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ABSTRACT: Opt imum temperature  and salinity conditions for viable hatch were studied for turbot 
(Scophthalmus maximus L.) from the North Sea. Temperatures ranging from 6 to 22 "C and salinities 
from 5 to 35 %,, were used. Opt imum conditions were observed to be be tween  12 and 18"C at sa[ini- 
ties be tween 20 and 35 %,,. This contrasted with corresponding data for turbot from the southern Bal- 
tic proper, according to which survival sharply decreased in temperatures  below 14 "C and  was high 
in salimties of 10 to 15 %,. Thus, it is concluded that  Baltic and Atlantic turbot should be considered 
as ditferent races. 

I N T R O D U C T I O N  

Sa l in i ty  w i t h i n  t he  d i s t r i b u t i o n  a r e a  of t u r b o t  (Scophthalmus maximus L.) v a r i e s  f rom 

35 %,~ in t h e  E a s t  A t l a n t i c  O c e a n  to a b o u t  5 %o in t h e  Bal t ic  Sea .  S imi la r  to o t h e r  f latf ish,  

t u r b o t  h a s  a h i g h  fecund i ty ,  i.e. a b o u t  o n e  m i l l i on  e g g s  p e r  k g  b o d y  w e i g h t  ( Jones ,  1974). 

A l t h o u g h  it is h i g h l y  a p p r e c i a t e d  in t h e  cu i s ine ,  c o m m e r c i a l  c a t c h e s  a re  s m a l l e r  t h a n  

t h o s e  of, for e x a m p l e ,  p l a i ce  (Pleuronectes p l a t e s s a  L.), d u e  to m u c h  l o w e r  a d u l t  s t ock  

sizes.  Thus ,  r e c r u i t m e n t  to t h e  a d u l t  s tock,  m a i n l y  d e t e r m i n e d  by  first y e a r  su rv iva l ,  is 

m u c h  l o w e r  for  t u r b o t  t h a n  for m o s t  o t h e r  f la t f ish .  To g a i n  a b e t t e r  u n d e r s t a n d i n g  of th i s  

n a t u r a l l y  o c c u r r i n g  d i f f e r ence ,  it is v i t a l  to k n o w  t h e  e f fec ts  of t e m p e r a t u r e  a n d  sa l in i ty  

on  e m b r y o n i c  d e v e l o p m e n t  a n d  l a r v a l  su rv iva l .  E x p e r i m e n t a l  s t u d i e s  b y  K u h l m a n  & 

Q u a n t z  (1980) h a v e  s h o w n  t h a t  o p t i m u m  s u r v i v a l  of a Bal t ic  s t ock  occurs  in  t h e  sa l in i t i e s  

p r e v a i l i n g  on  t h e  s p a w n i n g  g r o u n d s  (15 -20  %0). T h e y  c o n c l u d e d  t h a t  t h e  Bal t ic  s t ock  m u s t  

b e  a b r a c k i s h - w a t e r  race ,  s i nce  sa l in i t i e s  o n  t h e  N o r t h  S e a  s p a w n i n g  g r o u n d s  a r e  m u c h  

h i g h e r .  H o w e v e r ,  a c t u a l  d a t a  f rom t h e  N o r t h  S e a  w e r e  i n s u f f i c i e n t  to tes t  w h e t h e r  t h e  Bal-  

tic s t ock  h a s  d i f f e r e n t  a d a p t a t i o n s  in  t h e s e  r e s p e c t s .  In  th i s  p a p e r ,  w e  p r e s e n t  d a t a  o n  t he  

e f fec t  of t e m p e r a t u r e  a n d  sa l in i ty  o n  e m b r y o n i c  d e v e l o p m e n t  a n d  l a r v a l  s u r v i v a l  of a 

N o r t h  S e a  t u r b o t  p o p u l a t i o n  in  o r d e r  to t e s t  t h i s  h y p o t h e s i s .  To m a k e  p r o p e r  c o m p a r i s o n s  

w i t h  t h e  d a t a  o n  t h e  Bal t ic  s tock  as p r e s e n t e d  b y  K u h l m a n  & Q u a n t z  (1980), s im i l a r  ex-  

p e r i m e n t a l  s e t u p s  w e r e  u sed .  S i n c e  s h a r p  t e m p e r a t u r e  d r o p s  m a y  h a v e  a n e g a t i v e  im-  

p a c t  o n  l a r v a l  s u r v i v a l  (see  e.g.  R u t h e r f o r d  & H o u d e ,  1995), e f fec ts  in  th is  r e s p e c t  w e r e  

a lso s t ud i ed .  
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MATERIAL AND M E T H O D S  

