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Abstract

Bony fishes (Teleostei) play an important role in the completion of life cycles of helminth parasites in the Antarctica. These fish-
es may be definitive, second intermediate or paratenic hosts of the helminths. The most species-rich taxon is Digenea. Virtually
all of these digeneans use teleosts as definitive hosts. Only one species, Otodistomum cestoides, occurs as the adult stage in
skates (Chondrichthyes), with teleosts as its second intermediate host. Among 14 cestode species maturing in fishes only one,
Parabothriocephalusjohnstoni, occurs in a bony fish, Macrouruswhitsoni, whereas the others are parasites of Chondrichthyes
(cartilaginous fishes). Antarctic Chondrichthyes are not infected with nematode and acanthocephalan species. Specificity to the
intermediate and/or paratenic hosts of the majority of Antarctic helminths is wide, whereas that for definitive hosts is often
narrower, restricted to one order or sometimes even to one or two host species. Almost all of 73 helminth species maturing in

Antarctic fishes are endemics. Only 4 digenean and one nematode species are cosmopolitan or bipolar.
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Introduction

Geographically the Antarctica comprises a continent, a vast
expanse of ocean, and a scattering of small archipelagos and
islands, with a total area of about 45 million square kilome-
tres. The northern boundary of the Antarctica is the Antarctic
convergence line which runs about 60°S in the Pacific and
about 50°S in the Atlantic and the Indian Ocean. North of this
line extends the Subantarctica reaching to the subtropical con-
vergence line which runs about 40°S. South of the Antarctic
convergence line there are three subregions or provinces —
East Antarctica, West Antarctica and South Georgia. The lat-
ter province is considered by some authors as a part of Sub-
antarctica. Many of the islands and sea mounts of the Indian
and Pacific Oceans as well as those near to the southern tip of
South America belong to Subantarctica.

Often the terms “high Antarctica” and “low Antarctica”
are used. The Antarctic Polar Circle is at 66°33’S latitude;
areas inside the Polar Circle are named high Antarctica where-
as those outside the Polar Circle — low Antarctica.

Antarctic vertebrates are definitive hosts of internal para-
sitic worms belonging to four helminth taxa: Digenea, Ces-
toda, Nematoda and Acanthocephala. The most species-rich
group of Antarctic vertebrates is the bony fishes. According to
Eastman and Clarke (1998), 274 species from 49 families
occur in the Antarctic and Subantarctic waters and over 120
species belong to the endemic superfamily Notothenioi-
dei. Chondrichthyes are represented by sharks and skates
(Fischer and Hureau 1985, Gon and Heemstra 1990). Sharks
are rare in Antarctica but 3 species have been caught off South
Georgia. All Antarctic skates belong to the family Rajidae
with about 10 species from two genera: Raja Linnaeus, 1758
and Bathyraja Ishiyama, 1958.

Antarctic bony fishes play an important role in the com-
pletion of life cycles of many helminth species. Teleosts serve
as either definitive or intermediate and paratenic hosts. By
contrast, skates and sharks are definitive hosts only.

There are four major reviews describing the occurrence of
fish helminths in Antarctica. Zdzitowiecki (1997a) produced
a monograph on digeneans, but within a short time 10 addi-
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tional species from the Weddell Sea and one off Adelie Land
were described (Zdzitowiecki 1997b, ¢, d; 1998a, b; Zdzi-
towiecki and Cielecka 1997a, b, ¢). Zdzitowiecki (1991a) also
reviewed Antarctic acanthocephalans: So far, no additional
species have been described. Two papers provide data on Ant-
arctic fish cestodes and nematodes (Rocka 2003, 2004).

The purpose of the present communication is to summa-
rize the information on fish helminths occurring in Antarctic
waters. Particular emphasis is given to their biology, speci-
ficity and geographical distribution in order to evaluate the
necessity for and direction of future research on fish in Ant-
arctic waters.

Lifecyclesof Antarctic parasites

Digenea

Overall life cycles of Antarctic parasites are poorly known.
Zdzitowiecki (1997a) suggested that probably all digeneans
maturing in Antarctic bony fishes use molluscs as hosts of
parthenogenetic generations (the first intermediate hosts in
traditional nomenclature) and various marine invertebrates as
intermediate hosts (or the second intermediate hosts). Up to
now, only metacercariae of Neolebouria antarctica (Szidat et
Graefe, 1967) have been found in Antarctic crustaceans (Gaev-
skaya 1982). One species maturing in skates, Otodistomum
cestoides (Beneden, 1871), has been found in final hosts in
Antarctica (Zdzitowiecki 1991b) and Subantarctica (Gibson
1976, Zdzitowiecki and Pisano 1996). Metacercariae of this
species were found in the body cavity of teleosts in the Wed-
dell Sea (Zdzitowiecki 1997d).

Rediae, cercariae and metacercariae of two bird parasites,
Paramonostomum antarcticum Graefe, 1968 and Gymnophal-
lus delicious (Olsson, 1893), have been recorded in Antarctic
marine snails (Graefe 1968, Feiler 1986).

Cestoda

Only one complete life cycle of a cestode is known in Ant-
arctica. Hymenolepis arctowskii Jarecka et Ostas, 1984
(Cyclophyllidea), maturing in Larus dominicanus (Domini-
can gull), uses Branchinecta gaini (Branchiopoda) as its in-
termediate host (Jarecka 1984). As elsewhere life cycles of the
Cyclophyllidea (parasites of birds) and the Bothriocephalidae
and Echinophallidae (Pseudophyllidea, parasites of bony fish-
es) probably are realized with two hosts.

Life cycles of species from the Tetraphyllidea (parasites of
skates) and the families Diphyllobothriidae and Tetrabo-
thriidae (parasites of birds and mammals) are more complex.
Outside Antarctica these groups have crustaceans as first in-
termediate hosts while second intermediate and/or paratenic
hosts are bony fishes. Larvae of Tetraphyllidea as well as ple-
rocercoids of Diphyllobothriidaec occur commonly in the
Antarctic and Subantarctic bony fishes (Table V).

The occurrence of larval forms in bony fishes that are per-
manently resident in Antarctica suggests that these life cycles
are completed in the region. Five morphological forms of tet-

raphyllidean cercoids have been reported from Antarctica
(Wojciechowska 1993a, b, c; Wojciechowska et al. 1994;
Rocka 2003). There were cercoids with subdivided bothridia
(one, two and three loculi), bothridia undivided with hook-
like projections, and subcylindrical bothridia. Cercoids with
monolocular bothridia are regarded as representatives of An-
thocephalumspp., those with bilocular bothridia are larvae of
Pseudanthobothrium, Notomegarhynchus and Anthoboth-
rium. Cercoids with trilocular bothridia are recognized as lar-
vae of the family Oncobothriidae; only one species of this
family, Oncobothrium antarcticum Wojciechowska, 1990, has
been described in Antarctica. Cercoids with undivided both-
ridia and hook-like projections probably belong to the species
Dinobothrium septaria Beneden, 1889, a parasite of a pelag-
ic shark, Lamna nasus (Bonnaterre, 1788), occurring on the
shelves around of South Georgia and the Kerguelen Islands.
Cercoids with subcylindrical bothridia are determined as
Mar supiobothrium spp. Two species of this genus have been
described from Antarctica (Wojciechowska 1991, Rocka and
Zdzitowiecki 1998).

