















































































































































































































































































































































content and temperature as well as by interactions between species, and by
human activities including pollution and fishing pressure. Many of these
processes are difficult to influence in a short-term perspective. However,
implications of maternal effects on recruitment of Baltic cod, as a result of
changes in age/size constitution of the spawning stock, as present study
suggests, can, on the contrary, within some years be dealt with by lowering
of the fishing pressure.

References

Anon. 1991. Report of the Working Group on the Assessment of
Demersal Stocks in the Baltic. ICES C.M. Assess: 16.

Bagge, O & F. Thurow, 1994. The Baltic cod stock: fluctuations
and possible causes. ICES mar. Sei. Symp., 198: 254-268.

Blaxter, J.H.S. 1989. Concluding remarks. The Early Life History
of Fish. The third ICES Symposium, Bergen 3-5 October 1988. Rapp.
R-v. Run. Cons. int. Explor. Mer 191: 495-497.

Daan, N. 1994. Trends in North Atlantic cod stocks: a critical
summary. ICES mai:. Sei. Symp., 198:269-270.

Garrod, D.J. & A. Schumacher, 1994. North Atlantic cod: the
broad canvas. ICES mar. Sei. Symp. 198:59-76.

Grauman, G.B. 1973. Investigations of factors influencing
fluctuations in abundance of Baltic cod. Rapp. P.-v. Reun. Cons. int.
Explor. Mer. 164:73-76.

Jakupsstovu, S. H. & J. Reinert, 1994. Fluctuations in the Faroe
Plateau cod stock. ICES mar. Sei. Symp., 198:194-211.

Kamler, E. 1992. Early Life History of Fish - An energetic ap-
proach. Chapman & Hall, Fish and Fisheries Series 4.

Kjorsvik, E. 1994. Egg Quality in Wild and Broodstock Cod
Gadus morhua L. World Aquaculture, 25, 22-29.

Kosior, M. & J. Netzel, 1989. Eastern Baltic cod stock and
environmental conditions. Rapp. P.-v. Reun. Cons. int. Explor. Mer.
190:159-162.

112



Matthdus, W. & Lass, H. U. 1995. The Recent Salt Inflow into the
Baltic Sea. Journal of Physical Oceanography, 25, 280-286.

Nissling, A., & L. Westin, 1991. Egg buoyancy of Baltic cod
Gadus morhua and its implications for cod stock fluctuations in the
Baltic. Marine Biology, 111, 33-35.

Nissling, A. 1994. Survival of eggs and yolk-sac larvae of Baltic
cod Gadus morhua at low oxygen levels in different salinities. ICES mar.
Sei. Symp., 198, 626-631.

Nissling, A., Kryvi, H., & L. Vallin, 1994. Variation in egg
buoyancy of Baltic cod Gadus morhua and its implications for egg
survival in prevailing conditions in the Baltic Sea. Marine Ecology
Progress Series, 110, 67-74.

Nissling, A. & L. Vallin, MS. The ability of Baltic cod eggs to
maintain neutral buoyancy and opportunity for survival in fluctuating
conditions in the Baltic Sea. Accepted by Journal of Fish Biology.

Plikshs, M., Kalejs, M. & G. Grauman, 1993. The influence of
environmental conditions and spawning stock size on the year-class
strength of the Eastern Baltic cod. Comm. Meet. int. Coun. Explor. Sea.
C.M. ICES / J:22 1-13.

Rudstam, L. G., Aneer, G. & M. Hildn, 1994. Top-down control
in the pelagic Baltic ecosystem. Dana, 10, 105-129.

Schopka, S.A. 1994. Fluctuations in the cod stock off Iceland
during the twentieth century in relation to changes in the fisheries and
environment. ICES mar. Sei. Symp. 198:175-193.