Eggs  w e r e  p r o v i d e d  by a h a t c h e r y  us ing  a Nor th  Sea b r e e d i n g - s t o c k  f rom the  sou th  

coas t  of Norway.  Dur ing  one  g o n a d  cyc le  the  s p a w n e r s  w e r e  k e p t  in t a n k s  at a m b i e n t  

t e m p e r a t u r e  cond i t ions .  T h e y  w e r e  s t r i p p e d  a n d  fer t i l ized  - u s ing  o n e  m a l e  for e a c h  

f e m a l e  - in a sa l in i ty  o{ 29';;., at a t e m p e r a t u r e  of 13 "C. Af ter  a b o u t  one  h o u r  they  w e r e  

t r a n s f e r r e d  to 4-1 ja rs  of t he  d i f f e r en t  e x p e r i m e n t a l  s e tups .  S ta r t ing  on  the  s e c o n d  d a y  af- 

ter  fert i l izat ion,  50 % of the  w a t e r  w a s  c h a n g e d  e v e r y  day. For e a c h  t e m p e r a t u r e  or sali- 

nity s tud ied ,  r e p l i c a t e s  w e r e  run  u s i n g  a n o t h e r  pai r  of fish (A a n d  B in T ab l e s  1-4). 

T h e  p e r c e n t a g e  v iab le  h a t c h  w a s  s t u d i e d  at t e m p e r a t u r e s  of 6, 9, 12, t4 ,  15, 18 and  

22"C a n d  sa l in i t ies  of 5, 10, 15, 20, 25, 30 and  35%. at  14"C. The  t e m p e r a t u r e  t o l e r a n c e  

e x p e r i m e n t s  w e r e  p e r f o r m e d  in an  a m b i e n t  sal ini ty  of 28 %,,. In a n o t h e r  e x p e r i m e n t  con-  

d u c t e d  to s t u d y  ef fec ts  of t e m p e r a t u r e  c h a n g e s  on mortali ty,  n e w l y  h a t c h e d  l a rvae  w e r e  

e x p o s e d  to sha rp ly  fal l ing t e m p e r a t u r e s  ove r  a pe r i o d  of t h ree  days,  f rom 14 "C to 9, 6 and  

4 "C respec t ive ly ,  e a c h  ind iv idua l  d r o p  in t e m p e r a t u r e  b e i n g  m a d e  o v e r  24 hours .  Add i -  

t ional i n fo rma t ion  on the  e x p e r i m e n t a l  s e t u p s  is g i v e n  in Table  1. Di f fe ren t  sa l in i t i es  w e r e  

Tol)le 1. Temper,Rure and salinity conditions in experiments I-III. The experiments were perlormed 
as two replicas, A ,rod B. 1: Eifect of temperature on viable hatch: II: Et~ect o[ decredsin 9 tempera- 

ture (from 14"C) on viable hatch; [II: Effect ot s,llinitv on viable hdtch 

Exp. I Exp. lI Exp, 111 
A B A B A B 

m.v. S,I), m.v. S.D. m,v. S.I), m.v. S,D, ' .... m,v. S.1), m.v, S.I). 
I"CI {"(:~ ("C') C('} I"( ~J f:'C".} 

6.3 0.52 6.5 0.47 4.3 0.32 3.6 0.17 5 1 3 . 7  1.2!) I4.0 1.30 
9.1 0.41 9.1 0.49 6.4 0.47 6.9 0.38 10 14 .1  1.13 14.1 1.16 

12.2 1.00 12.2 1.00 9.4 0.28 9.4 0.25 15 13.9 0.95 14.0 1.07 
13.7 0.28 13.8 0.20 14.2 0.34 13.0 0,48 20 14 .2  0.94 14.2 1.04 
15.3 0,71 15.1 0.62 25 14 .1  1,03 1,1.2 0.97 
18.1 0.60 I7.8 0.72 30 1 4 . 2  1.20 14.3 1.00 
21.6 0 .7 ,9  22.0 0.'18 35 14.0 1.35 13.9 1.19 

m.v. = mean value; S. I). = standard deviation 

p r e p a r e d  by us ing  o rd ina ry  sea  salt. In sa l in i t ies  of 5 to 20';,., t he  e g g s  w e r e  not  b u o y a n t .  

