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ABSTRACT: In February/March 1983 and 1984 a survey of pelagic fish eggs was conducted in the 
western Baltic (Kiel Bight), employing a horizontally towed plankton net  t l  m ~ and  300 ~tm mesh). 
Maximum egg numbers  in the upper  meter  of the S = 21 x 10 -3 salinity layer were 200- 100 m -a. The 
most abundan t  eggs were cod (up to 142 eggs.  100 m-3), followed by plaice (up to 74 eggs .  100 m -3) 
and flounder (20 eggs.  100 m-3). A considerable percentage of embryos of all species displayed 
aberrant  development . . In  1983 18 % of cod, 22 % of flounder and  24 % of plaice eggs caught  
contained defective embryos; in 1984 this number  was larger, ranging from 28 % in plaice over 32 % 
in cod to 44 % in flounder. Early developmental  stages showed the highest  malformation rates (up to 
5 1 %  in the  case of early flounder embryos). With progressive development,  malformations 
decreased in numbers,  be ing  lowest prior to hatching. Highest rates of malformations were recorded 
in the Mecklenburg  Bight in 1983. A second area with high incidence of malformation rates was 
located south and east of the island of Langeland. Several reasons, including environmenta l  and 
anthropogenic factors, for the occurrence of malformed embryos in pelagic fish eggs are discussed. 
The potential  of malformation rates in embryos of pelagic fish eggs as a tool for monitoring is 
considered. 

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

I m p a i r m e n t  of r e p r o d u c t i o n  for w h a t e v e r  r e a s o n  m u s t  b e  c o n s i d e r e d  a n  a l a r m  s i g n a l  

of u t m o s t  c o n c e r n  for a n  a f f e c t e d  spec ies .  It m a y  e v e n t u a l l y  l e a d  to t h e  e x t i n c t i o n  of a 

p o p u l a t i o n  or  e v e n  of a spec ies .  Th i s  h a s  b e e n  d e m o n s t r a t e d  for  b i r d s  of p r e y  a n d  m a r i n e  

b i rd s  in  t h e  l a t e  1960s a n d  ea r ly  1970s in  N o r t h  A m e r i c a  a n d  E u r o p e  (Peaka l l ,  1970; 

Ratcliffe,  1970), as  a r e s u l t  of t h e  w i d e s p r e a d  u s e  of DDT. 

E x a m p l e s  of t h e  c o n s e q u e n c e s  of r e p r o d u c t i v e  i m p a i r m e n t  in  f i shes  i n c l u d e  t h e i r  

l a r g e - s c a l e  d i s a p p e a r a n c e  f rom ac id i f i ed  l a k e s  in  s o u t h e r n  N o r w a y  a n d  N o r t h  A m e r i c a  

( S e v a l d r u d  e t  al., 1980; B e a m i s h  & H ar vey ,  1972; H a r v e y  & Lee,  1982; H a i n e s ,  1981), 

r e d u c e d  f e c u n d i t y  t h r o u g h  t h e  effects  of D D T  a c c u m u l a t i o n  o n  l a k e  t r o u t  (Salvefinus 
namaykush, B u r d i c k  et  al, 1964) a n d  s p o t t e d  s e a  t rou t  (Cynoscion nebulosus, B u r d i c k  et  

el., 1972), as  w e l l  as t h e  ove r a l l  d e c l i n e  in  t h e  s t r i p e d  b a s s  p o p u l a t i o n  (Morone saxatilis) 
i n  S a n  F r a n c i s c o  Bay  ( W h i p p l e  e t  al., 1981). 

T h e r e  a re  v a r i o u s  r e a s o n s  for  r e p r o d u c t i v e  f a i lu re  in  a q u a t i c  o r g a n i s m s  (cf. W e s t e r n -  

h a g e n ,  1988), m a n y  of t h e m  c lose ly  a s s o c i a t e d  w i t h  m a n - m a d e  po l lu t ion .  For  t e l eos t s  th is  
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has been demonstrated with eggs from field specimen incubated in the laboratory 
(Westernhagen et al., 1981; Hansen et al., 1985; Spies et al., 1985). Wild parental fish with 
a high body burden of chlorinated hydrocarbons produced eggs which, after artificial 
insemination, yielded lower viable hatches than less contaminated eggs. For example, at 
greater gonad PCB-burdens of 120 ng g-1 (wet wt.), the viable hatch dropped to below 
50 % in eggs of flounder and herring. In starry flounder (Spies eta/., 1985), this level was 
around 200 ng g-i for gonads. Among eggs that died in early stages of development a 
large percentage of embryos displayed developmental aberrations before death finally 
occurred. 

On the basis of these findings one also would expect to detect deleterious effects of 
contamination in naturally spawned eggs in the field. Acutely lethal effects resulting in 
immediate death of the embryo would eliminate such eggs from the planktonic commu- 
nity as dead eggs do not float. However one would expect to catch eggs exhibiting 
chronic sublethal effects, resulting in defective embryonic developmer~t, before they 
ultimately die. 

First reports of unusual mortality of pelagic fish eggs in polluted areas came from the 
investigations of Dannevig (1945) in the Oslofjord. Recently, LongweU & Hughes (1981) 
also found high malformation rates as well as mitotic abnormalities in mackerel eggs from 
the polluted New York Bight. Dethlefsen et al. (1985) and Graumann (1986) made similar 
observations on the frequent occurrence of defective fish embryos in pelagic eggs from 
the southern North Sea and the central and eastern Baltic. The present investigation on 
developmental defects in embryos of pelagic fish eggs was conducted in the western 
Baltic, where flounders for the study conducted by Westernhagen et al. (1981) had been 
caught, yielding eggs of which a high percentage produced non-viable larvae. 

The aim of the present study was to establish the ihcidence of naturally spawned fish 
eggs with developmental abnormalities, and to evaluate this criterion for its use as a 
biological effects monitoring tool. 