Solemdal, R, Bergh,., Finn, R. N,, Fyhn, H. J,, Grahl-Nielsen, O.,
Homme, O., Kjesbu, O. S., Kjorsvik, E., Opstad, I. & A. B. Skiftesvik,
1992. The effects of maternal status of Arcto-Norwegian cod on egg
quality and vitality of early larvae. 1l. Preliminary results of the experi-
ment in 1992. Int. Counc. Explor. Sea Comm. Meet. (Demersal Fish
Committee), G:79, 1-20.

113



Taggart, C.T., Anderson, J., Bishop, C, Colbourne, E., Hutchings,
G., Lilly, J., Morgan, E., Murphy, R., Myers, R., Rose, G. & R Shelton,
1994. Overview of cod stocks, biology, and environment in the
Northwest Atlantic region of Newfoundland, with emphasis on northern
cod. ICES mar. Sei. Symp. 198:140-157.

Uzars, D., Plikshs, M., Grauman, G., Kalejs, M., & T. Baranova,
1991. Cod distribution and spawning in the Gotland basin in the 1980-
ies. Int. Counc. Explor. Sea Comm. Meet. (Baltic Fish Committee), J:5,
1-6

114



The role of cod (Gadus morhua L.) in the life-cycle of Anisakis
simplex (Rudolphi, 1802) (Nematoda, Anisakidae) in the

Southern Baltic Sea - an overview.

Magdalena Podolska
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Pilsudskiego 46, 81-378 Gdynia, Poland

Abstract

Anisakis larvae are known to exist in a large number of marine fish. In the
Baltic Sea mainly herring and cod are infected with Anisakis simplex, but
these nematodes have also been found in salmon, pike-perch, garfish, goby
and recently in three-spined stickleback. Recent findings suggest that fish
are not the intermediate hosts, but serve only as paratenic hosts for the third
stage of Anisakis. Plankton-feeding fish become infected by the third larval
stage of A. simplex when preying upon crustaceans (mainly euphausids).
Herring, the main food component for cod, is probably the source of the
cod’s infection with A. simplex. The final hosts are marine mammals, mainly
cetaceans. In the Baltic Sea the following mammals occur: porpoise, grey
seal, common seal and ringed seal, which raises the question - could cod be
a source of infection of Baltic mammals? The possibility of closing the life
cycle of Anisakis simplex in the Baltic Sea is discussed.

Key Words: Anisakis simplex, life cycle ofA. simplex. Nematoda, Anisakidae,
cod, Gadus morhua.
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Introduction

Anisakis simplex is a common nematode parasite of marine organisms. The
adult parasites are widely distributed in marine mammals, which serve as
final hosts for these nematodes. The life history of Anisakis simplex and the
role of various hosts is still being discussed (Fig. 1). The possibility of
closing the life cycle of Anisakis simplex in the Baltic Sea, especially with
reference to the role of cod in the dispersion of these parasites, is still
unknown, but will be discussed in the present paper.

The eggs of Anisakis simplex are shed with the faeces of the final hosts and
embryonated in the sea. Inside the egg the first moult takes place and A.
simplex develops into its free living second stage (L2).

The free living larvae are the stage at which A. simplex infect the intermediate
hosts such as marine crustaceans, mainly euphausids. In European waters,
the second larval stage of Anisakis has been reported in Thysanoessa
inermis. Thysanoessa longicaudata and Meganyctiphanes norvegica from
the northern North Sea (Smith, 1971) as well as in Thysanoessa rasehi and
Nyctiphanes conchii from the same region (Smith, 1983a; 1983b). These
larval stages have been found also in Amphipoda, Caprella septentrionalis,
and Decapoda, Hyas araneus (Uspenskaya, 1963). All these species live in
highly saline waters. Of those mentioned, two species of euphausids,
Meganyctiphanes norvegica and Thysanoessa sp., have occasionally been
found in very small numbers in the Baltic Sea, and then only after an inflow
of highly saline water from the North Sea through the Danish Straits
(Maciejewska, Sea Fisheries Institute, Kollataja 1, 81-332 Gdynia, Poland
- pers. comm.).

