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1 INTRODUCTION 

In accordance with C.Res.1993/2:7:9, adopted at the 
81st Statutory Meeting of the International Council for 
the Exploration of the Sea, it was decided to establish a 
Study Group on Occurrence of M-74 in Fish Stocks 
(SGM74), a "syndrome" causing severe mortality in the 
early life stages of the Baltic salmon. The Study Group 
met at the ICES Secretariat in Copenhagen, on 1-3 
March 1994. 

The Study Group had been assigned the following tasks: 

a) to review the available information on M-74 and 
similar reproductive disturbances; 

b) to propose details of scientific studies to investigate 
the causes and mechanisms of these reproductive 
disturbances and their effects on reproduction/early 
life stages of fish; 

c) to prepare a report for the Baltic Salmon and Trout 
Assessment Working Group and the Working Group 
on Pathology and Diseases of Marine Organisms. 

The Study Group also addressed the task: 

d) to assess the effect of M-74 on the salmon stocks. 

The agenda of the meeting is attached as Annex 1. 

Participants at the meeting are listed below and in Annex 
2. 

B.-E. Bengtsson 
H. Botjeson 
I. Brandt 
G. Bylund 
0. Christensen 
T. Hastein 
B. Hjeltnes 
E. Ikonen 
H. Lassen 
S. Mellergaard (Chairman) 
A. Soivio 
J. Thulin 
P.J. Vuorinen 

2 STATUS 

2.1 Salmon (Salmo salar) 

Sweden 
Sweden 
Sweden 
Finland 
Denmark 
Norway 
Norway 
Finland 
Denmark 
Denmark 
Finland 
Sweden 
Finland 

2.1.1 Swedish compensatory rearing model 

In Sweden hatchery-reared salmon fry were released to 
rivers as early as the 1860s and rearing to parr size 
(10-20 g) began in the 1930s. The building of power 

plants from the 1940s onwards drastically diminished the 
prerequisites for the natural production of smolt. To 
compensate for the resulting loss of natural production 
sites, the Swedish compensatory programme for the 
release of salmon smolt was developed (Ackefors et al. , 
1991). 

The compensatory programme in Sweden relies on 
ascending spawners collected in the rivers in order to 
keep the native river stocks intact. Brood fish are caught 
in the rivers during summer and autumn (i.e., over the 
entire ascending period to ensure that they represent the 
size variation and the time schedule of the whole run) 
and kept to ripeness in late autumn when they are 
stripped and the eggs are artificially fertilized. The 
propagation material is incubated and the offspring 
reared to two-year-old smolt (40-80 g). The smolt are 
released into their "home-river" in May to make possible 
the feeding migration to the Baltic Sea. 

The Swedish programme amounts to 1. 9 million smolt a 
year from normal eggs and is concentrated in the rivers 
entering the Gulf of Bothnia. The hatchery capacity is in 
maximal use at present. Approximately 2 percent of the 
released smolt are tagged, recapture rates vary between 
years and stocks by about 5 to 15 percent. 

To compensate for the high yolk sac fry mortality, the 
number of spawners from compensatory rearing have 
been increased. Today the annual number of spawners in 
all rivers except the Ljungan River exceeds 50 pairs. 
Over 400 pairs are used for the Lule River due to M-7 4 
problems. 

2.1.2 Finnish compensatory rearing model 

The compensatory model in Finland is totally different 
from that developed in Sweden. When most of the 18 
salmon rivers were dammed for hydroelectric power 
production or spoilt by pollution in the 1950s, only two 
natural rivers (the Tomio and the Simo) were left for 
salmon spawning. The stock of the Ii River was pre­
served for aquaculture at the Taivalkoski State 
Aquaculture Station Fish Farm, where a brood stock was 
created from wild brood fish and descending smolt from 
the river. This brood stock has been supplemented from 
eggs collected from ascending brood fish from the 
restocking sites of this stock. The stocks of the Tornio 
and Simo rivers have been taken into cultivation and the 
natural stocks have been supplemented during the last 
decade. 

To supplement the salmon stock of the Oulu River, the 
Montta Fish Farm was founded in the 1950s. It now 
releases smolt from a mixed "Montta stock" based on 
ascending brood fish migrating northwards beyond the 
mouth of the Oulu River (stocks of the Simo, Ii, and 

1 



Tornio rivers). In addition some genetic material has 
been introduced from the Kalix River in the 1960s. 

To compensate for the salmon of the rivers south of the 
Northern Quark and those running to the Gulf of Fin­
land, the stock of the Neva River was imported as eggs 
to the Laukaa State Aquaculture and Research Station in 
the 1970s. 

Genetic material has been added to all of these five 
brood stocks, at least every second or third year, from 
the wild ascendant spawners caught in the river mouths 
and sites of release mainly from the early ascendants in 
the region north of the Northern Quark and from late 
ascendants from the N eva strain in the mouth of the 
Kymi River. 

From the eggs of brood stocks reared in several fish 
farms, about 2 million smolt are released into the Baltic 
Sea. The total Finnish capacity to produce smolt for 
stocking is about 4 million yearly. 

2.2 Clinical and Pathological Symptoms of M -7 4 

The syndrome was first observed in the Swedish com­
pensatory smolt-rearing hatcheries in the early 1970s. 
Not until 1974, when the procedure of incubating the 
eggs of each female separately was introduced at the 
hatchery of Bergeforsen on the Indal River, was it noted 
that the mortality was linked to certain females. Since 
that time, this rearing technique has been routinely used 
in Swedish hatcheries and since 1985 in some Finnish 
hatcheries, in order to be able to control the egg and the 
yolk sac fry mortality and to facilitate the management 
of hatching. Although showing a higher frequency of 
wriggling behaviour than in females, it was 
demonstrated that the males had no influence on the 
occurrence of the M-74 syndrome (Sahlin, personal 
communication; Johansson et al., 1993). M in the name 
of the syndrome stands for "Miljon" (the Swedish word 
for environment) and 74 stands for the year it was first 
observed. 

2.2.1 Yolk sac fry 

The first signs of M-74 in the yolk sac fry are usually 
observed 2-3 weeks after hatching, when about 2/3 of 
the yolk sac has been consumed. When compared to 
normal yolk sac fry, those affected by M-74 reveal the 
following symptoms: 
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lethargy and weak avoidance reactions (swimming 
movements are short, uncoordinated rushes leading 
to quick exhaustion); 

the yolk sac fry are greyish in colour; 

fragility of blood vessels, seen as haemorrhages 
(primarily in the heart region) and precipitates in the 
yolk sac close to fat droplets; 

the yolk sac may be swollen and exophthalmus is 
observed, indicating osmoregulatory disturbances; 

the hepatocytes in yolk sac fry suffering from M -7 4 
show increased vacuolization and lower glycogen 
content compared to normally developing fry; 

the hepatic cytochrome P-450-dependent 7-
ethoxyresorufin-0-deethylase (EROD) activity from 
M -7 4 affected yolk sac fry is very high compared to 
that of the viable fry from hatchery-reared brood fish 
and 1. 7 times the activity in viable yolk sac fry from 
wild spawners. 

The death of the entire family group is more or less total 
within 3 to 5 days after the observation of the first 
symptoms. 

2.2.2 Behavioral and morphological disorders in 
brood stock 

Behavioral disorders in the wild spawners have been 
observed since the early 1990s among both males and 
females. Ascending spawners are continuously caught 
from July to the end of September on the Swedish coast 
and from the beginning of June on the Finnish coast. 
The fish are kept in artificial basins until they are ripe 
for stripping. In 1991-1993, balance disturbances charac­
terized as "wiggling behavior" were observed in Septem­
ber and October when the fish began to ripen. This 
wiggling was often associated with mortality prior to 
ripeness. The tendency for wiggling behavior was higher 
among males. In 1992, this type of mortality was about 
10 percent in Sweden in contrast to less than one percent 
before the 1990s. 

In 1992 a total of 988 females of seven different stocks 
from the Swedish coast of the Gulf of Bothnia were 
stripped. Of these, 143 females showed a wiggling 
behavior and 142 of them produced offspring dying as 
yolk sac fry due to M-74. The M-74 mortality among 
the offspring of the other 855 females classified as "nor­
mal" was 71 percent (Borj eson et al. , in press). 

Histopathological examinations of the liver of wild 
spawners have shown disorganized hepatocytes in 
females giving M-74 affected offspring (Norrgren et al., 
1993). 

Borjeson et al. (in press) have shown a negative correla­
tion between the pigmentation of the eggs and the fre­
quency of M-74 mortality. In autumn 1993, Eriksson 
(pers. comm.) demonstrated a correlation between the 



pigmentation of the skin and the eggs in a sample of 440 
females of the Lule River stock. 

2.3 Status of M-74 

2.3.1 Status in Sweden 

In the Tome, Vindel, Ljungan, and Morrum rivers, 
spawners of natural origin have been used whereas the 
other rivers have used spawners originating from reared 
smolt. 

The status ofM-74 mortality is illustrated in Figures 2.1 
and 2. 2. Figure 2.1 shows the historical situation from 
1974 until the present as exemplified by the Bergeforsen 
hatchery in the Indal River which is representative of the 
situation in Sweden. The frequency of M -7 4 mortality 
has fluctuated from year to year as well as between 
stocks. The figure also shows winter temperature in the 
southern parts of the Baltic Sea as a mean for the period 
from December to April (a factor which will be 

addressed in Section 3). Efforts have been made to 
compensate for the M -7 4 loss of yolk sac fry by increas­
ing the amount of eggs in incubation. However, due to 
the immense increase in M-74 mortalities in 1992 and 
1993 this will not be possible in the future and Sweden 
will not be able to fulfil its salmon smolt release duty in 
1995. Figure 2.2 shows the situation for 1992 and 1993. 
If this trend continues, the future situation will be very 
serious and some stocks will be close to extinction. In 
any case, the risk for loss of genetic diversity due to 
inbreeding is high when the year-classes 1992 and 1993 
return as spawners at the end of the 1990s. 

However, a positive prospect for the future is that an 
increased pigmentation of the spawners stripped in 1993 
and their eggs has been observed. Figure 2. 3 shows the 
colour of the eggs for the salmon stocks of the Lule 
River in the north and the Dal River in the south of the 
Gulf of Bothnia. It should be noted that the labels 1992 
and 1993 indicate the time for stripping and constitute 
the hatching year-classes 1993 and 1994. 

100 10 

80 I • • • • • • • • • • • • • • • • • • • • • • • • - • • • - - • • • • • • • • • • • 

~ .._ 
~ 
t-::E 60 I· • . 

E 
cl) 
;::l 

"0 - . 

c 
~ 40 ... 
t: 

~ 

- .. 

