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The paper drscusses the marn results of many years of 
research into spawnlng conditions and embryonic and larval 
developmenr of the White Sea cod, I.€., pecullarltres In 
worphogenesls, IP the formation, strucrure and functioning of 
the dlgestlve system, increase of Drotein a?a utllrzatron of 
yolk substencec. It preseurs results of experimerral work on 
t b e  e"fect.* of temperature on rhe characrer of morphogenetrc 
and metaboilc processes rn developing cod eggs. 

INTRODUCTION 

In our research we proceed from the assurnptron that frsh 

development can be looked upon as a hlstorlcal compromrse 

between tne envrronment and the adaptatlve power of a sFecles 

Thls process may also be regarded as rhe dynamrc equrlrbrrum 

herween a ilvrng organlsm and the everchanglng factors of the 

envlronmcnt. T h e  very nature of the orqanlsm-enulronmenr 

rt.l.atronshlp undercjoes co-slderable changes t - h r o u q h o i l t  oilto- 

yenesls as rhe organrsm becomes complex in rhe process of rts 



developmeni ard ?be acoree oC its aoasr-be caoac~rrcs rncrtasrs, 

hhen d l s c u s ~ r q  rhe early stages of lndlvldual dedtlsame~r, 

~t should ~e remenberea tnar, as S.G. Kryzharovsky 11948, 1950) 

one of the founders of tcologlcal embryology of rrsh noted, 

"adaptatron of flsh to reproduction and developmental condi- 

trons reflects not onlv essentlzl ecological factors of the 

embryonlc perlod, but also essentral phases of all the orher 

llfe perlods. They produce an lmpact on the blologv of adult 

flsh, determine the nature of mlgratlon, rhe posslblllties of 

movements and boundaries of dlstrlbutlon". 

MATERIALS AND METHODS 

The tlme and character of cod spawnlng have been determlned 

usrng catches of mature males and females and sampllng of 

pelaglc eggs In the planktop. Eggs obtalned by natural spahnlng 

ln laboratory condlt~ons or by artrfrclal ferrllizatlon were 

used ln experlrnental work. Tne effects of temperature condl- 

trons on tne character of embryonlc and larval development were 

studred uslng eggs obrarned from one palr of parents ,~hzch were 

incubated ar different temperatures wlthln the natural range 

for the particular specles. Buoyancy was determlned uslng 

technrques developed by Zaltsev (1954). Morpnogenetlc pecull- 

arltles were examlned wrth lrvlng materlal by meaqs of slde 

mlcroscopy and conventlonal mlcrcscopy (Chernyaev, 1962, 1931). 

Methods of experimental embryoloqv (Kostomarova, 1974) were 

used to study the properrles of the cells formlng the embryonlc 

dlsc. The hlstologrcal structure of the digestive system has 

examlned using conventronal methods (Verlglna et al., 1981). 

Acld protelnase acrrvlty was determlned by Anson's rechnlque 

(Anson, 1938), and a-amylase rn accordance wlth the method 

developed by R . M .  Ugoleva (1968). Separation methods of embryo 

and yolk In the eggs to study regularltles of oroteln lncrease 

and resorptlon of reserve yolk substances were also descrrbed 

earller [Kufrlna and Novlkov, 1980). 



RESIJL,TS AND DISCUSSION 

The condltron of reproductron and decelcrrnert for bnitc Sea 

cod (Gadus morhua rnar%saZbz Oerjugzni ~nhablrrng the Sub- 

arctlc Sea, are characrerrzed by marked varlatlons rn tempera- 

ture aod sallnrty. Its spawolng perlod 1s prolonged wlth one 

female producrng 5 to 6 batches of eggs; lt begrns early rn 

March under the rce at -1.5O~ with salrnlty of about 29°ioo 

and lt 1s comgleted In June, when rhe sea 1s free of Ice. At 

the end of the spawnl~g perrod the surface waters have In- 

creased to 4OC and sallnlty 1s reduced to 24-25"/oo. The 

developmental condltro~s of the rnltral and the subsequent 

batches of eggs vary and are ldentlcal wlth the varratlon rn 

reproductlon condltlons. The temperatures whrch allow normal 

development vary from -1.5O to 1o0C. The buoyancy of eggs 

varles greatly even wlthrn one batch. On the average, zero 

buoyancy rs achleved at 24.2O/oo of sallnlty. The embrvonlc 

perlod in rhe rnrtral barches 1s 45-50 days, for the flnal 

12-14 days. The sl7e of the fertrlrzed egg varres in drfferent 

fewales from 1.40 mm to 1.75 mm (Yakhotln and Sorn, 19763. 