Euphausids are infected by feeding on the second stage of the larvae. The
ingested larvae migrate to the haemocoel where they moult and develop into
the third stage. Smith (1983b) suggested that the second stage larvae of A.
simplex may be transferred to euphausids or to other crustaceans by
copepods or other small crustaceans.
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HINAIHOSIS

Figure 1. The life-cycle of Anisakis simplex
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Some Japanese parasitologists have suggested that the larvae are only in
their second stage in the euphausiids, (Kagei, 1969; Oshima, 1969) and
moult from the second to the third stage when they are in fish and not in
euphausiids (Kagei, 1969). Smith (1983b) suggested that the moulting ofthe
larvae depends on the length oftheir bodies. Small larvae, less than 4-6 mm
in length, could be in the second stage, larger in the third stage.

Kpie and Fagerholm (1993) show that the second moult of Contracaecum
osculatum takes place inside the egg, and that the larva can develop and
emerge as a third stage larva. This suggests that euphausiids sometimes
could be regarded as paratenic hosts. Euphausiids are one of the major
sources of food for the fish most frequently infected with Anisakis. Fish, in
turn, must be regarded as paratenic hosts if a moult from the second to the
third stage of the nematode larva takes place in crustaceans or eggs.

Anisakis larvae are known from a large number of marine fish. In the Baltic
Seathey have been reported mainly in herring Clupea harengus (Lubieniecki,
1972; Rokicki, 1972, 1973, 1975; Grabda, 1974) and cod Gadus morhua
(Grabda, 1976b). A.simplex have been found also in salmon (Grabda,
1976a), pike-perch Siizostedion lucioperca (Feiler and Winkler, 1981;
Piasecki and Sobecka, 1987), garfish Betone betone (Fagerholm, 1982),
goby Pomatoschistus minutus (Zander and Ddring, 1989) and recently in
three-spined stickleback Gasterosteus aculeatus (Podolska and Morozinska,
1994). Plankton-feeding fish, like herring, become infected by the third
larval stage of Anisakis by preying upon crustaceans (mainly euphausiids).
Infection of the herring takes place in the North Sea and the Danish Straits,
where the intermediate hosts of Anisakis (Euphausiacea) appear.

In spring, infected herring, which belong to the coastal spring population,
usually spawn in the coastal waters ofthe southern Baltic. Clupeidae are the
main component of the cod’s food in this area (Strzyzewska, 1959). When
herring are preyed upon by cod, the larvae may be transferred to the latter.
Consequently, cod is a paratenic host, and the larvae never mature in this.
Grabda (1976b) has shown that the prevalence of Baltic cod infected with
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Anisakis is usually lower than that of herring. According to Myjak et al.
(1994), the prevalence of infected Baltic cod was only 0.92% with an
intensity of 3.73. The prevalence increased with the size of the cod. No
seasonal pattern was detected in the occurrence ofA. simplexlarvae in Baltic
cod. The prevalence of infection varied irregularly throughout the year and
its intensity was not uniform over the Baltic area . The highest prevalence
and intensity was recorded in the western Baltic, the Pomeranian Bay and
adjacent fishing grounds (Grabda, 1976b). This was also the area with the
maximum concentration of infected herring, with the prevalence decreasing
towards the east. According to Myjak et al. (1993), the prevalence was
relatively low (0.37%) in cod from Gdansk Bay.

Baltic cod do not migrate to the North Sea and thereby become infected by
A. simplexonly by feeding on herring. It mustbe pointed out, thateuphausiids,
which act as intermediate hosts, only appear sporadically in the Baltic Sea.