8 

6 

4 

2 

0 11 11 11 11 11 11• 11 t I If 11 11 I! 11 ll' .... Jl 11- 8 0 

~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ 

0 M74 -D- Temperature I 

u 
0 

0 .... 
3 
~ .... 
cl) 

0.. 
8 
~ 

Figure 2.1 Temporal trend in the mortality of Baltic salmon due to M-74 in three major Swedish rivers and the mean 
water temperature (December-April) in the southern Baltic Sea. 
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Figure 2.2 M-74-associated mortality in Swedish stocks of Baltic salmon in 1992 and 1993. 
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Figure 2.3 Colour of roe from Baltic salmon stocks of the River Lule and the River DaHilven in 1992 and 1993. 

2.3.2 Status in Finland ery of the Simo River in autumn 1985 and M-74-like 
symptoms were, for the first time, observed during the 
seasons 1986-1987 and 1987-1988. The first clear cases 
were found from 1992 onwards and the mean mortality 
increased in 1993 to over 90 percent in both the Simo 

A prerequisite for observing the M -7 4 syndrome is the 
possibility to incubate the eggs of individual brood fish 
separately. This method was adopted in the state hatch-

4 



and the Tomio rivers. At the same time, the mortality of 
fry from hatchery-produced eggs was below 8 percent 
during the yolk sac stage and no signs of M -7 4 could be 
observed (Rytilahti, pers. comm.). In the spring of 
1993, a massive mortality of yolk sac fry from wild 
salmon females was reported by the Guttorp Fish Farm 
on Aland Island. 

In the wild salmon stocks of the Simo and Tomio rivers, 
the year-classes after 1991 have collapsed indicating the 
existence of M -7 4 syndrome there. 

2.3.3 Status in other Baltic countries 

The situation in other Baltic countries is not clear. 

In Estonia, the M-74 syndrome has been definitely 
noticed in the Kunda River (the only river out of the five 
rivers contributing to wild salmon stock monitored by 
electrofishing in 1993). Kangur (pers. comm.) reported 
that the abundance of year-class 1992 in the Kunda 
River was at a standard level but the year-class 1993 
was totally absent. However, total lack of year-classes 
has been observed on other occasions during the last ten 
years. 

From Latvia, Mitans (pers. comm.) reported slight 
increases in yolk sac fry mortality during recent years, 
which could be associated with M-74. The total mortal­
ity reached 10.2% in 1992. 

Information from Lithuania was not available on either 
salmon production or the existence of the M -7 4 syn­
drome. 

The natural salmon stock in Poland apparently disap­
peared from the River Vistula in the late 1960s. Tagged 
Vistula salmon have been reported to migrate all over 
the Baltic Sea but were mostly caught in the Gulf of 
Gdansk and the Vistula estuary (Jokiel and Bartel, 
1984). The last salmon spawners in the Drawa River 
were observed on spawning grounds in 1985 
(Chelkowski, 1986). In 1987, attempts to catch Drawa 
salmon spawners were unsuccessful, and only seven 
fingerlings were caught (Chelkowski, 1988). In the 
Polish salmon re-establishing programme, the brood fish 
reared from eyed eggs imported from the Daugava River 
are reared in cages in the Gulf of Gdansk. From the 
eggs of these fish (about 1 million/year) 150,000 
fingerlings have been reared in one hatchery in 1993. So 
far, M-74 has not been reported from Poland. 

3 POSSIBLE FACTORS INVOLVED IN M-74 

3.1 Rearing Environment 

The model of compensatory rearing of Baltic salmon 
smolt has been developed since the early 1950s and has 
worked well. The technique, with slight variations, is 
used in Finland and Sweden both for the Baltic stocks 
and for the Swedish west coast stocks. Furthermore, it 
has been in use when producing smolt of land-locked 
salmon stocks of Lake Vanem and Lake Saimaa. 

Only Baltic salmon has been threatened by M-74 mortal­
ity. Except for the hatchery of the River Morrum, the 
smolt production of Baltic salmon in Sweden has mainly 
been concentrated in areas where acidification of the 
river water is only a minor problem compared to the 
hatcheries rearing the Swedish west coast and Vanem 
smolt. Thus it seems evident that acidification cannot be 
the cause of M-74. 

The results of electrofishing in rivers with natural 
salmon reproduction show a very strong decrease in 0 + 
parr in 1992 and 1993, which indicates that naturally 
reproducing salmon are also affected by the M -7 4 mor­
tality (Romakkaniemi et al., unpublished report, 1994). 
Thus the rearing technique itself does not seem to be 
involved in the M-74 mortality. 

Formalin treatment of the spawners is necessary in order 
to keep them alive during the period from catch to strip­
ping. Formalin treatment is used for spawners on the 
western coast of Sweden and for the farmed brood 
stocks in Finland without any adverse effect on eggs or 
yolk sac fry. 

Malachite green is commonly used for treatment and 
prevention of Saprolegnia (fungal) infections on the 
salmon ova of both wild and hatchery origin. In certain 
hatcheries, dead ova have been picked up by hand from 
sparsely loaded incubators instead of using the malachite 
green treatment. Also these hatcheries have had high M-
74 mortality (Uppman, pers. comm.). Borjeson (pers. 
comm.) investigated the possible effect of malachite 
green on an outbreak of M-74 by comparing the mortal­
ity due to M -7 4 in treated and untreated aliquots of 
salmon eggs from 60 females without being able to 
observe any difference. 

Thus, there are no indications that the rearing environ­
ment or other abiotic factors in it (such as chemicals 
used in normal hatchery practise or river water acidifica­
tion) have any influence on the M-74 syndrome. 

3.2 Nutritional Factors 

Nutritional factors seem to be involved in the M-74 
syndrome. So far, M -7 4 has not been observed in the 
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Finnish salmon brood stocks utilized in the Finnish 
compensatory program (Section 2.1.2) as these are kept 
under farming conditions and fed with pelleted feed. The 
fish components in this feed originate from the North 
Sea or the North Atlantic. Only eggs from ascending 
spawners seem to develop the M-74 syndrome. 

Sprat, along with herring, is the main food of salmon in 
the main basin of the Baltic (Christensen and Larsson, 
1979). The mortality due to M-74 recorded in the 
Umealven, Indalsalven, and Morrums{m rivers (Botjeson 
et al., in press) correlates significantly with the spawn­
ing stock biomass of sprat in the Baltic (Mellergaard, 
unpublished data) (Figure 3.1). 

The contaminant level (in extractable fat) in sprat is 
approximately the same as in herring (Roots and Aps, 
1993). However, the contaminant data presented by 
Roots and Aps (1993) are not in accordance with the 
data from salmon (Thuren et al., in press; Vuorinen et 
al., 1993). Figure 3.2 illustrates the observation that the 
fat content in sprat is constant throughout the year at a 
level of 12-15% and does not exhibit seasonal variations, 
while herring have a low fat content in spring (2-6 %) 
and a high level in autumn (7-11 %) (source: Vestkust 
Fisk SVC, AB, Goteborg). 

As sprat constitute one of the main food items for 
salmon in the Baltic main basin, the contaminant uptake 
will be considerably higher when sprat are eaten instead 
of herring, particularly during winter when the herring 
fat content is comparatively low. This is because most 
organic contaminants are lipophilic substances. 

Parmanne and Ikonen (unpubl.) have shown that the 
average age of herring eaten by salmon is now 1-2 years 
older than that reported earlier due to a decreased 
growth rate in herring in recent years. Therefore, the 
uptake of chemical contaminants, e.g., DDT and PCBs, 
in salmon has increased because the level of environ­
mental contaminants in fish increases with age. 

The occurrence of mild winters may also be important 
here. As demonstrated in Figure 2.1 (Section 2.3.1), 
there also seems to be a correlation between the average 
winter temperature of the surface water in the main 
basin of the southern Baltic Sea and the occurrence of 
M-74. At low winter temperatures, below 3°C, salmon 
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reduce or cease food intake. However, above this tem­
perature salmon are believed to have a comparatively 
high food intake and the transfer of lipophilic contami­
nants especially from sprat may be increased. 

Another nutritional factor that may be involved is the 
carotenoid astaxanthin. The red colour of salmonid flesh 
results from deposition of the carotenoid astaxanthin. 
Salmon, like other fish species, is not able to synthesize 
astaxanthin itself and the major source in nature is from 
crustaceans which obtain the carotenoids from 
phytoplankton primary production. 

In fish farming, astaxanthin or the closely related com­
pound canthaxanthin is added to the diets. Biological 
functions of astaxanthin have recently been reviewed by 
Torrissen (1990). Recent studies have shown that 
astaxanthin is essential for growth and survival of Atlan­
tic salmon fry (Christiansen et al., in press). The 
requirement for optimal growth and survival during the 
start-feeding period has been determined to be between 
1 and 5 mg astaxanthin/kg dry diet (Christiansen, pers. 
comm.). Similar effects on growth and survival have 
been observed in red tilapia (Oreochromis niloticus) 
(Boonyaratipalin and Unprasert, 1989). 

Astaxanthin has been found to act as a provitamin A in 
rainbow trout and Atlantic salmon (Al-Khalifa and 
Simpson, 1988; Schiedt et al., 1985). It is also known to 
act as an antioxidant and may play an important role in 
protecting lipid tissue from peroxidation (Burton, 1989). 
Studies on Atlantic salmon fry where fish have been fed 
diets with and without astaxanthin supplements have 
shown an effect on the levels of vitamin A, vitamin E, 
and ascorbic acid in muscle and liver (Christiansen, 
pers. comm.). 

There is increasing evidence that carotenoids act as 
chemopreventive agents against certain types of cancer 
in mammals (Krinsky, 1989) and that carotenoids 
enhance the non-specific and the specific immune 
response system (Bendich, 1989). In a study on the 
effect of astaxanthin on the immune response system in 
salmon, higher survival rates were observed in groups 
fed diets supplemented with astaxanthin in the fish chal­
lenged with Aeromonas salmonicida (Christiansen, pers. 
comm.). 
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3.3 Genetic Factors 

The Baltic salmon (Salmo salar L.) is the same species 
as the Atlantic salmon but is genetically isolated from 
the population living in the North Atlantic and is con­
fined to the Baltic Sea drainage area (Ackefors et al., 
1991). There is further genetic differentiation, with 
reproductive isolation between and within different 
drainage areas (Stahl, 1983; 1987). Genetic factors may 
influence the tolerance of fish and mammals to environ­
mental pollutants (Cooper, 1994). A high level of 
heterozygoty within an animal population seems to be 
very important for an effective immune defense system 
(Gonzales and Nebert, 1990). Koljonen (1989) has dem­
onstrated that the level of heterozygoty in salmon 
depends on the effective population size and that cultur­
ing and isolation diminishes variation by decreasing the 
effective population size. 