Proceeding from our present knowledge of bony frsh (Ballard, 

1973, 1981; Trrnkaus, 1973, 1976) and reLyrng upon qualltatrve 

characterlsrlcs of morphologrcal movements In therr early onto- 

genesrs (Makhotrn, 1978) we have esrabl~shed ten stages rn em- 

bryonlc and larval development of the cod before the trme of 

complete external feedrng ~"arvae, as shown in Frg. l and 2. 

Stage I. Zyqote formation. Thls 1s characterized by the 

rearrangement of the nuclear apparatus and che corcex of the 

egg, as well as the lnrtratlon of ocplasmrc aggregation at the 

anlmal pole of the egg. The development of the cod ss ~nrtlated 

only by penetrarlon of the egg by sperm. The stage continues 

untll the frrst cleavage appears. It lasts for about l2 h at 

-1.5OC, 8 b at 2OC and 6 h ar 6OC. 

Stage 11. Cleavage. Thls lasts for nrne mltotlc cycles whlch 

are practrcallv sy~chronous. Cleavage dlvrsrons (from I1 to 1x1 

occur at n e a r l ~  equal rn-erbals of 6 h (at -1-3O) 4 h ai 

2O1 and 3 h (ar b3). 

The ratro of rre t ~ m e  for tqe _ n l t ~ a l  c l e a v a g e  rc the -ire 



Flg. 1. The embryonic development. Stage I (11, I1 (2-31, 111 
( 4 - 6 1 ,  IV ( 7 - 8 1 ,  V (9-111, V1 (12-13) and stage VII (14-15). 



f o r  s y n c h r n ~ o u s  c e ? i  d r - ~ i s l o n  t o  a p p e a r  1s i-do, x h l c h  1s 

c h a r a c t e r l s t ~ c  o f  b o r e a l  s p e c l e s .  I n  t h e  p r o c e s s  of  c l e a v a g e  

t h e  a d h e s i v e  p r o p e r t z e s  of  t h e  b l a s t o m e r e  membrane c h a n g e  a t  

r e g u l a r  intervals and t h u s  determine t h e  r e s i s t a n c e  o f  t h e  e g g s  

t o  m e c h a n i c a l  and o t h e r  e f f e c t s  a t  d i f f e r e n t  s t a g e s  o f  cy to tomy.  

S t a g e  111. B l a s t u l a t i o n .  T h i s  is  c h a r a c t e r i z e d  by embryon ic  

d r s c  d i f f e r e n t i a t i o n  I n t o  provisional s t r u c t u r e s :  t h e  s u r f a c e  

c o v e r  l a y e r  ( o r  p e r i d e r m ) ,  t h e  m u l t i n u c l e a r  ( p e r i b l a s t )  and t h e  

embryon ic  m a t e r i a l  p r o p e r ;  t h e  l n n e r  c e l l s  a r e  n o t  a d h e s i v e ,  

b u t  t h e y  form l o b o p o d i i .  T h i s  s t a g e  l a s t s  f o r  t h e  s i x  i n t e r ~ i a l s  

o f  s y n c h r o n o u s  c l e a v a g e  d i v i s i o n s .  T h i s  s t a g e  is  c r i t i c a l  I n  

e m b r y o g e n e s l s ,  and t h e  l a t e  b l a s t u l a  s t a g e  1s t h e  most s e n s i -  

t l a e  t o  e n v i r o n m e n t a l  i n f l u e n c e s .  