The final hosts for Anisakis simplex are marine mammals, mainly cetaceans
which become infected by feeding on infected fish. The third and fourth
moults occur in the stomach of marine mammals, where the larvae grow
from the third stage through the fourth stage to sexually mature adults. In the
North Sea, Anisakis simplex have been reported in porpoise, Phocaena
phocaena’, bottle-nosed dolphin, Tursiops truncatus, and in white-sided
dolphin, Lagenorhynhus albirostris (Smith and Wootten, 1978). Adult
Anisakis have been found also in pinnipeds, but only in a small number.
Whether or not pinnipeds are true final hosts still remains unclear (Machida,
1969, 1971; Smith and Wootten 1978; Lang et al., 1990). In the Baltic Sea
a few species of mammals occur: porpoise, Phocaena phocaena, grey seal,
Halichoerus grypus, common seal, Phoca vitulina, and ringed seal, Pusa
hispida. Inthe southern coast only porpoise, grey seal and common seal have
been noted in the last few years (Skora, Hel Marine Station, Morska 2, 84-
150 Hel, Poland - pers. comm.). Up to now, Anisakis simplex has not been
found in those marine mammals, occuring in the South Baltic. Rokicki and
Berland (1995) examined 12 specimens of porpoise Phocoena phocoena
from Polish waters, but did not find any A. simplex. The largest number of
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infected herring occurs in Polish waters in spring, whereas infected cods
occur the whole year around. Theoretically, cod, being a component of the
dietofmarine mammals, could be one source of infection for these mammals
in the Baltic, as well as alink inthe life cycle of Anisakis. However, it is still
unknown whether the life cycle of Anisakis can be closed or not in the Baltic
Sea.

Although some authors have found cod to be an important host for A. simplex
in a number of areas, thus playing a role in the life cycle of this parasite in
the Baltic Sea, its role in this life cycle still needs more research.
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Contracaecum osculation (Rudolphi, 1802) (Nematoda,
Anisakidae) - an overview
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Abstract

The life cycle of Contracaecum osculatum is not completely known. The
intermediate hosts are crustaceans (Copepoda, Amphipoda) and fish are
paratenic hosts. The nematodes mature in the stomach of seals, the final
hosts. The infective third-stage larvae of C. osculatum are present first ofall
in the liver and less frequently on pyloric caeca or mesentery of several fish
species (cod, salmon, burbot, herring, etc.). The intensity ofinfection is very
high in Baltic cod. The cod is importantin the life cycle of C, osculatum since
it is preyed upon by seals which are the final hosts. Cods with the highest
infection of larvae are found in the northern areas of the Baltic Sea. This is
also where the highest concentration of grey seals, one of the final host, are
found. Ifthe infected cod and seals from the northern Baltic Sea occur along
the southern coast, the life cycle may be closed also in this area.

Key Words: Contracaecum osculatum. life cycle of C. osculatum.
Nematoda, Anisakidae, cod: Gadus morhua.
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Introduction

Members ofthe genus Contracaecum are parasites of marine mammals and
fish-feeding birds (Berland, 1961 ; Fagerholm, 1988). As adults they occur
inthe anterior regions ofthe gut of seals, cetaceans and birds. Contracaecum
osculatum is a cosmopolitan marine parasite which normally matures in the
stomach of pinnipeds (Likely and Burt, 1992). The infective third-stage
larvae are parasites of marine fish. The life-cycle of C. osculatum is not
completely known. The fish serve as paratenic hosts, transferring the
infective stage larvae to the final hosts, which are the seals. Contracaecum
larvae never mature in fish because they need "warm-blooded” hosts to
mature (Khalil, 1969). There are six stages in the life-cycle of marine
nematodes: egg, four larval stages and adult (Fig. 1.).

FINAL HOST
MARINE MAMMALS
L.3 - L4 - ADULTS -EGGS

PARATENIC ROSTS

(GADUS MORHUA) L1 -L2--L3

PARATENIC HOSTS FREE LIVING
(CLUPEA HARENGUS)

INTERMEDIATE HOSTS
(CRUSTACEA)
L3 - L2

Figure 1. The life cycle of Contracaecum osculatum
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Taxonomy

Contracaecum larvae from cod were described as Hysterothylacium aduncum,
parasites that use fish as the final hosts. The two genera, Contracaecum and
Hysterothylacium, have similar morphology and anatomy which have
caused taxonomical difficulties and in older literature they existas synonyms
(Lick, 1990). Hysterothylacium aduncum was, because of its opposed
intestinal caecum and oesophageal appendix, placed in the genus
Contracaecum and, for some years, in the genus Thynnascaris.

