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Preface

Antarctica is the most Southern continent on earth and had millions of years time to
adapt its environments from tropical ones of the giant continent Gondwana to most
cold ones in our times. This led to an enormous reduction of species and for the
survivors strict specialization and adaption to the new environment was needed.
Parasites, which lived in or on these animals (migrating with their continents), had
the same problems like their hosts. They had to adapt their life cycles and their body
properties to the new conditions.

This book reports from the sometimes sophisticated adaptions of some of these
survivors of the struggle for life in and around Antarctica.

Diisseldorf, Germany Heinz Mehlhorn
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Chapter 1
Introduction: Biodiversity and Evolution
of Parasitic Life in the Southern Ocean

Sven Klimpel, Thomas Kuhn, and Heinz Mehlhorn

Researchers of various disciplines, including taxonomy, ecology, and physiology,
have long been attracted to the Southern Ocean environment that lies at the limits of
the physical conditions capable of supporting life and thus constitutes an excep-
tional ecosystem for undertaking fundamental research on the relationship between
the climate and evolutionary processes (Clarke et al. 2007a and ref. therein;
Ducklow et al. 2007). The establishment of the Antarctic Circumpolar Current
(ACC) and its associated oceanographic regime in the Early Cenozoic fostered
unique adaptations of both, marine and terrestrial organisms, relatively unaffected
by biotic exchange (Clarke et al. 2007a). Low air and water temperatures, lack of
coastal zones due to a thick shelf-ice cover, and drifting and stranding of icebergs
are only some of those unique environmental features that necessitate special adap-
tations of terrestrial and marine floral and faunal species to extreme environmental
conditions (Klimpel et al. 2010). A particular characteristic in the marine environ-
ment is the missing of a strict separation between the continental shelf and the deep-
sea, enabling deep-sea species to occur also in shallower waters and especially
benthodemersal shallow water species to extend their range into the deep-sea
(Klimpel et al. 2010).

To date, many endemic species have been recorded from Antarctica, illustrating
the unique history and environment of the region. However, dramatic climatic
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changes have caused major shifts in the species composition (e.g., Clarke and
Crame 1992; Clarke et al. 2007a, b). Recent climate change and rising temperatures
will likely intensify this effect on the endemic biota in the high Antarctic and
Southern Ocean, possibly leading to another shift in species composition and distri-
bution in the future.

The Antarctic Peninsula with its surrounding islands (e.g., Elephant and King
George Island, both South Shetlands), for example, is one of those areas on the
globe which is currently experiencing rapid regional climatic changes, with more
than 1.5 °C rise in mean annual temperature since 1950 (compared with a global
mean increase of appr. 0.6 °C) (e.g., Clarke et al. 2007a; Vaughan et al. 2003). The
loss of seven larger ice fields during the past 60 years, including the collapse of the
Wordie Ice Shelf in the 1980s and the middle section of the Larsen Ice Shelf (Larsen
B) in 2002 are only the most evident consequences of climatic impacts on the local
environment (Vaughan and Doake 1996; Doake and Vaughan 1991; Clarke et al.
2007a; Domack et al. 2005).

Kirill, cephalopods, and Antarctic fish species are considered the key species of
the Antarctic marine food web (e.g., Loeb et al. 1997). The fish species composition,
biomass, zoogeographical distribution, feeding ecology, and reproduction are com-
paratively well known (e.g., Kock 1992; Kock and Stransky 2000; Flores et al. 2004;
Bushula et al. 2005; Eastman 2005; Kock 2005a, b). With currently 283 recognized
species, it is generally dominated by the perciform suborder Notothenioidei (Kock
2005a, b; Froese and Pauly 2016), which comprises the majority of species in shelf
waters down to 500 m water depth (Flores et al. 2004; Kock and Stransky 2000).

Being a species-rich but often well-hidden component of the Southern Ocean
fauna, fish parasites have been studied by various research groups. Earlier works
focused on new species descriptions and the faunistic description, especially of
parasitic helminths (e.g., Digenea: Zdzitowiecki 1991a, 1996, 1997; Laskowski
et al. (2014); Cestoda: Rocka and Zdzitowiecki 1998; Wojciechowska 1991;
Wojciechowska et al. 1994; Nematoda: Kloser et al. 1992; Palm et al. 1994, 1998;
Acanthocephala: Zdzitowiecki 1990, 1991b, 1996). Most research activities have
been carried out on Antarctic notothenioids and also channichtyids from shallow
coastal waters or the open sea shelf (e.g., Zdzitowiecki 1991a, 1997; Santoro et al.
2014), where species are easy to catch and, therefore, more available for such stud-
ies. Investigations along the Antarctic continental slope and the deep-sea are limited
(e.g., Walter et al. 2002). Most parasitological studies from the Southern Ocean,
especially from the Antarctic Peninsula and the eastern Weddell-Sea, revealed a
species-rich fish parasite fauna, including mainly endemic and noncosmopolitan
species (e.g., Palm et al. 1998; Zdzitowiecki and Laskowski 2004; Brickle et al.
2005; Rocka 2006).