MATERIAL AND METHODS 

Ca tch ing  p rocedure  

In February/March 1983 and 1984, pelagic fish eggs were caught in the western 
Baltic by the RV "Friedrich Heincke" using a horizontally towed plankton net (1 m ~D, 
300 ~m mesh). The net was towed horizontally for 10 rain at a predetermined depth and 
at a speed of < 1 kn, since high towing speeds of 4 kn or more are known to cause up to 
92 % egg mortahty (Southward & Demir, 1974). Towing depths were chosen according to 
salinity using data provided by Strodtmann (1906), K~indler (19491, K~indler & Tan (1965), 
and information on the buoyancy of pelagic gadoid and flatfish eggs in the Baltic given 
by Westemhagen (1970). As was confirmed experimentally with newly fertilized cod 
eggs from the western Baltic, a sahnity of 21 • 10 -3, irrespective of temperature, had a 
high enough density for the majority of the eggs to float. Tows below or above this 
theoretically determined buoyancy level yielded only insignificant numbers of eggs 
confirming that towing depths had been correctly identified. The net was towed in the 
upper stratum of the S = 21 x 10 .3 layer, which, depending on station hydrography (cf. 
Kandier, 1956; Siedler & Hatje, 1974), normally was between 5 and 15 m deep. However, 
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at certain stations it was necessary to tow the net  directly above the bottom because  of 
hmited depth. Actual towing depth varied • 3 m from the theoretically de termined 

value. 
At several stations (cf. Siedler & Hatje, 1974), salinity did not reach S = 21 x 10 .3 

even at the bottom. Yet the operation of the plankton net  close to the bottom aIso yielded 
eggs at these stations. Thus fish eggs were found to be buoyant  down to a salinity of 
17.5 • 10 .3 at a temperature  of 1.0 ~ (Sigma T = 14.9). 

Tempera ture  at the towing depth varied be tween  0.8 and 2.9 ~ (see Siedler & Hatje, 
1974). Immediately after haul ing in the catch, which was concentrated in 500 ml of water 
in the end of the ne t  (plankton beaker), it was poured into a 3-1 glass vessel conta ining 
1.5 1 of tempera ted  seawater  at S -- 25 • 10 -3. After the catch had b e e n a d d e d ,  the final 
salinity was about  22-23 • 10 .3 which allowed all eggs to rise to the surface, where  they 
were sorted for microscopic analysis. 

Mic ro scop i c  a n a l y s i s  

Eggs were examined  under  a stereo-microscope at 16 and 32 magnifications. Stages 
of development  (Ia-IV) w e r e  determined according to Wes te rnhagen  (1970), and  are 
characterized briefly in the following. 
Ia: Early cleavages and  blastodisc; 
Ib: Gastrulation, epiboly; 
II" Embryo up to 180 ~ around yolk, head formed; 
III: Embryo be tween  180~ ~ around yolk, heart  beat, primordial fins present;  
IV: Embryo be tween  270o-360 ~ around yolk, tail free, eye pigmentat ion,  body move- 

ments.  
Existing species specific differences in developmental  patterns are described in detail by 
Wes temhagen  et al. (1970). 

Development  was considered defective, if stages (Ia-IV) deviated from normal  
development  and  morphological differentiation. Gross abnormalit ies are shown in Figure 
1 for several stages of flounder and cod eggs. More subtle abnormali t ies inc luding 
irregular first cleavages (Fig. 1a-b), gastrulae with loose cell aggregates  (Fig. 1c-e), 
bhster-hke outcrops from body axis (Fig. 1f-g), ben t  notochords and  minor aberrations 
such as inclusions in early ceils or separate cell-aggregates in the yolk-sac membrane  
(Fig. 1h-i) were also considered as examples of abnormal  development:  

S u r v i v a l  e x p e r i m e n t s  

To investigate the relevance of malformations regarding embryo survival, incubat ion 
experiments with batches of eggs from the respective catches were conducted to 
determine the viable hatch. For this purpose, eggs were incubated in 300 cm 3 of seawater  
at 5 ~ and S = 25 • 10 -3. Incubat ion medium was North Sea water (S = 33 • 10 -3) diluted 
with Baltic sea water  of S = 15 x 10 -3 to provide S = 25 • 10 -3. Dead embryos or larvae 
were removed daily. After hatching was completed, viable hatch (%) was calculated for 
the different species. 
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Fig. 1. Abnormal development of pelagic fish eggs from the western Baltic February/March 1983 
and 1984. a-b: irregular first cleavages; c-e: gastrulae with loose cell aggregates; f-g:  blister-like 
outcrops from body axis; h-i: embryos with bent notochord and cell aggregates on yolk-membrane.  

Arrows indicate abnormaI cell proliferations 

E v a l u a t i o n  of  d a t a  

For  e v a l u a t i o n  of the  f ie ld  d is t r ibut ion  of mal format ions ,  a control  c h a r t  in  t he  form of 

D u n c a n ' s  s t ab i l i zed  p -cha r t  w a s  used.  The  m e a n  re la t ive  f r e q u e n c y  (p') of m a l f o r m a t i o n s  

was  o b t a i n e d  for a pa r t i cu la r  i t e m  at all c ru ise  stat ions.  T h a t  is, the  w e i g h t e d  m e a n  of the  
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frequencies at all stations served as the central line of the chart. The differences (D) of the 
total relative frequencies (Pi to p') were calculated for the stations and expressed in 
s tandard deviations, considering the i tem's actual abundance  (ni) at each station, us ing  
the formula: 

D - P i - P '  

V~p ' (1 -p ' ) /n i "  

When the result ing difference was beyond the sigma-limit, the station was marked  
with a symbol (triangle or hexagon), half the height  of which was representat ive of the 
number  of s tandard deviations it differed from the overall mean  rate of all stations. D was 
calculated only for those stations for which ni exceeded 20. This method of display 
demonstrates the significance of the deviations from the mean  rate observed. 

RESULTS 

Buoyancy and distribution of eggs 

The vertical distribution of eggs, as determined by number  of eggs in catches from 
different salinity strata, confirmed that most eggs floated in water with a sigma T value of 
at least 17.6 (corresponding to S = 21 x 10 -3, 5 ~ C) at varying depths, depend ing  on the 
location of the 21 x 10 -3 layer. Since the salinity of surface waters in the Baltic decreases 
towards the east, the 21 x 10 -3 layer - and  consequently the pelagic eggs - sank 
progressively deeper, eventual ly reaching the bottom as described by Hensen  (1884). In 
February 1983, no pelagic eggs were caught east of I~ ~ 0 0 ' E  due to low salinity. In 
February 1984, low salinity prevented the occurrence of pelagic eggs east of 11 ~ 30' E. 