S t a g e  I V .  G a s t r u l a t i o n .  The i n n e r  c e l l s  show a d h e s i v e  p ro -  

p e r t l e s  and t h e  power o f  a c t i v e  mcvernent. They a r e  d i v i d e d  i n t o  

epi- and h y p o b l a s t .  E p i b l a s t  c e l l s  a r e  a t t a c h e d  t o  p e r i d e r m  

w h i l e  h y p o b l a s t  c e l l s  m l g r a t e  from t h e  c e n t r e  toward  t h e  p e r i -  

p h e r a l  7one .  The embryon ic  d i s c  g e t s  f l a t t e n e d ,  and an errbry- 

o n ~ c  r l n g  a p p e a r s ;  t h l s  i s  an e x t e r n a l  s i g n  of  t h e  g a s t r u l a t ~ o c  

p r o c e s s  b e i n g  c o m p l e t e d .  E p l b o l y  o f  p e r i b l a s t  and p e r i d e r m  

f o l l o w s  g a s t r u l a t l o n .  

S t a g e  V .  O r g a n o g e n e s i s .  Hypob las t  f o l l o w e d  by e p i b l a s t  t h e n  

c o n v e r g e  on t h e  body a x l s  of  t h e  f u t u r e  embryo. The a x l a l  

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

I t .  

S t a g e  <]I. Embryo m o b i l e  s t a t e .  The r e s u l t i n g  t i s s u e s  and 

o r g a n s  b e g l n  t o  p e r f o r m  definitive functions. 

S t a g e  V I I .  The embryo s s  a b o u t  t o  h a t c h .  The p r o c e s s  1s 

c h a r a c t e r i z e d  by t h e  f a c t  t h a t  provisional l a r v a l  o r g a n s  a r e  

r e a d y  t o  f c n c i i o n  and t h e  s e c r e t o r y  a c t l v i t y  o f  t h e  h a t c h l n g  

g l a n d s  1s e n h a n c e d .  I n  t h e  e p i t h e l i u m  of  t h e  p r o v i s i o n a l  

embryon ic  o r g a n s  ( h e a d  s i n u s  and t h e  f l n  f o l d i n g  o f  p r o t o p t e r y -  

g o l d )  c h l o r l d e  c e l l s  a r e  d i f f e r e n t l a t e d .  The t l s s u e s  of  t h e  

embryo,  t h e  head  s i n u s  and p r o t o p t e r y g o l d  f o l d l n g s  g r e a t l y  

I n c r e a s e  t h e l r  w a t e r  c o n t e n t ,  whxle  t h e  e g g s  l o s e  t h e l r  

p o s r t l v e  buoyancy .  

Different s t a g e s  o f  t h e  e a r i y  L a r v a l  p e r r o d  a r e  shown I n  

P l q .  2. The s u b p e r r o d  o f  p r o l a r v a l  deve lopmen t  1s c h a r a c t e r r z e d  



~ l g .  2. The larval developmenr. Stage V11 ( I ,  after hatching), 
V111 (2-31, IX ( 4 )  and srage X ( 5 - 6 ) .  



by enaogenous  f t e d z n q .  07 h a t c h i n g  + n e  p r o l ~ r ~ a e  drc usually 

a b o u t  a.?-4.4 m m  l o n g  t h e  body b e i n g  1 . 5  t r rnes  s n o r t e r  cnav 

t h e  t a l l  s e c t i o n ,  t h e  f o r m e r  n a v r r g  11-12 m u s c u l a r  s e g m e n t s ,  

t h e  l a t t e r  38-39. The m o r p h o l o g r c a l  structure and r h e  n a t u r e  of  

p r o l a r v a l  p l g m e n r a t l o n  a r e  s l m l l a r  t o  r h o s e  I n  o t h e r  popu- 

l a t r o n s  and s u b s p e c r e s  of  t h e  cod  (Meek, 1924 ;  ' r l d g e l r s s o n ,  

1978 .  Thompson and R l l e y .  1 9 8 1 ) .  P r o l a r v a e  k e e p  c l o s e  t o  t h e  

w a t e r  s u r f a c e ,  and a r e  ~ n d r f f e r e n t  t o  l l g h t .  

S t a g e  V I I I .  The o n s e t  o f  b l o o d  c e l l  circulation. Blood c e l l s  

d l f f e r e n t r a t e  f rom r h e  e n d o t h e l r u m  o f  t h e  - ~ e s s e l s .  The swlm- 

b l a d d e r  1s f l l l e d  w l t ~  g a s .  The p r o l a r v a e  a r e  o r z e n z a t e d  ' b e l l y  

downwards" ,  and show a  p o s l t r v e  r e a c t l o n  t o  l l g h t .  