Other examples of fish parasitological investigations were published mainly by
scientists such as Rocka (Rocka 2002, 2003, 2004); Rocka and Zdzitowiecki (1998);
Wojciechowska (1991); Wojciechowska et al. (1994); Zdzitowiecki (1990, 1991b,
1996); Zdzitowiecki and Laskowski (2004) and Zdzitowiecki and Pisano (1996).
Rocka (2006) summarized the available information about the life cycle biology,
specificity, and geographical distribution of the parasitic helminth groups Digenea,
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Cestoda, Nematoda, and Acanthocephala of Antarctic bony fishes and elasmo-
branchs. The author stated that almost all of the helminth species maturing in
Antarctic bony fishes are endemic, whereas only extremely few parasite species are
cosmopolitan or bipolar. Specificity to the intermediate or paratenic hosts of the
majority of Antarctic helminths is low, whereas that for the definitive host is often
higher (Rocka 2006).

During first investigations on the life cycle biology and the zoogeography of,
e.g., anisakid nematodes in the Weddell Sea and around the South Shetland Islands,
different benthic and pelagic life cycles could be identified for the anisakid nema-
todes Contracaecum radiatum, C. osculatum (e.g., Kloser et al. 1992; Kloser and
Plotz 1992)), Pseudoterranova decipiens (e.g., Palm et al. 1994; Palm 1999), and
specimens of the genus Anisakis (e.g., Klimpel et al. 2010; Kuhn et al. 2011))
(Fig. 1.1). Although these anisakids have explored the extreme Antarctic environ-
ment, they have maintained the principal life cycle biology that is known for their
relatives from non-Antarctic waters such as in the North Atlantic.

Generally, the biodiversity of fish parasites in benthodemersal fish from shallow
waters and from deep water fish is species rich, but demonstrates low host specificity
for most of the collected species (Palm et al. 1998, 2007; Walter et al. 2002;

Fig. 1.1 Research vessel (RV) and scientific equipment (a, b), scientific investigation of Antarctic
fish material, and typical ectoparasites (¢, d). (a) Polarstern during the research cruise ANT
XXIII/8. The research vessel Polarstern is the most important tool for German polar research. (b)
Fish trawl from the waters around Elephant Island. (¢) Scientist during data collection in the wet
lab of the RV Polarstern. (d) Mackerel icefish Champsocephalus gunnari, Channichthyidae) with
parasitic leeches
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Klimpel et al. 2009). Mammalian parasites, for example, seem to use mainly the
nototheniids and channichthyids as common transmission routes into their seal final
hosts; however, some have also explored parallel host systems that utilize different
combinations of final and intermediate hosts (e.g., Palm et al. 2007). Until now,
comparative investigations that could indicate long-term changes in the parasite
fauna are still missing, and many, often more rare fish species, have not or only
sporadically been examined. The present monograph should cover some of the still
missing aspects on fish parasitological research in Antarctic waters.
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Chapter 2
Antarctica: The Peculiar World

Birgit Mehlhorn and Heinz Mehlhorn

The continent Antarctica, which was officially discovered in the year 1820, obtained
its name from the Greek term antarktikos=being situated opposite to the arctic,
which comprises the Northern ice region on the globe. The Antarctica of our days
represents a land area of about 13—14 million square kilometers being covered by
very thick ice layers (up to 4700 m), which laterally overlap often considerably for
many miles the icy waters around this fifth continent. This antarctical ice represents
around 80-90 % of the ice on earth (= respectively about 70 % of the freshwater).
The land mass of this continent includes numerous large lakes (up to 2500 m deep),
which are all covered by this enormous ice shield. However, besides its outer icy
aspect Antarctica includes a belt of active volcanos, which stretches over the conti-
nent from Victorialand to the Antarctic peninsula. The biggest volcano is the 3800 m
high Mount Erebus on Ross Island.

The development of the continent Antarctica has a long history. Its oldest regions
(e.g., Enderbyland) contains material that has an age of 3 billion years. About 170
million years ago Antarctica was a part of the large continent Gondwana. This
region of earth was free of ice and gave room to fruitful soil, plants and a rich spec-
trum of animals including dinosaurs as is proven by the finding of their fossils dated
145-100 million years before our times.

