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Abstract. Egg mortali ty of  Baltic cod (Gadus rnorhua L.), 
collected off northern Gotland,  Sweden, in 1990, was 
studied in four different salinities - 10 and 15 ppt  (salinity 
of  the principal spawning areas of  Baltic cod) and 5 and 
7 ppt  (salinity above the halocline) - in laboratory exper- 
iments. Mortal i ty was high during the first 4 d of  devel- 
opment,  but after gastrulation mortal i ty was low in all 
salinities tested, except for 5 ppt, in which mortal i ty in- 
creased slightly before hatching. Mortali ty during hatch- 
ing varied considerably with salinity. No hatching oc- 
curred in 5 ppt  salinity, and only a few larvae survived in 
7 ppt  salinity; in contrast,  mortal i ty during hatching was 
comparat ively low in salinities of  10 and 15 ppt. 

Introduction 

The Baltic cod stock has varied greatly over the centuries 
(Otterlind 1984). F rom the late 1970s until the middle of  
the 1980s high catches were reported; since then the stock 
has decreased considerably (Hansson and Ruds tam 
1990). G r a u m a n  (1973) has shown that  variations in the 
Baltic cod stock are correlated with spawning efficiency, 
which depends on abiotic conditions (primarily salinity 
and water oxygen content) in the spawning areas, i.e. the 
Bornholm, Gdansk  and Got land basins. 

The deep basins of  the Baltic Sea are characterized by 
periods of  stagnant deep water due to irregular inflows of  
saline water f rom the Nor th  Sea. The last major  inflow 
occurred in winter 1976-77 (Fonselius 1988) and re- 
sulted in salinities of  ca. 11 to 13 ppt  in the Gdansk  and 
Got land basins. Today the prevailing conditions in the 
Gdansk  and Got land basins are unfavourable  for cod 
reproduction because of  decreased salinity (9 to 11.5 ppt) 
and a severe oxygen deficit. 

Since cod is the most  commercially valuable fish spe- 
cies in the Baltic Sea, it is of  great interest to estimate the 
year-class strength in order to forecast the likely catch. 
Attempts  to estimate the success of  spawning by sam- 
pling eggs and larvae in the deep basins and to calculate 

cod survival rate have been made for a number  of  years. 
In calculating egg survival, knowledge about  egg mortal-  
ity and hatching is needed. 

Salinity in the principal spawning areas of  Baltic cod 
varies between 10 and 16 ppt, but we have previously 
shown (Westin and Nissling 1991) that a minimum salin- 
ity of  ca. 11 ppt  is necessary for successful fertilization 
and egg development. Fertilization in salinities of  10 ppt  
or less results in no egg development (development ceases 
before the first cleavage), but it has also been observed 
that eggs, fertilized in 17 ppt  S, develop normally when 
transferred to low salinities (5 and 7 ppt) after fertiliza- 
tion. The aim of the present experiment is to obtain infor- 
mat ion about  egg mortali ty f rom fertilization to hatch- 
ing, and to investigate egg survival in low salinities. 

Materials and methods 

Spawning cod (Gadus morhua L.) were caught with gill nets at 50 to 
90 m depth of northern Gotland, Sweden (58°N, 19°E), and eggs 
were obtained by stripping. Eggs were fertilized and held in 17-ppt- 
salinity water (a salinity in which fertilized eggs remain buoyant, 
whereas unfertilized and dead eggs sink) until the start of the exper- 
iment. Batches of 100 to 200 normally developed eggs from six 
different females were transferred to four salinities (5, 7, 10 and 
15 ppt) at various times after fertilization, as follows: (a) 2 to 4 h 
(Females 1 and 2); (b) 2 d (Females 3 and 4); and (c) 3 d (Females 
5 and 6). These times correspond to development stages 1-2 cells, 
early gastrulation, and end of gastrulation, respectively. 