The difference in M-74 mortality (42-90%) in Swedish 
hatcheries in 1992 (Johansson et al., 1993) might be a 
result of, for example, a different exposure history of 
the brood stocks. It cannot, however, be excluded that 
the different mortality figures also reflect the influence 
of genetic components, i.e., a difference in tolerance to 
M-74 between Baltic salmon populations. In Finland, 
genetic selection may partly be due to the possibility of 
favouring the biggest females from the ascendants caught 
or in use in the hatchery when supplementing the brood 
stock. · 

3.4 Infectious Agents 

Until now, there have been no indications that infectious 
agents are involved in the etiology of the M-74 syn­
drome. Parasitological, bacteriological, and virological 
examinations performed on affected brood stock and fry 
in Finland as well as in Sweden have so far given nega­
tive results. 

It is evident that further screening, especially with elec­
tron microscopy and refined virological techniques, has 
to be performed before an involvement of a transmittable 
agent in the etiology is conclusively excluded. 

3.5 Chemical Contaminants 

It is still not clear whether chemical substances, 
endogenous or exogenous, inorganic or organic, are 
responsible for the development of the M -7 4 syndrome. 
Both analytically oriented and experimental biological 
response studies should be undertaken to further eluci­
date such a connection. 

Substances or groups of substances with possible effects 
on the reproductive process and which are persistent 
(e.g., polychlorinated hydrocarbons such as PCB, DDT, 
PCDD/PCDF) or are of intermediate persistence (e.g., 
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polycyclic aromatic hydrocarbons, PAHs) are of primary 
interest. To this group, substances that have been inten­
tionally dumped in the Baltic Sea should be added 
(Johansson et al., 1993). These are reactive alkylating 
substances like mustard gas and substances that are part 
of product formulations (e.g., a number of substituted 
benzenes). 

Unconditioned analysis of anthropogenic substances does 
not seem to be meaningful at the present stage of knowl­
edge. Interaction between groups of substances for 
enhancement of effects on reproduction cannot be 
excluded but might be difficult to reveal without very 
high analytical costs. 

With the exception of some observations made on local 
fish populations living in industrial effluent areas 
(Sandstrom et al., 1992; Pulliainen et al., 1992), no 
evidence that links these effects to anthropogenic (pollu­
tion) factors exists. The chemical characterization of the 
pollution load in the Baltic Sea is far from complete and 
it is, therefore, not possible to exclude a pollution factor 
behind the M -7 4 syndrome and other reproductive dis­
turbances in Baltic Sea fish. However, indications of 
correlations between the mortality of salmon offspring 
and the concentrations of several organochlorine com­
pounds have been detected (Thuren et al. , in press; 
Vuorinen et al., 1993) 

3.5.1 Heavy metals 

In Swedish samples, heavy metal concentrations in eggs 
from M-74-affected and normal females did not demon­
strate any significant differences (Norrgren et al., 1993). 
Heavy metal analyses have not been conducted in 
spawning salmon from the Finnish rivers. However, 
analyses for heavy metals (Cd, Cu, Hg, Pb, and Zn) in 
salmon caught in the Gulf of Finland in 1987 demon­
strated low levels, although the concentrations of Cd, 
Cu, and Pb were slightly higher than those in sea trout 
from the Gulf of Bothnia sampled in 1990 and 1991 
(Vuorinen et al., 1993; in press). Due to their low 
levels, heavy metals are unlikely to contribute signifi­
cantly to the M-74 syndrome. 

3.5.2 Organochlorine compounds 

A vast number of persistent halogenated hydrocarbons 
such as DDT-compounds, PCBs, chlorinated dioxins, 
and dibenzofurans are present in the Baltic ecosystem. In 
recent years, persistent sulphur-containing metabolites 
formed from PCBs and DDT in the environment have 
been identified. Although knowledge about the biological 
properties of these compounds is far from complete, 
considerable information on general reproductive toxicity 
of different persistent chlorinated hydrocarbons is avail­
able in the literature. However, to date, information 
about reproductive disturbances in fish remains limited. 



Concentrations of organochlorines increase with salmon 
size. There exist significant positive correlations between 
both weight and length and the concentrations of organo­
chlorines in salmon (Vuorinen et al., 1993). Organo­
chlorines have been analysed in the muscle of spawning 
salmon from the Kemi River in 1982-1986 and from the 
Simo River in 1988-1992 (Vuorinen et al., unpublished 
data). DDTs, total PCB, HCB, HCHs, chlordanes, and 
toxaphene have been analysed in samples of these 
salmon. Moreover, planar PCBs, polychlorinated naph­
thalenes (PCNs), chlorinated phenols, and polychlor­
inated diphenylethers (PCDEs) have been measured, but 
not in all samples. Some samples have also been 
analysed for dioxins with low resolution mass spectro­
metry. Separate incubations of eggs from females taken 
from the Simo River have been performed in order to 
compare the concentrations of organochlorines in 
females with the mortality in their offspring (Vuorinen, 
pers. comm.). 

The levels of PCBs and total DDT compounds in Baltic 
fish species have exhibited a decrease over time (Olsson 
and Reutergardh, 1986; Bignert et al., 1993), and this is 
also true for salmon during the time period 1982-1992 
(Vuorinen et al., 1993). However, concentrations of 
toxaphene and chlordanes do not show any clear trends. 

3.5.2.1 DDTs 

Early experimental studies showed that DDT may dis­
turb the implantation of eggs and prolong the estrus 
cycle in mice (Lundberg, 1973; Lundberg and 
Kihlstrom, 1973; Kihlstrom et al., 1975). The DDT 
metabolite, DDE, may induce thinning of the egg shell 
after feeding to birds. The observed egg shell thinning in 
wild birds has been attributed to high DDE residue 
levels in the eggs (Ratcliffe, 1970). Despite the fact that 
residue levels of DDT in the environment have declined, 
decreased egg shell thickness and quality of guillemot 
eggs in the Baltic region still seem to occur (Bignert et 
al., unpublished data). Hydroxylated metabolites ofDDT 
have been implicated in exerting estrogenic effects in 
rats (Bustos et al., 1988). 

The DDT metabolite, DDD, is a toxicant to the adrenal 
cortex in dogs and humans (Nelson and Woodard, 1949; 
Bergenstahl et al., 1960). A methylsulphone-containing 
metabolite ofDDT, 3-methylsulphonyl-DDE, has recent­
ly been shown to be a highly potent toxicant to the 
adrenal cortex in mice (J ohnsson et al. , 1991), and the 
role of such adrenocorticolytic pollutants in the develop­
ment of adrenocortical hyperplasia in Baltic seals has 
been suggested. Recent comparative studies have demon­
strated that there are major species differences in the 
adrenocorticolytic potency of these DDT metabolites, 
while certain species such as several species of birds 
seem to be sensitive to both compounds (Brandt et al. , 
1992). Preliminary results indicate that adrenocortico-

lytic DDT metabolites may be metabolized to toxic 
intermediates in glucocorticosteroid-producing cells in 
cod (Ingebrigtsen and Brandt, pers. comm.). 

The M-74 syndrome was not observed in the Simo River 
until 1991. However, weak positive significant correla­
tions were detected between concentrations of DDT or 
its metabolites and mortality after fertilization, at eyed 
stage and mortality of sac fry already in 1988-1990 
(Vuorinen et al., 1993) and again in 1991 and 1992. 
Concentrations ofDDTs in 1991 and 1992 were of about 
the same order as in 1988-1990, but the proportion of 
DDE was higher than in 1982-1990 (Vuorinen, unpub­
lished results). 

3.5.2.2 PCBs 

As with DDT, early experimental studies with technical 
PCB mixtures revealed effects on reproductive perform­
ance in experimental animals. Experiments with min­
nows (Phoxinus phoxinus) exposed over 40 days to a 
technical PCB mixture (Clophen A50), representing a 
GC-"fingerprint" resembling the content of PCB in 
Baltic salmon (Jensen et al., 1969), showed that the 
minnows developed reproductive disturbances 
(Bengtsson, 1980). The effects included delayed spawn­
ing, decreased egg production, increased fry mortality, 
and deformation more than 7 months after exposure to 
PCB was terminated. 

Coplanar PCBs are known ligands of the Ah-receptor in 
several species. Hence, induction of CYP1A1 (moni­
tored as ethoxyresorufin-0-deethylase (EROD) activity) 
has been used as a marker for the presence of coplanar 
PCBs and other Ah-receptor ligands such as 
polychlorinated dioxins and dibenzofurans in the tissues 
of wild-living animal species. Interestingly, studies on 
the CYP1A1 activity in yolk sac fry from Baltic salmon 
have revealed higher EROD activity in M-74 affected 
yolk sac fry than in healthy yolk sac fry. Similarly, the 
hepatic cytochrome P-450 level in female spawners was 
higher in those giving rise to M -7 4 affected progeny 
than in those giving healthy progeny. Moreover, the 
EROD activity recorded in yolk sac fry from farmed 
salmon was lower than that of healthy yolk sac fry from 
Baltic salmon (Norrgren et al., 1993; Borjeson et al., in 
press). Assuming that the EROD activity in yolk sac fry 
from farmed fish represents a level closer to the natural 
background level, it appears that the amount of coplanar 
PCBs and other Ah-receptor ligands in Baltic salmon is 
sufficiently high to cause cytochrome P-450 induction. 

In salmon from the Kemi and Simo rivers, PCB concen­
trations have been reported mainly as total PCBs. Weak 
positive significant correlations have been observed 
between concentrations of total PCBs and mortality after 
fertilization, at eyed stage and mortality of yolk sac fry 
of Simo River salmon before (Vuorinen et al., 1993) and 
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after the appearance of M -7 4. Coplanar PCBs have been 
analysed from too few samples to allow any correlations 
with offspring mortality to be made. However, concen­
trations of coplanar PCBs in salmon muscle are about 
ten times higher than dioxin concentrations so more data 
are needed for these compounds. 

Edgren et al. (1981) observed significantly higher levels 
of total DDTs and PCBs in perch from the cooling water 
recipient of a nuclear power plant as compared to values 
in perch from the intake area. 

3.5.2.3 Dioxins 

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is the pro­
totype for persistent halogenated aromatic compounds 
eliciting toxicity following binding to the Ah-receptor. 
Accordingly, the pattern of toxic effects observed in 
experimental studies is very similar to those induced by 
other Ah-receptor ligands such as coplanar PCBs and 
polychlorinated dibenzofurans. TCDD is known as a 
potent toxicant affecting reproduction in several labora­
tory and wild species including fish. 

