .  size of largest food Item In the quts of lndlvldual cod 
larvae. 

kge post Hotch(doys) 

F l q .  8. Dry w r l q h t  of aut contents In relatro? to age of cod 
larvae. 



- 1 
samples (up to 200 1 -,l of ztage L i N l i  n a ~ p l - I  of T e m o r a  

Zcngtcornzs were collected 'rom the base of che bags. it was 

suspecred that chese were frow a synchronous hatch of eggs but 

rhe nauplll neither appeared to survlve nor were they ldentl- 

fled In the gut contents of the cod larvae. Other mesozoo- 

planktonic organisms; mostly copepodltes, clrrlpede nauplll and 

cyprlds, cladocera and brvaive vellgers, were at least an order 

of magnitude less abundant than the copepod nauplil and thelr 

populatlon levels In both bags tended to decllne throughout the 

experlmenr. The bag ~ooplankton populatrons were very simrlar 

throughout desplte the addltlon of "production water". 

Copepod nauplll comprised about 60%, by number, of the zoo- 

plankton populatlon in the tubs. Although the populatlon was 

malntalned at a nomlnal 300 ~ndlvlduals 1-l, as sampled, 
1 ranged between 150 and 450 1- . 

Some potential Invertebrate predators of cod larvae were 

present In the bags. Commonest were PZeurobrachza ptzeus, 

sarsza tubuZosa and Lzzzza bZond7na. The largest were 

Fleurobrachza which ranged IP size from 3-12 mm In polar 

length and whlch malntarned thelr numbers ln both bags at 1-2 
- 3 

m . Of the two hydromedusae, Sarsza was much larger, up to 
15 mm bell helght, but was less abundant averaging 0.3 m-3 In 

both erclosures. The much smaller Lzzzza, with a maxlmum bell 

helght of 2 mm, increased from 1 m-3 ro 7 m-3 and 17 m-3 

In bags C and D respectively durlng the experiment. 

DISCUSSION 

The cod larvae in the bag, as previously observed with 

herring (MacLachlan et al., l9811 were not discernably affected 

by exposure to oil well "production water". Such results 

suggest that "production water" at realistic dilution levels 

might not be a critical factor affecting the recruitment of cod 

in the sea. 

Survival of cod larvae was better in the bags than in the 

tubs, especially the Norwegian larvae. This was despite the 



p r e s e n c e  ~ n  t h e  b a g s  of x h e  P1edrof i rach:a  pcievs, t h e  i t z z ~ a  

bZovd%?a and o r n e r  p l a n k r o n r c  p r e d a t o r s  o f  f i s h  La rvae  

( L e b o u r ,  1 9 2 3 ;  F r a s e r ,  1 9 6 9 ) .  I n  r e c e n r  l a r g e  impoundment 

e x p e r l m e n t s  G l e s t a d  and Kveoserh  ( 1 9 8 1 )  n o t e d  t h a t  l a r v a l  cod 

m o r r a l l t y  l e v e l s  c o u l d  b e  r e l a t e d  t o  t h e  abundance  o f  

gelatinous p r e d a t o r s .  

I n  t h e  F lGdev lgen  e n c l o s u r e s  E l l e r t s e n  e t  a l .  ( l 9 8 l a 1 ,  

o b s e r v e d  low l a r v a l  cod m o r r a l l t y  o v e r  t h e  130-180 d a y  l o n g  

e x p e r l m e n t s ,  b u t  t h e v  ? o t e d  a  much h l g h e r  l n l t r a l  r a t e ,  a b o u t  

10% d a l l y ,  d u r l n g  t h e  f i r s t  l 5  d a y s  a f t e r  n a t c h l n g .  When c a l -  

c u l a t e d  o v e r  a  25 d a y  p e r l o d ,  s u r v r v a l  o f  t h r e e  s e p a r a t e  g r o u p s  

was a p p r o x l m a t e l y  8 % ,  1 3 . 5 %  and 22% w h l c h ,  on a v e r a g e ,  was 

b e t t e r  t h a n  we o b s e r v e d  l n  t h e  L .  Ewe b a g s .  The h l g h e r  

mortality r a t e  r n  t h e  t u b s  1s more d l f f l c u l t  t o  e x p i a l n :  t h e r e  

a p p e a r e d  t o  b e  more d e a t h s  l n x t l a l l y  and t o w a r d s  t h e  end o f  t h e  

e x p e r l m e n t  l a r g e r  l a r v a e  seemed t o  b e  " s t a l k l n g r '  t h e  s m a l l e r  

o n e s ,  b u t  no a c t s  o f  c a n n l b a l l s m  were  o b s e r v e d .  

