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Abstract The present study provides further data on the
occurrence of Pseudoterranova decipiens in ®sh from two
di�erent sampling sites in the Antarctic. A total of 690
®sh belonging to 33 species from the eastern Weddell Sea
and 322 ®sh belonging to 12 species from the South
Shetland Islands were examined. Altogether, 23 ®sh
species were found to be infested and 11 new host re-
cords could be established. P. decipiens occurred at a
water depth of between 80 and 820 m. Chaenocephalus
aceratus and Notothenia coriiceps from the South Shet-
land Islands were the species with the highest prevalence
(95%) and intensity (2±194 and 1±121, respectively) of
infestation. Both are transport hosts, which mainly feed
on benthic nototheniid ®sh species and accumulate the
nematodes. Bathypelagic, pelagic, or mainly euphausid
feeding ®sh species were only lightly infested, if at all.
This demonstrates the benthic life cycle of P. decipiens in
the Antarctic. The preferred site of infestation was the
body cavity and the liver; no specimen could be isolated
from the ®sh musculature. This might be explained by
the low water temperatures. The infestation of ®sh from
the Weddell Sea was distinctly lower than that of ®sh
around the South Shetland Islands. Besides possible
di�erences in ®nal host populations at the two localities
studied, the loss of eggs and larvae under the eastern
Weddell Sea shelf ice and over the continental slope and
di�erences in the availability of the ®rst intermediate
and macroinvertebrate hosts led to a lower level of in-
festation. Another role, although nondecisive, may be
played by the reduced time of development and infect-
ivity of eggs and larvae, respectively, in the extremely
cold waters of the Weddell Sea. P. decipiens is not a
rare but, rather a well-established parasite of the Antarctic

fauna, which demonstrates the ability of this cosmo-
politan species to complete its life cycle even under
conditions of subzero temperatures.

Introduction

Pseudoterranova decipiens can be considered a cosmo-
politan species, occurring in many aquatic hosts from
the boreal to the Antarctic region (Kerstan 1991; Palm
et al. 1994). P. decipiens matures in seals, and the ®rst
intermediate hosts are crustaceans, such as copepods,
amphipods, shrimps, and isopods (Marcogliese 1996).
Only when the worms reach a size of about 2 mm they
can infest ®sh (McClelland 1995), which serve as second
intermediate hosts (Kerstan 1991). This size is attained
only in macroinvertebrates, such as mysids (Jackson
et al. 1997), which are thus an essential step in the life
cycle of P. decipiens (McClelland 1995). P. decipiens is
considered to follow a benthic life cycle, with larvae not
being able to swim. In contrast, the larvae of Anisakis
spp. and Contracaecum osculatum can swim, having
cuticular sheaths with lateral extremities that increase
their buoyancy (McClelland 1982).

Within Antarctic waters, ®ndings of P. decipiens go
back to von Linstow, who ®rst isolated this nematode
from the seal Arctocephalus gazella. Later authors rec-
ognized the Weddell Seal Leptonychotes weddellii and
the sea elephant Mirounga leonina as the main ®nal host
species. In addition, increasing numbers of ®sh species
were found infested with the third-stage larvae (see Palm
et al. 1994). The ®rst comprehensive study on ®sh spe-
cies from the Weddell Sea was carried out by Palm et al.
(1994), who examined 11 di�erent ®sh species of more
than 75 species known in that region (Hubold 1992);
they found 6 ®sh species, all demersal feeders, to be
mainly lightly infested. The bathydraconid Cygnodraco
mawsoni was considered to be the required intermediate
host for P. decipiens in this region. The lack of a shallow
coastal zone and the low water temperatures were con-
sidered the decisive factors for the distribution of the
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species in Antarctic waters. However, the data were too
sparse to provide an understanding of the life cycle of
this parasite in high Antarctic waters.