Anatomy and morphology

The L3 larva of H. aduncum possess, as do the adults, an anterior intestinal
caecum and a posterior ventricular appendix (Yoshinaga et al. 1987). Lips
are absentbutabore toothis present on the head. These characters are present
also in the genus Contracaecum.

The fish are paratenic hosts for Contracaecum and the larvae never mature
in the fish. The most favoured localisation in the fish body is the liver and
the pyloric caeca or mesentery (Myjak et al., 1994). The L3 larvae of C.
osculatum from cod possess a pyramidal bore tooth situated between the
primordial latero-ventral lips close to the slit-like opening of the excretory
pore and opposite the large primordial dorsal lip (Likely and Burt, 1992).
The tail of this species is conically elongated at the end (Lick, 1990).

It is possible to distinguish Contracaecum from Hysterothylacium larvae
fromthe tail. The L3 larvae of Hysterothylacium have an ”onion-shaped” tail
and the L4 larvae have a ”cactus-tail”. Independent ofthe stage, the ”cactus-
tail” is visible (Kpie, 1993). Contracaecum larvae are distinguished by
having a slender tail without ”cactus” atthe end. The generaalso differinthe
distance of caecum from the anterior end of the body and in a difference in
location of the excretory pore. Contracaecum has the excretory pore on the
head, near the bore tooth, while Hysterothylacium has it located below the
nerve ring (Yoshinaga et al., 1987).
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Distribution and fish host

C. osculatum is dispersed over the Atlantic Arctic- Boreal region (Nascetti
etal., 1993). The L3 larva has also been found in Japanese waters (Rokicki
et al., 1993).

In the Baltic Sea these nematode larvae occur commonly in the liver,
particularly ofcod (Gadus morhua), but also of several other fish species like
salmon (Salmosalar), burbot (Lota lota), bull-rout (Myxocephalus scorpius),
four-homed sculpin (Myxocephalus quadricornis), herring (Clupea harengus)
and others (Fagerholm, 1982; Valtonen et al., 1988).

The distribution of cod with the highest infection of Contracaecum larvae
appears to coincide with areas with the highest concentration of one of the
final hosts, grey seals {Halichoerus grypus) in the northern Baltic (Fager-
holm, 1982). This species of seal is the most heavily infected species by
Contracaecumosculatum (Valtonen et al., 1988). Generally they occur near
the Finnish coast and in the Bothnian Bay (Fagerholm. 1982; Valtonen et al.
1988; Rokicki et al. 1993). Infected cod occur also along the southern coast
of the Baltic Sea.

The life-cycle of C. osculatum

The life-cycle of C. osculatum involves planctonic and benthic invertebrates
as intermediate hosts and seals as final hosts (Moravecetal., 1985). Fish, like
cod, are involved as paratenic hosts, transferring larvae to the final hosts.
Moravec etal. (1985) suggested that fish may act as intermediate hosts. This,
however, is not true because C. osculatum occurs in fish without moulting
and morphological changes like it does in paratenic hosts. The nematodes
complete their life-cycle only in marine or brackish waters. However, it is
possible that nematodes can be carried to fresh water areas by migratory fish,
being infected in brackish waters. For example, C. osculatum has been
reported from a freshwater fish farm (Fagerholm, 1982).
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Our knowledge of the life cycle of C. osculatum or of other marine
ascaridoids is deficient (Smith et al., 1990). The problem is with the early
stages. Discussions have concerned the number of moults which take place
within the egg. The eggs are shed to the water with the faeces of infected
seals. In the eggs one (Lick, 1990) or two moults (Smith et al., 1990; Kpie
& Fagerholm, 1993) take place. If only one moult takes place, it is,
diagnosticly, an encapsulated L2 larva, if two moults occur within the egg,
itisan L3larva (Fig. 1).The second-stage larvae are still enclosed in the first-
stage cuticle when liberated from the egg. The L2 larvae are free-living
before they reach the intermediate hosts, crustaceans, mainly copepods.In
these, the second moult takes place which results in an L3 larva. The
intermediate hosts are important in the transfer of free living L2 larvae to L3
larvae in the fish. Wotten( 1978) suggested that benthic invertebrates may be
involved as intermediate hosts. However, L3larvae of C. osculatum occur,
although rarely, in Baltic herring. Rokicki et al. (1993) suggested planctonic
and benthic crustaceans as Copepoda and Amphipoda as intermediate hosts
in this area. The fish become infected by the nematode larvae probably by.
eating infected crustaceans.