L a r v a e  f rom t h e  Norweglan cod e g g s  grew b e t t e r  t h a ~  t h o s e  

f rom C l y d e  cod e g g s  I n  t h e  t u b  e x o e r l r n e n r s .  Because  o n l y  t z o  

f e m a l e s  were  t e s t e d  f rom e a c h  s o u r c e  ~t 1s p r e m a t u r e  r o  con- 

c l u d e  t h a t  Norweglan l a r v a e  h a v e  a  b e t t e r  p o t e n t l a l  f o r  g r o w t h ,  

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

determine whe the r  t h e r e  mrght  b e  d l f f e r e n c e s  l n  v l a b l l l t y  o r  

g rowth  p o t e n t l a l  o f  l a r v a e  be tween  cod s t o c k s .  The e n c l o s u r e s  

had b e e n  s t o c k e d  m o s t l y  w l t h  Norweglan l a r v a e  f rom t h e  same 

f e m a l e s  u s e d  i n  t h e  t u b  e x p e r i m e n t s .  T h u s ,  s u r v l v a l  and g rowth  

comparisons between t h e  s y s t e m s  a r e  most appropriate c o n s r d e r -  

l n g  o n l y  t h e  Norweglan l a r v a e  f rom t h e  t u b  e x p e r l m e n t s .  Growth 

o f  Norwegian t u b  l a r v a e  was a p p r o x l m a t e l y  e q u a l  t o  t h a t  of b a g  

l a r v a e  w h i l e  C lyde  t u b  l a r v a e  grew a t  s l o w e r  r a t e s .  

We were  surprised t h a r  t h e  g rowth  r a t e s  I n  t h e  t u b s  and b a g s  

were  s l m l l a r  ( T a b l e  3 )  d e s p l t e  t h e  d l f f e r e n c e s  I n  food  concen-  

t r a t i o n  o f  one o r  two o r d e r s  o f  rnagnl tude ( b a g s  l n c r e a s l n g  f rom 

6 t o  40 l n d l v l d u a l s  1-l d u r l n g  t h e  e x p e r l m e n t ,  t u b s  averaging 

300 l n d i v l d u a l s  l - l ) .  Our t u b  l a r v a e  grew w e l l ,  g l v l n g  a  

d a l l y  SGR of 6-8% a t  5 . 5 - 1 1 . 0 ~ ~  and ~ o r n i n a l  food  c o n c e n t r a -  

t l o n  of 0 . 3  ~ l a n k r o ?  m i - l  compared r o  d a z i y  ZGH of  8.8Y ?t  

lo°C a t  2 - 3  p l a n k t o n  ,l-l ( i a u r c n c e ,  1 9 7 8 )  a r d  2.R%, h.7% 



d n a  7.8' d a l l y  SCR v?Lue< m e a s u r e d  b y  Lar r e n c e  -" a: ( 1 9 8 1 )  

f o r  c o d  l a r v a e  a t  I'C a n d  f o o d  l e v e l =  c' G . 5 ,  l .O a n d  3 . 0  
- 

r r e m s  m1 - r e s p e c r r v e l y .  O u r  b e r t e r  a r o w r h  r l r e s  z t  r b e  Low 

f o o d  c o n c e n t r a t r o n  c o u l d  n a v e  b e e n  d u e  r ?  p a r r  c o  a l o p g e r  

l l g h t  p e r l o d ,  a b o u t  1 4  h ,  c o m p a r e d  t o  1 2  h l? L a o r e n c e ' s  

e x p e r r m e n t s .  

T h e  m o s t  s r r l k l n g  f e a t u r e  o f  c h e  c o d  l a r v a l  g r o w r h  l n  t h e  

e n c l o s u r e s  was  t n e  s l m l l a r l r v  b e ~ k e e n  t h e  s y s t e m s .  T h e  g r o k r h  

r a t e s  o b t a l n e d  r n  o u r  b a g s ,  1 0 . 0 %  a n d  1 0 . 4 %  d a l l y  SGR, w e r e  

h l g h e r  o v e r  a 28 d a y  p e r l o d  t h a n  t h e  d a l l v  r a c e s  m e a s u r e d  r n  

r h e  F l 0 d e v l q e n  e n c l o s u r e  e x p e r r r n e n t s  r n  1 9 7 6 ,  SGR 6 . 2 % ,  a n d  r n  

1 9 7 7  ( n o .  l ) ,  SCR 6 . 0 %  [ E l l e r t s e n  e t  a l . ,  1 9 8 l a ) .  IQ t h e  5. Ewe 

b a g s  more  f o o d  was a v a r l a b l e  s l n c e  t h e  z o o p l a q k t o n  l e v e l s  17 

F l G d e v l g e n  r e m a l n e d  b e l o d  4 l-l. 