The other common cestode larval forms occurring in bony
fishes are plerocercoids of the Diphyllobothriidae (Table V),
that as adults occur in seals and birds (see Rocka 2003).
Unfortunately, matching of larval with adult cestodes has not
proved possible so far. However, Prudhoe (1969) identified
plerocercoids from nine teleost species of the superfamily
Notothenioidei as belonging to Glandicephalus perfoliatus
(Railliet et Henry, 1912), a parasite of seals.

Cercoids lacking bothridia were found in fishes caught off
South Georgia. Hoberg (1987) regarded similar larvae as
belonging to the family Tetrabothriidae. Representatives of
this family are common parasites of Antarctic birds and mam-
mals (Table V).

Nematoda

Life cycles of nematodes parasitising Antarctic bony fishes
are unknown. Various anisakid genera Anisakis Dujardin,
1845, Contracaecum Railliet et Henry, 1912, Hysterothyla-
cium Ward et Magath, 1917 and Pseudoterranova Mozgovoy,
1950 whose adults infect marine mammals, birds and fishes,
occur commonly in Antarctic teleosts as larvae (Table V).
Anisakid nematodes of mammals use various marine inverte-
brates, mainly crustaceans, as first intermediate hosts; Ant-
arctic bony fishes are second intermediate and paratenic hosts
(Palm et al. 1994, 1998; Palm 1999; Walter et al. 2002).
According to Johnston and Mawson (1945), Kloser and
P16tz (1992) and Kléser et al. (1992) two species, Contracae-
cum osculatum (Rudolphi, 1802) and the endemic C. radia-
tum (Linstow, 1907), were obtained from pinnipeds in high
Antarctic waters. A third species C. mirounga has been re-
corded from Subantarctica (Nikolskiy 1974). Orecchia et al.
(1994) reported two distinct reproductively isolated species,
C. osculatumD and E, from Antarctica. Johnston and Mawson
(1945) and Mozgovoy (1953) found Anisakis similis Baylis,
1920 and A. physeteris Baylis, 1923 in Antarctic marine mam-
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mals. However, the status of A. similis is doubtful as An-
derson (2000) stated that three valid species represented
the genus Anisakis: A. ssimplex (Rudolphi, 1802), A. typica
(Diesing, 1860) and A. physeteris. Mattiucci et al. (1997)
regarded A. simplex as a complex consisting of three sibling
species, A. sSimplex A occurring in the Austral region, between
35°S and 55°S, as well as in the Mediterranean Sea; the name
A. pegreffii was proposed for this species. A. simplex B is
widespread between 30°N and the Arctic Polar Circle. A. sim-
plex C has a discontinuous range, including Pacific Canada
and regions south of 35°S latitude. So, it is possible that
A. similisis a synonym of A. simplex, possibly A. pegreffii.
Palm (1999) stated that one sibling species, Pseudoter-
ranova decipiens E, occurred in Antarctic waters. The genet-
ic distance of this species from other species within the Pseu-
doterranova decipiens complex was described by Zhu et al.
(2002). A frequent parasite of bony fishes, Hysterothylacium
aduncum (Rudolphi, 1802) was recorded from two notothe-
nioid species from environs of the South Shetland Islands and
off South Georgia (Gaevskaya et al. 1990, Rokicki unpubl.).

Acanthocephala

According to Zdzitowiecki (1991a) all acanthocephalans that
mature in Antarctic fishes have two hosts in their life cycles,
whereas species adult in Antarctic birds and pinnipeds (Co-
rynosoma spp. and Andracantha spp.) have in addition a third
paratenic host, a teleost (Table V). Whale acanthocephalans
(Bolbosoma spp.) probably have either two or three hosts.
Antarctic Amphipoda are recorded as the intermediate hosts
of four acanthocephalan species (Hoberg 1986, Zdzitowiecki
2001, Zdzitowiecki and Presler 2001).

Zdzitowiecki (1991a) reported that acanthocephalans are
common in bottom-living fishes, but absent from pelagic
ones. This is most probably due to the role of benthic (not
pelagic) crustaceans as intermediate hosts of most Antarctic
species occurring in fishes. Some Corynosoma and Andra-
cantha species have been found in Antarctica in both defini-
tive and paratenic hosts. Zdzitowiecki (1991a) reported cys-
tacanths of seven acanthocephalan species (parasites of birds
and seals) in teleosts as paratenic hosts (Table V). Some spe-
cies of Corynosoma and all Bolbosoma spp. are known from
Antarctica exclusively in their definitive hosts. Possibly their
intermediate hosts do not occur in Antarctica, the infections
originating from Subantarctica and temperate zones. Bolbo-
soma spp. are associated with pelagic rather than benthic envi-
ronments; their cystacanths have been found outside Ant-
arctica in pelagic euphasiid crustaceans (Zdzitowiecki 1991a).

Geogr aphical distribution and host specificity of Antarctic
fish parasites

Digenea (Table I; data according to Zdzitowiecki 1997a,
1998a, b, 1999). Adult Antarctic fish digeneans from the
superfamily Hemiuroidea occur in the stomach and in the
intestine, and only a parasite of skates, Otodistomum ces-
toides, occurs in an immature stage in the body cavity of

teleosts. Apart from O. cestoides, only Lecithochirium whitei
Zdzitowiecki, 1994 and probably Lecithophyllum champ-
socephali Zdzitowiecki, 1989, have a narrow specificity to
final hosts. As only a single specimen of Aphanurus sp. was
found nothing can be said about its specificity. The remaining
hemiuroid species occur in fishes belonging to 2—7 orders.