Paggi et al. (1991) divided the P. decipiens complex
into three di�erent sibling species in the North Atlantic,
which were ecologically separated through their infes-
tation of di�erent ®nal and second intermediate hosts.
To date, only a single sibling species, P. decipiens E, has
been identi®ed from Antarctic waters (Bullini et al.
1992, 1997), indicating the presence of an endemic sib-
ling for the Antarctic. However, before further studies
on specimens from the Antarctic con®rm this ®nding, in
the present paper we continue to call it P. decipiens as
discussed in Palm et al. (1994). In the present study the
occurrence of P. decipiens in Antarctic waters was ex-
amined to provide a better understanding of the ecology
of the species. Data on P. decipiens in ®sh of the Weddell
Sea and the South Shetland Islands were obtained and
compared. They were used for interpretation of the
currently known distribution pattern in Antarctic hosts
to explain both the occurrence and the abundance of
P. decipiens in Antarctic ®sh.

Materials and methods

A total of 1012 ®sh were collected on board the research vessel FS
POLARSTERN during the cruises ANT XIII/3 (EASIZ I) in the
southeastern Weddell Sea and ANT XIV/2 (CCAMLR) around the
South Shetland Islands (Arntz and Gutt 1997; Kattner 1998). The
®sh were caught between the periods of February 5 to March 5 and
November 16 to December 9, 1996, using Agassiz trawlnets, bot-
tom trawlnets, benthopelagic nets and dredging at various stations
and depths. The alimentary tract and the body cavity of 400
specimens belonging to 32 species caught at various stations at
depths ranging between 120 and 1560 m in the Weddell Sea were
examined directly on board with the help of a stereomicroscope
(Zdzitowiecki 1997). The body cavity, the viscera, all internal or-
gans, and the musculature were examined in 290 specimens of 5
species from the Weddell Sea and in all specimens belonging to 12
species obtained from the South Shetland waters using a stereo-
microscope and a candling table. The sampling depth around the
South Shetland Islands varied between 80 and 820 m. Antarctic
Pseudoterranova decipiens is easily identi®able by its large size, the
presence of a cecum, the absence of an appendix, and the red color
of many specimens (Palm et al. 1994). The ®sh species were iden-
ti®ed directly on board the POLARSTERN by BalguerõÂ as and
Morales-Nin (1997) and Kock (1998).

Results

Pseudoterranova decipiens was found to be abundant at
both localities studied: the southeastern Weddell Sea
and around the South Shetland Islands (Tables 1, 2).
With Artedidraco orianae, A. skottsbergi, Chionodraco
myersi, C. rastrospinosus, Lepidonotothen larseni, L. nu-
difrons, Muraenolepis microps, Parachaenichthys char-
coti, Paradiplospinus gracilis, Trematomus eulepidotus,
and T. loennbergi, 11 new host records were established.
Fish from the South Shetland Islands had higher degrees
of infestation than did those from the Weddell Sea. At
the South Shetland Islands, four species reached a

prevalence of over 80% and intensities of up to 194
(Table 2). In contrast, southeast Weddell Sea ®sh
reached only up to 57% prevalence, and the highest
intensity found was 8 (Table 1). T. eulepidotus, which
was studied at both localities, had a 3-fold heavier in-
festation around the South Shetland Islands than along
the eastern Weddell Sea coast (Tables 1, 2).

Eastern Weddell Sea

Of the 33 ®sh species examined, 11 were found to be
infested with red-colored P. decipiens. Whereas the
Bathydraconidae, Liparidae, Macrouridae, and Zoarc-
idae had no P. decipiens, 5 of 10 Nototheniidae, 3 of 6
Channichthyidae, and 3 of 7 Artedidraconidae were in-
fested. The heaviest infestation occurred in the chan-
nichthyid Cryodraco antarcticus (57%), followed by the
nototheniids Trematomus scotti (46%) and T. hansoni
(40%; Table 1). The intensity of infestation was low and
varied between 1 and 8, with the highest mean intensity
being observed in the artedidraconid A. skottsbergi (2.3).
The preferred site of infestation was the body cavity and
liver surface; no P. decipiens could be isolated from the
musculature. Few specimens were found in the liver.