It is possible that cod can be infected by this nematode by preying on other
fish such as herring which is common prey for cod. In the life cycle of C.
osculatum fish serve as paratenic hosts, transferring the infective third stage
larvae to the final hosts. However, infective larvae can also be transferred
from fish to fish in a predator-prey relationship without morphological
changes (Smith, 1974). The L3 larvae from the fish are infective to the final
hosts. When they enter the seals, the two last moults take place in the stomach
of the seal. After the third moult C. osculatum develops to the L4 in a few
days. The last moult takes place between the L4 and the adult stage. This
model takes place if only one moult occurs within the egg.

According to Lick (1990) the first moult of marine ascaridoids occurs in the
egg and the second in the intermediate hosts such as invertebrates. However,
the findings of Kpie and Fagerholm (1993) show that in C. osculatum the
first and the second moults take place inside the egg. Larvae liberated from
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the eggs are surrounded by two cuticles from two previous moults. According
to Smith et al. (1990) one or two moults occur in the egg of C. osculatum and
free living larvae can develop to L3 in the body cavity of fish without having
used invertebrate hosts. Itis usually the L3 stage which is infective to the final
host.

Consequently, since infective cod from the northern Baltic, as well as
infected seals, may occur near our coast, the life cycle of C. osculatum can
be completed in the southern Baltic. And cod, being one ofthe most infected
fish and an important food item for seals, are, thus, importantin the life cycle
of this nematode.
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Changes in the parasite fauna of cod Gadus morhua L. in the
Gdansk Bay
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Abstract

An investigation of cod caught near the mouth of the Vistula River, in the
Gdansk Bay revealed one trematode {Diplostomum sp.), one cestode
(Bothriocephalus scorpii Miiller, 1776 (juvenile)), three nematodes
(Hysterothylacium aduncum (Rudolphi, 1802) larva; Anisakis simplex
(Rudolphi, 1809) larva; Contracaecum osculatum (Rudolphi, 1802) larva)
and two acanthocephalan (Echinorhynchus gadi Zoega in Miiller, 1776;
Pomphorhynchus sp.) species. The prevalence and intensity of infection are
compared with data from relevant literature regarding parasite species
recorded in fish of the Gdansk Bay.

Key Words: parasites ofcod, southern Baltic, Gadus morhua
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Introduction

The water salinity ofthe Gdansk Bay oscillates between 3.5 and 8%c, while
it drops to about 0 in the mouth ofthe Vistula River. The trophic situation in
the bay has changed during the last decade due to water pollution (Dabrowski
etal. 1993). This changed situation may be reflected in the parasite fauna of
fish living in that area.

The aim of the present paper is to give a review of the possible changes in
the degree ofinfection and in the species composition of cod parasites in this
water region.

The parasite fauna of cod in the Gdansk Bay has been investigated by
Markowski 1933, Janiszewska 1937, Studnicka 1965, Ganowiak 1968,
Rokicki 1975, Rokicki et al. 1993, Myjak et al. 1994.