The presence of organochlorine compounds has been 
proposed to explain early life stage mortality and failure 
of recruitment seen in lake trout (Salvelinus namaycush) 
(Peterson, in pres). Walker (in press) investigated the 
toxicity of TCDD on the development and survival of 
early life stages of lake trout and found that the greatest 
TCDD-related mortality occurred during the yolk sac fry 
stage. TCDD was found to cause 0-100% yolk sac fry 
mortality over a TCDD concentration range in the fertil­
ized eggs of approximately 30-100 pg/g (Peterson and 
Cook, in press). Egg concentrations of maternally­
derived TCDD manifested mortality associated with yolk 
sac edema, subcutaneous haemorrhages, and arrested 
growth, resembling blue-sac disease (Symula et al., 
1990). However, it should be noted that these pathologi­
cal changes do not completely correspond to those 
observed in connection with M-74. 

Data on the concentrations of dioxins in spawning 
salmon from rivers discharging to the Baltic Sea are too 
limited to allow for any conclusions concerning eventual 
correlations between dioxins and salmon offspring mor­
tality. 

3.5.2.4 Others 

Due to their relatively high concentrations in salmon 
muscle, chlordanes and toxaphene without a doubt con­
tribute significantly to the load of toxicants in salmon. 
Significant correlations between chlordane and toxaphene 
concentrations and mortality of early life stages of 
salmon from the Simo River were observed before, as 
well as after, the onset of M-74 (Vuorinen et al., 1993). 
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Polychlorinated diphenyl ethers (PCDEs) are another 
group of compounds that should be considered because 
they contribute to the toxic load in salmon about equally 
as much as dioxins when calculated by the toxic equival­
ency factors given by Safe (1992) (Koistinen et al., 
1993). However, these toxicity factors have only been 
estimated for mammals and there is very little informa­
tion available about the toxicity of PCDEs to fish. 

Concentrations of polychlorinated naphthalenes (PCNs) 
have been determined to be somewhat higher in the 
muscle of females giving M-74 offspring than in females 
giving viable offspring (Thuren et al., in press). PCN 
concentrations in salmon caught from the Baltic proper 
were several times higher than concentrations of 
coplanar PCBs (Tarhanen et al., 1989). 

3. 6 Other Factors 

In recent decades the Baltic Sea has been heavily influ­
enced by natural and anthropogenic factors which have 
considerably changed the structure and function of its 
ecosystem. Many of these changes are of a large-scale 
character and include both abiotic and biotic changes 
which may directly (e.g., changes in water quality or 
water temperature) or indirect! y (e.g. , changes in food 
web structure) affect the reproduction of fish popula­
tions. Therefore, a systematic evaluation of environ­
mental factors inducing specific (e.g., M-74) or other 
kinds of reproductive disturbances of fish is needed. 

4 EFFECT OF M-74 ON BALTIC SALMON 
STOCKS 

4.1 Mortality in Wild and Reared Salmon Stocks 

The recruitment of salmon smolt to the Baltic Sea is 
mainly based on hatchery-reared smolt. In 1992, about 
4.9 million smolt originated from rearing stations, while 
the natural production in the rivers was estimated at 
about 0.5 million smolt. 

Contrary to the Finnish artificial smolt production based 
on reared brood stocks and, therefore, unaffected by M-
74, the smolt production primarily of Sweden and 
Latvia, amounting to 2.9 million individuals, is based on 
captures of spawning migrants entering the rivers. Like 
the natural reproduction, these rearing programmes 
responsible for around 50% of the total production can 
be seriously threatened by the syndrome. 

Electrofishing surveys in the Tome, Simo, Byske, and 
Aby rivers in 1992 and 1993 seem to indicate some 
effect of the M -7 4 syndrome on the natural reproduction 
of salmon in the rivers (Karlstrom, 1993; Romakkaniemi 
et al., 1993). The year classes of 1992 and 1993 repre­
senting 1 + and 0 + parr occurred in the reproduction 



areas in a conspicuously low number compared to the 
density in the previous half of the 1980s, considering 
that the spawning stocks since 1990 have significantly 
increased. Furthermore, the conditions for electrofishing 
were poor due to high water discharge. It should also be 
noted that in the first half of the 1980s the number of 
0+ parr per square unit of river bottom were low, too, 
though M-74 at this time was not supposed to seriously 
affect the reproduction (Table 4.1). 

The hatchery-reared smolt production may be maintained 
by replacing all captures of breeding fish for reproduc­
tion purpose with pond-reared brood stocks. The natural 
stocks may, however, be endangered if the impact of M-
7 4 remains at the same level as experienced by hatch­
eries in recent years. 

The hatchery production of smolt has not yet decreased 
due to the syndrome and this also applies to the smolt 
run 1994, as captures of breeders in 1992 were still 
sufficient for the stipulated production. Based on 
electrofishing surveys in the Tome and Kalix rivers in 
1993, the age group 2+ salmon seemed to occupy the 
parr biotopes to a number per square unit not significant­
ly different from those in previous years (Table 4.2). 
The great majority of this age group is smoltifying in 
spring 1994. 

Referring to the terms of reference of the Baltic Salmon 
and Trout Assessment Working Group for 1994 to: 

"a) assess the status of Baltic salmon stocks and pro­
vide catch options for 1995 (in numbers of fish) 
within safe biological limits which have been 
defined to 'safeguard wild Baltic salmon stocks',·" 

it is obvious that to meet these requests M -7 4 will enter 
into the recommendation of the Working Group as an 
important item. 

Table 4. 3 gives a survey of the estimated smolt produc­
tion in 1992 in the rivers where such information is 
available, supplemented with information on the basis 
for the estimates. The rivers are grouped into the four 
management area categories according to the run-recon­
struction model prepared by the Baltic Salmon and Trout 
Assessment Working Group. 

The effect on the hatchery-reared production can be 
summarized below for the four management areas men­
tioned in Table 4.3. 

In the Gulf of Finland, hatchery-reared smolt production 
is mostly based on the Finnish releases. In the short 
term, this production is not affected by M-74-induced 
mortality. Therefore, releases can be continued at the 
same level as in previous years. 

Table 4.1 Number of 0+ salmon parr per 100 
m2 in the middle and upper part of 
River Tome and in the upper part 
of River Kalix 1980-1993 (Anon., 
1993). 

River Tome River Kalix 

Year 
D . No. of D . No. of 

enstty 't enstty 't s1 es s1 es 

1980-1984 0.1 10 0.6 2 
1986 0.2 5 
1987 0.5 11 0.4 2 
1988 0.8 10 
1989 1.0 12 4.3 7 
1990 0.6 20 8.5 4 
1991 4.7 24 3.7 7 
1992 0.2 16 2.4 7 
1993 0.2 - 0.3 

Table 4.2 Number of 1 + salmon parr per 100 
m2 in River Tome and in River 
Kalix estimated by electro-fishing 
surveys m 1980-1993 (Anon., 
1993). 

-
River Tome River Kalix 

Year D . No. of D . No. of 
enstty 't ens1ty sites s1 es 

1980-1988 0.6 18 3.4 6 
1989-1991 2.1 18 8.3 6 

1989 1.9 18 
1990 2.0 18 
1991 2.4 18 
1992 6.5 10 
1993 3.7 - 4.0 
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Table 4.3 Status of natural salmon stocks in 1992. 

River 

Kunda 
Loobu 
Pirita 
Keila 
Vasalemma 

Kalix 
Tome 

Simo 

Byske 
Vindeln 

l.Jungan 

Em 
Morrum 
Irbe 
Venta 
Saka 
Salaca 
Vitrupe 
Peterupe 
Gauja 
Daugava 

Smolt 
d 

. Basis for smolt production estimates pro uctwn 

4 
7 
1 
2 
1 

75 
100 

17 

18 
20 

10 

5 
110 
10 
15 
10 
26 

5 
5 

20 
5 

GULF OF FINLAND STOCKS 

Electro-fishing surveys 
Parr and adult observations 
Parr and adult observations 
Parr and adult observations 
Electro-fishing surveys 

NORTH-EAST GROUP 

Reproduction area 2 500 ha, electro-fishing surveys, river catch statistics 
Reproduction area 5 000 ha, electro-fishing surveys, smolt trapping, river catch 
statistics 
Reproduction area 240 ha, electro-fishing surveys, smolt trapping, river catch statis­
tics 

NORTH-WEST GROUP 

Reproduction area 270 ha, electro-fishing surveys, river catch statistics 
Reproduction area 2 200 ha, fish ladder countings of spawners, electro-fishing sur­
veys 
Reproduction area 60 ha, electro-fishing surveys 

SOUTHERN GROUP 

Reproduction area 60 ha 
River catch statistics 

Electro-fishing surveys 

Smolt trapping, electro-fishing surveys 

*Only those rivers are included where information of the status of smolt production is available. 
Source: Report of the Baltic Salmon and Trout Assessment Working Group (C.M.1993/Assess:14). 

Minor Estonian and Russian releases are based on 
spawners entering the rivers and, therefore, they may be 
affected by M-74. However, no data were available to 
suggest possible effects of M-74. 

Northeast group releases are based entirely on the Fin­
nish releases and, therefore, in the near future releases 
can be continued on the same level as previously. 

The northwest group is based totally on the Swedish 
releases. Because Swedish hatchery rearing is totally 
based on the spawners entering the rivers after feeding 
in the Baltic Sea, they are badly affected by M-74. 
According to available information (Borjeson, pers. 
comm.), Swedish releases in 1995 will be about 50% of 
the 1994 releases. 

12 

Data available from the southern stock releases are poor. 
Releases are partly based on Swedish releases in the 
River Morrum, but at the moment this hatchery is closed 
and therefore Swedish releases and also EU releases 
which were based on Morrum hatchery production seem 
to be zero. However, the European Union has plans to 
buy salmon smolt from Latvia, but an agreement has not 
yet been reached. 

The effect of M -7 4 on Latvian hatchery production is 
not known. Political and economic changes have also 
had effects on salmon rearing and, therefore, any com­
parisons to the earlier production are not possible. How­
ever, Latvian smolt production is predicted to decrease 
by 70% in 1995 (Table 4.4). This is a rough estimate 
based on the fact that salmon feeding in the Baltic main 
basin is expected to be affected by M-74. 



Hatchery-reared smolt production in the Baltic Sea is 

estimated to decrease by 30% in 1995 due to M-74. In 

1996, the decrease will be greater because the mortality 

of M-7 4 observed in hatcheries in 1993 was higher than 

in 1992. 

The data on 0+ and 1 + parr density in 1993 in the 

Tome and Kalix rivers where electrofishing surveys 

have been performed are not sufficiently conclusive to 

allow for a proper assessment of the effect of the M-7 4 

syndrome on wild stocks. As the food of salmon has 

been shown to be among the possible responsible factors 

for the onset of the syndrome, it is supposed that wild 

stocks are affected to the same extent as the reared 

stocks. In order to estimate the wild production in 1995, 

the same mortality rate due to M-74 as experienced at 

the rearing stations in 1992 and 1993, i.e., an average of 

70%, has been applied. 