Overall egg density in the 21 x 10 -3 layer is depicted in Figures 2 and  5 for February /  
March 1983 and 1984. During the period of the cruise (mid February until  b e g i n n i n g  of 
March) in both years cod eggs were the most a b u n d a n t  (Figs 3, 6), while plaice eggs were 
second (Figs 4, 7). Flounder  eggs were found only in small numbers ,  not more than  
4 eggs.  i00 m -3 along 54 ~ 40' N lati tude in 1984, and up to 20 eggs.  i00 m -3 south of 
Aer6 in 1983. 

Egg densities and species abundance 

Overall egg densities were highest in the central western Baltic (Figs 2, 5) with 

maximum numbers of about 200 eggs. 100 m -3 in both years in the same area (54 ~ 40' N; 

10 ~ 25' E). Comparing 1983 and 1984, it is evident that overall egg numbers in 1983 were 

higher throughout the total area of the western Baltic, including large parts of the Bight of 

Mecklenburg. In 1983, 50 and 100 eggs. 100 m -s were found throughout almost the 

entire western Baltic basin while in 1984 the area with > 50 eggs. 100 m -3 was consider- 

ably smaller. 

During both years (1983, 1984), eggs of 4 species were caught: cod (Gadus morhua), 
plaice (Pleuronectes platessa), flounder (Platichthys flesus) and fourbeard rockling (Onos 
cimbnus). Rockling eggs occurred only sporadically and were excluded from evaluation. 
Total numbers of eggs caught during the cruises are given in Table I. Cod eggs were 

dominant in February/March 1983 and 1984, followed in abundance by plaice and 
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Fig. 2. Overa l l  e g g  dens i t y  in the  S=  21 x 10 .3  l ayer  in the  w e s t e r n  Baltic (1983) as  n u m b e r  of e g g s  pe r  
100 m 3 
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Fig. 3. D e n s i t y  a n d  d i s t r i b u t i o n  o f  cod  eggs  i n  the  S=21  x 10 -3 l a y e r  i n  the  w e s t e r n  B a l t i c  (1983) as 
n u m b e r  o f  eggs  p e r  100 m 3 
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Fig. 4. Dens i t y  and  d i s t r i bu t ion  of p la ice eggs in  the  S=21  x 10 -3 layer  in the western Bal t ic  (1983) as 
n u m b e r  of eggs per  100 m 3 
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Table 1. Total number  (n) and  number  of defective (def) embryos of pelagic fish eggs in the S=21 x 
10 -3 layer in the western BalUc. 1983:50 staUons; 1984:56 stations, n = total n u m b e r  

Species 1983 1984 

n def % n def % 

Cod 21142 3869 18.3 9336 2978 31.9 
Plaice 3484 833 23.9 6788 1921 28.3 
Flounder 2509 557 22.2 288 128 44.4 
Total 27135 5264 19.4 16412 5022 30.6 

f lounde r .  S e v e n t y - e i g h t  p e r c e n t  of all  e g g s  c a u g h t  in  1983, a n d  57 % in  1984, w e r e  cod.  

T h e  d i s t r i b u t i o n  of e g g s  of t h e  t h r e e  s p e c i e s  is d e p i c t e d  in  F i g u r e s  3, 4, 6 a n d  7. C o d  e g g s  

w e r e  m o s t  a b u n d a n t  in  t h e  c e n t r e  of t h e  w e s t e r n  Bal t ic  a n d  w e s t  of t h e  i s l a n d  of F e h m a r n  

(Figs 3, 6). P la i ce  e g g s  in  1984 w e r e  m o s t  a b u n d a n t  in  t h e  s a m e  a r e a  b u t  i n  1983 t h e y  

o c c u r r e d  in  h i g h e s t  numl~ers  in  t he  M e c k l e n b u r g e r  B u c h t  (Figs 4, 7). O c c u r r e n c e  of 

f l o u n d e r  e g g s  in  t h e  w e s t e r n  BaiUc g e n e r a l l y  w a s  l o w  w i t h  s m a l l  c e n t r e s  of 

20 e g g s .  100 m -3 in  t h e  M e c k l e n b u r g e r  B u c h t  a n d  b e t w e e n  t h e  i s l a n d s  of Als  a n d  A e r 5  

(Denmark ) .  

M o s t  of t h e  cod  e g g s  w e r e  in  eaHy  d e v e l o p m e n t a l  s t ages ,  t h e  m a j o r i t y  b e i n g  i n  s t a g e  

t a  (Tab le  2) (for s t a g e  de f in iUon  s e e  W e s t e r n h a g e n ,  1970). W i t h  r e g a r d  to p la ice ,  t h e r e  

w a s  a p r e p o n d e r a n c e  in  1984 of o lde r  d e v e l o p m e n t a l  s t a g e s  a n d  in  1983 t h e s e  s t a g e s  

o c c u r r e d  in  r e l a t i v e l y  h i g h  a b u n d a n c e .  For  f l ounde r ,  t h e , i n f o r m a U o n  f rom t h e  p l a n k t o n  

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

n u m b e r  of o ld  ( s t age  III) f l o u n d e r  e g g s  in  1983, a n d  I984  s t a g e  Ia a s  t h e  m o s t  a b u n d a n t .  

In 1984, d a t a  o n  t h e  o c c u r r e n c e  of f l o u n d e r  e g g s  w a s  so m e a g r e  t h a t  t h e y  d id  n o t  p r o v i d e  

a d a t a  b a s e  l a r g e  e n o u g h  for f u r t h e r  ana lys i s .  