P. decipiens occurred at all water depths investigated
between 118 and 604 m (Table 3). No di�erence was
observed in the abundance of P. decipiens within a ®sh
species between di�erent positions and water depths
along the Weddell Sea coast. The abundance of P. dec-
ipiens in T. scotti varied only between 0.9 and 1.2 at
depths ranging from 242 to 571 m. The nematode was
similarly abundant within the eastern Weddell Sea be-
tween Kap Norvegia and south of Vestkapp. In all, 30
specimens of T. scotti caught between Vestkapp and
Halley Bay harbored 29 P. decipiens as compared with
the 27 worms found in 30 specimens collected North-
east of Kap Norvegia. The abundance in the most
heavily infested ®sh species, C. antarcticus, T. scotti, and
T. hansoni, ranged between 0.4 and 1.2. Due to the body
cavity's being the preferred site for P. decipiens in the
Weddell Sea, no di�erence was observed between ®sh
examined only in the alimentary tract and body cavity in
comparison with completely dissected ®sh.

South Shetland Islands

All of the 12 examined ®sh species belonging to 5 dif-
ferent families (Bathydraconidae, Channichthyidae,
Gempylidae, Muraenolepididae, and Nototheniidae)
were infested with P. decipiens (Table 2). The chan-
nichthyid Chaenocephalus aceratus (Fig. 1) and the not-
otheniid Notothenia coriiceps were the species with the
highest prevalence (95%) and intensity (2±194 and 1±
121, respectively) of infestation. Although the other
nototheniids had a low mean intensity (between 1 and 4),
the values recorded for the channichthyids Pseudo-
chaenichthys georgianus and C. rastrospinosus were 78
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and 7. The preferred site of infestation was the body
cavity and the liver (Fig. 1); no P. decipiens could be
isolated from the musculature (Table 2). Most specimens
occurred freely, and only a few encapsulated parasites
were found. In the channichthyids C. aceratus and P.
georgianus, which showed high intensities (55 and 78,
respectively), some specimens were also found in the
stomach wall, and encapsulated specimens were observed
in the liver of Muraenoplepis microps. The color of the
worms varied from white to yellow to red.

P. decipiens occurred at all water depths investigated
between 80 and 820 m. Within the channichthyid
C. aceratus the intensity varied with ®sh length and
water depth (Figs. 2, 3). Smaller C. aceratus with a body
length of below 39 cm had 18 worms, and specimens
measuring over 39 cm had 82 worms on average

(Fig. 2). Four specimens measuring 43±49 cm in body
length that were caught at a water depth of 357±410 m
were lightly infested in comparison with six specimens of
similar size from more shallow localities. Whereas
smaller C. aceratus (length below 40 cm) showed a
similar degree of infestation between depths of 120±123
and 305±410 m, larger specimens were much more
heavily infested in a shallow water locality (Fig. 3). In
contrast to C. aceratus, the nototheniid L. larseni
showed no di�erence in P. decipiens infestation with
di�ering body length and water depth between 145 and
353 m (Fig. 4). The smallest infested ®sh was 8.1 cm
long. A similar infestation pattern was observed for the
lightly infested L. nudifrons, L. squamifrons, and
Gobionotothen gibberifrons, with the intensity not ex-
ceeding 4.

Table 1 Pseudoterranova decipiens in ®shes from the Weddell Sea

Method of examination

Alimentary tract and body cavity All internal organs, body cavity, and musculature

Fish species Number
examined

Prevalence (%) Mean intensity
(range)

Number
examined

Prevalence (%) Mean intensity
(range)

Artedidraconidae:
Artedidraco loennbergi 20 0 0 ± ± ±
A. orianae 7 14 1 (1) ± ± ±
A. skottsbergi 18 17 2.3 (1±3) ± ± ±
Dolloidraco longedorsalisa 44 5 1 (1) 93 3 1 (1)
Pogonophryne marmorata 6 0 0 ± ± ±
P. permitini 3 0 0 ± ± ±
P. ventrimaculata 1 0 0 ± ± ±