Four species, O. cestoides, Derogenes varicus (Miiller,
1784), Gonocerca phycidis Manter, 1925 and Glomericirrus
macrouri (Gaevskaya, 1975), are cosmopolitan or bipolar.
Probably three of them occur in all areas of Antarctica; the
fourth species, D. varicus, the most abundant digenean spe-
cies in the World Ocean, is replaced in the high Antarctica by
Derogenes johnstoni Prudhoe et Bray, 1973 (Zdzitowiecki et
al. 1993). The second pair of closely related species are Leci-
thaster macrocotyle Szidat et Graefe, 1967 and L. micropsi
Zdzitowiecki, 1992. Their distribution is restricted to the
southern hemisphere. The former occurs in the low Antarctica,
in the Subantarctica and rarely in the Ross Sea, the latter
occurs in the Subantarctica and off South Georgia. Specimens
of both pairs of parasites occur partly in the same fish species,
for example Derogenes spp. in Trematomus hansoni Boulen-
ger, 1902 and Lecithaster spp. in Chaenocephalus aceratus
Lonnberg, 1906. It suggests that their presence or absence is
not associated with the distribution of definitive hosts, but
rather with the presence or absence of the molluscan hosts for
the parthenogenetic generations.

Nine species from the family Opecoelidae occur in the
Eastern Antarctica, but only two of them also off the South
Shetland Islands. Two other species occur off South Georgia
and in Subantarctica. The specificity to definitive hosts is nar-
rower than that of Hemiuroidea.

Two species, Macvicaria georgiana (Kovaljova et Gaev-
skaya, 1974) and M. microtestis Zdzitowiecki et Cielecka,
1997, occur entirely in Notothenioidei. Two other species,
M. antarctica (Kovaljova et Gaevskaya, 1974) and Helico-
metra pisanoae Zdzitowiecki, 1998, were found in Noto-
theniidae [the former occurs in Notothenia kempi Norman,
1937 and Nototheniops nudifrons (Lonnberg, 1905), the lat-
ter in Trematomus hansoni (Boulenger, 1902)]. Three species,
Discoverytrema markowskii Gibson, 1976, D. gibsoni Zdzito-
wiecki, 1990 and Macvicaria muraenolepidis Zdzitowiecki,
1990, appear to be specific to the Muraenolepididae. One
species, Macvicaria longibursata Zdzitowiecki et Cielecka,
1997, is specific to Zoarcidae. Two species, Macvicaria oph-
thalmolyci Zdzitowiecki, 1990 and Helicometra antarcticae
Holloway et Bier, 1968, occur in both Nototheniidae and Zoar-
cidae. Three species, Senakron glacialis Zdzitowiecki, 1989,
Neolebouria antarctica and N. terranovaensis Zdzitowiecki,
Pisano et Vaccchi, 1993, normally occurring in Notothe-
nioidei, also rarely occur in Liparididae and another one,
Macvicaria pennelli (Leiper et Atkinson, 1914), in Zoarcidae.
Some closely related but distinct species occur in different
areas. For example, M. pennelli occurs in the Ross Sea and
the southern part of the Indian Ocean, M. antarctica in
Subantarctica and rarely off South Georgia; Neolebouria
antarctica occurs in the Western Antarctica and off South
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Georgia, whereas N. terranovaensisin the Eastern Antarctica. ~ Georgia). None of the opecoelid species occurring in subcon-
In contrast, two species of the genus Discoverytremaoccur in  tinental waters of Antarctica was recorded in Subantarctica.
the same host (Muraenol epis microps Lonnberg, 1905), habi- The South Georgia represents an intermediate position, as
tat (posterior part of the small intestine) and locality (off South  both Antarctic and Subantarctic opecoelids occur there.

Tablel. A list of Digenea found in Antarctic fishes as definitive hosts (data according to Zdzitowiecki 1997a, 1998a, b, 1999)

West East South  Subant- Cosmo-
Digenea Hosts Antarctica  Antarctica Georgia arctica politan
or bipo-
lar
Hemiuroidea
Otodistomum cestoides” Chondrichthyes + + +
Genolinea bowersi Notothenioidei + + + +
Aphanurus sp. Ophthalmolycus amberensis (Zoarcidae) +
Derogenes johnstoni Notothenioidei +
D. varicus various teleosts + + +
Gonocerca phycidis Notothenioidei, Gadiformes + + + + +
Elytrophalloides oatesi various teleosts + + + +
Glomericirrus macrouri Notothenioidei, Gadiformes + + + +
Lecithochirium whitei Bathylagus antarcticus (Bathylagidae) +? +
Lecithaster macrocotyle Notothenioidei + + + +
L. micropsi Notothenioidei, Muraenolepididae + +
Lecithophyllum champsocephali Channichthyidae +
Opecoelidae
Discoverytrema mar kowskii Muraenolepididae + +
D. gibsoni Muraenolepis microps (Muraenolepididae) +
Macvicaria pennelli Notothenioidei, ?Zoarcidae +
M. georgiana Notothenioidei + + +
M. antarctica Nototheniidae + +
M. microtestis Notothenioidei +
M. ophthalmolyci Nototheniidae, Zoarcidae +
M. longibursata Zoarcidae +
M. muraenolepidis Muraenolepis microps (Muraenolepididae) +
Neolebouria terranovaensis Notothenioidei +
N. antarctica Notothenioidei + +
Helicometra antarcticae Nototheniidae, Zoarcidae +
H. pisanoae Trematomus hansoni (Nototheniidae) +
H. rakusai T. loennbergi (Nototheniidae) +
Senakron glacialis Notothenioidei + +
L epocreadiidae
Lepidapedon garrardi Notothenioidei + + + +
L. balgueriasi Nototheniidae +
L. notogeorgianus Nototheniidae +? +
L. tertius Ophthalmolycus amberensis (Zoarcidae) +
L. paralebouri Muraenolepis microps (Muraenolepididae) +
L. brayi Macrourus whitsoni (Macrouridae) +
L. ninae Macrourus whitsoni (Macrouridae) +
Neol epidapedon magnatestis Nototheniidae + +
N. trematomi Notothenioidei + + +
N. macquariensis Notothenioidei + +
Paral epi dapedon antarcticum Macrourus whitsoni (Macrouridae) +
P. dubium Macrourus whitsoni (Macrouridae) +
P. awii Macrourus whitsoni (Macrouridae) +

Muraenol epitrema magnatestis
Postl epidapedon opisthobifurcatus
Monorchiidae

Postmonorchis variabilis
Fellodistomidae

Seringophorus arntz

S liparidis

Muraenolepis microps (Muraenolepididae) +

Muraenolepididae, Macrouridae + +
Nototheniidae, Harpagiferidae + +
Bathydraconidae, Artedidraconidae +
Paraliparis antarcticus (Liparididae) +

*Parasite of skates found in teleosts as intermediate hosts in the Weddell Sea and adult in Bathyraja eatonii off the South Shetland Islands.
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Most of species of the family Lepocreadiidae are specific
either to Notothenioidei or even only to Nototheniidae (five
specific species and one additionally recorded in a zoarcid) or
to Gadiformes — families Muraenolepididae and/or Macrou-
ridae. Only one species, Lepidapedon tertius Zdzitowiecki,
1990, is specific to Zoarcidae. Distribution is usually restrict-
ed either to exclusively subcontinental waters (7 species) or to
subcontinental waters and shelves around South Georgia area
(3 species). Two species, Lepidapedon paralebouri Zdzito-
wiecki, 1990 and Muraenolepitrema magnatestis Gaevskaya
et Rodjuk, 1988, have been recorded only off South Georgia.
Three species, Lepidapedon garrardi (Leiper et Atkinson,
1914), Neolepidapedon magnatestis (Gaevskaya et Koval-
jova, 1976) and N. macquariensis Zdzitowiecki, 1993, occur
in both Antarctic and Subantarctic regions. L. garrardi is com-
mon in all areas investigated. The only representative of
Monorchiidae, Postmonorchis variabilis Prudhoe et Bray,
1973, is common in Notothenioidei that are its principal hosts
off South Georgia and in Subantarctica, and is absent in sub-
continental waters.