Table 2. Occurrence of pelagic fish eggs at different developmental  stages in the western  Baltic in 
February/March 1983 and 1984. For definition of stages see 'Materials and  Methods '  and  Westem- 

hagen  (1970). n = total number;  % def = % defective embryos 

Stage Ia % Ib % II % III % IV % 

n def n def n def n def n def 

1983 

Cod 11435 22.0 4485 15.9 2852 12.1 2068 14.5 302 2.6 
Plaice 1647 30.5 863 18.3 694 17.9 260 18.5 20 0 
Flounder 593 31.5 657 19.2 411 13.4 802 22.6 46 17.4 

1984 

Cod 4339 33.8 1621 40.1 1518 29.0 1503 26.3 355 7.0 
Plaice 1986 44.1 1381 34.4 2221 19.4 970 13.5 230 2.6 
Flounder 171 50.9 58 44.8 29 44.8 28 7.1 2 0 
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Occurrence of defective embryos 

Table 1 lists the total number of embryos and the percentage of those displaying 
aberrant development. In 1983 between 18 % (cod} and 24 % (plaice) of all eggs caught 
contained defective embryos; in 1984 this number was larger, ranging from 28 % (plaice) 
to 44 % (flounder}. The early developmental stages usually showed the highest malfor- 
mation rates (up to 51% in the case of flounder embryos in stage la in 1984}; with 
progressive development, malformations decreased in numbers, being lowest in stage IV, 

prior to hatching (Table 2). 
With regard to spatial distribution of aberrant embryos (Fig. 8), the highest rates of 

occurrence of malformations were recorded in the Mecklenburg Bight in 1983, particu- 
larly in the eastern part (Fig. 8a). The same pattern was found in 1984, even though the 
occurrence of pelagic eggs in the Mecklenburg Bight was very low (Fig. 8b). A second 
area with high incidence of malformation rates was located south and east of the island of 
Langeland. In 1983, increased incidence of malformations were also detected off the 
EckernfSrde Bight (Fig. 8a). In the years 1983 and 1984, cod and plaice were equally 
affected throughout these areas (Figs 9, 10). Highest malformation rates were found in 

stage Ia (Table 2). 
The data base for the occurrence of aberrant flounder eggs was only large enough to 

allow evaluation in 1983. Except for the frequent occurrence of defective flounder 
embryos in the Flensburg Bight, no obviously high occurrences of malformations were 
registered for this species throughout the western Baltic. 

I n c u b a t i o n  of e g g s  f r o m  p l a n k t o n  c a t c h e s  

Incubat ion exper iments  were  carr ied out to test  the assumpt ion  tha t  microscopical ly  
vis ible  aberra t ions  from normal  embryo  deve lopmen t  cause p re -ha t ch ing  dea th  of the 
embryo  or give rise to non-viable  larvae.  In these  exper iments ,  low h a t c h i n g  success 
co inc ided  with high malformation rates  as de t e rmine d  for the respect ive  stat ions.  Figure  
11 shows an example  of this correlation. For cod and  plaice,  the  corre la t ion  was  highly  
s ignif icant  (cod: r38: 0.4656, p < 0.01; plaice:  r38: 0.7258, p < 0.01), demons t r a t i ng  the 
inverse  correlat ion b e t w e e n  h igher  obse rved  malformat ion rates and  lower  r a t e s  of v iable  

hatch.  

E g g  m o r t a l i t y  

Mortahty  es t imates  for cod and  plaice  eggs  were  ob ta ined  for 1983 and  1984, 
ca lcula t ing mortahty  for different s tages  as wel l  as for the whole  per iod  of deve lopment .  
The ins tan taneous  mortal i ty rate  (Z) pe r  day  was  ob ta ined  us ing Nt/No = e -z t  (Harding & 
Talbot,  1973; Bannister  et al., 1974) w h e r e  N -- n u m b e r  of eggs  p resen t  at t ime  O (No) and 
at t ime t (Nt); t = dura t ion of s tages  Ia, Ib, II, III and  IV from incubat ion  e x p e r i m e n t s  with 
Baltic eggs  (Westernhagen,  I970). Total  cod egg  mortal i ty for 1983 c a l c u l a t e d  on the 
basis  of 19 stations (mean temp.:  2.1 ~ __+ 0.32) was  99. t8  % through  a l l  s tages,  the  
ins tan taneous  mortal i ty rate (Z) be ing  0.155 (Table 3). For 1984 the total  mor ta l i ty  of cod 
eggs  was  es t imated  to be  96.39 % with  a Z of only 0.0852 (calculated f rom 11 stations): 
Values  for plaice  in 1983 were:  total egg  mortal i ty  99.79 %; Z = 0.181. For 1984 no 
consis tent  da ta  on plaice  egg mortal i ty were  avai lable .  
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DISCUSSION 

Ver t i ca l  d i s t r i bu t ion  a n d  a b u n d a n c e  of eggs  

Regarding representativeness of the catches it has to be mentioned that  a portion of 
the variabihty in the results could be attributed to variations in the depth strata covered 
by the plankton net. Inaccuracy of depth determination during sampling using length 
and angle of the towing wire led to the net frequently being towed deepe r  or shallower 
than intended. In addition, alteration in currents, towing speed and wind during ship 
operation caused the net to undulate through the water layer. This behavior  of the net 
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Table 3. Abundance ,  mortality and  mortahty rate estimates for planktonic eggs from the  western 
Baltic. Temperature  in the S=21 • 10 -a layer: 2.1 ~ (1983); 1.18 ~ (1984). Z = ins tantaneous  
mortality rate. n = total eggs from 19 stations (cod 1983); 11 stations (cod 1984); 5 stations (plaice 

1983) 

Developmental  n Mortality (%) Z Stage durat ion 
stage (days) E 

Cod 1983 
Ia 6557 74.10 6 6 

0.225 
Ib 1698 40.00 3 9 

0.170 
II 1019 52.90 6 15 

0.125 
III 480 88.80 8 23 

0.273 
IV 54 8 31 

99.18 0.155 
I-IV 

Plaice 1983 
la 473 63.00 6 6 

0.166 
Ib 175 78.28 3 9 

0.509 
II 38 78.94 7 16 

0.222 
III 8 87.50 9 25 

0.231 
IV 1 9 34 

99.79 0.181 
V 

Cod 1984 
Ia 2079 69.90 7 7 

0.171 
Ib 625 3 10 

II 361 9 19 
0.060" 