Bathydraconidae:
Bathydraco marri (?) 14 0 0 ± ± ±
Gerlachea australis 20 0 0 ± ± ±
Prionodraco evansii 3 0 0 ± ± ±
Racovitzia glacialis 22 0 0 ± ± ±

Channichthyidae:
Chaenodraco wilsoni 4 0 0 ± ± ±
Chionodraco hamatus 20 10 1.5 (1±2) ± ± ±
C. myersi 21 5 1 29 0 0
Cryodraco antarcticusa 7 57 1.8 (1±4) ± ± ±
Dacodraco hunteri 5 0 0 ± ± ±
Pagetopsis maculatusa 2 0 0 ± ± ±

Liparididae:
Paraliparis antarcticus 12 0 0 ± ± ±
P. meganchus 2 0 0 ± ± ±

Macrouridae:
Macrourus whitsoni 23 0 0 ± ± ±

Nototheniidae:
Aethotaxis mitopteryx 5 0 0 ± ± ±
Pleuragramma antarcticum ± ± ± 58 0 0
Trematomus bernacchii (?) 1 0 0 ± ± ±
T. eulepidotus 12 8 1 (1) ± ± ±
T. hansoni 5 40 1.5 (1±2) ± ± ±
T. lepidorhinusa 46 2 1 (1) 50 8 1.3 (1±2)
T. loennbergi 25 4 1 ± ± ±
T. nicolai 4 0 0 ± ± ±
T. pennelli 1 0 0 ± ± ±
T. scottia 28 46 1.4 (1±2) 60 48 2 (1±8)

Zoarcidae:
Lycodichthys antarcticus 9 0 0 ± ± ±
Ophthalmolycus amberensis 5 0 0 ± ± ±
O. bothriocephalus 5 0 0 ± ± ±

Totals 400 290

a Infested in Palm et al. (1994)
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Discussion

Pseudoterranova decipiens was found at water depths
ranging between 80 and 820 m in all examined ®sh
species from the South Shetland Islands and in one-third
of the species examined from the Weddell Sea. Together
with earlier ®ndings (Zdzitowiecki 1978; Hoogesteger
and White 1981; Parukhin and Lyadov 1982; Palm et al.
1994), these results demonstrate a low degree of host
speci®city and a wide pattern of distribution for
P. decipiens in Antarctic waters, as has been described
for several metazoan parasites of the Antarctic rock cod
Notothenia coriiceps by Palm et al. (1998).

The channichthyid Chaenocephalus aceratus from the
South Shetland Islands was the most heavily infested
species, reaching a prevalence of 95% and an intensity of
55 (2±194). These values, which correspond to those
reported by Zdzitowiecki (1978), support the observa-
tion that bottom-dwelling C. aceratus (Gon and
Heemstra 1990) of the size examined mainly feed on ®sh
(Gubsch 1982) and therefore serve as paratenic hosts for
P. decipiens. C. aceratus longer than 39 cm in shallow
waters drastically accumulate P. decipiens. This dem-
onstrates an important shift toward piscivorous feeding
behavior in specimens above that body size. A similar
role as a paratenic host was established for the chan-
nichthyid Chionodraco myersi in the Weddell Sea, for
the anisakid nematodes Contracaecum osculatum and
C. radiatum (KloÈ ser et al. 1992), and for the bathy-

draconid Cygnodraco mawsoni serving as the required
intermediate host in the sense of Holmes (1979) for P.
decipiens in the Weddell Sea (Palm et al. 1994). This also
explains the light infestation found by Palm et al. (1998)
in smaller N. coriiceps (length 20±30 cm) as compared
with those of a larger size (32±46) examined in the
present study.