Materials and Methods

Cods were caught with commercial vessels on depths between 20-50m near
the mouth ofthe Vistula River from January to April 1995.1n all, 103 mainly
small, 2-7 year old specimens were examined. They were dissected directly
after being brought to the laboratory. The following organs were examined:
skin, fins, eyes, gills, body cavity, liver, kidney and digestive tract. The
parasites were identified microscopically and the site of the parasite in the
host, the total prevalence and intensity of infection were recorded.

Results
The site in the host, the prevalence and the intensity of parasites found can

be seen in Table I. In the following the parasite species are described and
commented on one by one.
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Table 1. Parasites in 103 cod (Gadus morhua) caught near the mouth of the Vistula
River in the Gdansk Bay from January - April 1995.

Species Site in Prevalence Intensity
host % range mean

Plathyelminthes

Digenea

Diplostomum sp. lens 2.6 1-3 2
(metacercarie)

Cestoda

Bothriocephalus scorpii intestine 0.9 | 1
(Mdller, 1776) (juv.)

Nematoda

Hysterothylacium aduncum intestine 43.5 1-11 2.3
(Rudolphi, 1802) (larva)

Anisakis simplex mesenteries 0.9 1 1
(Rudolphi, 1802) (larva)

Contracaecum osculatum  liver 19 | 1
(Rudolphi, 1802) (larva)

Acanthocephala

Echinorhynchus gadi intestine 40.2 1-14 2.6
(Zoega in Mdller, 1776)
Pomphorhynchus sp. intestine 2.8 1-2 15

(Zoega in Mdiller, 1776)

Diplostomum sp.:

Body (in pm): length 500-570, width 240-250; oral sucker: length 42, width
41-42; ventral sucker: length 41-60, width 60; brande's organ: length 43-76,
width 42-75; lime bodies 690-715. These specimens differ in the number of
lime bodies from D. spathaceum that is commonly found in fish of the
Gdansk Bay.
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Bothriocephalus scorpii:
One juvenile was found.

Hysterothylacium aduncum:

Adult and non capsulated larvae were found in the intestine. The nematode
was found in all length classes of cod, but the bigger the fish, the greater
intensity of infection was observed.

Anisakis simplex:
This nematode was noticed only in one fish.

Contracaecum osculatum:
Two larval specimens were found in two cods.

Echinorhynchus gadi:
This species was noticed in all length classes, and the intensity increased
with the length of the fish.

Pompkorhynchus sp.:

Three young specimens were found with the length of the body 7-8.1 mm.
The numberofhooks inthe rowwas 11-12. The numberofrows 15-16.There
are differences in the morphology between Pompkorhynchus sp. and the
descriptions of species known so far. The present specimens mostly resemble
Pompkorhynchus kostylewi Petrocenko, 1956.

The occurrence of different parasites in cod as reported by different authors
as well as the degree of infection is shown in Table 1I. In the same table some
pathological changes found in cod by Grawinski et al. (1993) and during the
present investigation is presented.
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Table 2: Parasites and pathological changes of cod Gadus morhua in the Gdanska Bay
M=marine species, F=freshwater and brackish species
prevalence:+=<1%, ++=1-10%, +++=>10%

Species Degree of Authors

infection

Diplostomum sp. + F present investigation
Bothriocephalus scorpii + M Markowski (1933) -
Bothriocephalus sp.
Rokicki (1975)
Anisakis simplex + M Myjak et al. (1994)
Contracaecum osculatum + F Rokicki etal. (1993);
Myjak et al. (1994)
Hysterothylacium aduncum +++ M Markowski (1933);
Janisazewska (1937);
Studnicka (1965) -
s. Contracaecum clavatum;
Ganowiak (1968); Rokicki
(1975), Myjak et al. U994
Ascarophis longispicula + F Studnicka (1965)
Ascarophis sp. + F Studnicka (1965)
Eehinorhynchus gadi +++ M Markowski (1933); Studnicka
(1965); Rokicki (1975)
Pomphorhynchus laevis ++ F Studnicka (1965) -
s. Pomphorynchus tereticolis
Corynosoma strumosum + M Studnicka (1965)
Corynosoma semerme + M Studnicka (1965)
Pathological changes
hyperemias ++ Grawinski et al. (1993)
ecchymoses ++ !
ulceration L+t
Skeletal deformation + present investigation
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Discussion