III 363 41.92 I0 29 
0.158 

IV 75 79.30 10 39 

I-IV 96.39 0.085 

* between stage la and Ill 

m i g h t  h a v e  c o m p e n s a t e d  for a p o t e n t i a l  s a m p l i n g  b i a s  c a u s e d  b y  s p e c i e s  spec i f i c  

d i f f e r ences  in  b u o y a n c y  as  we l l  as t he  fac t  t h a t  e g g s  a t  a d v a n c e d  s t a g e s  of d e v e l o p m e n t  

b e i n g  s h g h t l y  h e a v i e r  t h a n  y o u n g e r  o n e s  f loa t  in  d e e p e r  w a t e r  t h a n  t h e  y o u n g  s t ages .  A 

poss ib l e  to ta l  s e p a r a t i o n  of t h e  d i f f e r en t  d e v e l o p m e n t a l  s t a g e s  w a s  p r e v e n t e d  b y  t h e  
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in tensi ty  of the halocline,  which  in the  Baltic (Belt Sea) is known to be  ve ry  p ronounc e d  
(Siedler & Hatje ,  1974}. Thus in 1983 the Sigma T at several  s tat ions in  the  centra l  
wes te rn  Baltic was a round  S igma T "- 5 be tw e e n  3 m and 5 m depth.  At  o ther  depths  
horizons in the  M e c k l e n b u r g  Bight the  Sigma T at  dep ths  be tw e e n  15 m a n d  18 m was  
above  6. At  a large  S igma T, eggs  t end  to be  concent ra ted  in a nar row laye r  jus t  be low the 
low salini ty stratum. In contrast, in wa te r  bodies  with less distinct or no sa l in i ty  stratifica- 
tion, eggs  are  d i spersed  vert ical ly over  a wide  dep th  range  as has b e e n  d e s c r i b e d  for the  
vert ical  dis tr ibut ion of mackere l  eggs  (Scomber scombrus; Coombs et  al., 1981), eggs  of 
sprat  and  p i lchard  (Sprattus sprattus, Sardina pflchardus) off P lymouth  (Coombs et al., 
1985} and  of Atlant ic  hahbu t  (Hippoglossus hippoglossus) in Norweg ian  wa te r s  (Haug et  
eft., 1984}. 

On the other  hand,  sampl ing  in a nar row discontinui ty layer  i nc reases  the  r isk of 
miss ing the egg-con ta in ing  stratum. Hence  the undula t ing  pa th  t raced  b y  the ne t  may  
have  inc reased  the represen ta t iveness  of the catches  while  it l ed  to an  unde re s t ima t ion  of 
numer ica l  egg  abundance .  In fact, abundance  of eggs  was low in the  w h o l e  wes te rn  
Baltic, as c o m p a r e d  to da ta  from K~ndler  (1949) for a typical  cod s p a w n i n g  a rea  such as 
the Bomholm Basin. In the Bornholm Basin at the halocline,  cod egg  m e a n  n u m b e r s  of 103 
to < 104 per  100 m 3 have  been  obse rved  (Mfiller & Pommeranz,  pers.  comm.}, whi le  the  
h ighes t  n u m b e r  of eggs  caught  dur ing  the presen t  invest igat ion was a r o u n d  200 eggs  pe r  
100 m 3 {Figs 2, 5). Even though the grounds  around the Vejsn~s Trough are  cons ide red  to 
be  the  main  spawn ing  grounds  for wes te rn  Baltic cod (K~ndler, 1949; Thurow,  1970), and  
egg  concentrat ions  in the genera l  a rea  were  e leva ted  (Fig. 3) no p r o n o u n c e d  p e a k  in egg  
numbers  was  detec ted .  This is in contrast  with results  ob ta ined  by  K~indler {1949} dur ing 
the egg  surveys b e t w e e n  1925 and  1938, where  egg  numbers  of more  than  300.m -2 had  
b e e n  observed.  During the p resen t  study, cod eggs  were  dis t r ibuted in n u m b e r s  of more  
than 50 per  100 m 3 throughout  the  entire a rea  wes t  of the is land of F e h m a m  without  
p ronounced  p e a k  occurrences.  Presence  of pe lag ic  eggs  was genera l ly  d e p e n d e n t  on the 
exis tence of a high sahnity (> 20 x 10 -3} layer. In 1984, when  bot tom w a t e r  sal ini ty was 
low in the M e c k l e n b u r g  Bight and  in the Fehmarn  Belt, the occurrence  of pe l ag i c  fish 
eggs  was low in these  parts  and  was confined to locations where  i sola ted  w a t e r  bod ies  of 
sal ini ty h igher  than S = 20 x 10 -3 pers i s ted  (Fig. 5; cf. also Krenkel,  1981}. T h e s e  f indings 
are  consis tent  with observat ions m a d e  by  Kfindler {1949) on cod e g g  a b u n d a n c e  in the 
Meck lenbu rg  Bight and  the work  of Thurow {1970} who concluded,  that  even  though  
ind igenous  spawning  of cod may  occur in the Meck lenbu rg  Bight, overal l  in tens i ty  is low. 
The occurrence  of ind igenous  spawning  in the Meck lenbu rg  Bight in 1983 is suppor t ed  
by  the fact that  the  majori ty  of eggs  from this a rea  (up to 93 % in cod and  95 % in plaice} 
was  in the very first c leavage  s tages  (Ia). Hence  they  must  have  b e e n  s p a w n e d  only 
recent ly  in this area.  

As l=ebruary/March is the main  spawning  season for cod in the  w e s t e r n  Baltic 
(Hensen,  1884; Strodtmann,  1906; Ehrenbaum & Strodtmann,  1904; Thurow,  1970), most  
of the cod eggs  were  at early deve lopmen ta l  stages.  The p e a k  spawning  s ea son  for p la ice  
is somewha t  ear l ier  than  that  for cod (cf. also Oray, 1965}, i.e. in J anua ry ,  which  was  
documen ted  by  the p r eponde rance  {1984) or re la t ively  high a b u n d a n c e  (].983} of o lder  
deve lopmen ta l  s tages  of this species  in the p lank ton  catches (Table 2). 

The  unexpec t ed  low numbers  of pe lag ic  f lounder  eggs  in the wa te r  co lumn corres-  
p o n d e d  with an observat ion m a d e  in 1984. In an incubat ion  exper iment  (6 ~ conduc ted  
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with 67 pairs  of f lounders  caught  in the Kiel Bight, of 67 successfully fert i l ized and 
deve lop ing  egg  lots (67 females  x 67 males) only 44 p roduced  eggs  that  f loated at  a 
salinity of S = 25 • 10 -3. This phenomer ion  was .unusual ,  since at this sa l in i ty / tempera-  
ture combinat ion  wa te r  densi ty  is a round  20.8, which from previous inves t igat ions  should 
allow f lounder  eggs  to float. 