As shown in Table 4.4, a prognosis of the smolt recruit­

ment to the Baltic Sea in 1994 and 1995 has been 

attempted, with all possible reservations. The table 

shows the total smolt production distributed over wild 

and hatchery production, affected and unaffected by M-

74 in the four management areas (Anon., 1994) for the 

years 1992 and 1993 according to Anon. (1993) and as 

a precautionary estimate for the years 1994 and 1995. 

4.2 Genetic Diversity Consequences 

The present compensatory breeding of Baltic salmon 

(e.g., as practised in Finland and Sweden) in combina­

tion with the occurrence of high mortalities of yolk sac 

fry owing to M -7 4 has created a genetic bottle-neck 

which threatens the genetic diversity of the Baltic 

salmon. In addition to loss of genetic adaptation to the 

local conditions in the various drainage areas where 

salmon spawn and spend their first years of develop­

ment, there is also a risk of decreased immune system 

defense (as discussed in Section 3.3). When creating and 

supplementing brood stocks in hatcheries in Finland, 

special care has been taken to avoid "sister and brother" 

breeding by crossing subsequent age classes and by 

using cryo-preserved milt. The size of the brood stock 

has also been kept big enough to prevent the loss of 

heterozygoty. 

5 REPRODUCTIVE DISORDERS IN OTHER 
BALTIC FISH SPECIES 

The identification of the M -7 4 syndrome may be due to 

the fact that salmon is thoroughly surveyed earlier in the 

life cycle than other species. Therefore, the presence of 

the observed syndrome or similar conditions in other fish 

species cannot be excluded. The question should, there­

fore, be asked whether the reproductive disturbances in 

salmon reflect a more general reproductive failure in 

Table 4.4 Salmon and smolt production in four manage­

ment areas (Anon., 1994) and the effect of M-

74 (number of salmon in '000). ("Wild M-74" 

and "Hatchery reared M-74" indicate that smolt 

production is estimated to be affected by M-74 

induced mortality from 1995). 

Year 

1992 1993 19941 

GULF OF FINLAND 

Wild M-74 15 15 15 

Hatchery-reared M-74 13 13 

Hatchery reared 402 400 400 

Total 430 415 428 

NORTH-EAST GROUP 

Wild M-74 192 192 190 

Hatchery reared M-74 
Hatchery reared" 1,711 1,708 1,700 

Total 1,903 1,900 1,890 

alncludes enhancement. 

NORTH-WEST GROUP 

Wild M-74 48 48 48 

Hatchery reared M-74 1,860 1,985 2,000 

Hatchery reared 

Total 1,908 2,033 2,048 

SOUTHERN GROUP 

Wild M-74 
Hatchery reared M-74 
Hatchery reared 

Total 

211 211 211 
1,136 1,245 1,200 

1,347 1,456 1,411 

1999 

5 

400 

405 

57 

1,700 

1,757 

14 
1,069 

1,083 

63 
360 

423 

1 Figures estimated on the basis of the previous year. 
2 Decrease in wild smolt production and hatchery produc­

tion of the southern group is estimated to 70% based on 

the mortality figures from Finnish and Swedish hatcheries. 

Source: Report of the Baltic Salmon and Trout Working 

Group (C.M.1993/Assess: 14). 

Baltic Sea fish in general and, if so, whether such dis­

turbances are caused by anthropogenic substances, by 

naturally occurring diseases or simply represent natural 

fluctuations in the population. 

Reproductive disorders in fish species from the Baltic 

Sea have been described for flounder (Platichthys flesus) 

(Westernhagen et al., 1981), sprat (Sprattus sprattus) 

and cod (Gadus morhua) (Grauman and Sukhorukova, 

1982), spring spawning herring (Clupea harengus) 

(Hansen, 1985), perch (Perca fluviatilis L.) and roach 

(Rutilus rutilus L.) (Sandstrom et al., 1988), cod, plaice 

(Pleuronectes platessa) and flounder (Westernhagen et 

al., 1988), perch (Karas et al., 1991), burbot (Lota iota 

L.) (Pulliainen et al., 1992), eel-pout (Zoarces 
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viviparus) (Jacobsson et al., 1992) and cod (Larsson, in 
press; Ak:erman et al., in press; Prince, pers. comm.). 
Parasitic infestations in cod larvae (Pedersen et al. , 
1993) and in turbot larvae (Scophthalmus maximus) 
(Pedersen, 1993) seem to cause mortality. High mortal­
ity in hatchery-reared cod larvae due to different injuries 
and infections was reported by Buchmann et al. (1993). 

The study of Westemhagen et al. (1981) was made on 
running ripe flounder (caught in a bottom trawl). The 
eggs were stripped and artificially inseminated, and 
incubated in Baltic Sea water at 6.8°C at a salinity of 
27.5%o. Viable hatch varied between 1 and 96%. Ovary 
and liver samples from female parental fish were col­
lected and analysed for chlorinated hydrocarbons and 
heavy metals. The viable hatch was significantly affected 
at ovarian PCB levels higher than 120 ng/g wet weight. 
Other chlorinated hydrocarbons and heavy metals 
measured did not show any correlation between ovary or 
liver contamination and viable hatch. 

In sprat and cod eggs collected from Bomholm to the 
Gulf of Finland, embryo abnormalities increased from 
13% in 1979 to 40-50% in 1981 (Grauman and 
Sukhorukova, 1982). Additionally, Grauman and 
Sukhorukova (1982) also found abnormal sprat and 
flounder larvae. 

Hansen (1985) made an investigation similar to that of 
Westemhagen et al. (1981) but on Baltic spring spawn­
ing herring. He found a significant correlation between 
viable hatch of herring eggs and ovary concentrations of 
DDE higher than 18 ng/g wet weight and PCBs higher 
than 120 ng/g wet weight. 

Westemhagen et al. (1988) examined developmental 
defects in pelagic fish embryos from the southwestern 
Baltic. Aberrant development was observed in 18-32% 
of cod eggs, in 24-28% of plaice eggs, and in 44% of 
flounder eggs. The authors considered the numbers of 
malformations rather high and to be associated with 
environmental toxicants. Investigations of viable hatch in 
eggs caught in horizontally-towed plankton nets demon­
strated very high mortality, 96-99%, for all species 
investigated. However, considering the fragility of fish 
eggs, high egg mortality should be expected when eggs 
caught by plankton nets are used for hatching. 

Reduced gonadal development was observed especially 
in perch affected by bleached pulp mill effluents in an 
area along the Swedish east coast (Sandstrom et al. , 
1988). In roach, the effect was more diffuse. Further­
more, this study indicated a change in the energy alloca­
tion system in fish exposed to bleached pulp mill efflu­
ent, as growth was faster in exposed fish. 

The work ofKaras et al. (1991) focused on the effect of 
bleached pulp mill effluent on the recruitment of perch 
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in the same area as the latter paper. The bleached pulp 
mill effluent seriously affected the recruitment, as larval 
and fry abundances were low. The problem was not due 
to a reduced number of eggs in the exposed area. No 
increased egg mortality was observed, but close to 
hatching approximately 10% of the embryos were found 
malformed. Sampling of larvae provided evidence for 
high mortality at or very close to hatching. Two causes 
for the problem were suggested: chronic failure of the 
parental reproductive system or acute embryo or early 
larval mortality. 

In an area along the northern coast of the Bothanian 
Bay, a serious lack of sexual maturation of burbot was 
observed during the late 1980s (Pulliainen et al., 1992). 
Nearly all burbot (87-98%) off Tornio and Kemi were 
found sterile while the figures for two neighbouring 
areas were in the level of 29-55%. No disease agents 
could be isolated from the fish and histopathological 
examinations did not reveal any pathological changes 
that could have been responsible for the phenomenon. 
Analysis of burbot liver and muscle samples for some 
heavy metals and chlorinated hydrocarbons did not 
reveal any correlation between the contaminant level and 
the lack of maturity. However, it is proposed that there 
might be some relationship between some pollutants and 
the problem. The phenomenon was, however, described 
by Segerstrahle as early as 1945 (Segerstrahle, 1945), 
which indicates that other "natural" factors may also be 
involved. 

Jacobsson et al. (1992) demonstrated that effluent water 
from a bleaching paper mill and chlorinated effluent 
water from an electrical power plant seriously affected 
the growth and survival of eel-pout fry. The pollutants 
did not affect the female fish but only the progeny. 

Hatching and rearing experiments with cod have been 
carried out in Sweden with the aim of producing cod for 
sea ranching in the Baltic (Larsson, 1993). These experi­
ments have demonstrated reduced hatching and larval 
survival in Baltic cod compared to Skagerrak cod. Simi­
lar observations have been made in Danish experiments 
with cod production for sea ranching purposes in the 
Baltic (Prince, pers. comm.) 

A protistan endoparasite was observed in the yolk sac in 
up to 30% of Baltic larval cod (Pedersen et al., 1993) 
and in up to 40% of Baltic turbot larvae (Pedersen, 
1993). In cod, the parasite, which occurred in numbers 
of 1-3 per larvae, seemed to kill the larvae. The same is 
expected to happen for the turbot larvae. 

Health monitoring in hatchery-reared yolk sac larvae of 
Baltic cod showed high prevalences of bacterial and 
mycotic infections (up to 50%) as well as other injuries 
such as yolk sac herniae, scratches of primordial fins, 
and skeletal deformities (Buchmann et al., 1993). 



6 REPRODUCTIVE DISORDERS IN FISH IN 

OTHER GEOGRAPHIC AREAS 

High mortality in hatchery-reared lake trout fry in Lake 

George was described by Burdick et al. (1964). The 

symptoms appeared at the time of first feeding just after 

the resorption of the yolk sac. The problem was associ­

ated with the female fish. Analyses of DDT in extracts 

from eggs compared with the development of the syn­

drome revealed a limit concentration of 2. 9 mg/kg other­

extracted-oil DDT. Eggs containing more than 2. 9 

mg/kg other-extracted-oil DDT developed the syndrome 

while eggs with values below did not develop symptoms. 

An association between DDT and fry mortality was 

described in steelhead fry ( Oncorhynchus mykiss) in 

Lake Michigan hatcheries (Johnson and Pecor, 1969). 

The mortality began in the fourth or fifth week after 

hatching, increased to peak numbers in the sixth or 

seventh week and had generally ended by the eighth 

week. The symptoms were loss of equilibrium and 

erratic swimming at the surface. The affected fry gen­

erally weakened, sank to the bottom, and died within a 

few days. The stomach of affected fry usually contained 

some yolk but no food. No external or internal lesions 

were observed, with the exception of a few fish showing 

degenerative changes in the kidney and liver. Chemical 

analyses of DDT of the last fraction of yolk present in 

the gut showed concentrations that were 6-12 times 

higher than those in the body tissue. Significantly higher 

concentrations were found in affected fry than in unaf­

fected fry from the same female. The absorption of the 

relatively high concentrations of DDT from the gut is 

suggested as an explanation for the mortality. 