The parasite fauna of cod in the southern Baltic shows a transitive picture
between a more marine western Baltic parasite fauna (Pohl 1956; Moller
1975; Kpie 1984; Buchmann 1986; Lang 1988; Thulin etal. 1989; Reimer
étal. 1993) and amore freshwater faunain the eastern Baltic (Shulman 1948;
Gecevicjute 1955; Petruchewsky et al. 1955; Fagerholm 1982; Vismanis
1987; Valtonen et al. 1988).

Moller (1975) recorded 5 species and KOie (1984) 7 species of digenetic
trematodes from cod from the Kiel Fjord and the Bornholm area respectively.
Reimer and Walter (1993) recorded three species of digenea from cod, but
only two in ICES subdivision 25 (including Bornholm) and none from
subdivision 26 (including the Gdansk Bay). The only digenea found in cod
from the Gdansk Bay is Diplostomum sp. (present investigations). D.
spathaceum has been recorded in other fish from the Gdansk Bay as well as
in cod caught north of Bornholm (KOie 1984, Buchmann 1986). However,
my specimens differ from D. spathaceum mainly in the number of lime
bodies and, according to Hoglund and Thulin (!992£ D. spathaceum (from
the Baltic coast of Sweden) may include more than one species.

The intensity of nematodes in cod is uneven in the Baltic area. The highest
prevalence and intensity of infection with Anisakis simplex and
Pseudoterranova decipiens decrease towards east (Grabda 1976, Thulin et
al. 1989, Reimerand Walter 1988, Myjak etal. 1994) and the infection with
Hysterothylaciumaduncum and Contracaecum osculatum increases towards
east (Gecevicjute 1955, Valtonen etal. 1988). The source ofinvasion forthe
Baltic cod by Anisakis simplex larvae is the herring, entering the Baltic from
west and the prevalence of this parasite has changed during the last years.
Thus, no Anisakis larvae were found by Grabda in 1976 and Reimer and
Walter (1993) in cod caught near the Gdansk Bay. In the same areas, Myjak
etal. 1994 noted a prevalence of3.0-4.6 % for all anisakid larvae and of 1.8-
3.2 % for C. osculatum. In the present study the prevalence in cod caught at
the mouth of Vistula River was 0.9% for Anisakis simplex and 1.9 % for
Contracaecum osculatum.

136



Hysterothylacium aduncum and Echinorhynchus gadi appear commonly in
the cod from the Gdansk Bay. Both larval and adult forms of H. aduncum
were noted in the intestine of cod. From this we can state that cod, together
with the eel-pout Zoarces viviparus, is the main host for H. aduncum in the
Gdansk Bay. However, in the present study no L3 larvae ofthis parasite were
found in the liver or body cavity of the fish and this supports the opinion of
Myjak étal. (1994), thatH. aduncum (=auctum) larvae occuronly sporadically
in the body cavity of cod.

In the comparison with earlier studies in the area we can notice a decrease
of infection with acantocephala during the years in the Gdansk Bay. Thus,
both the prevalence and the intensity of infection by Echinorhynchus gadi
are lower in the present study than those found by Studnicka (1965) and
Rokicki (1975). The acantocephalean Corynosoma semerme and C.
strumosum were not found in the present study, which, however, is more
likely related to the decreased number of seals, the final host forthis parasite,
in the Gdansk Bay.

Besides the factors related to host specificity of a parasite, other major
factors such as presence or absence of intermediate hosts, changes in salinity
and pollution, are important in the regulation of the parasite fauna in cod.
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