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

l n t o  s e c t l o n s  t y p l c a l  o f  t h e  a d u l t .  I t  1s a  s t r a l g h t  n a r r o w  

t u b e  b h l c h  1s morphologically d l v i d e d  l n t o  2  s e c t l o n s :  a  s h o r t  

oesophagus  and a  l o n g  l n t e s t l n e  (Fig. 3 4 ) .  The l l v e r  1s d o u b l e -  

l o b e d ,  t h e  parenchyma b e l n g  l o o s e .  The g a l l  b l a d d e r ,  s r t u a t e d  

b e r a e e n  ? b e  l o b e s ,  opens  r ~ t o  t h e  l n t e s t l n e .  The e p r t h e l z a l  

l a y e r  o f  t h e  o e s o p h a g u s  1s formed D y  f l a r  c e l l s  a r r a n g e d  I n t o  

1-2  rows .  The mucous c e l l s  i n  t h e  e p l r h e l l u m  of  t h e  d r g e s t l r e  

t r a c t  a r e  a b s e n t ,  w h l l e  t h e  mucous membrane of  t h e  r n t e s t l n e  1s 

r e p r e s e n t e d  by a  s l n g l e  row of  c y l l n d r r c a l  e p l t h e l l u r n  ( T i m e l k o ,  

1 9 7 8 ) .  

The s u b p e r r o d  o f  l a r v a l  developmenr  p r o p e r  b e g l n s  w l r h  r h e  

s t a g e  IX o f  mlxed ( exogenous -endogenous )  f e e d l n g .  The l a r v a e  

a r e  a b o u r  5 . 0  m m  l o n g  and 1/3 o f  the y o l k  h a s  b e e n  r e s o r b e d .  

The mouth r s  open and t h e  jaws can  move t o  s e l z e  t h e  f o o d .  

The d r g e s t l v e  t u b e  increases I n  s l z e  w h l l e  t h e  l n t e s t l n e  

c a v l t y  1s marked ly  exoanded and t h e  r e c t u w  1s b e l n g  fo rmed .  

i F r g .  3 B J .  P e r l s t a l t r c  h a v e s  c a n  b e  s e e n  p a s s l n g  a l o n g  t h e  g u t .  

G e n e r a l l y  t h e  digestive t r a c t  of  t h e  p r o l a r v a l  cod 1s p r e -  

s u m p t l v e  I n  s t r u c t u r e :  t h e  s tomach and p y l o r r c  c a e c a e  a r e  

a b s e n t  k n l l e  mhcous and g o b l e t  c e l l s  c h a r a c t e r l s t l c  o f  e p r -  

t h e l l a l  oesophagus  and l n t e s t l n a l  s t r ~ c t u r e s  a r e  n o t  y e t  

fo rmed .  

R e s e a r c n  r r r o  t h e  a c t z v , t y  of a c l d  evzyrnes a r o ~ e r r x a s e  and 

a -a rn f l a se  r n  e g g s  and l a r v a e ,  s t a r r l n q  from cbe  s r a q e  of 

c l e a v a g e  u p  t o  e > r e r ~ a l  feed,ng (I 'lg. 4 )  show t h a i  :hrougnout  



fig. 3. Diagrammatic outlines of the digestive tract of cod, 
4 )  newly hatched larvae, B) prelarvae at mixed feedlng, 
C) larvae after absorption of yolk, 31 juvenile cod. 
Abbrevratlons: bd - blie duct, es - oesophagus, g - qas 
bladder, gb - gali bladder, il - l z ~ ~ e r ,  mr - mlddle ~ntestlne, 
pr - posterior rntestlne, pc - pyloric caecae, st - stomach. 
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FICJ. 4 .  The activrty of acld procelnase and a-amylase in eggs 
and the cod larvae. 



r h e  pe r3od  of e r n ~ r y o c e n e s l s  t n e  a c t l u t y  i e v e L  c' ~ n e s e  e n z y l e s  

r e m a l n s  p r a c r r c a l l q  c o n s i a q r  B e f o r e  ba tch ,ng  t h e , r  a c r l t i T t y  

I n c r e a s e s  by 1 . 5  a s  coinpared wr rh   he c lea -vage  n e r l o d .  A marked 

i n c r e a s e  I n  t h e  a c c l v i c y  i s  o b s e r v e d  a r  t h e  'nlxed f e e d r n g  s t a g e  

(IX), a c l d  p r o t e l n a s e  by  t h r e e  t l m e s  and a m y l a s e  by n r n e  r l n e s .  