During the period of the late Jura period, the supercontinent Gondwana started to
become divided into precursors of the continents of our times and a land mass com-
prising Antarctica/Australia. Both were later separated from each other. Since this
separation proceeded very slowly, animals and plants had sufficient time to become
adapted at the changing temperatures and/or to develop sophisticated survival strat-
egies in changing climates. Thus the species living today on the continent and in the
surroundings of Antarctica are completely different from those at the beginning of
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the continental drift. However, although the recent living conditions seem bad with
respect to human needs, the fauna in the sea and around Antarctica is extremely
large, but is in many aspects not yet really known.

Animals like seals, fishes, crustaceans, penguins, whales etc. within the water or
birds with regular short contacts to the water had time enough during the continental
shift to adapt their body needs to the high salinity of the ocean in Antarctica, where
35 per mille salt contents in the sea water are reached in contrast to only 3-5 per
mille salt measured in the ice. However, the high saline content decreases the freez-
ing point of the Antarctic sea water to —1.9 degrees Celsius. This temperature is
“rather warm” compared to Antarctic air temperatures of —40 °C, which often occur
and have to become survived e.g., by penguins.

The fauna in the sea around Antarctica is very rich and shows many sophisticated
adaptations to peculiar conditions. Giant masses of typical Antarctic crustaceans
(krill, Euphausia superba, Fig. 2.1) and related species are the basic food of fishes
(~200 species) and whales (Fig. 2.2), which spend their time there in the Antarctic
summer and ingest in addition to the krill also giant amounts (~50 million tons) of
cephalopods (=squids). Penguins (Fig. 2.3) and seals breed on shore and feed fish,
which are attacked by squads of ecto- and endoparasites like copepods of the fami-
lies Ergasilidae and Lernaeidae. The latter appear worm-like and penetrate from
outside with their anchor-like anterior ends into the body cavity of fishes. They can
be easily recognized by their two egg-sacks, which may reach often a length of
4-5 cm (Figs. 2.4 and 2.5).

All these animals belonging to practically all tribes of the animal phylum had
developed their skills to survive in about 40—45 million years, when the first ice devel-
opment started reaching a full coverage about 3 million years ago. Humans would not
have the chance to survive under the present conditions, if they would not be trans-
ported by ice-breaking ships and wear warm-holding suits (Figs. 2.6, 2.7, and 2.8).

Thus the authors of the present book want to report on the adaptations of several
Antarctic parasites, which have learnt to escape the attacks of their hosts and had
become able to survive the extreme low temperatures in their icy biotopes (Tables 2.1
and 2.2).

Fig. 2.1 Macrophoto of an
adult crustacean (Euphausia
superba) belonging to the
so-called krill
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Fig. 2.2 Photo of a jumping
humpback whale, which are
not shy and come close to
boats. They stay in
Antarctica in summer, but in
winter in the Australian and
South American sea, where
they give birth to their
progeny

Fig. 2.3 Two gentoo
penguins (Pygoscelis papua)
at the Antarctic shore close
to the German Dallmann
summer station

Fig. 2.4 Macrophoto of the
surface of an Antarctic fish
with an attached female
lernaeid copepod
(Crustacea). Note the two
very long egg sacks
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Fig. 2.5 Macrophoto of the
opened inner side of the
same fish depicted in

Fig. 2.4 showing the deep
anchoring system of the
copepod’s anterior end

Fig. 2.6 Photo of the German research vessel Polarstern (Polar star) during the “Century Antarctic
Expedition” in February until April of the year 2000. It was photographed during a helicopter flight
to the German All-Year research station Neumayer showing also the high borders of the shelf ice
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Fig. 2.7 Photo of the researchers Heinz and Birgit Mehlhorn on board of the Polarstern vessel in
the year 2000 during the “Century Antarctic Expedition”

Fig. 2.8 Photo of the author and a co-worker of the Paul Wegener Institute Bremerhaven,
Germany, close to the German Dallmann Station looking for body lice on Southern elephant seals
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Table 2.1 Seals on and Southern elephant Mirounga leonina
around Antarctica seal
Crabeater seal Lobodon carcinophaga
Ross seal Ommatophoca rossii
Leopard seal Hydrurga leptonyx
Weddel seal Leptonychotes weddellii

Table 2.2 Some penguins of Antarctica

Emperor penguin (Aptenodytes forsteri)

These animals reach as adults a length of 100-130 cm and body weights between 20 and

38 kg. Both sexes do not show morphological differences in their outer appearance. This is the
only species found in circumpolar region that and breeds on ice. Their feathers and a fat layer
protects them from the cold. Females lay a single egg, which is kept warm by the male being
placed on its feet and covered by a belly fold.