Vert ical  dis t r ibut ion of eggs  fol lowed that  observed  by  K~indler & Tan (1965) for 
pe lag ic  fish eggs  in the wes te rn  Baltic. Cod, plaice and f lounder  eggs  were  found mainly  
in the 21 x 10 .3 layer,  which is typical  for western  Baltic pe lag ic  fish eggs.  Eggs  from the 
eas tern  par t  of the  Baltic still float at salinit ies of 16 x 10 -3 and  lower (Strodtmann, 1906; 
K~indler & Tan, 1965) since egg  densi ty  does  vary in relat ion to the sal ini ty to which  the 
adults  are  accl imated.  This does not imply  total absence  of eggs  from these  stations, 
because  former invest igat ions  (Hensen,  1884; Strodtmann,  1906; Mie lck  & Kfinne, 1935; 
K~indler, 1949) have  shown that  eggs  could be  found ly ing on the bot tom w h e n  there  was 
no high sahnity to suppor t  pe lag ic  eggs.  Such eggs  escape  detect ion b y  the s a mphng  
method  employed.  

O c c u r r e n c e  of d e f e c t i v e  e m b r y o s  a n d  e g g  m o r t a l i t y  

The p reva lence  of defect ive embryos  was  about  20 % of the total in 1983 and  roughly  
30 % in 1984. Earl ier  s tages  showed h igher  rates of deve lopmenta l  fai lure than  more  
advanced  s tages  (Table 2). In f lounder  embryos  up to 5 1 %  of the earhes t  s tage  (Ia) were  
affected. Hence  differential  mortal i ty may  lead  to a g rea te r  reduct ion in the  inc idence  of 
visibly affected embryos.  Throughout  deve lopmen t  a large  pe rcen tage  of the abnormal  
embryos  in s tage  Ia die off before reach ing  a la ter  stage,  thus the rate of vis ibly affected 
embryos  decreases  in the  course of further development .  

There  is httle information avai lable  on the p reva lence  of deve lopmenta l  failures in 
natural ly  occurr ing fish embryos.  Yannopoulos  & Yannopoulos  (1981) desc r ibed  malfor-  
mat ions  in the  eggs  of Sardina pflchardus and Engraulis enchrasicolus with ensuing  
embryo mortal i ty for the Saronikos Gulf in the A e g e a n  Sea. Up to 11.6 % (S. pilchardus) 
and 9.2 % (E. enchrasicolus) suffered from malformations.  Al though the authors  specu-  
la ted  on chmatic  causes,  no adequa te  explana t ion  for this phenomenon  could be  given. 
For the Baltic from the Bornholm area  to the  Gulf of Finland,  Grauman  (1986) observed  
the occurrence of abnormal  cod and sprat  embryos  in the  years  1979 to 1982 in the 
advanced  s tages  II-III. The mean  inc idence  of abnormal  embryos  was 36 %; in sprat  
eggs,  25 % of all embryos  were  malformed.  Gra uma n  (1986) observed  malformat ions  in 
eggs  par t icular ly  in la ter  (II-III) s tages  and  descr ibed  severe  morphologica l  anomal ies  
such as curvature  of the  body axis, twinning  and  body  disproport ions as the most  
common phenomena .  Graurnan (1986) d iscussed  pollut ion of the Baltic (oil pollution) as a 
potent ia l  reason for the h igh  malformat ion rates observed.  

Looking at the  spat ia l  distr ibution of malformat ion rates during our s tudies  (Fig. 8a, 
b) we notice that  in both years  centres  of high preva lences  of malformations occurred in 
the Meck lenburg  Bight and  south of the is land of Langeland.  In 1983, addi t ional  centres  
were  located off the Eckernf6rde Bight  and  east  of the is land of Langeland.  Either  na tura l  
or m a n - m a d e  factors may  be  respons ib le  for the occurrence of cons iderable  amounts  of 
defect ive fish embryos.  Among  natura l  factors, physical  pa ramete r s  such as tempera ture ,  
salinity and oxygen  may  be  suspec ted  to cause  embryonic  abnormali t ies .  Severa l  investi-  
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gat ions  have  shown that  low salini ty and high t empera tu re  (Wes te rnhagen ,  1968, 1970, 
1974; Porrester  & Alderdice ,  1966; Alderdice  & Porrester,  1968, 1971}, or  low oxygen  
(Braum, 1973} m a y  cause  considerabIe  aberra t ions  or dea th  in deve lop ing  fish embryos.  
Dead  pe lag ic  fish embryos  have  been  f requent ly  recorded  from p lank ton  ca tches  in the 
Baltic (Apstein, 1911; Heinen,  1912; K~ndler, 1938) and  He inen  (1912) s u g g e s t e d  that  
low sahni ty  (7.15 x 10 -3) caused  the dea th  of the  embryos.  However ,  these  repor t s  should 
be  t aken  with  cons iderab le  caution: dead  eggs  do not  float; only unfer t i l i zed  eggs  at low 
tempera tu res  m a y  float for severa l  days. In addit ion,  as a resul t  of h igh  sensi t ivi ty to 
mechanica l  d a m a g e  embryos  are hke ly  to die from injuries affl icted in t h e  process  of 
catching [cf. Sou thward  & Demir  (1974), the  towing speed  be ing  > 4 kn]. Results 
ob ta ined  by  Rollefsen (1932) on cod egg  suscept ibi l i ty  to mechan ica l  s t ress  l e ad  to the  
same conclusions.  

In the  p resen t  study,  low salini ty is unhke ly  to have  caused  the h igh  ra t e s  of observed  
abnormali t ies ,  as sal ini ty of the  wate r  from which  the eggs  were  t a k e n  was  usual ly  
b e t w e e n  20 and  21 x 10 -3 (towing level  of net). W h e n e v e r  this sal ini ty w a s  not  reached,  
the lowest  va lue  m e a s u r e d  was  S = 17.5 x 10 -3. For the  incubat ion  of Balt ic cod and  
pla ice  eggs,  20 x 10 -3 is the  op t imum salinity and at 17.5 x 10 .3 v i ab l e  ha tch  is not 
adverse ly  affected (Wes temhagen ,  1970). Besides, the  stat ion with the  l owes t  salinity 
(17.5 • 10 -3) which  still y i e lded  eggs  had  a low rate  of malformat ions  (3.5 SD be low the 
mean).  The  fact tha t  malformat ion rates in fish eggs  from the North  Sea  also are  high 
(Dethlefsen et al., 1985) compared  to those from the Baltic exc ludes  the  poss ib i l i ty  that  
low salini ty is a major  cause for malformations in embryos  from the Baltic. 