In North Sea whiting (Merlangius merlangus), 

Westernhagen et al. (1989) demonstrated a correlation 

between hatching success and organochlorines in samples 

collected in 1984. A significant negative correlation 

existed between total hatch and DDT, E DDT, dieldrin 

and E of all measured organochlorines. Viable hatch also 

showed a significant negative correlation with E DDT 

and E of organochlorines. 

Due to the observation of increased rearing mortality in 

chinook salmon ( Oncorhynchus tshwytscha) in the State 

of Michigan, Giesy et al. (1986) investigated the 

contaminant level of DDT and PCBs in chinook salmon 

eggs. The investigation revealed a negative correlation 

between the survival of fry to the swim-up stage and two 

principal residue components which contained primarily 

toxaphene and PCB. 

In the beginning of the 1980s recruitment failure was 

observed in the lake trout (Salvelinus namaycush) stock 

in Lake Michigan (Willford et al., 1981; Walker and 

Peterson, 1991). Mac et al. (1985) examined the poss-

ible role that organic contaminants and the overall water 

quality in Lake Michigan might play in this reproductive 

failure. The investigation demonstrated an almost total 

mortality of fry from eggs of the southeastern Lake 

Michigan lake trout. The problem was associated with 

the source of eggs and/or sperm, not the water quality. 

The contaminant analysis gave some indications of an 

association between PCBs and DDE and the syndrome, 

but it was concluded that these two components alone 

are not the only factors responsible for the syndrome. 

Reproductive disturbances of lake trout have been sus­

pected to be caused by organochlorine compounds 

released from waste dumping grounds and from pulp 

mills with chlorine bleaching (Whittle et al., 1992). 

Further investigations by Mac and Schwartz (1992) 

demonstrated that embryonic mortality was greatest 

during epiboly and just before hatching, whereas post­

hatching mortality was greatest shortly after swim-up. 

Hatching showed a significant negative correlation with 

the total PCB content in eggs. 

In an attempt to explain an observed reduction in the 

recruitment of charr (Salvelinus alpinus L.) in Lake 

Geneva, Monod (1985) investigated the correlation 

between egg mortality and the contaminant burden in the 

eggs. The total mortality (from fertilization up to yolk 

sac resorption) was highly variable (5-76%) and seemed 

to be independent of the age of the females. The investi­

gations demonstrated a significant and positive correla­

tion between PCB and DDT levels in the eggs 

(expressed on a lipid weight basis) and the total mortal­

ity. When egg development was separated into four 

different developmental stages, a positive correlation 

between PCB and DDT levels in the eggs (expressed on 

a lipid weight basis) and the first two developmental 

stages, e. g., stage 1: eggs without embryonic develop­

ment, and stage 2: eggs with young embryos. 

Investigation of the possible implications of dioxins (as 

TCDD-EQ) and in PCB-containing extracts from flesh 

and eggs of chinook salmon in Lake Michigan on repro­

ductive success was carried out by Ankley et al. (1991). 

These investigations showed a statistically significant 

negative correlation between the total concentrations of 

PCBs in the eggs and the hatching success of the fish, 

with an effect concentration that corresponded to 

approximately 100 pg TCDD-EQ/g egg. 

Williams and Giesy (1992) conducted a study to investi­

gate possible correlations between concentrations of 

PCBs or dioxins (TCDD-EQ) and mortality in early life 

stages of chinook salmon in Lake Michigan. These 

authors were not able to establish any correlations 

between TCDD-EQ, individual PCB congeners or total 

PCBs in the eggs and the egg and fry mortality. 
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7 RECOM:MENDED RESEARCH EFFORTS 

There is an urgent need for an interdisciplinary cooper­
ative research programme to prevent the disappearance 
of wild salmon stocks in the Baltic Sea. 

Research efforts on the M -7 4 syndrome in salmon 
should be developed as a separate and goal-oriented 
project aimed at reducing or eliminating the occurrence 
of the syndrome. 

The most relevant research needs in such a programme 
are: 

- a follow-up of the wild salmon stock status, electro­
fishing, and confirmation of the relation between the 
ratio of spawning fish and smolt production; 

- a confirmation of criteria for diagnosis: syndrome 
symptomatology and pathology should be defined; 

- a compilation of environmental factors in the artificial 
breeding that may influence the occurrence of the 
syndrome: breeding technology factors, opportunistic 
infections, pollutants; 

- an epidemiological description of the syndrome: 
importance of, e.g., sex, age, size, color, climate, 
dwelling area in the Baltic Sea; 

a preliminary search for toxic components, starting in 
affected yolk sac fry and going back to the parental 
fish, followed by an experimental confirmation; 

- the use of biological markers to measure impacts on 
the reproduction of salmon. Such markers should 
mirror immunological and/or hormonal functions as 
well as nutritional status and exposure to environ­
mental pollutants, e.g., via measuring the induction 
of ethoxyresorufin-0-deethylase (EROD). 

Examples of possible markers: 

Measurements of relevant nutritional factors such as 
astaxanthin in salmon. Changes in tissue levels should 
either reflect a changed metabolism in the fish or a 
more profound influence on the ecosystem where 
these factors are produced. 

- Induction of drug-metabolizing enzymes in fish. Such 
changes can reflect the presence of environmental 
pollutants or be an effect caused by or causing the 
reproductive disturbance. 

- Changed levels of sex hormones or other hormones, 
which cause or reflect an observed reproductive 
disturbance in the fish. 
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- The presence of morphological changes associated 
with reproductive disturbance. Such changes could 
include reduced organ weights (e.g., gonad weight), 
histological or ultrastructural changes in critical tis­
sues. 

Development of other relevant markers could, within 
limited financial resources, provide the possibility for 
screening for environmentally induced changes in the 
fish. 

During recent decades, the Baltic Sea has been heavily 
influenced by natural and anthropogenic factors which 
have considerably changed the structure and function of 
its ecosystem. The effects of these changes, abiotic as 
well as biotic, on the occurrence of reproductive failures 
in fish should be studied in relation to: 

- abiotic (water quality, oxygen level, temperature, 
etc.) and/or biotic changes (quality and quantity of 
food, changes in condition and physiology of the fish, 
genetic aspects, etc.) from a historical perspective; 

- the magnitude and effect of anthropogenic influences 
from local, regional, and large-scale points of view; 

- the magnitude and effect of changed natural condi­
tions from local, regional, and large-scale points of 
view; 

changes in hydrographic and sedimentological pat­
terns. 

In addition, future research programmes should contain 
components such as preventive fishing regulations and 
establishing gene banks for threatened stocks. 

Most of the above-mentioned elements identified for 
research on M-74 in salmon may be used in the research 
on reproductive disturbances in other fish species. 

8 REFERENCES 

Ackefors, H., Johansson, N., and Wahlberg, B. 1991. 
The Swedish compensatory programme for salmon 
in the Baltic: an action plan with biological and 
economic implications. ICES mar. Sci. Symp., 192: 
109-119. 

Akerman, G., Ericson, G., Westin, L., Broman, D., 
Naf, C., and Balk, L. In press. Potential tools to 
investigate reproduction disturbances in fish. Contri­
bution to the Workshop "Reproduction disturbances 
in Fish", Uppsala, Sweden, 20-22 Oct. 1993. 
Swedish EP A Report. 



Al-Kalifa, A.S., and Simpson, K.L. 1988. Metabolism 

of astaxanthin in the rainbow trout (Salrno 

gairdneri). Comp. Biochem. Physiol., 

91B:563-568. 

Andersson, E. 1980. The food of salmon in the eastern 

part of the Gulf of Finland in November 1973. 

Tiedonantoja 15:40-47. (In Finnish.) 

Ankley, G.T., Tillitt, D.E., Giesy, J.P., Jones, P.D., 

and Verbrugge, D.A. 1991. Bioassay-derived 

2,3,7 ,8-tetrachlorodibenzo-p-dioxin equivalents in 

PCB-containing extracts from the flesh and eggs of 

Lake Michigan chinook salmon ( Oncorhynchus 

tshawytscha) and possible implication for reproduc­

tion. Can. J. Fish. Aquat. Sci. 48:1685-1690. 

Anon. 1993. Report of the Baltic Salmon and Trout 

Assessment Working Group. ICES CM 1993/As­

sess: 14. 

Anon. 1994. Report of the Sub-Group of the Baltic 

Salmon and Trout Assessment Working Group. 

ICES CM 1994/ Assess: 10. 

Bendich, A. 1989. Carotenoids and the immune re­

sponse. J. Nutr., 119:112-115. 

Bengtsson, B.-E. 1980. Long-term effects of PCB 

(Clophen A50) on growth, reproduction and swim­

ming performance in the minnow, Phoxinus 

phoxinus. Water Research, 14:681-687. 

Bergenstahl, D.M., Hertz, R., Lippset, M.B., and 

Moy, R.H. 1960. Chemotherapy of adrenocortical 

cancer with o,p-DDD. Ann. Int. Med., 53:672-

682. 

Bignert, A., Gothberg, A., Jensen, S., Litzen, K., 

Odsjo, T., Olsson, M., and Reutergardh, L. 1993. 

The need for adequate biological sampling in 

ecotoxicological investigations: a retrospective study 

of twenty years of pollution monitoring. Sci. Total 

Environ., 128:121-139. 

Brandt, I., Jonsson, J., and Lund, B.-O. 1992. Com­

parative studies on adrenocorticolytic DDT 

metabolites. Ambio, 21:602-605. 

Boonyaratipalin, M., and Unprasert, N. 1989. Effect of 

pigments from different sources on colour changes 

and growth of red tilapia (Oreochromis niloticus). 

Aquaculture, 79:375-380. 

Buchmann, K., Larsen, J.L., and Dalsgaard, I. 1993. 

Diseases and injuries associated with mortality of 

hatchery-reared Baltic cod (Gadus morhua L.) lar­

vae. Acta vet. scand., 3:385-390. 

Burdick, G.E., Harris, E.J., Dean, H.J., Walker, T.M., 

Skea, J., and Colby, D. 1964. The accumulation of 

DDT in lake trout and the effects on reproduction. 

Trans. Am. Fish. Soc., 93:127-136. 

Burton, G. W. 1989. Antioxidant action of carotenoids. 

J. Nutr., 119:109-111. 

Bustos, S., Denegri, J.C., Diaz, F., and 

Tchemitchin, A.N. 1988. p,p'-DDT is an estro­

genic compound. Bull. Environ. Contam. Toxicol., 

41:496-501. 

Borjeson, H., Norrgren, L., and Andersson, T. In 

press. The Baltic salmon situation - in the past and 

today. Contribution to the Workshop "Reproduction 

disturbances in Fish", Uppsala, Sweden, 20-22 

October 1993. Swedish EPA Report. 