Several other benthic or benthopelagic ®sh species
were also found to be infested with P. decipiens. How-
ever, in contrast to the bathydraconids and chan-
nichthyids studied, the intensities of infestation were low
and varied between only 1 and 4. Nototheniids, such as
Gobionotothen gibberifrons, Lepidonotothen nudifrons,
and Trematomus spp., mainly feed on benthic inverte-
brates (Gon and Heemstra 1990) and, therefore, become
infested directly from benthic ®rst intermediate hosts.
This explains that even very small specimens become
infested and that the infestation of L. larseni was not
dependent on body size. Bathypelagic, pelagic, and
mainly euphausid feeding ®sh species such as Gerlachea
australis and Paradiplospinus gracilis had either no
Pseudoterranova or only light infestations (Tables 1, 2).
Kagei et al. (1978) found the euphausid Euphausia su-
perba to be free of parasitic nematodes. These results
clearly demonstrate that the observed pattern of infes-
tation with P. decipiens provides an explanation for both
the feeding ecology of the ®shes and the benthic life cycle
of P. decipiens in the Antarctic.

In ®sh from the Weddell Sea and the South Shetland
Islands the main site of infestation was the body cavity

Table 2 P. decipiens in ®shes
from the South Shetland Is-
lands

Fish species Number
examined

Total
length (cm)

Prevalence
(%)

Mean intensity
(range)

Site (body cavity,
bc; liver, l; stomach
wall, sw)

Bathydraconidae:
Parachaenichthys

charcoti
12 11±26 83 6 (1±15) bc, 1

Channichthyidae:
Chaenocephalus

aceratus
41 22±49 95 55 (2±194) bc, 1, sw

Chionodraco
rastrospinosus

20 27±46 25 7 (1±27) bc, l

Pseudochaenichthys
georgianus

3 41±51 33 78 (78) bc, l, sw

Gempylidae:
Paradiplospinus

gracilis
11 37±45 9 1 (1) bc

Muraenolepididae:
Muraenolepis

microps
12 22±40 50 10 (1±26) bc, 1

Nototheniidae:
Gobionotothen

gibberifrons
12 31±43 75 2 (1±4) bc, 1

Lepidonotothen
larseni

72 8±22 94 4 (1±12) bc, l

L. nudifrons 61 6±18 43 1 (1±2) bc, l
L. squamifrons 31 11±24 55 1 (1±3) bc, l
Notothenia

coriiceps
20 32±46 95 32 (1±121) bc, l

Trematomus
eulepidotus

27 20±26 22 1 (1±3) bc, l

Total 322
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and the liver. Only few specimens occurred encapsulated
in Muraenolepis microps, which does not seem to be
a preferred host for P. decipiens. No specimen was iso-
lated from the ®sh musculature (present study; Palm
et al. 1994, 1998), which contrasts with the heavy ¯esh
infestation of nototheniids in sub-Antarctic waters
(Waite 1916; Johnston and Mawson 1943). An advan-
tage of the liver might be its high concentration of
antifreezing proteins, which may help the nematode
to survive subzero temperatures. The liver and
body cavity as the preferred site of infestation was
also recorded for C. osculatum, in contrast to the smaller
C. radiatum, which was mainly found in the stomach
wall (KloÈ ser et al. 1992; Palm et al. 1998). Interestingly,
all worms were red-colored in ®sh from the Weddell Sea,
whereas the color of worms in ®sh from the South
Shetland Islands varied from white to yellow to red. This
indicates di�erences in the concentration of pseudo-
coelomic hemoglobin as observed for the Atlantic seal-
worm (Dixon et al. 1993) in Antarctic P. decipiens as
well.