Two fellodistomid species were described from the Wed-
dell Sea and each is specific to one higher taxon of fishes:
Seringophorus arntzi Zdzitowiecki, 1997 to Notothenioidei,
and S liparidis Zdzitowiecki, 1997 to Liparididae.

Cestoda (Table II)

The 13 cestode species parasitising Antarctic Chondrichthyes
are endemics and each infects one or rarely two host species.
If two hosts, these belong to the same genus (Rocka 2003).
Only skates from environs of the South Shetland Islands,
South Georgia, and several specimens from the Weddell Sea
have been examined so that it is not possible to comment
about the geographical distribution of these cestodes. Only

one Antarctic cestode, Parabothriocephalus johnstoni Prud-
hoe, 1969, has been recorded from a gadid host, Macrou-
rus whitsoni Regan, 1913, caught in the Eastern Antarctica
(Prudhoe 1969, Rocka and Zdzitowiecki 1998). Up to now,
adult cestodes have not been found in Antarctic species of
Notothenioidei, although two species, Bothriocephalus ker -
guelensis Prudhoe, 1969 and B. antarcticus Wojciechowska,
Pisano et Zdzitowiecki, 1995, occur in Subantarctic fishes
from this superfamily (Notothenia cyanobrancha Richardson,
1844, N. rossii Richardson, 1844, Champsocephalus gunnari
Lonnberg, 1905 and Channichthys rhinoceratus Richardson,
1844) (Prudhoe 1969, Wojciechowska et al. 1995).

Nematoda (Table III)

Only six nematode species have been found as adults in
Antarctic teleosts (Rocka 2004). Common species, Ascaro-
phis nototheniae Johnston et Mawson, 1945, a parasite of
Notothenioidei and rarely Congiopodidae and Zoarcidae, oc-
curs in various localities of Antarctica and Subantarctica. Two
other species, ParanisakiopsisweddelliensisRocka, 2002 and
Capillaria (Procapillaria) sp. (see Rocka 2002), were found
only in Macrourus whitsoni from the Weddell Sea. Cysti-
dicola beatriceinsleyae (Holloway et Klewer, 1969) was
described from two species of Zoarcidae, Lycodichthys dear-
borni (DeWitt, 1962) and L. antarcticus Pappenheim, 1911,
caught in Eastern Antarctica. Hysterothylaciumaduncum (Ru-
dolphi, 1802), has been reported from two species of Noto-
theniidae (Dissostichus mawsoni Norman, 1937 and D. elegi-
noides Smitt, 1898) in the environs of the South Shetlands and
off South Georgia. Contrary to other nematode species it is
cosmopolitan and has wide specificity. Dichelynefraseri (Bay-
lis, 1929) is a common parasite of various notothenioid fish-
es occurring circumpolarly on both sides of the Antarctic con-

Tablell. A list of Cestoda found in Antarctic fishes as definitive hosts (data according to Rocka 2003)

Cestoda Hosts West Antarctica East Antarctica South Georgia
Par asites of skatesand sharks

Tetraphyllidea

Phyllobothrium dentatum unidentified shark +
Anthocephal um georgiense Raja georgiana +
A. rakusai Bathyraja maccaini +

A. siedleckii B. maccaini, B. eatonii + +

A. arctowskii Bathyraja sp. 2 + +

Mar supiobothrium antarcticum B. maccaini, B. eatonii +

M. awii B. maccaini +

Anthobothrium sp. Bathyraja sp. 2 +

Pseudanthobothrium notogeorgianum R. georgiana +
P. minutum B. eatonii +

Notomegarhynchus shetlandicum B. maccaini, B. eatonii +

Oncobothrium antarcticum B. maccaini, B. eatonii + +

Diphyllidea

Echinobothrium acanthocolle R. georgiana +
Par asites of bony fishes

Pseudophyllidea

Parabothriocephal us johnstoni Macrourus whitsoni (Macrouridae) +
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Tablelll. A list of Nematoda found in Antarctic bony fishes as definitive hosts (data according to Rocka 2004)

West East South Subant-  Cosmo-

Nematoda Hosts Antarctica Antarctica Georgia arctica politan
or bipolar
Spirurida
Ascarophis nototheniae Notothenioidei, Congiopodidae, + + + +
Zoarcidae
Cystidicola beatriceinseyae Lycodichthys dearborni, +
L. antarcticus (Zoarcidae)
Ascaridida
Hysterothylacium aduncum Dissostichus mawsoni, + + +
D. eleginoides (Nototheniidae)

Paranisakiopsis weddelliensis Macrourus whitsoni (Macrouridae) +
Dichelyne fraseri Notothenioidei, Muraenolepididae + + +
Enoplida
Capillaria (Procapillaria) sp. Macrourus whitsoni (Macrouridae) +

vergence line — in the Kerguelen and Magellanic subregions of
Subantarctica and in Western Antarctica at open sea islands
situated up to 62°S (Zdzitowiecki and Cielecka 1996). This
parasite is absent in fishes from subcontinental waters. The
infection seems to be associated with a benthic environment.
It should be noted that Antarctic Chondrichthyes are not in-
fected with adult nematodes. However, representatives of the
families Anisakidae, Cystidicolidae and Camallanidae occur
in Chondrichthyes in other geographical regions of the World
(Mozgovoy 1953; Hartwich 1974; Chabaud 1975a, b; Ander-
son 2000; Knoff et al. 2001a).