C o n s e q u e n t l y  + h e  s t a g e  o f  rnlxed n u t r l t z o n  1n t h e  cod 1s 

characterized by  an o n s e t  c f  a c t r v l r y  o f  p e p s r n - l l k e  a c l d  p ro -  

r e l n a s e  and amylase  I n  t % e  d l g e s t l v e  t r a c t .  

S t a g e  X .  Comple te  exogenous  f e e d l n g  The l a r v a l  l e n g t h  1s 

5 . 5  t h e  y o l k  b e l n g  c o m p l e t e l y  r e s o r b e d .  D z f f u s e  y e l l o w  pig- 

ment a p p e a r s  10 t h e  l a r v a l  bodv The s t r u c t u r e  o f  c h e  d l q e s t l v e  

t r a c t  r e m a l n s  a l m o s t  unchanged w ~ t h  o n l y  g rowth  of  l t s  

s e c t i o n s .  I c  1s o n l y  I n  r h e  j u v e r l l e  p e r l o d  t h a t  zhe  d l g e s t l v e  

t r a c t  1s marked lv  d l f f e r e n r r a t e d  i ~ t o  oesophagus  s tomach  

rnzddle l n t e s r i n e  and r ec tum (Fig. 3 D ) .  

T h e r e  1s a  c o n t r n u e d  l n c r e a s e  I n  t re  a c t l v z t v  o f  a c l d  p ro -  

t e l n a s e  and amylase  whlch 1s d u e  t o  t h e  l n c r e a s e  I n  a c t l v l t y  

of t h e s e  en?ymes I n  r h e  d l g a s t r v e  s y s t e m .  T h l s  h a s  been  shown 

by a n a l y s e s  o f  enzyme a c t l v i t y  r n  l s o i a r e d  d l g e s r l j e  r r a c t s  and 

The a c r l v l t y  o f  a c l d  p r o t e r r a s e  and a -amylase  I n  t h e  
d r y e s t r v e  t r a c t  o f  cod l a r v a e  

i c r d  p r o t e i n a s e  a -amylase  
(pH 3,3) ( mg/g/h) 
(nkrn:g/h i 

kT20le d l g e s -  rr~t"ilC : ~ ? o l e  d l g e s -  r r u r k  
l a r v a e  t l c e  ( w r t h -  l a r v a e  r l v e  ( w l r h -  

t r a c t  o u t  t r a c t  o u t  
r r a c t  ) t r a c t )  

S r a g e  o f  mlxed 3 , 7  6 , 0  2 , 4  l l , 3  1 5 , 6  
n u x r i t l o r  ( 5 t h  3 , 8  5 , 5  2,4 1 1 - 7  1 5 . 2  
day a f t e r  
h a t c h l n g  

S t a g e  of  corn- 6 , 9  l 5 , O  2 , s  2 0 , l  2 5 , l  2 . 7  
p l e t e  exoqenous  
n u i r l t l o n  ( 7 2 t h  6 # 2  l 6 , 4  2 ,  4 L 9 , 8  2 , f 3  
day a f t e r  
h a t c i i r n g  



bodres of cod larvae ar srage 0 cf botn wrreu and complete 

exteroal nurrltron (Table i). 

It may a& seen that the acrrvrrv of acre proteinase and 

amylase In the rncesrlne 1s several rrmes hlgher chan that In 

the larval body wrtb the dlgesrzve tract removed. 

Data on the develo~ment of rhe dlgestrve sysrern grve us 

every reason to belleve that rt achieves ;ts functronal level 

before the completion of yolk resorprlon. 