Adélie penguin (Pygoscelis adeliae)

Besides the Emperor penguin this species is the other one which occurs in the mainland of
Antarctica. It is named honoring the wife of the French researcher J.D. d’Urville. Females are
smaller than males reaching weights between 3.9 and 5.5 kg.

Gentoo penguin (Pygoscelis papua)

This species (Fig. 2.3) occurs at the Antarctic peninsula and subantarctic islands and is
characterized by a white spot at the lateral sides of the head. Gentoo penguins reach a height
of 51-90 cm. Males weight between 4.9 and 8.5 kg, females reach a weight of 4.5-8.2 kg.
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Chapter 3
The History of Antarctic Parasitological
Research

Ken MacKenzie

3.1 Introduction

To begin with, it is necessary to define the northern limit of the Antarctic. The
Antarctic Circle at 70° South is a non-starter because it excludes most of the marine
environment considered to be Antarctic in nature. For the purposes of this review, I
have therefore accepted the Antarctic Convergence as the geographical limit. Also
known as the Polar Front, this is an irregular line circling the Antarctic continent
where the cold northward-flowing Antarctic waters sink beneath the relatively
warmer waters of the sub-Antarctic. The Antarctic Convergence lies south of the
southernmost tip of South America and between the Falkland Islands and South
Georgia, so the considerable body of parasitological research carried out around
Patagonia and the Falkland Islands is necessarily excluded from this review.

The history of Antarctic parasitological research is relatively recent. Reports and
descriptions of parasites inevitably appear after those of their hosts. It is no surprise
therefore that there are so few published reports on parasites of Antarctic organisms
until well into the twentieth century. Most of the earliest reports of Antarctic para-
sites resulted from the examination of host specimens collected during voyages of
exploration which included the collection of large amounts of biological material
from this hitherto little-explored environment. These expeditions included the
British “Challenger” expedition (1873-1876), the German expedition to South
Georgia (1882-1883), the Danish “Ingolf” Expedition (1885-1886), the Belgian
Antarctic Expedition (1897-1899), the Scottish National Antarctic Expedition
(1902-1904), the Russian Polar Expedition (1900-1903), the two French Antarctic
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Expeditions (1903-1905 and 1908-1910), the British Antarctic “Terra Nova”
Expedition (1910-1912), and the Australian Antarctic Expedition (1911-1914).
Many more national and international expeditions followed after the end of the First
World War in 1918.

It is not possible in a review such as this to refer to every publication on parasites
of Antarctic organisms. I have attempted therefore to select the most significant and
important publications from the huge body of literature on this subject, but it is
inevitable that some readers will disagree with my selection. If my omissions
include any important publications I apologise in advance.

3.2 The Early Years (1853-1920)

Possibly the earliest published description of a parasite from the Antarctic is that
of Baird (1855), who described the nematode Ascaris similis, claiming that the
host was a seal brought back from an Antarctic expedition. The identity of the host
has been disputed, but Johnston (1938) presented evidence that an elephant seal
from the Antarctic may have been the original host. Whatever the true identity of
the host of this nematode, the next report of a parasite from the Antarctic appears
to be that of Graff (1884), who described a new genus of Myzostomida parasitic
in Antarctic echinoderms, collected during the voyage of HMS Challenger.
Linstow (1892) reported a number of helminths collected from mammalian and
fish hosts during a German expedition to South Georgia, including descriptions of
six new species. The following year, Burger (1893) reported gregarine parasites
from nemertinean hosts in South Georgia, collected during the Belgian Antarctic
Expedition.

The first report of the twentieth century was that of Shipley (1901) who referred
to and commented on the new myzostomid described by Graff (1884). Ludwig
(1903) and Mortensen (1903) reported nematodes and a parasitic copepod from
echinoderms collected during the Belgian Antarctic Expedition and the Danish
“Ingolf” Expedition respectively. Linstow (1905, 1907, 1911) described a new spe-
cies of nematode collected from an Antarctic seal during the Russian Polar
Expedition and two new species, a cestode and a nematode, collected from fish dur-
ing the Scottish National Antarctic Expedition. The latter expedition also led to the
description by Rennie (1907) of the first new acanthocephalan parasite from
Antarctic fishes. The two French Antarctic Expeditions contributed a wealth of new
parasite material and an impressive number of publications in the period 1907 to
1914. Railliet and Henry (1907) described three new nematode parasites collected
during the first expedition, then a series of reports of crustacean parasites, collected
during the second expedition, were published by Gravier (1912a, b, c, d, e, f, g,
1913, 1914) on invertebrate hosts, and by Quidor (1913) on fish and marine
mammals.