Chelkowski, Z. 1986. Losos w Drawie XX. Salmon in 

the Brawa River., Gosp. Ryb. 38, 10:18-20. 

Chien, Y.-H., and Jeng, S.-C. 1992. Pigmentation of 

kuruma prawn, Penaeus japonicus Bate, by various 

pigment sources and levels and feeding regimes. 

Aquaculture, 102:333-346. 

Christensen, 0., and Larsson, P.O. 1979. Review of 

Baltic salmon research. ICES Coop. Res. Rep. 

No. 89. 

Christensen, 0., Eriksson, C., and Ikonen, E. 1993. 

History of the Baltic salmon, fisheries and manage­

ment. In Ninth ICES Dialogue Meeting, Edinburgh, 

7-8 June 1993. ICES Coop. Res. Rep. No. 197. 

Christiansen, R., Lie, 0., and Torrissen, O.J. In press. 

Effects of astaxanthin and vitamin A on growth and 

survival during first feeding of Atlantic salmon 

(Salmo salar L.). Aquacult. Fish. Manag. 

Chrzan, F. 1960. Results of investigations on food of 

the salmon and sea trout off the Polish Baltic 

coasts. ICES CM 1960, Salmon and Trout Commit­

tee No. 70. 

Chrzan, F. 1964. The movement and growth-rate of 

tagged Drawa salmon. ICES CM 1964/L:77. 

Cooper, K.R. In press. The effects in fish following 

early life-stage exposure to dioxin and dibenzo­

furans. Contribution to Workshop "Reproduction 

disturbances in Fish", Uppsala, Sweden, 20-22 

October 1993. Swedish EPA Report. 

17 



Edgren, M., Olsson, M., and Reutergardh, L. 1981. 
One-year study of seasonal variations of DDT and 
PCB levels in fish from heated and unheated areas 
near a nuclear power plant. Chemosphere, 
10(5):447-452. 

Giesy, J.P., Newstead, J., and Garling, D.L. 1986. 
Relationships between chlorinated hydrocarbon con­
centrations and rearing mortality of chinook salmon 
( Oncorhynchus tshawytscha) eggs from Lake 
Michigan, J. Great Lake Res., 12:82-98. 

Gonzales, F.J., and Nebert, D.W. 1990. Evolution of 
the P-450 gene superfamily: animal-plant "warfare" 
molecular drive, and human genetic differences in 
drug oxidation. Trends Genet., 6: 182-186. 

Grauman, G., and Sukhorukova, L. 1982. On the emerg­
ence of sprat and cod abnormal embryos in the open 
Baltic. ICES CM 1982/J:7. 

Hansen, P.-D., von Westernhagen, H., and Rosenthal, 
H. 1985. Chlorinated hydrocarbons and hatching 
success in Baltic herring spring spawners. Mar. 
Environ. Res., 15:59-76. 

Jacobsson, A., Neuman, E., and Olsson, M. 1992. 
Tanglaken som indikator pa effekter av giftiga 
amnen. Kustrapport 1992:2. 24 pp. 

Jensen, S., Johnels, A.G., Olsson, M., and Otterlind, 
G. 1969. DDT and PCB in marine animals from 
Swedish waters. Nature, 224:247-250. 

J ohansson, N. , J onsson, P. , Svanberg, 0. , Sodergren, 
A., and Thulin, J. 1993. Reproduktionsstomingar 
hos Ostersjofisk-Forskningsutredning. Naturvards­
verket, Rapport 4222, Solna, Sweden. 34 pp. 

Johnson, H.E., and Pecor, C. 1969. Coho salmon mor­
tality and DDT in Lake Michigan. Trans N. Am. 
Wild!. Nat. Resource Conf., 34:159-166. 

Johnsson, C., Rodriguez-Martinez, H., Bergmann, A., 
Lund, B.-A., and Brandt, I. 1991. Adrenocortical 
toxicity of 3-methylsulphonyl-DDE(II): Mitochon­
drial changes following ecologically relevant doses. 
Fundamental and Appl. Toxicol., 16:365-374. 

Jokiel, J., and Bartel, R. 1984. Body growth and migra­
tions of the Vistula salmon Salmo salar L. Rocz. 
Nauk Roln. 1000. ser. H, 4:53-70. 

Karlstrom, 6. 1993. The salmon parr (Salmo salar L.) 
production in the river system Tome alv and Aby 
alv. Preliminary results from 1992 and 1993. 
Report 19930913, Fiskeriverket, Lulea, Sweden. 

18 

Karas, P., Neuman, E., and Sandstrom, 0. 1991. Effect 
of a pulp mill effluent on the population dynamics 
of perch, Perca fluviatilis. Can. J. Fish. Aquat. 
Sci., 48:28-34. 

Khilstrom, J.E., Lundberg, C., Oreberg, G., Daniels­
son, P.O., and Siidhoff, G. 1975. Sexual function 
of mice neonatally exposed to DDT or PCB. 
Environ. Physiol. Biochem., 5:54-57. 

Koistinen, J., Vuorinen, P.J., and Paasivirta, J. 1993. 
Contents and origin of polychlorinated diphenyl 
ethers (PCDE) in salmon from the Baltic Sea, Lake 
Saimaa and the Tenojoki River in Finland. Chemo­
sphere, 27(12):2365-2380. 

Koljonen, M.-L. 1989. Electrophoretically detectable 
genetic variation in natural and hatchery stocks of 
Atlantic salmon in Finland. Heriditas, 110:23-35. 

Krinsky, N.I. 1989. Carotenoids and cancer in animal 
models. J. Nutr., 119:123-126. 

Larsen, H. E., Celander, M., and Goksoyr, A. 1992. 
The cytochrome P-450 system of Atlantic salmon 
(Salmo salar): Variations in hepatic catalytic activ­
ities and isozyme patterns during an annual repro­
ductive cycle. Fish. Physiol. Biochem., 10:291-
301. 

Larsson, P.-0. In press. Recent development of the cod 
stocks around Sweden and possible reproduction 
disturbances. Contribution to Workshop "Reproduc­
tion disturbances in Fish", Uppsala, Sweden, 20-22 
October 1993. Swedish EP A Report. 

Lundberg, C. 1973. Effects of long-term exposure to 
DDT on the oestrus cycle and the frequency of 
implanted ova. Environ. Physiol. Biochem., 
3:127-131. 

Lundberg, C., and Kihlstrom, J.E. 1973. DDT and the 
frequency of implanted ova in the mouse. Bull. 
Environ. Contam. Toxicol., 9:267-270. 

Mac, M.J., and Schwartz, T.R. 1992. Investigations 
into the effects of PCB congeners on reproduction 
in lake trout from the Great Lakes. Chemosphere, 
25:189-192. 

Mac, M.J., Constant Edsal, C., and Seeyle, J.G. 1985. 
Survival of lake trout eggs and fry reared in water 
from the upper Great Lakes. J. Great Lakes Res., 
11(4):520-529. 



Monod, G. 1985. Egg mortality of Lake Geneva charr 

(Salvelinus alpinus L.) contaminated by PCB and 

DDT derivatives. Bull. Environ. Contam. Toxicol., 

35:531-536. 

Negre-Sadarques, G., Castillo, R., Petit, H., Sance, S., 

Gomez, R., Milixus, J.C., Choubert, G., and 

Trilles, J .P. 1993. Utilization of synthetic carote­

roids by the prawn Penaeus japonicus under experi­

mental rearing conditions. Aquaculture, 110:151-

159. 

Nelson, A.A., and Woodard, G. 1949. Severe adrenal 

cortical atrophy (cytotoxic) and hepatic damage 

produced in dogs by feeding 2,2-bis(parachloro­

phenyl)-1,1-dichlorethane (DDD or TDE). Arch. 

Pathol., 48:387-394. 

Norrgren, L., Andersson, T., Bergqvist, P-A., and 

Bjorklund, I. 1993a. Chemical, physiological and 

morphological studies of feral Baltic salmon (Salmo 

salar) suffering from abnormal fry mortality. Envi­

ron. Toxicol. Chem., 12:2065-2075. 

Norrgren, L., Andersson, T., and Bjork, M. 1993b. 

Liver morphology and cytochrome P450 activity in 

rainbow trout fry after microinjection of lipid-sol­

uble xenobiotics in the yolk sac embryos. Aquatic 

Toxicol., 26:307-316. 

Olsson, M., and Reutergardh, L. 1985. DDT and PCB 

pollution trends in the Swedish aquatic environment. 

Ambio, 15(2): 103-109. 

Pedersen, B.H., Buchmann, K., and K0ie, M. 1993. 

Baltic larval cod Gadus morhua are infested with a 

protistan endoparasite in the yolk sac. Dis. Aquat. 

Org., 16:29-33. 

Pedersen, B.H. 1993. Embryos and yolk sac larvae of 

turbot Scophthalmus maximus are infested with an 

endoparasite from the gastrula stage onwards. Dis. 

Aquat. Org., 17:57-59. 

Peterson, R., and Cook, P.M. In press. An assessment 

of the contribution of contamination of lake trout 

eggs by 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin and 

related chemicals to lake trout recruitment failure in 

Lake Ontario. Contribution to Workshop "Repro­

duction disturbances in Fish", Uppsala, Sweden, 

20-22 October 1993. Swedish EP A Report. 

Pulliainen, E., Korhonen, K., Kankaaranta L., and 

Maki, K. 1992. Non-spawning burbot on the north­

em coast of Bothnian Bay. Ambio, 21: 170-175. 

Rappe, C., Bergqvist, P-A., and Kjeller, L.O. 1989. 

Levels, trends and patterns of PCDDs and PCDFs 

in Scandinavian environmental samples. 

Chemosphere, 18:651-658. 

Ratcliff, D.A. 1970. Changes attributable to pesticides 

in egg breakage frequency and egg shell thickness 

in some British birds. J. Appl. Ecol., 7:67-107. 

Romakkaniemi, A., Jokikokko, E., and Jutila, E. 1993. 

The wild salmon production of River Simojoki and 

Tomionjoki salmon - Preliminary results of the 

latest field surveys and the mortality of the off­

spring in the hatcheries. Internal report, Finnish 

Game and Fisheries Research Institute. 

Romakkaniemi, A., Jokikokko, E., and Jutila, E. 1994. 

Lisaantymishairio uhkaa Simoja Tomionjoen 

luonnonlohikantoja (Reproduction disturbance 

threatens wild salmon stocks in River Simo and 

River Tome). Suomen Kalastuslehti, 2:6-8. (In 

Finnish.) 

Roots, 0., and Aps, R. 1993. Polychlorinated biphenyls 

and organochlorine pesticides in Baltic herring and 

sprat. Toxicol. Environ. Chem., 3 7: 195-205. 