Thus ,  to p r e v e n t  g r o w t h  of bac t e r i a  on  e g g s  ly ing on  the  b o t t o m  of the  jars ,  2 p p m  of 20 % 

Te r r amyc in  (Pfizer) was  a d d e d  to all e x p e r i m e n t s .  

D e a d  e g g s  w e r e  r e m o v e d  dai ly  a n d  w e r e  s t u d i e d  a n d  c o u n t e d  u n d e r  a m i c r o s c o p e .  

T h e  , ,viable h a t c h "  was  d e t e r m i n e d  as t h e  n u m b e r  of l a rvae  tha t  s w a m  f ree ly  in the  wa-  

ter. I n c u b a t i o n  t ime  w a s  c a l c u l a t e d  as  t h e  p e r i o d  f rom fer t i l iza t ion unt i l  50 % of t he  lar-  

vae  w e r e  h a t c h e d .  

RESULTS A N D  D I S C U S S I O N  

The  du ra t i on  of e m b r y o n i c  d e v e l o p m e n t  f rom fer t i l iza t ion  unti l  50 % h a t c h  at d i f fer-  

en t  t e m p e r a t u r e s  in a sal ini ty  of 28%~ d e c l i n e d  f rom 210 h at 9"C to 54 h at  22~ w h i c h  

is a b o u t  10 % fas te r  t h a n  for t he  Balt ic p o p u l a t i o n  s t u d i e d  at 15 %~ S by K u h l m a n  & Q u a n t z  
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Fig. 1. Dura|ion ol embryonic development from fertilization to 50'",, hatch in Baltic (trom Kuhlman 
& Quantz, 1980) and Atlanhc turbot 

11980) (Fig. 1). Increased embryonic  deve lopmenta l  rate in higher  salinity has also been 

demonst ra ted  for other species of [latfish (Marx & l ' ienschel, 1941 ; Alderdice & Forrester, 
1968). 

Survival rate of the North Sea population from fertilization up to hatch was high 
(40-55 %) in tempera tures  be tween  12 and 18"C, tow at 6 and 22"C, and in termedia te  at 
9 "C (Fig. 2 and Table 2). The level of survival at op tunum tempera tures  is about  the same 

as for the Baltic populat ion studied by Kuhlman & Quantz  (1980), but is much higher  for 

the Atlantic populat ion at temperatures  be tween  9 and 14 "C/Fig .  2). 

Investigations on the survival of Atlantic populat ions in different salinities during 
embryonic  deve lopment  up to hatch within the assumed opt imum tempera ture  range 

(14"C) demonst ra ted  that the highest  survival rate is at salinities ranging from 20%,, to 
35 %,, (Fig. 3 and Table 3). Survival rate was very low at salinities of 15 %, and below, which 

was in contrast with results obtained in the Baltic populat ion studied by KuhIman & 

Quantz  (1980), where  the highest  survival rate was at 15'Y,~, and still high at 10%. (Fig. 3). 
In the present  study, there were  indications that the structure of the cell wall did not 

develop in a normal manner  when  cell c leavage  took place at low salinities. 

Adaptat ions to the lower salinities in the Baltic Sea have also been  demons t ra ted  for 

f lounder  and plaice (Solemdal, 1967, 1973). This seems to be a genera l  [eature of marine 

species in this envi ronment  since not only flatfish but also Baltic cod show adaptat ions to 
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Fig. 2. t t a t c h i n g  f r e q u e n c y  of turbot  e g g s  at d i f ferent  t e m p e r a t u r e s  and  sMini t ies  in Baltic [from 
K u h l m a n  & Quan tz ,  1980) and  Atlant ic  popu l a t i ons  