Thus the dlgestlve processes of larvae are pecullar l? the 

sense that food organrsms pass ~ulckly along the oesophagus and 

are accumulated In the lntestlne, wnere dlgestlon and absorp- 

tlon take place. The funccron of dlgesrrve glands 1s probably 

partly taken over by eplthelral cells through rntracellular and 

contact dlgestlon. 

The morphological features descrrbed here and the pecull- 

arltltes of rnorphogenetlc processes are however only valld 

only under a deflnlte set of external condltlons. For the cod, 

as for many other soecles of boreal flsh one of the most 

effectrve abrotlc factors affectrng early ontogenesrs rs tem- 

perature. Slnce eplboly, gastrulatlon, axral convergency and 

dlfferenrratlon of the axral organs rn the embryo are relative- 

ly rndependent processes, the ratlo of the rates of these pro- 

cesses dlffers wlth temperature (Yakhotrn and Pavlov 1981). 

Other processes are less obviously deoendent on temperacure. 

For example, at 1. 5Oc melanln aopears In promelanophores , 

when there are 16 parrs of somltes rn the embrvonic body, while 

at 5Oc thls occurs wlth 12 palrs. At 1.5O~ the melanophores 

start branching when there are 30-32 myotomes In the embryonic 

body and the tall part has begun to segmept, whrle at ~ O C  

thrs occurs when there are 22 myotomes ln the body and before 

che tall bud dlfferentlates. 

At low temperatures somltes are flrst to contract; at hlgh 

temperatures the heart contracts before tne somrtes. 

One of the best known responses CO temperature varlatlon 1s 

the change In duratlon of development. Thrs 1s e a s l l ~  seen bv 

cornparrpq the rrme cc ernbry~geres~s i r  different populatlons oc 

the specles in tne area. The reduced perlod of embryorlc 



dex*eloprnenr ar hraner rewperatures 1s due nor onlv to zhe 

accelerared rate of worphogenerlc processes, bur also ro the 

disproportronare reauction of malnlv srages V1 and V11 of 

deveiopment thls is reflected rn rhe lower degree of organl- 

zatron of embryos developing at hlgher ~emperature as shown rn 

Table 2. 

Thus In the cod, as well as in other specles of frsh pro- 

larvae develop~ng ar drfferent temperatures harchrng may occur 

at different srages wlth a dlfferent degree of organrzatiov of 

organs and dlfferent sizes of the body. Thrs should produce an 

Impact upon their integration with the environment and future 

lrfe. 

In general, the nature of differences ln the degree of pro- 

larval crganrzatron at hatching under dlfferent temperature 

TABLE 2 

Effect of temperarure on deveiopment 

Incubatzon temperature Incubation temperature 
of t 6 O ~  of ilOc 

prolarvae are smaller ion prolarvae are larger (on the 
the average 4.2 mm) averaae 4.9 mm) 

hydrosrnus underdeveloped normal development 

head isectron) rs not sena- the head section 1s separated, 
rated from the yolk sac the completely formed grlls and 

jaws begrn to functlon shortly 
after hatchl~q 

eyes are sllghtly pzgmented, eyes are rntensly prgmented 
llttle melanin plgmenr 1s ("metalilc glrtter" present) 
present, guanine almost 
absenx (no "meralllc glitter") 

vertrcal strrpes of melanin melanophores are aggregated rn 
on the body are absenr vert~cal strlpes in the tall 

sectlon of the body 

the digestive system 1s re- a higher degree of complexity 
presented by the tube and of digestive system is 
rudlmenfary liver observed, the llver belnq 

divlded lntn rwo lobes with a 
complex strucrure 



conditions rs deirned both by tlke changes and the pccuiiaritles 

of morphogeneclc processes and the changes in the paraneters of 

exchange processes of the developing eggs. This is associated 

to a great extent with the specific nature of the utilization 

of yolk supplies for growth and development under different 

temperature conditions, i.e. the redistribution of substances 

in the embryo-yolk system and the regulation of this process by 

temperature factors. 

It has been shown (Novikov and Kuftina, 1982) that the 

increase in embryonic protein at the rnltial stages of embryo- 

genesis is reduced to a minimum. A marked Increase in protein 

begrns w ~ t h  organogenesis, foilowed by intensive growth up to 

the moment of hatching. 