Safe, S. 1992. Development, validation and limitations 

of toxic equivalency factors, Chemosphere, 

25(1-2):6-64. 

Sandstrom, 0., Neuman, E., and Karas, P. 1988. 

Effects of a bleached pulp mill effluent on growth 

and gonad function in Baltic coastal fish popula­

tions. Wat. Sci. Technol., 20(2): 107-118. 

Sandstrom, 0., Neuman, E., and Karas, P. 1992. 

Bleached pulp mill effects on Baltic coastal fish 

populations. In Environmental fate and effects of 

bleached pulp mill effluents, pp. 357-370. Ed. by 

A. Sodergren. Swedish Environmental Protection 

Agency Report 4031. 

Schiedt, K., Leuenberger, F.J., Vecchi, M., and Glinz, 

E. 1985. Absorption retention and metabolic trans­

formations of carotenoids in rainbow trout salmon 

and chicken. Pure Appl. Chem., 57:685-692. 

Segerstrahle, C. 1945. Leker laken (Lota vulgaris) i 

Finlands kustvatten med intervaller sasom laxfisk? 

Mem. Soc. Fauna Flora Fenn., 21:74-76. (In 

Swedish). 

19 



Spitzbergen, J.M., Walker, M.K., Olson, J.R., and 
Peterson, R.E. 1991. Pathological alterations in 
early life stages of lake trout, Salvelinus 
naamaycush, exposed to 2,3 ,7 ,8-tetrachlorodibenzo­
p-dioxin as fertilized eggs. Aquatic Toxicol., 
19:41-72. 

Stahl, G. 1983. Differences in the amount and distribu­
tion of genetic variation between natural populations 
and hatchery stocks of Atlantic salmon. 
Aquaculture, 33:23-32. 

Stahl, G. 1987. Genetic population structure of Atlantic 
salmon. In Population Genetics and Fishery Man­
agement. Ed. by N. Ryman and F. Utter. 

Symula, J., Meade, J., Skea, J.C., Cummings, L., 
Colquhoun, J.R., Dean, H.J., and Miccoli, J. 1990. 
Blue-sac disease in Lake Ontario lake trout. J. 
Great Lake Res., 16(1):41-52. 

Tarhanen, J., Koistinen, J., Paasivirta, J., Vuorinen, 
P.J., Koivusaari, J., Nuuja, I., Kannan, N., and 
Tatsukawa, R. 1989. Toxic significance of planar 
aromatic compounds in Baltic ecosystem - new 
studies on extremely toxic coplanar PCBs. Chemo­
sphere, 18(1-6):1067-1077. 

Thuren, A., Asplund, L., Bjorklund, I., Jansson, B., 
Jarnberg, U., Litzen, K., and Olsson, A. In press. 
Chlorinated organic compounds in feral Baltic 
salmon showing reproductive disturbances. Contri­
bution to Workshop "Reproduction disturbances in 
Fish", Uppsala, Sweden, 20-22 October 1993. 
Swedish EP A Report. 

Torrissen, O.J. 1990. Biological activities of carotenoids 
in fishes. Proceedings of the Third International 
Symposium on Feeding and Nutrition in Fish, pp. 
387-399. 

Uzars, D. 1975. Peculiarities of feeding and quantitative 
food consumption of eastern Baltic cod. ICES CM 
1975/P:4. 

Vuorinen, P.J., Paasivirta, J., Vuorinen, M., Peuranen, 
S., and Hoikka, J. 1993. Organochlorines in salmon 
and sea trout and the mortality of the eggs and yolk 
sac fry of salmon. (in Finnish with English sum­
mary). Finnish Game and Fisheries Research Insti­
tute, Kalatutkimuksia-Fiskundersokningar 65. 71 
pp. 

Vuorinen, P.J., Rantio, T., Witick, A., and Vuorinen, 
M. In press. Organochlorines and heavy metals in 
sea trout (Salmo trutta m. trutta) in the Gulf of 
Bothnia off the coast of Finland. Aqua Fennica. 

20 

Vuorinen, P.J., Paasivirta, J., Piilola, T., Surma-Aho, 
K., and Tarhanen, J. 1985. Organochlorine com­
pounds in Baltic salmon and trout. I. Chlorinated 
hydrocarbons and chlorophenols 1982. Chemo­
sphere, 14:1729-1740. 

Walker, M.K. In press. Toxicity of 2,3,7,8-tetrachloro­
dibenzo-p-dioxin (TCDD) to salmonids during early 
life stage development. Contribution to Workshop 
"Reproduction disturbances in Fish", Uppsala, 
Sweden, 20-22 October 1993. Swedish EPA 
Report. 

Walker, M.K., and Peterson, R.E. 1991. Potencies of 
polychlorinated dibenzo-p-dioxin, dibenzofuran and 
biphenyl congeners, relative to 2,3, 7 ,8-tetrachloro­
dibenzo-p-dioxin, for producing early life stage 
mortality in rainbow trout (Oncorhynchus mykiss). 
Aquatic Toxicol., 21:219-238. 

Westernhagen, H. von., Dethlefsen, V., Cameron, P., 
Berg, J., and Furstenberg, G. 1988. Developmental 
defects in pelagic fish embryos from the Western 
Baltic. Helgolander Meeresunters., 42:13-36. 

Westernhagen, H. von, Rosenthal, H., Dethlefsen, V., 
Ernst, W., Harms, U., and Hansen, P.D. 1981. 
Bioaccumulation substances and reproductive suc­
cess in Baltic flounder Platichthys flesus. Aquatic 
Toxicol. , 1: 85-99. 

Westernhagen, H. von, Cameron, P., Dethlefsen, V., 
and Janssen, D. 1989. Chlorinated hydrocarbons in 
North Sea whiting (Merlangius merlangus L.), and 
effects on reproduction. I. Tissue burden and hatch­
ing success. Helgolander Meeresunters., 43:45-60. 

Whittle, D.M., Sergeant, D.B., Huestis, S.Y., and 
Hyatt, W.H. 1992. Foodchain accumulation of 
PCDF isomers in the Great Lakes aquatic commun­
ity. Chemosphere, 25:181-184. 

Willford, W.A., Bergstedt, R.A., Berlin, W.H., 
Foster, N.R., Hesselberg, R.J., Mac, M.J., 
Passino, D.R.M., Reinert, R.E., and Rottiers, 
D.V. 1981. Introduction and summary. In Chlor­
inated hydrocarbons as a factor in the reproduction 
and survival of lake trout (Salvelinus namaychsh) in 
Lake Michigan. Technical papers of the U.S. Fish 
and Wildlife service. No. 105. U.S. Department of 
the Interior, Fish and Wildlife Service, Washington 
D.C. 



Williams, L.L., and Giesy, J.P. 1992. Relationships 

among concentrations of individual polychlorinated 

biphenyl (PCB) congeners, 2,3,7,8-tetrachlorodi­

benzo-p-dioxin equivalents (TCDD-EQ), and rear­

ing mortality of chinook salmon (Oncorhynchus 

tshawytscha) from eggs from Lake Michigan. J. 

Great Lakes, 18(1): 108-124. 

Wulff, F., Rahm, I., Jonsson, P., Brydsten, L., 

Ahl, T., and Granmo, A. 1993. A mass-balance 

model of chlorinated organic matter for the Baltic 

Sea - A challenge to ecotoxicology. Ambio, 

22:27-31. 

21 



ANNEX 1 

STUDY GROUP ON OCCURRENCE OF M-74 IN FISH STOCKS 

Copenhagen, 1-3 March 1994 

AGENDA 

1. Opening of the meeting 

2. Adoption of agenda 

3. Presentation of participants 

4. Appointment of rapporteurs 

5. Presentation of background papers 

- H. Borjeson: What is M-74? and the status of M-74 in Sweden 

- A Soivio: The status of M-74 in Finland 

- E. Ikonen: Assessment of Baltic salmon stocks and the possible implications of M-74 

6. Proposed table of contents of the report 

7. Distribution of tasks for the preparation of the report 

8. Reproductive disorders in other Baltic fish species 

9. Reproductive disorders in fish in other geographic areas 

10. Possible factors involved in M -74 

11. Effects on Baltic salmon stocks 

12. Recommended research efforts 

13. Recommendations 

22 



ANNEX2 

LIST OF PARTICIPANTS 

----

Name Address Telephone FAX E-mail 

Dr B.-E. Bengtsson Institute of Applied Env. Res. +46 155 221404 + 46 155 263139 
Stockholm University 
Studsvik 
S-611 82 Nykoping 
SWEDEN 

Dr H. Borjeson Swedish Salmon Research Institute +46 26 72600 +46 26 72664 
S-810 70 Alvkarleby 
SWEDEN 

Dr I. Brandt Department of Environmental Toxicology +46 18 182622 +46 18 518843 

Uppsala University 
N orbyvagen 18A 
S-752 36 Uppsala 
SWEDEN 

Dr G. Bylund Institute of Parasitology +358 654301 +358 654748 
Abo Akademi 
Porthansgatan 3 
FIN-20500 Abo 50 
FINLAND 

Mr 0. Christensen Danmarks Fiskeri- og Havunders0gelser +45 33963321 +45 33963333 
Charlottenlund Slot 
DK-2920 Charlottenlund 
DENMARK 

Dr T. Haste in Veterinrerinsti tuttet +47 22964710 +47 22463877 
P.O. Box 8156 Dep 
N-0033 Oslo 
NORWAY 

Dr (Ms) B. Hjeltnes Institute of Marine Research +47 55238303 +47 552238333 bnt@imr.no 

P.O. Box 1870 Nordnes 
N-5024 Bergen 
NORWAY 

Mr E. Ikonen Finnish Game and Fisheries Research +358 228811 + 358 0631513 
Institute 
P.O. Box 202 
FIN -00151 Helsinki 
FINLAND 

Mr H. Lassen Danmarks Fiskeri- og Havunders0gelser +45 33963357 +45 33963333 
Charlottenlund Slot 
DK-2920 Charlottenlund 
DENMARK 

Dr S. Mellergaard DFH, Fiskepatologisk Institut +45 31352767 +45 35282711 

(Chairman) Biilowsvej 13 
DK-1870 Frederiksberg C 
DENMARK 

23 



-------------

---

Name Address Telephone FAX E-mail 

Dr A. Soivio Finnish Game and Fisheries Research +358 228811 +358 0631513 
Institute 
P.O. Box 202 
FIN-00151 Helsinki 
FINLAND 

Dr J. Thulin Institute of Marine Research +46 523 14180 +46 523 13977 
Box 4 
S-453 21 Lysekil 
SWEDEN 

Mr P. Vuorinen Finnish Game and Fisheries Research +358 228813 +358 0631513 
Institute 
P.O. Box 202 
FIN -00151 Helsinki 
FINLAND 

24 