High  tempera tures ,  known to cause  malformations in mar ine  winter  spawners ,  are 
wel l  above  those (> 8 ~ recorded  in winter  in the  Baltic (1~ ~ Thus t e m p e r a t u r e  was 
not  hke ly  to have  caused  the observed  malformations:  

Oxygen  concentra t ions  in the open wate r  column of the  Belt Sea  in sp r ing  do not 
drop to biological ly  critical levels  be low 2 ml-1 - t  (Reimers, 1976), and  e v e n  in the  deepe r  
areas  of the Arkona  deep  (> 40 m) from January  to March  oxygen  concent ra t ions  are 
b e t w e e n  4.6 and  6.4 ml.1-1 (Engstr6m & Fonsehus,  1983), levels  which  ahow normal  
deve lopmen t  in te leosts  (Braum, 1973). Thus o ther  causes  for defect ive  d e v e l o p m e n t  
must  be  sought.  

M a n - m a d e  pol lutants  remain  as potent ia l  factors that  could con t r ibu te  to the 
obse rved  malformat ions  in pe lag ic  fish eggs.  Pollutants  m a y  act in two ways  on the 
embryo:  (1) th rough  accumulat ion  of toxicants in the  pa ren ta l  gonads  a n d  (2) b y  effects 
on the  embryo  th rough  the incorpora ted  substances.  W e s t e m h a g e n  et  al.  (1981) have 
shown that  the  first possibi l i ty  may  occur in Baltic flounder,  whose  g o n a d s  h a d  a high 
PCB burden.  Viable  hatch from these  gonads  was low (< 50 %) due  to fau l ty  deve lop-  
men t  of embryos  and  h igh  embryo mortahty.  Similar  effects are  known from Baltic 
herring,  Clupea harengus (Hansen et al., 1985), s t r iped bass, Dicentrarchus labrax 
(Westin et al., 1985) and  North Sea whiting, Merlangius merIangus {Cameron et al., 
1986). 

Another  m o d e  of effect may  be  th rough  the impac t  of pol lu tants  in the  wa te r  direct ly 
on the embryo.  Yet levels  of pol lutants  actual ly  p resen t  in the wa te r  column,  par t icular ly  
chlor inated  hydrocarbons  (Br/igmann & Luckas, 1978), are  cons idered  too  low to cause 
acute  effects on embryo  survival  (cf. W e s t e m h a g e n ,  1988). Such low levels ,  to be  active, 
could act th rough  biomagnif icat ion.  If this is accepted ,  then  the spat ia l  d is t r ibut ion of 
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malformations involving at least the two areas - south of the island of Langeland and the 
Mecklenburg Bight - (Figs 8, 9, i0) in the western Baltic, calls for detailed investigation of 
the reasons for this phenomenon. The question, then arises: what are the connections 
between parental fish and the regional distribution of eggs and malformed embryos? 

Migra tory  activities and  currents 

Investigations of Bagge (1961), Berner (1968) and Thurow (1970) show that the 
spawning stock of cod in the Kiel Bight is highly stationary and no pronounced spawning 
migration takes place. Currents in the Western Baltic are more of a regional, small-scale 
character, induced by local wind forces (Dietrich & Schott, 1974; Siedler & Hatje, 1974), 
and large-scale transportation through the Belts is limited to surface water. 

Thus, the eggs collected in the south-eastern part of the Kiel Bight must originate 
from spawners of that area, plus those immigrating 'from the Mecklenburg Bight 
(Thurow, 1970). Embryos from the north-eastern part of the area were generally in better 
condition than those from the south-eastern waters. Since the main water movements in 
the Baltic are characterized by inflowing deep water of high salinity and outflowing 
surface waters of low salinity (Dietrich & Schott, 1974), we believe that a considerable 
part of the egg population north-east of the Langeland-Kiel transect (Figs 8, 9, 10) could 
have been transported by high salinity water from the less polluted waters of the Kattegat 
into the Baltic, since eggs of the species under question from the North Sea show a lower 
prevalence of malformations than those from the Baltic (Dethlefsen et al., 1985, 1986). 
The implication of the spatial distribution of malformation rates in the Baltic is not clear 
but it does not contradict the theory that spawners from the Kiel Bight produce more 
malformed embryos due to bioaccumulated pollutants tha t  found in the inflowing waters 
from the Kattegat. Malformation rates noted in the area south of Langeland may be 
particularly high due to the fact, that this area is a major spawning ground, and 
malformation rates in freshly spawned eggs (early development) are always found to be 
higher than in later stages. A similar situation prevails in the Mecklenburg Bight, 
suggesting that the parental fish from both regions produce "poor quality" eggs, prob- 
ably due to pollution. This question needs to be examined in more detail, employing 
specially designed incubation experiments with parental fish from selected areas in 
conjunction with chemical residue analysis. 

Effects on recru i tment  

From preliminary experiments with defective embryos from the North Sea we know 
that the malformations observed were to a large extent (85 %) lethal (Westemhagen, 
unpublished data}. The question then arises whether defective embryonic development 
may add significantly to natural mortality in the field, even to the extent that recruitment 
might be affected. We recall that total mortality during the embryonic phase, estimated 
on the basis of observed changes in proportions of the successive developmental stages, 
was 99.18 % in cod and 99.79 % in plaice for 1983 and 96.39 % for cod in 1984. These 
figures are nearly identical to those determined by Wieland (1987) for cod eggs in the 
Bornholm Deep. Figures reported by Harding & Talbot (1973) and Bannister et al. (i974) 
for the eggs of North Sea plaice (1962-1971) were considerably lower (ca 50-80 %) than 
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those we determined for the Baltic in 1983 (99.79 %). High rates of natural  egg mortality 
are known also for other marine species such as North Sea sole, Solea solea {97.35 % at 
13.09 ~ Riley, 1974} or Pacific sardine, Sardinops caerulea (95 %~ Ahlstrom, 1954). 