Acanthocephala (Tables IV and V)

Zdzitowiecki (1991a) reported that eight acanthocephalan
species mature in teleosts and each of these species has a wide
range of definitive hosts. The occurrence of mature females of
Aspersentis megarhynchus (Linstow, 1892), Metacantho-
cephalus johnstoni Zdzitowiecki, 1983, M. dalmori Zdzito-
wiecki, 1983 and M. rennicki (Leiper et Atkinson, 1914), were
usually found in fishes belonging to two or three families
grouped in the superfamily Notothenioidei. According to

Holloway and Spence (1974, 1980) Metacanthocephalus
campbelli (Leiper et Atkinson, 1914), was additionally found
in representatives of Zoarcidae, systematically far from No-
tothenioidei. Two further species, Echinorhynchus petro-
tschenkoi (Rodjuk, 1984) and E. muraenolepisi (Rodjuk,
1984), appear to be parasites of gadiform fishes.
Echinorhynchus muraenolepisi has been found exclusive-
ly in Muraenolepis microps Lonnberg, 1905 in the environs of
the South Shetland Islands and South Georgia (Rodjuk 1984).
E. petrotschenkoi was abundant in M. microps off South
Georgia (Zdzitowiecki 1989, 1990) and Macrourus whitsoni
in the Weddell Sea (Zdzitowiecki 1996). Additionally, this
species was reported from various nototheniids at the Enderby
Land (Kagei and Watanuki 1975), South Shetland Islands
(Rodjuk 1984; Zdzitowiecki 1986a, b, 1989, 1990) and South
Georgia (Rodjuk 1986; Zdzitowiecki 1989, 1990; Gaevskaya
et al. 1990; Zdzitowiecki and White 1992). Gravid females of
Heterosentis heteracanthus (Linstow, 1896) have not so far
been found. According to Zdzitowiecki (1985, 1991a) two
species, Corynosoma shackletoni Zdzitowiecki, 1978 and An-
dracantha baylisi (Zdzitowiecki, 1986), mature in Antarctic

Table1V. A list of Acanthocephala found in Antarctic bony fishes as definitive hosts (data according to Zdzitowiecki 1991a, 1996)

West East South

Acanthocephalan species Hosts Antarctica Antarctica  Georgia Subantarctica
Echinorhynchida
Aspersentis megarhynchus Notothenioidei + + +
Heterosentis heteracanthus Notothenioidei + + +
Echinorhynchus petrotschenkoi Notothenioidei, Macrourus whitsoni

(Macrouridae), Muraenolepis + + +

microps (Muraenolepididae)
E. muraenolepisi M. microps (Muraenolepididae) + +
Metacanthocephal us campbelli Notothenioidei, Zoarcidae + +
M. dalmori Notothenioidei + + +
M. rennicki Notothenioidei + +?
M. johnstoni Notothenioidei + + +




TableV. A list of parasites found in Antarctic bony fishes as intermediate or paratenic hosts

. . .. West East South Subantarctica ~ Cosmopolitan
Parasites Kind of host Definitive host Antarctica Antarctica Georgia or bi[IJ)olar
Digenea
Otodi stomum cestoides” 2nd interm. skate + + +
Cestoda™
Tetraphyllidea 2nd interm., paratenic
Cercoid monolocular skate + + + +
Cercoid bilocular skate + + + +
Cercoid trilocular skate + +
Cercoid with projections shark + + +?
Cercoid subcylindrical skate +
Diphyllobothriidae 2nd interm., paratenic
Plerocercoid mammal, bird + + + + +
Tetrabothriidae 2nd interm., paratenic
Cercoid lacking acetabula bird or mammal +
Nematoda™** 2nd interm., paratenic
Contracaecum radiatum seal + + + +?

C. osculatumD, E seal + + +

Contracaecum spp. seal, bird + + + +
Anisakis spp. whale + + +
Pseudoterranova decipiens E seal + + + +
Acanthocephala™** paratenic

Corynosoma arctocephali seal, fur seal + + +

C. bullosum seal + + + + +?
C. evae seal, fur seal + + +
C. hamanni seal + + +

C. pseudohamanni seal + +

C. shackletoni bird + +

Andracantha baylisi bird + + +

*Data according to Zdzitowiecki (1997a); **data according to Rocka (2003);

*kk

data according to Rocka (2004);

*kkk

data according to Zdzitowiecki (1991a).
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birds. Also, seven species of the genus Corynosoma and five
species of the genus Bolbosoma occur in seals, fur seals and
whales (Zdzitowiecki 1991a).

The Antarctic Chondrichthyes are not infected with Acan-
thocephala. According to Petrotschenko (1971a, b) and Knoff
et al. (2001b) acanthocephalan species have been found in
Chondrichthyes outside Antarctica. Adult acanthocephalan
species usually occur in mammals, birds or teleosts so that
Chondrichthyes are probably accidental hosts.

Analysis of the occurrence of all acanthocephalan species
in various latitudes permits the division of the species record-
ed in Antarctica into three groups. The first group comprises
three species found mainly inside the Polar Circle, but also
occurring outside the Polar Circle. These are: Metacantho-
cephalus campbelli, M. rennicki and Corynosoma pseudo-
hamanni Zdzitowiecki, 1984. The second group comprises
common species characteristic mainly for the environs of the
continent’s coasts outside the Polar Circle and subcontinental
archipelagos such as the South Shetland Islands and the South
Orkneys. Most of these species (except Metacanthocephalus
dalmori) also occur, often particularly, in the environs of the
islands situated in close proximity to the Antarctic conver-
gence line and in Subantarctica. This group includes 9 species:
Metacanthocephal us johnstoni, M. dalmori, Aspersentis me-
garhynchus, Echinorhynchus petrotschenkoi, E. muraenole-
pisi, Corynosoma bullosum (Linstow, 1892), C. arctocepha-
li Zdzitowiecki, 1984, C. hamanni (Linstow, 1892) and
C. shackletoni. However, M. dalmori, E. petrotschenkoi and
C. bullosum were found in fish in the Weddell Sea (Zdzi-
towiecki 1996). The relative high abundance of the latter
species is perplexing because the definitive host, elephant
seals, only occasionally visit high Antarctica. According to
Zdzitowiecki and Laskowski (2004) for A. megarhynchus and
C. hamanni the southern boundary of their distribution is
probably near 65°S off the Argentine Islands.

The representatives of the third group of Acanthocephala
normally do not occur in Antarctic fishes but are usually found
in definitive hosts on both sides of the Antarctic convergence
line and also outside Antarctica. The representatives of this
group penetrate far into Antarctica, but do not occur com-
monly there. This group includes species of the genus Bol-
bosoma (parasites of whales) and Profilicollis antarcticus
Zdzitowiecki, 1985 (parasite of birds found at the South
Shetland Islands). Unquestionable representatives of the third
group are three further species: Corynosoma australe John-
ston, 1937, C. hannae Zdzitowiecki, 1984 and C. evae Zdzi-
towiecki, 1984 (one cystacanth found at South Georgia).

Two species, Heterosentis heteracanthus and Andracan-
tha baylisi, occur mainly in Subantarctica and rarely in low
Antarctica. Recently, these species have been found in noto-
thenioid fishes in the Beagle Channel, Magellanic subregion
of Subantarctica (Zdzitowiecki, pers. comm.).