From each female, one egg batch was incubated in each of 10 
and 15 ppt salinity, and two batches were incubated in each of 5 and 
7 ppt salinity. The egg batches were incubated in 500 ml of water 
with the respective salinity, prepared from filtered seawater (0.2 gin) 
and synthethic seasalt (hw-Marinemix) or diluted with deionized 
water, at about 7 °C. The water was also treated with antibiotics 
[Mycostatin (2500 IU/1), Streptomycin (0.05 g/l) and Doctacillin 
(0.2 g/l)]. 

The water was changed daily, and the number of both dead eggs 
and hatched larvae was counted. Percentage of hatched larvae and 
daily egg mortality were calculated relative to the number of eggs at 
the start of incubation (i.e., on Days 0, 2 and 3). Egg mortality at 
Days 13 to 15 (time of hatching) was combined and is reported as 
mortality during hatching. 
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Fig. l. Gadus morhua. Cumulative mortality of Baltic cod eggs in 
different salinities during development (Days 0 to 12) and hatching 
(H) (Days 13 to 15), after fertilization in 17 ppt and transference to 
different salinities at various time after fertilization: (a) 2 to 4 h 
(Females 1 and 2), (b) 2 d (Females 3 and 4), and (c) 3 d (Females 
5 and 6) 

Resu l t s  

Cumulative egg mortality during development for each 
salinity from the different incubations is shown in Fig. 1, 
together with mortality during hatching. In salinities of 5, 
7 and 10 ppt the eggs developed at the bottom of the 
beakers, while the eggs remained buoyant in ] 5 ppt. 

Mortality of eggs incubated from Day 0 (Fig. 1 a) was 
high during the first 3 d of incubation; after gastrulation 
(from Day 4), however, mortality was low in all salinities 
except for 5 ppt, in which there was an increase in mortal- 
ity before hatching. The pattern for eggs incubated from 
Day 2 (Fig. ] b) was similar. Mortality was highest during 
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Fig. 2. Gadus morhua. Percentage of hatched eggs of Baltic cod in 
different salinities, after transfer from 17 ppt salinity at various 
times after fertilization: 2 to 4 h (females I and 2), 2 d (Females 3 
and 4) and 3 d (Females 5 and 6). From each female, two egg 
batches were incubated in each of 5 and 7 ppt salinity, and one batch 
was incubated in each of 10 and 15 ppt salinity 

the first 2 d of incubation and low from Day 4 until 
hatching, except for 5 ppt salinity, in which mortality 
increased towards the end of development. Eggs incu- 
bated from Day 3 (Fig. I c) displayed high mortality dur- 
ing the first day of incubation, but low mortality from 
Day 4 onwards; in contrast to the incubations from Days 
0 and 2, there was only a slight increase in mortality 
immediately before hatching (Days 10 to 12) in 5 ppt 
salinity. 

During hatching, mortality varied considerably among 
salinities, irrespective of development stage at the start of 
incubation. No larvae survived hatching in 5 ppt salinity. 
In 7 ppt, mortality during hatching was high, with only a 
few hatched larvae; mortality in 10 and 15 ppt salinity 
was considerably lower, although it increased during 
hatching. The percentage of hatched larvae from the dif- 
ferent incubations is shown in Fig. 2. 

In 5 and 7 ppt salinity an increasing number of larvae 
appeared in a partly emerged state from Days 9 to 12, 
usually with the head protruding from the egg (Fig. 3), 
and finally died. This was not observed in 10 or 15 ppt 
salinity. 

D i s c u s s i o n  

Mortality of pelagic eggs is generally high, and even small 
variations in mortality rate may result in large variations 
in year-class strength. Among the factors affecting egg 
survival are abiotic conditions such as temperature 
(Thompson and Riley 1981, Iversen and Danielssen 
1984), salinity (Laurence and Rogers 1976) and water 
oxygen content (Grauman 1974, Wieland 1987). Biotic 
factors include not only predation (see Jaworski and Ri- 
jnsdorp 1989) but also egg quality, which affects fertiliza- 
tion rate and aberrant embryonic development (Grau- 
man ] 973, Kjorsvik et al. 1984). All of these factors must 
be considered when calculating survival rate and estimat- 
ing year-class strength from egg abundance in the spawn- 
ing areas. 