The comparison of di�erent Antarctic localities re-
veals clear di�erences between the eastern Weddell Sea

coast and the area around the South Shetland Islands.
Whereas the sealworm burden in ®sh species from the
sub-Antarctic Islands (Johnston and Mawson 1943) as
well as around the South Shetlands is high, ®sh species
of a similar size from the Weddell Sea have a low in-
tensity of infestation. Des Clers and Andersen (1995)
and Jensen and IdaÊ s (1992) have demonstrated that the
infestation rate of invertebrates and ®sh inhabiting areas
near large seal populations is much higher than that of
®sh located far away from the seal colonies. However,
the main ®nal host Mirounga leonina lives on the South
Shetland Islands, whereas the other important ®nal host,
Leptonychotes weddellii, is abundant along the eastern
Weddell Sea coast (Hempel 1990) and at the South
Shetland Islands. Both seals similarly prey on pelagic
and benthic ®sh species (Casaux et al. 1997). Palm et al.
(1994) have suggested that the light infestation in the
Weddell Sea may be due to the lack of shallow coastal
waters in this region. The Weddell seal L. weddellii can
be considered the main ®nal host for P. decipiens in the
Weddell Sea. As this seal lives mainly on the sea ice
along the shelf ice coast, eggs of P. decipiens will be
released either directly onto the sea ice or during diving

Table 3 Sampling sites of P. decipiens in the Weddell Sea

Fish species Number
examined

Fish length
(cm)

ANT XIII/3a Water
depth (m)

P. decipiens
(n)

Location

Artedidraco
orianae

7 11.2±12.5 39/29 504±529 1 W of Kap Norvegia

A. skottsbergi 2 5.0±9.3 39/02 170±174 3 NW of Kap Norvegia
3 8.3±8.8 39/06 212±215 3 W of Kap Norvegia
3 8.7±9.9 39/16 242±246 1 Vestkapp/Halley Bay

Dolloidraco 50b 9.2±12.7 39/16 242±246 2 Vestkapp/Halley Bay
longedorsalis 39/17 465±468 Vestkapp/Halley Bay

5 10.9±12.7 39/06 354±362 1 W of Kap Norvegia
43b 5.6±11.7 39/29 504±529 2 W of Kap Norvegia
7 8.7±12.4 39/09 574±604 1 W of Kap Norvegia

Chionodraco
hamatus

13 27.0±34.7 39/16 242±246 3 Vestkapp/Halley Bay

C. myersi 1 30.1 39/06 354±362 1 W of Kap Norvegia
Cryodraco 1 34.2 39/26 216±222 1 W of Kap Norvegia
antarcticus 1 29.5 39/05 227±232 1 SW of Kap Norvegia

2 34.2±35.0 39/16 242±246 4 Vestkapp/Halley Bay
1 36.3 39/06 354±362 1 W of Kap Norvegia

Trematomus
eulepidotus

12 20.8±28.5 39/11 333±338 1 Vestkapp/Halley Bay

T. hansoni 3 31.0±33.5 39/11 333±338 3 Vestkapp/Halley Bay
T. lepidorhinus 25b 18.2±22.8 39/16 242±246 1 Vestkapp/Halley Bay

2 20.2±20.5 39/32 283±286 1 NW of Atka Bight
25b 12.4±20.8 39/01 462±481 4 NE of Kap Norvegia

T. loennbergi 1 17.7 39/32 283±286 1 NW of Atka Bight
T. scotti 2 12.5±13.0 39/24 118±123 1 NE of Kap Norvegia

8 9.5±14.6 39/05 227±232 3 SW of Kap Norvegia
4 14.2±15.2 39/16 242±246 2 Vestkapp/Halley Bay
30b 11.4±15.6 39/16 242±246 29 Vestkapp/Halley Bay
1 16.6 39/21 248±253 1 Vestkapp/Halley Bay
2 9.8±14.5 39/32 283±286 2 NW of Atka
5 14.5±17.5 39/17 465±468 6 Vestkapp/Halley Bay
2 16.5 39/01 462±480 2 NE of Kap Norvegia
30b 11.5±15.7 39/01 462±480 27 NE of Kap Norvegia
1 17.4 39/09 560±571 1 NW of Kap Norvegia