The vast majority of Antarctic acanthocephalans do not
occur in the northern hemisphere. The exceptions to this rule
seemed to be the cosmopolitan representatives of the genus
Bolbosoma, whale parasites. Skryabin (1972) observed mor-

phological differences between specimens belonging to the
same species, but originating from different hemispheres.
Schmidt and Dailey (1971) stated that C. bullosum, a parasite
of southern elephant seal, Mirounga leonina, also occurred in
a Californian host, Mirounga angustirostris. Taking into ac-
count the geographical separation of the two hosts, the occur-
rence of C. bullosumin the northern hemisphere is considered
uncertain. Such a view is supported by the fact that two close-
ly related pairs of species of the genus Corynosoma are known
in mammals, with one species in the northern, and a second
in the southern hemisphere. These are C. obtuscenswith C. aus-
traleand C. semerme with C. hannae.

Conclusions

Antarctic helminth parasites are diverse, with a total of 91 dif-
ferent species recorded so far. Fishes may be definitive, sec-
ond intermediate or paratenic hosts of these helminths. Sev-
enty-three species are parasites in the adult stage (Digenea 45,
Cestoda 14, Nematoda 6, Acanthocephala 8). In addition, 11
larval stages of Cestoda (7) and Nematoda (4) are known,
together with 7 species of Acanthocephala in the cystacanth
stage.

The most species-rich group is Digenea. Almost all of
these digeneans use teleosts as definitive hosts. Only one
species, O. cestoides, occurs as the adult stage in skates; tel-
eosts are intermediate hosts for this species.

Among 14 cestode species parasitising Antarctic fishes,
only one, P. johnstoni, occurs in the deep-water gadiform
bony fish, Macrouruswhitsoni. The other species are parasites
of Chondrichthyes (12 species of Tetraphyllidea and one of
Diphyllidea).

The majority of parasites maturing in fishes are Antarctic
or Antarctic/Subantarctic endemics. Only 4 digeneans and one
nematode species, H. aduncum, are cosmopolitan or bipolar.

All acanthocephalans, almost all digeneans (except of one
species), the majority of cestodes and some nematodes occur
mainly or exclusively in benthic fishes.

Specificity of the majority of parasites that utilize teleosts
as intermediate and/or paratenic hosts is low. Among parasites
using fishes as definitive hosts, all Cestoda, most species of
Digenea (other than Hemiuroidea) and Nematoda, and almost
all Acanthocephala have a range of hosts restricted to one
order or even to 1-2 host species.

Acknowledgements. I am very grateful to an anonymous referee for
valuable comments and correction of the manuscript. Thanks are also
expressed to Prof. K. Zdzitowiecki (W. Stefanski Institute of Para-
sitology, PAS, Warszawa) for reviewing the text and useful remarks.

References

Anderson R.C. 2000. Nematode parasites of vertebrates. Their devel-
opment and transmission. CABI Publishing, Cambridge.

Chabaud A. 1975a. CIH keys to the nematode parasites of verte-
brates. 3. Keys to genera of the order Spirurida. Ascaridoidea.
Part I. Camallanoidea, Dracunculoidea, Gnathostomatoidea,



34

Anna Rocka

Physalopteroidea, Rictularoidea and Thelazioidea. Common-
wealth Agricultural Bureaux, Farnham Royal, U.K.

Chabaud A. 1975b. CIH keys to the nematode parasites of verte-
brates. 3. Keys to genera of the order Spirurida. Ascaridoidea.
Part II. Spiruroidea, Habronematoidea and Acuarioidea. Com-
monwealth Agricultural Bureaux, Farnham Royal, U.K.

Eastman J.T., Clarke A. 1998. A comparison of adaptive radiations
of Antarctic fish with those of non-Antarctic fish. In: Fishes
of Antarctica. A biological review (Eds. G.D. Prisco, E.
Pisano and A. Clarke). Springer Verlag, Italia, 3-26.

Feiler K. 1986. Eine neue Gymnophallus — Metacercarie und ihre
Héufigkeitsverteilung in Patinigera polarisder Siidshetlands
(Antarktis). Angewandte Parasitologie, 27, 227-240.

Fischer W., Hureau J.C. 1985. FAO species identification sheets for
fishery purposes. Southern Ocean (fishing areas 48, 58 and
88) (CCAMLR Convention Area). Vol. 2. FAO, Rome, 233—
470.

Gaevskaya A.V. 1982. The discovering of the trematode metacer-
carias in mysids of the South Georgia Island. Nauchnye
Doklady Wsshey Shkoly, Biologicheskie Nauki, 8, 27-29 (In
Russian).

Gaevskaya A.V., Rodjuk G.N., Parukhin A.M. 1990. Peculiarities and
formation of parasitofauna of the Patagonian toothfish Dis-
sostichus eleginoides. Biologiya Morya, 4, 23-28 (In Rus-
sian).

Gibson D.I. 1976. Monogenea and Digenea from fishes. Discovery
Reports, 36, 179-266.

Gon O., Heemstra P.C. 1990. Fishes of the Southern Ocean. J.L.B.
Smith Institute of Ichthyology, Grahamstown.

Graefe G. 1968. Paramonostomum antarcticum n. sp. (Trematoda:
Notocotylidae) und Beobachtungen zur Larvenentwicklung
in der Antarktis. Zeitschrift fir Parasitenkunde, 30, 207-232.

Hartwich G. 1974. CIH keys to the nematode parasites of vertebrates.
2. Keys to genera of the Ascaridoidea. Commonwealth Ag-
ricultural Bureaux, Farnham Royal, U.K.

Hoberg E.P. 1986. Aspects of ecology and biogeography of Acan-
thocephala in Antarctic seabirds. Annales de Parasitologie
Humaine et Comparée, 61, 199-214.

Hoberg E.P. 1987. Recognition of larvae of the Tetrabothriidae Eu-
cestoda: implications for the origin of tapeworms in marine
homeotherms. Canadian Journal of Zoology, 65, 997-1000.

Holloway H.L., Spence J.A. 1974. The intestinal piscine Acan-
thocephala from McMurdo Sound, Antarctica. Proceedings
of North Dakota Academy of Sciences, 28, 12.

Holloway H.L., Spence J.A. 1980. Ecology of animal parasites in
McMurdo Sound, Antarctica. Comparative Physiology and
Ecology, 5, 262-284.

Jarecka L. 1984. Development of Hymenolepis arctowskii Jarecka et
Ostas, 1984 (Cestoda, Hymenolepididae) in the intermediate
host Branchinecta gaini Daday (Branchiopoda) of the Ant-
arctic. Acta Parasitologica Polonica, 29, 337-342.