Generally protein increase of cod embryos, as well as other 

fish, is exponentral (Novikov et. al., 1982). At the same time 

some regularrties in change of protein irncrease curve Frg. 5A) 

can be observed with change rn temperature. 

With the onset of organogenesrs, when the temperature ri-ses 

in the "warm" serres, there LS a more marked ~ncrease in the 

protein of the embryos, the higher the temperature, the more 

marked is the correlation. However, towards the begrnning "of 

the functional state of organ formation" (the onset of heart 

beat, etc.) the growtk: rate slows down and the embryos of the 

"cold" series catch up with the "warm" series embryos at this 

partlcular stage. 

As is known, wlth the rise of the temperature the rate of 

proteln synthesis increases and from this standpoint the 

increase in embryonic mass is quite consistent. What rs the 

cause of the subsequent slowlng of growth? One of the plausible 

explanations is that because of the specific features of 

morphogenetic processes the supply of nutritive yolk substances 

to the embryo cells 1s restricted. Due to this, all metabolic 

processes should be affected malnly at the expense of those 

yolk supplres whrch were carried off by the migrating cytoplasm 

at the moment of blastodisc formation (Lents and Trinkaus, 

i967; Trinkaus, 1973; "urovitskri, 1973). It is this lrrnlted 

supply c5 energetrc and piast~c substances that determins 

maximum embryo srze, whrle 11arlarlon r n  temperature accelerate 



X C O L D  

% W A R M  

F l q .  5 .  Growth mass embryo ( H I  and y o l k  d e c r e a s e  ( 2 )  

o r  s l o w  down i t s  u t r l l z a t l o n  

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

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

ernbryonlc  p r o t e l n  seem p a r a d o x l c a l  a r  f l r s t  s l g h r .  The embryos  

l n  t h e  " c o l d "  s e r l e s  a r e  g r e a t e r  r n  p r o t e i n  c o n t e n t ,  t han  t h o s e  

I n  t h e  "warm" s e r r e s .  However,  when e s t l r n a t l n a  t h e  r a t e  o f  

p r o t e l n  g rowih  p e r  2 4  h  d;y ~t t u r n s  o u t  t h a t  t h e  g rowth  r a t e  

( r n c l u d l n y  rile l n l t l a l  s t a g e )  1s ~n d i r e c c  p r o p c r t l o n  t o  rhe 

t e m p e r a t u r e  - t h e  h r g h e r  t h e  c e r n p e r a t u r e ,  t h e  h i g h e r  t h e  q rowrh  



rate fNovlkov aqd Kufiina 19823. The smaiter final arnounri o" 

proteln mass oi rbe eqcryos in the warm series are the resulr 

05 disproportionare cnanges in the rares of the two processes 

under different remperatures - on rhe one hard Ine protein 

synthesis rate and correspondingly the growrh in the embry- 

onlc proteln content and on the orher hand the development 

rate (1.e. changes ln the duration of development). Wrth the 

lncrease In temperature the reduced development duratron occurs 

at a greater rate than does the increase in proteln contenr. 

Pgalnst the backgrou~d of curvilinear dependence of prorern 

Increase on temperature the decrease in yolk supply is 

practlcally rectrlinear (Novlko~ and Kuftlna 1982) (Fig. 5B). 

But at hatchrng the remalnrng yolk supply 1s greater ln the 

embryos of the "warm" serles. It has also been established that 

the actrvlty of proteolytlc enzymes which catalyse yolk resou- 

tlon ln the egg and whlch is practlcally constant durlng 

embryogenesls, varres wlth the rlse ln temperature (Tlmeiko, 

1979), and that it increases as the temperature rtses. Thus rn 

this case again, the dlfferences in toe final amou~t of yolk ac 

hatching are caused by disproportiorate changes rn the rares of 

the two processes: the Increase in resorptio? rate of yolk on 

the one hand, and the decrease in the development duratlon 

prlor to hatching on the other, when the xncubation tempera- 

ture 1s  creased. d. 

From the foregoing lt may ae assumed that the initlal stage 

of sualrtative morpho-phvsrological dlfferences observed in 

adult specles and populatlons starts wtth the embryonic and 

larval perrod of development (Soin ai-d Novikov 1977). 
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Larvae. 
Feeding, growth and behaviour 
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