Tab le  2. Rate of surv iva l  of turbot  e g g s  a n d  l a rvae  at  d i f ferent  t e m p e r a t u r e s  

T e m p e r a t u r e  N u m b e r  of e g g s  Viable h a t c h  (%) 
CC) A B A B 

6 470 460 0 0 
9 533 651 22.1 13.4 

12 420 410 38.1 42.7 
14 450 460 37.8 51.1 
15 410 410 54.4 15.8 
18 430 430 29.8 53.3 
22 500 480 5.6 4.2 
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Fig. 3. Hatching frequency of turbot eggs in different salinities at 14 "C in Baltic (from Kuhlman & 
Quantz, 1980) and Atlantic populations 

Table 3. Rate of survival of embryos in different salinities 

Salinity Number  of eggs Viable hatch (%) 
(%o) A B A B 

5 575 676 0 0 
10 444 288 0 0 
15 411 356 6.1 0 
20 399 420 44.6 57.4 
25 416 448 41.8 56.5 
30 470 483 69.2 62.1 
35 466 518 47.2 41.9 

low sa l in i ty  d u r i n g  e m b r y o n i c  d e v e l o p m e n t  (Nis s l ing  & Wes t in ,  1991a,  b). T h e  r e p o r t e d  

d i f f e r e n c e s  b e t w e e n  t h e  A t l a n t i c  a n d  Bal t ic  cod  s tocks  r e g a r d i n g  sa l in i ty  t o l e r a n c e  (cf. 

N i s s l i n g  & Wes t i n ,  1991a;  K jo r sv ik  et  al. 1984) a re  t h e  s a m e  as t h o s e  d e m o n s t r a t e d  in  th i s  

p a p e r  for t u rbo t .  Thus ,  t h e  Bal t ic  p o p u l a t i o n s  h a v e  h i g h  s u r v i v a l  r a t e s  in  s a l i n i t i e s  of 10 

a n d  15 %o, w h i c h  is a n  i n t e r v a l  w h e r e  t h e r e  is no  or on ly  low s u r v i v a l  a m o n g  t h e  A t l a n -  

tic p o p u l a t i o n s .  T h e s e  g e n e r a l  r e su l t s  a g r e e  w i t h  t h e  c o n c l u s i o n  of K u h l m a n  & Q u a n t z  

(1980) t h a t  Bal t ic  a n d  A t l a n t i c  t u r b o t  s h o u l d  b e  c o n s i d e r e d  as  d i f f e r en t  r aces ,  
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W h e n  t e m p e r a t u r e  d r o p p e d  f rom the  o p t i m a l  t e m p e r a t u r e  for h a t c h i n g  s u r v i v a l  (i.e. 

14"C)  d o w n  to 9, 6 a n d  4"C ,  the  l a r v a e  s h o w e d  i n c r e a s e d  mor t a l i t y  on ly  at  the  l o w e s t  

t e m p e r a t u r e  ( a b o u t  50 % r e d u c t i o n ,  s ee  Fig. 4 a n d  T a b l e  4t. Th i s  low t e m p e r a t u r e  is c lose  

to the  l e t h a l  l imi t  for e m b r y o  su rv iva l  as p r e s e n t e d  in this  paper .  Th i s  i m p l i e s  t h a t  r ap id  

d r o p s  in t e m p e r a t u r e  c a u s e d  by, for e x a m p l e ,  u p w e l l i n g  of co ld  b o t t o m  w a t e r  d u r i n g  the  

ea r ly  l a rva l  per iod ,  m a y  c a u s e  s e v e r e  mor t a l i t y  a n d  u l t i m a t e l y  a f fec ts  y e a r - c l a s s  s t r e n g t h  

in tu rbo t .  
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Fig. 4. Survival rate of yolk-sac turbot larvae for a three-day period at a constant  t empera ture  of 14 "C 
and at temperature  decreases  trom 14" to 10, 6 and 4"C, respectively 

Table 4. Rate ol survival of newly ha tched  larvae at decreasing tempera tures  

Decreases in temperature  from Number  of larvae Survival (%) 
14 "C to A B A B 

14 925 611 63,8 57.4 
9 1093 1077 83.7 84.5 
6 1295 1413 61.1 84.2 
4 838 790 23.6 37.0 
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