Johnston T.H., Mawson P.M. 1945. Parasitic nematodes. Reports
B.A.N.Z. Antarctic Research Expedition 19291931, Ser. B,
5, 73-160.

Kagei N., Watanuki T. 1975. On the parasites of fishes from the
Antarctic Ocean. Antarctic Research, 54, 84-93.

Kléser H., P16tz J. 1992. Morphological distinction between adult
Contracaecum radiatum and Contracaecum osculatum
(Nematoda, Anisakidae) from the Weddell seal (Leptony-
chotesweddelli). Zoologica Scripta, 21, 129-132.

Kléser H., P16tz J., Palm H., Bartsch A., Hubold G. 1992. Adjustment
of anisakid nematode life cycles to the high Antarctic food
web as shown by Contracaecumradiatumand C. osculatumin
the Weddell Sea. Antarctic Science, 4, 171-178.

Knoff M., Sao Clemente S.C., Pinto R.M., Gomes D.C. 2001a.
Nematodes of elasmobranch fishes from the southern coast of
Brazil. Memérias do Instituto Oswaldo Cruz, 96, 81-87.

Knoff M., Sdo Clemente S.C., Pinto R.M., Gomes D.C. 2001b.
Digenea and Acanthocephala of elasmobranch fishes from
the southern coast of Brazil. Memodrias do I nstituto Oswaldo
Cruz 96, 1095-1101.

Mattiucci S., Nascetti G., Cianchi R., Paggi L., Arduino P., Margolis
L., Brattey J., Webb S., D’ Amelio S., Orecchia P., Bullini L.
1997. Genetic and ecological data on the Anisakis simplex
complex, with the evidence for a new species (Nematoda,
Ascaridoidea, Anisakidae). Journal of Parasitology, 83, 401—
416.

Mozgovoy A.A. 1953. Ascaridata of animals and man, and the dis-
eases caused by them. Osnovy nematodologii. Vol. II. Izd.
AN SSSR, Moskva (In Russian).

Nikolskiy O.L. 1974. Contracaecum mirounga sp. n. (Nematoda:
Anisakidae), a new nematode of the elephant seal from the
Antarctic. lzvestiya Tikhookeanskogo Nauchno-Issledova-
tel’skogo Instituta Rybnogo Khozyaystva i Okeanogr afii, 83,
107-109 (In Russian).

Orecchia P., Mattiucci S., D’Amelio S., Paggi L., P16tz J., Cianchi R.,
Nascetti G., Arduino P., Bullini L. 1994. Two new members
in the Contracaecum osculatum complex (Nematoda, Ascari-
doidea) from the Antarctic. International Journal for Para-
sitology, 24, 367-377.

Palm H.W. 1999. Ecology of Pseudoterranova decipiens (Krabbe,
1878) (Nematoda: Anisakidae) from Antarctic waters. Para-
sitology Research, 85, 638—646.

Palm H.W., Andersen K., Kloser H. 1994. Occurrence of Pseu-
doterranova decipiens (Nematoda) in fish from the south-
eastern Weddell Sea (Antarctic). Polar Biology, 14, 539-544.

Palm H.W., Reimann N., Spindler M., P16tz J. 1998. The role of the
rock cod Notothenia coriiceps Richardson, 1844 in the life-
cycle of Antarctic parasites. Polar Biology, 19, 399-406.

Petrotschenko V.I. 1971a. Acanthocephala of domestic and wild ani-
mals. Vol. I (Ed. K.I. Skryabin). Academy of Sciences of
URSS, translated from Russian, Israel Program for Scientific
Translations, Jerusalem.

Petrotschenko V.I. 1971b. Acanthocephala of domestic and wild ani-
mals. Vol. II (Ed. K.I. Skryabin). Academy of Sciences of
URSS, translated from Russian, Israel Program for Scientific
Translations, Jerusalem.

Prudhoe S. 1969. Cestodes from fish, birds and whales. Reports
B.AN.Z. Antarctic Research Expedition 1929-1931, Ser. B,
8, 171-193.

Rocka A. 2002. Nematodes of fishes in the Weddell Sea (Antarctic).
Acta Parasitologica, 47, 294-299.

Rocka A. 2003. Cestodes of the Antarctic fishes. Polish Polar
Research, 24, 261-276.

Rocka A. 2004. Nematodes of the Antarctic fishes. Polish Polar
Research, 25, 135-152.

Rocka A., Zdzitowiecki K. 1998. Cestodes in fishes of the Weddell
Sea. Acta Parasitologica, 43, 64-70.

Rodjuk G.N. 1984. New representatives of the genus Metechino-
rhynchus (Acanthocephala), parasites of the western Antarc-
tic. Zoologicheskiy Zhurnal, 63, 1893—1896 (In Russian).

Rodjuk G.N. 1986. New species of Acanthocephala of the genus
Echinorhynchus (Echinorhynchidae) from the south-western
Atlantic. Paraztologiya, 20, 224227 (In Russian).

Schmidt G.D., Dailey M.D. 1971. A zoogeographic note on the acan-
thocephalan Corynosoma bullosum (Linstow, 1892). Trans-
actions of the American Microscopical Society, 90, 94-95.

Skryabin A.S. 1972. On morphological differences between acan-
thocephalan Bolbosoma turbinella (Diesing, 1851) (fam. Po-
lymorphidae) from the northern and southern hemispheres.
Parazitologiya, 6, 57-64 (In Russian).

Walter T., Palm H.W., Piepiorka S., Riickert S. 2002. Parasites of the
Antarctic rattail Macrourus whitsoni (Regan, 1913) (Macro-
uridae, Gadiformes). Polar Biology, 25, 633-640.



Helminths of Antarctic fishes

35

Wojciechowska A. 1991. Some tetraphyllidean and diphyllidean ces-
todes from Antarctic batoid fishes. Acta Parasitologica Po-
lonica, 36, 69-74.

Wojciechowska A. 1993a. The tetraphyllidean and tetrabothriid cer-
coids from Antarctic bony fishes. I. Morphology. Identifi-
cation with adult forms. Acta Parasitologica, 38, 15-22.

Wojciechowska A. 1993b. The tetraphyllidean and tetrabothriid cer-
coids from Antarctic bony fishes. II. Occurrence of cercoids
in various fish species. Acta Parasitologica, 38, 113-118.

Wojciechowska A. 1993c. The tetraphyllidean and tetrabothriid cer-
coids from Antarctic bony fishes. III. Infection of Notothenia
neglectaand N. rossii in Admiralty Bay. Acta Parasitologica,
38, 166-169.

Wojciechowska A., Pisano E., Zdzitowiecki K. 1995. Cestodes in
fishes at the Heard Island (Subantarctic). Polish Polar Re-
search, 16, 205-212.