Assuming natural mortality to be generally high, and considering for argument 's  
sake that the defective embryos for 1983 and 1984 were normal, would increase survival 
rates for cod by 22.0 % {1983} or 33.8 % (1984} (Table 2) giving a total egg  survival of 
1.06 % in 1983 (instead of 0.82 %) and 5.45 % in 1984 instead of 3.61% (see Table 3). 
These increases are probably too small (in terms of biological significance} to cause a 
detectible impact on recruitment (the high mortality in the larval phase not having been 
considered}. In North Sea plaice, for example, differences of several orders of magnitudes 
in egg and larvae numbers between year classes are known to be required to cause a 
measurable impact on recruitment (Bannister et al., 1974). We suspect that  the particu- 
larly low egg mortality occurring in 1963 (around 50 %), probably in conjunction with 
good larval survival, could have been responsible for the generat ion of a strong year 
class: 

On the other hand, current overfishing of the economically most important  species in 
the western and central Baltic (Tiews, 1986~ Weber, 1987) (exception at present:  herring} 
has lead to a severe depletion of stocks, especially cod, and it is feared that  spawning 
stock size has been noticeably reduced {Tiews. 1986). Thus even a small impact  on larvae 
production, as demonstrated during the present study - insignificant in an unstressed fish 
population - may in the case of the overexploited Baltic stocks eventually l ead  to reduced 
recruitment. 

Defec t ive  e m b r y o s  as a m o n i t o r i n g  tool  

The occurrence of large numbers of defective embryos in the sea may be  considered 
an abnormal phenomenon that has arisen only in the near past due to increasing 
anthropogenic input into the sea. Earher investigators such as Strodtmann (1906}, 
Jacobsen & Johansen (1908}, Heinen {1912}, Mielck & Kfinne (1935} and others probably 
would have noticed above-normal defective egg development rates, particularly in the 
early stages. The only information available from the past is the relatively large number 
of dead eggs in plankton hauls as for example reported by Apstein {1911}, Heinen (1912), 
Rollefsen (1930) and Pommeranz (1973), but as mentioned earlier we consider this an 
artifact due to fast towing {5 kn~ Pommeranz, 1973} or other faulty handling.  Thus, 
unfortunately, no systematic records exist of in situ abnormal egg development  from 
former years. 

Information on defective egg mortality in naturally spawned eggs in the sea is 
provided by the recent investigations of Graumann (1986) from the Baltic and our own 
work {Dethlefsen et al., 1985, 1986} from the North Sea. These studies report  high 
prevalence of irregular or defective embryo development. For the North Sea, areas with 
high rates of malformations (up to 50 % in whiting embryos} were located off the mouths 
of the Rhine and Elbe rivers, both highly polluted areas, and in the vicinity of the German 
and Dutch dumping areas for wastes from TiO2 production. 

Investigations in the New York Bight (Longwell & Hughes, 1981~ Longwell  et al., 
1984} on the occurrence of gross embryo malformations in the eggs of Atlantic mackerel  
(Scomber scombrus) eggs also demonstrated a high correlation between abnormal  egg 
development (including cytogenetic aberrations} and pollution of surface waters.  These 
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a u t h o r s  s t r e s s e d  t h e  u s e f u l n e s s  of f ish e g g s  for m e a s u r i n g  s u b l e t h a l  e f fec ts  of p o l l u t i o n  o n  

r e p r o d u c t i o n  in  t h e  field.  In t h e i r  ma te r i a l ,  a s i d e  f rom t h e  p h y s i c a l  p a r a m e t e r  sa l in i ty ,  

a r o m a t i c  h y d r o c a r b o n s  a n d  c h l o r i n a t e d  c o m p o u n d s  in  t he  w a t e r  m a s s  a c t e d  as  p r i m a r y  

v a r i a b l e s  a s s o c i a t i n g  w i t h  all  d e v e l o p m e n t a l  s t a g e s  of m a c k e r e l  e m b r y o s  ( C h a n g  & 

Longwe l l ,  1984), i n f l u e n c i n g  t h e  o c c u r r e n c e  of m a l f o r m a t i o n s  a n d  c y t o g e n e t i c  a b n o r -  

mal i t ies .  

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

f i sh  e m b r y o s  in  a r e a s  f r ee  of e x t r e m e  h y d r o g r a p h i c a l  c o n d i t i o n s  m a y  s e r v e  as  a n  

i n d i c a t i o n  of t h e  s t a t e  of t h e  m a r i n e  e n v i r o n m e n t .  Th i s  is h k e l y  to b e  so, p r o v i d e d  t h e  

h y d r o g r a p h i c a l  s i t u a t i o n  in  t h e  a r e a  u n d e r  q u e s t i o n  a l lows  for t h e  i n t e r p r e t a t i o n  of t h e  

o r ig in  of w a t e r  bod i e s ,  a n d  t h e  m i g r a t o r y  ac t iv i t i e s  of s p a w n i n g  p o p u l a t i o n s  a r e  w e l l  

u n d e r s t o o d .  For  m o n i t o r i n g  s tud ies ,  a n d  for t h e  e x a m i n a t i o n  of t h e  p o t e n t i a l  c o r r e l a t i o n  

b e t w e e n  o b s e r v e d  i n c i d e n c e  of m a l f o r m a t i o n s  a n d  e n v i r o n m e n t a l  p o l l u t i o n  load ,  s imul -  

t a n e o u s  c h e m i c a l  a n a l y s e s  of e m b r y o s  or g o n a d s  of p a r e n t a l  f i sh  f rom t h e  r e s p e c t i v e  a r e a  

a re  des i r ed .  For  o p t i m i z a t i o n  of t h e  m e t h o d ,  t h e  s t a n d a r d i z a t i o n  of s a m p l i n g  p r o c e d u r e s  

a n d  t h e  a s s e s s m e n t  of e m b r y o n i c  m a l f o r m a t i o n s  s h o u l d  b e  g i v e n  f u r t h e r  a t t e n t i o n .  

This article contains parts of a doctoral study by P. Cameron in the Faculty of Biology, Hamburg  
University. 
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