a Positions on Polarstern expedition XIII/3 are given in Arntz and Gutt (1997)
b examined in all organs
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near the edge of the ice. In contrast to the South Shet-
lands, a shallow-water coastal zone is lacking in the
Weddel Sea. The eggs must thus spend more time in the
water column before they reach the ground. McConnell
et al. (1997) investigated sedimentation rates of P. dec-
ipiens eggs and concluded that due to their high sedi-
mentation rates, they could not be transported over
great distances, even in the presence of signi®cant oce-
anic currents. The authors estimated that the eggs need
about 20 days to reach a 200-m water depth, whereas the
time required to reach shallow waters is much shorter.
Due to the lack of shallow coastal zones along the
Weddell Sea shelf ice, the eggs of P. decipiens would
need up to 20±40 days to reach the bottom in 200±400 m
of water depth at the studied localities. Upwelling situ-
ations prevent the eggs from settling, enhance drift
(McConnell et al. 1997), and prolong the persistence of
eggs in the water column. During such a long period,
eggs of P. decipiens might either drift to the nearby
continental slope or get directly lost after drifting under
the shelf ice. Both situations are unlikely in the presence
of shallow coastal zones such as those found in the
South Shetland Islands. Thus, the low intensity of in-
festation in the Weddell Sea might be explained by the

loss of egg material due to the speci®c coastal mor-
phology along the eastern Weddell Sea shelf ice.

Palm et al. (1994) discussed the in¯uence of the ®rst
intermediate hosts as the weak point in the life cycle of
Antarctic P. decipiens. Kùie and Fagerholm (1993) and
Kùie et al. (1995) observed that two ecdyses take place
in the eggs of anisakids. The third-stage larvae emerge
from Pseudoterranova eggs, and the further life cycle
depends on the size these larvae reach in their ®rst in-

Fig. 2 Number of P. decipiens detected in C. aceratus (n = 40)
from a water depth of 80±410 m around Elephant Island

Fig. 1 Liver of a Chaenocephalus aceratus from the South Shetland
Islands infested with Pseudoterranova decipiens (large, red-colored) and
Contracaecum spp. (small, white specimens)
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termediate hosts (McClelland 1995). Benthic harpac-
ticoid or cyclopoid copepods and amphipods serve as
®rst intermediate hosts, and unspeci®ed benthic macro-
invertebrates serve as second intermediate hosts. Mea-
sures (1996) has proposed that infective larvae ingested
as soon as possible by ®rst invertebrate hosts are more
likely to be transmitted to subsequent hosts than those
remaining longer in the external environment. Addi-
tionally, McClelland (1990) has demonstrated that larval
amphipods are more susceptible to infection than are
adults, indicating a higher level of parasite transmission
when these hosts are abundant and at a susceptible age
or size. Marcogliese (1996) could correlate the number
of P. decipiens detected in sticklebacks with the total
number of P. decipiens found in ®rst intermediate hosts.
Considering that Arctic shallow-water zones (depth 15±
105 m) have a high benthic biomass in comparison with

deep-water localities (depth 105±1088 m; Thomson
1982), the benthic ®rst intermediate hosts for P. dec-
ipiens might also be more abundant in the shallow wa-
ters around the South Shetland Islands than along the
eastern Weddell Sea coast. This explains the low number
of P. decipiens detected in Chaenocephalus aceratus from
305±410 m of water depth in comparison with specimens
from 120±123 m and might be another reason for the
low infestation rates observed in the eastern Weddell
Sea.