Wojciechowska A., Zdzitowiecki K., Pisano E., Vacchi M. 1994. The
tetraphyllidean cercoids from bony fishes occurring in the
Ross Sea (Antarctic). Acta Parasitologica, 39, 13—15.

Zdzitowiecki K. 1985. Acanthocephalans of birds from South Shet-
lands (Antarctic). Acta Parasitologica Polonica, 30, 11-24.

Zdzitowiecki K. 1986a. Echinorhynchus nototheniaesp. n. (Acantho-
cephala) from nototheniid fishes from the environs of South
Shetlands (Antarctic). Acta Parasitologica Polonica, 31, 23—
27.

Zdzitowiecki K. 1986b. Prevalence of acanthocephalans in fishes of
South Shetlands (Antarctic). III. Metacanthocephal us john-
stoni Zdzitowiecki, 1983 and M. dalmori Zdzitowiecki, 1983
and notes on other species; general conclusions. Acta Para-
sitologica Polonica, 31, 125-142.

Zdzitowiecki K. 1989. A redescription of Echinorhynchus petro-
tschenkoi (Rodjuk, 1984) comb. n. (Acanthocephala). Acta
Parasitologica Polonica, 34, 173-180.

Zdzitowiecki K. 1990. Occurrence of acanthocephalans in fishes of
the open sea off the South Shetlands and South Georgia
(Antarctic). Acta Parasitologica Polonica, 35, 131-142.

Zdzitowiecki K. 1991a. Antarctic Acanthocephala. In: Synopses of
the Antarctic benthos. Vol. 3 (Eds. J.W. Wigele and J. Sieg).
Koeltz Scientific Books, Koenigstein.

Zdzitowiecki K. 1991b. Occurrence of digeneans in open sea fishes
off the South Shetland Islands and South Georgia, and a list of
fish digeneans in the Antarctic. Polish Polar Research, 12,
55-72.

Zdzitowiecki K. 1992. Antarctic representatives of the genus Le-
cithaster Liihe, 1901 (Digenea, Hemiuridae), with the de-
scription of a new species. Acta Parasitologica, 37, 57-63.

Zdzitowiecki K. 1996. Acanthocephala in fish in the Weddell Sea
(Antarctic). Acta Parasitologica, 41, 199-203.

Zdzitowiecki K. 1997a. Antarctic Digenea, parasites of fishes. In:
Synopses of the Antarctic benthos. Vol. 8 (Eds. J.W. Wigele
and J. Sieg). Koeltz Scientific Books, Koenigstein.

Zdzitowiecki K. 1997b. Digenea of fishes of the Weddell Sea. IV.
Three opecoelid species of the genera Neolebouria, Helico-
metra and Senakron. Acta Parasitologica, 42, 138-143.

Zdzitowiecki K. 1997¢c. Digenea of fishes of the Weddell Sea. V. Two
new species of the genus Seringophorus (Fellodistomidae).
Acta Parasitologica, 42, 144-148.

(Accepted January 10, 2006)

Zdzitowiecki K. 1997d. Digenea of fishes of the Weddell Sea. VI.
The superfamily Hemiuroidea. Acta Parasitologica, 42, 219—
224.

Zdzitowiecki K. 1998a. Diversity of Digenea, parasites of fishes in
various areas of the Antarctic. In: Fishesof Antarctica. Abio-
logical review (Eds. G. di Prisco, E. Pisano and A. Clarke).
Springer Verlag, Italia, 87-94.

Zdzitowiecki K. 1998b. Helicometra pisanoae sp. n. (Digenea, Ope-
coelidae), a parasite of a fish, Trematomus hansoni, in the
Eastern Antarctic. Acta Parasitologica, 43, 26-29.

Zdzitowiecki K. 1999. Digeneans of the families Opecoelidae and
Lepocreadiidae, parasites of Lepidonotothen macrophthalma
from the North Scotia Ridge, and remarks on the discrimina-
tion of Neolepidapedon magnatestis and N. trematomi. Acta
Parasitologica, 44, 233-240.

Zdzitowiecki K. 2001. Acanthocephala occurring in intermediate
hosts, amphipods, in Admiralty Bay (South Shetland Islands,
Antarctica). Acta Parasitologica, 46, 202-207.

Zdzitowiecki K., Cielecka D. 1996. Morphology and occurrence of
Dichelyne (Cucullanellus) fraseri (Baylis, 1929), a parasitic
nematode of Antarctic and sub-antarctic fishes. Acta Para-
sitologica, 41, 30-37.

Zdzitowiecki K., Cielecka D. 1997a. Digenea of fishes of the Wed-
dell Sea. I. Parasites of Macrourus whitsoni (Gadiformes,
Macrouridae). Acta Parasitologica, 42, 23-30.

Zdzitowiecki K., Cielecka D. 1997b. Digenea of fishes of the
Weddell Sea. II. The genus Macvicaria (Opecoelidae). Acta
Parasitologica, 42, 77-83.

Zdzitowiecki K., Cielecka D. 1997c. Digenea of fishes of the Wed-
dell Sea. III. The Lepocreadiidae (genera Neolepidapedon
and Lepidapedon), parasites of Notothenioidea. Acta Parasi-
tologica, 42, 84-91.

Zdzitowiecki K., Laskowski Z. 2004. Helminths of an Antarctic fish,
Notothenia coriiceps, from the Vernadsky Station (Western
Antarctica) in comparison with Admiralty Bay (South Shet-
land Islands). Helminthologia, 41, 201-207.

Zdzitowiecki K., Pisano E. 1996. New records of Digenea infecting
elasmobranch and teleost fish off Heard Island (Kerguelen
sub-region, sub-Antarctic). Archive of Fishery and Marine
Research, 43, 265-272.

Zdzitowiecki K., Pisano E., Vacchi M. 1993. New data on the mor-
phology and occurrence of a parasite of Antarctic fishes,
Derogenes johnstoni Prudhoe et Bray, 1973 (Digenea, He-
miuroidea). Acta Parasitologica, 38, 69-71.

Zdzitowiecki K., Presler P. 2001. Occurrence of Acanthocephala in
intermediate hosts, Amphipoda, in Admiralty Bay, South
Shetland Islands, Antarctica. Polish Polar Research, 22, 205—
212.

Zdzitowiecki K., White M.G. 1992. Acanthocephalan infection of
inshore fishes in two fjords at South Georgia. Antarctic
ience, 4, 197-203.

Zhu X.Q., D’Amelio S., Palm H.W., Paggi L., George-Nascimento
M., Gasser R.B. 2002. SSCP-based identification of members
within the Pseudoterranova decipiens complex (Nematoda:
Ascaridoidea: Anisakidae) using genetic markers in the inter-
nal transcribed spacers of ribosomal DNA. Parasitology, 124,
615-623.