I t  1s e v l d e n t  f r o m  H o a d e ' s  ( 1 9 7 8 1  r e s a l t s  a n d  o t h e r s  c h a r  

l m p r o v e d  techniques a n d  h b s b a n d r v  c a n  r e d u c e  r h e  s u p p o s e d  

c r l t l c a l  f o o d  l e v e l s  t o  less t h a n  t h e  n o m r n a l  1 . 0  m l -  l 

b e i l e v e d  n e c e s s a r y  t o  e Q s u r e  l a r v a 1  s u r v i b a l  ~ n  l a b o r a r o r v  

s t b d r e s  ( R u n t e r ,  1 9 8 1 ; .  h e  r e a r e d  c o d  l a r v a e  r n  30 1 r u o s  a t  

0 . 3  f o o d  I t e m s  ml-', which L a u r e n c e  e t  a l .  1 1 9 8 1 )  f o u n d  

m a r g l n a l  f o r  s u r v l r i a l .  The  h l g n  . ; u r v l v a l  r n  t h e  b a g s ,  a n d  l n  

o t h e r  l a r g e  s c a l e  experiments ( G l e s t a d ,  1 9 8 2 1 ,  1s e v l d e n c e  t h a t  

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

concentrations. h e  s e a r c h e d  f o r  p a r c h y  d l - s t r l b u t l o n  p a t t e r n s  o f  

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

localised p o p u l a t l o n s  of  V 1  n a o p l l r ,  e s p e c r a l l v  Temora iongz- 

cornzs, h a t c h l n g  f r o m  e g g s  s e d l m e n t e d  o n  t h e  b o t t o m  of t h e  

b a g s  ( F r g .  4 ) .  Such s m a l l  n a u p l r l ,  h o w e v e r ,  were n o t  n o t e d  l n  

t h e  g u t  c o n t e n t s .  Hence  we c o n c l u d e  a l o n g  w l t h  E l l e r t s e n  e t  a l .  

( 1 9 8 1 a )  c h a t  t h e  f e e d r n g  p e r f o r m a n c e  o f  c o d  l a r v a e  I n  l a r g e  

s y s t e m s ,  l l k e  t h a t  o f  h e r r r n g  ( C a m b l e  e t  a l . ,  1 9 8 1 1 ,  1s b e t t e r  

t h a n  t h a t  predicted f r o m  l a b o r a t o r y  o b s e r v a t l o n s  a n d  we r n f e r  

t h a t  c h a n c e  e n c o u n t e r s  ~ . l t h  f a v o u r a b l e  p a t c h e s  o f  f o o d  may n o t  

b e  essential t o  e n s u r e  l a r v a l  survival. 

T h e  p r e f e r e n c e  o f  t h e  c o d  l a r v a e  1~ t h e  b a g s  f o r  t h e  u a p e r  

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

e x a m p l e ,  b y  E l l e r t s e n  e t  a l .  ( 1 9 8 1 b )  r n  w h l c h  mosr  f r r s r - f e e d -  



inn cod larvae >?ere 13 the top 23 m. The dominant food items in 

the guts of bag cod Larvae, Pseudocnianus e ~ o c g a t ? ~ s  nsuplir, 

were not similarly d~stributed ( T I ~ .  4). These relative dlsirl- 

bution patterns together with the consrstent high preference 

vectors for copepod nauplil. (Table 61 suggest selective pre- 

datlon by the cod larvae. Copepod nauplli are the predominant 

food of young cod larvae in the sea (e.g. Wiborg, 1948; Marak, 

1960; Sherman et al., 1981) although, rn many cases, the 

nauplli of CaZanus finmarchicus were most common (Ellertsen 

et al., 198lb). Comparison wsth gut contents of herring larvae 

reared previously rn bags (Gamble et al., 1981; MacLachlan et 

al., i9Hl) demonstrated the dietary specificlty of cod larvae. 

Herring invariably commenced feeding on copepod nauplri but 

raprdly graduated to larger and more varled food items. 
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