Cod egg survival in the Baltic deep basins has been 
investigated by Grauman (1973, 1974), who sampled 
ichthyoplankton from 1954 to 1964 and from 1968 to 
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Fig. 3. Gadus morhua. Normally hatched Baltic cod larvae (left) and larvae appearing in a partly emerged state before hatching (right) 

1970. Estimated egg survival varied between I and 21% 
and was correlated with hydrographical conditions. By 
comparison, Wieland (1987), who calculated egg mortal- 
ity in the Bornholm basin during a cohort study, esti- 
mated daily egg mortality to be 26.9 to 27.5%, leading to 
an overall mortality of about 99.9%. 

In our investigation egg mortality was high during 
early developmental stages in all salinities tested. After 
gastrulation, however, egg mortality remained low until 
hatching, except for an increase towards the end of devel- 
opment in 5 ppt salinity. This was true for all incuba- 
tions, irrespective of development stage at the start of 
exposure. These results are in agreement with those of 
Laurence and Rogers (1976), who reported highest mor- 
tality (12 to 13%) for Atlantic cod eggs in early stages 
until the end of gastrulation, as well as just prior to hatch- 
ing (23%). In addition, Iversen and Danielssen (1984) re- 
ported that highest egg mortality occurred during gastru- 
lation and immediately before hatching in North Sea cod. 
Higher egg mortality in early developmental stages was 
also reported by Grauman (1973) from the Baltic deep 
basins; furthermore, Kjorsvik et al. (1984) reported that 
20% of North Sea cod eggs, collected from plankton, 
were aberrant when early stages were predominant, 
whereas only 5% were aberrant when more advanced 
stages prevailed. 

Experiments on tolerance of cod eggs to low salinities 
have been performed by Kjorsvik et al. (1984) for At- 
lantic cod in salinities of 14, 20, 27, 34 and 48 ppt. No cod 
eggs were fertilized in 14 ppt, and eggs which were fertil- 
ized in 34 ppt and then transferred to 14 and 20 ppt died 
before gastrulation and before closure of the blastopore, 
respectively. In similar experiments on Belt Sea cod in 
salinities of 10, 15, 20, 25, 30, 33 and 42 ppt, Western- 
hagen (1970) found no development in eggs fertilized at 
10 ppt salinity, and eggs transferred in early stages to 7 
and 10 ppt from 33 ppt died, but were able to develop and 
hatch if transferred in the IIb stage (i.e., after gastrula- 
tion). This contrasts with our investigation on Baltic cod, 
in which eggs developed normally and were able to hatch 
in 7 and 10 ppt, although they were transferred from a 
higher salinity only 2 to 4 h after fertilization; these re- 

sults may indicate differences in the salinity tolerance of 
cod populations. 

The fact that eggs transferred from higher salinities 
survive in salinities lower than the minimum necessary 
for successful fertilization might be explained by the 
change which occurs in permeability of the perivitelline 
membrane. Shortly after fertilization, permeability to 
water decreases to about 5% of its prefertilization value 
(Riis-Vestergaard 1984, Mangor-Jensen 1987). The sig- 
nificance of this was shown in an investigation by 
Kjorsvik et al. (1984), who found that fertilization in dif- 
ferent salinities affected yolk osmolality, whereas transfer 
24 h later had no effect. 

From Day 8 (Riis-Vestergaard 1984) or Day 10 (Man- 
gor-Jensen 1987) onwards, the permeability of the peri- 
vitelline membrane and the embryonic volume increase, 
indicating an uptake of water by the embryo (Mangor- 
Jensen 1987). This coincides in our investigation with the 
period of increased egg mortality in 5 ppt salinity and the 
appearance of partially emerged larvae in 5 and 7 ppt 
salinities. Mortality at hatching varied considerably with 
salinity. In 5 ppt no hatching occurred and only a few 
larvae survived hatching in 7 ppt, while in 10 and 15 ppt 
mortality at hatching was comparatively low. Thus, de- 
velopment of fertilized Baltic cod eggs seems to be little 
affected by change in salinity, but low salinities strongly 
affect hatching rate. 
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