Low water temperatures might be another factor
leading to lower infestation rates in the Weddell Sea
()1.6° to )2 °C) in comparison with the South Shetland
Islands ()1.5° to +2 °C) (Carmack 1974; GroÈ hsler
1992). North Atlantic Pseudoterranova eggs were kept at
)0.5 °C in seawater for 1±3 months, and after the tem-
perature had been raised to 12 °C, about 72±96% of the
larvae hatched (Brattey 1990). Sealworms would require
more than 4 months to hatch in Labrador o�shore areas
(Brattey 1990), where monthly temperatures vary be-
tween )1.5° and +2 °C. Measures (1996) found no
further development of P. decipiens eggs from Nova
Scotia, Canada, which were kept at 0 °C for 1 year, and
when they were placed at 18°±20 °C, very few larvae
developed and hatched (0.6%). The author assumed that
the inability to hatch after the prolonged period of cold
may have been due to diminished larval energy reserves,
which are needed for the larva to leave the egg. Trans-
mission studies have also indicated that sealworm eggs
and larvae are particularly sensitive to low water tem-
peratures (Ronald 1960; McClelland 1982; Burt et al.
1990a). For example, copepods did not become infested
when exposed to sealworm eggs stored at 0° and 5 °C for
more than 120 days (McClelland 1982), and the larvae
do need 135 days at 5 °C to reach an infective size for
the ®sh intermediate hosts (McClelland 1990). Even the
transfer of larval sealworms from small migratory prey
®sh to large predatory ®sh may be inhibited at low
temperatures (Ronald 1960; Burt et al. 1990b). In sum-
mary, higher water temperatures reduce the time of de-
velopment for Pseudoterranova eggs and larvae and
increase the hatching success as well as the larval in-
fectivity. However, as we found an established P. dec-
ipiens population in the eastern Weddell Sea, with its
extremely low water temperatures, the real impact of the
temperatures on the development of the Antarctic seal-
worm remains to be clari®ed. Interestingly, Bristow and
Berland (1992) discussed a temperature barrier in
northern waters as part of the original isolation mech-
anism that separated the host-speci®c sibling P. decipiens
C from the other sibling species. A special adaptation to
low water temperatures might be also the case for
P. decipiens E in the Antarctic waters.

In contrast to the South Shetland waters, no di�er-
ence could be observed in the occurrence of P. decipiens
between di�erent stations and between di�erent water
depths within the Weddell Sea. This might be related to
the generally low numbers of worms found. The present
data as compared with those reported by Palm et al.

Fig. 3 Number of P. decipiens detected in C. aceratus (n = 18) from
di�erent water depths around Elephant Island (single position at 120±
123 m and 3 positions at 305±410 m)

Fig. 4 Number of P. decipiens detected in Lepidonotothen larseni
(n = 72) from a water depth of 145±353 m around Elephant Island
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(1994) indicate that the abundance of P. decipiens in the
Weddell Sea can vary from year to year. The prevalence
of infestation found for Trematomus scotti, Dolloidraco
longedorsalis, and Cryodraco antarcticus were distinctly
higher in comparison with the data reported by Palm
et al. (1994) for ®sh sampled in 1986, and two more ®sh
species were found infested. Both samples were taken
during the Antarctic summer. However, as the ®sh
specimens examined were not obtained from the same
locality, this di�erence might also be a geographical
variation or a matter of sampling size. The clari®cation
of zoogeographical di�erences in parasite infestation
within the eastern Weddell Sea will be an important
question to answer in future studies.

In ®nal summary, a combination of di�erent factors
can be seen as the reason for the infestation patterns
observed at the localities studied. Besides possible dif-
ferences in ®nal host populations, the loss of eggs and
larvae under the eastern Weddell Sea shelf ice and over
the continental slope as well as di�erences in the avail-
ability of ®rst intermediate and macroinvertebrate hosts
lead to lower infestation levels. A minor role may be
played by the reduced time of development and infect-
ivity of eggs and larvae in the extremely cold waters of
the Weddell Sea. P. decipiens is not a rare but, rather, a
well-established parasite of the Antarctic fauna, which
demonstrates the ability of this cosmopolitan species to
establish its life cycle even under conditions of subzero
temperatures. Whether this is a case of eurytherm be-
havior of a cosmopolitan nematode or whether this is a
special adaptation of the Antarctic species P. decipiens E
needs to be decided by future comparative experiments.
A genetic isolation of Antarctic Pseudoterranova is un-
likely, as their ®nal hosts (L. weddellii, M. leonina) as
well as some of their second intermediate hosts (Dis-
sostichus spp.) regularly leave Antarctic waters (Fischer
and Hureau 1985) and may thus transfer the Antarctic
sibling to siblings from the South Atlantic, and vice
versa.
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