The British Antarctic “Terra Nova” Expedition led to three publications on
Antarctic parasites: Leiper and Atkinson (1914, 1915) described a large number
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of helminth parasites collected from fishes and marine mammals, Boulenger
(1916) described a new species of myzostomid parasitic from an echinoderm,
Woodcock and Lodge (1921) described parasitic protistans from fish, mammals
and polychaetes, and Baylis (1923) described a new species of nematode from a
sperm whale. The ill-fated “Terra Nova” expedition later prompted two publica-
tions of more general interest: one (Campbell 1988) a beautifully written and
entertaining account of the characters and achievements of the two parasitologists
on board, Leiper and Atkinson; the other describing the historical basis of the
binomials assigned to the parasites collected and described (Campbell and
Overstreet 1994).

3.3 1929-1950

As with many other fields of scientific research, the First World War and its after-
math effectively halted the flow of literature on Antarctic parasites. It took until
1929 for the first publications of this era to appear. The literature drought ended
with the publication of a report by Baylis (1929) on nematodes and acanthocepha-
lans from fishes and marine mammals, some from Antarctica, collected during the
Discovery cruises of the 1920s. From 1930 to 1938 an important series of papers
were published on parasites of Antarctic fishes, mammals and birds, based on mate-
rial collected during the Australasian Antarctic Expedition of 1911 to 1914 (Johnston
1930, 1931, 1937a, b, 1938; Johnston and Best 1937). This was followed by the first
paper (Johnston and Mawson 1945) on parasitic nematodes from fishes, mammals
and birds, from material collected during another Antarctic expedition — the British-
Australia-New Zealand (BANZ) Antarctic Expedition. Nineteen forty-eight saw the
first paper on Antarctic leeches by Brinkmann (1948), who described two new gen-
era and species from Antarctic fishes. Finally, Eichler (1949) described some
Mallophaga (lice) from birds in Antarctica.

3.4 1951-1960

It was during this period that parasitological research in the Antarctic began to
gain momentum (Table 3.1). The first paper published in this period was that of
Heegard (1951) on parasites and commensals of echinoderms. Three papers by
Mawson (1953) and Edmonds (1955, 1957) reported on nematodes and acantho-
cephalans from fishes, birds and mammals collected during two more Antarctic
expeditions — the Australian National Expedition to Heard and Macquarie Islands
in 1948-1951 and the BANZ Expedition. Laird (1956) reported on myxosporeans
from Antarctic fishes, Arsen’ev and Gusev (1958) reported on biological data col-
lected during a Russian Antarctic expedition in 1957 which included examina-
tions of Antarctic fishes for parasites, while Gusev (1958, 1960) published
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Table 3.1 Numbers of publications on parasites of Antarctic hosts according to time period and
host taxonomic group

Host group
Other

Period Fish | Mammals |Birds |Crustaceans | Molluscs |invertebrates All
Pre 1920 6 7 1 2 0 12 23
1921-1930 |2 1 1 0 0 0 2
1931-1940 |4 3 2 0 0 0 6
1941-1950 |3 1 0 2 0 0 5
1951-1960 |5 3 1 0 0 1 7
1961-1970 |19 7 5 3 2 1 32
1971-1980 |30 17 6 6 0 3 60
1981-1990 |63 15 24 7 3 4 114
19912000 |80 15 19 2 4 8 119
20012010 |44 15 20 9 3 7 95
20112016 |23 6 12 1 1 4 45

Note that the figures in the last column (All) do not necessarily coincide with the sum of the figures
in the other columns of each row because the same publication may deal with parasites of more
than one host group

accounts of Russian parasitological studies on Antarctic fishes. Fell (1961)
reported on ophiuroids of the Ross Sea, including reports of parasites and com-
mensals, and Laird (1961) commented on the lack of haematozoa in Antarctic
birds and mammals.

3.5 1961-1970

From 1961 to 1970 we see the beginnings of the coming flood of Antarctic para-
sitological literature, especially papers on helminth parasites of Antarctic fishes.
Particularly prominent among the authors of these papers were the Americans
H.L. Holloway and W.J. Hargis and the Argentinian L. Szidat, together with
their co-authors (Byrd 1963; Dollfus and Euzet 1964; Bychovsky et al. 1965;
Dollfus 1965; Szidat 1965; Gusev 1967; Holloway 1967; Holloway et al. 1967,
Szidat and Graefe 1967; Becker and Holloway 1968; Dillon and Hargis 1968;
Hargis and Dillon 1968a, b; Hargis and Zwerner 1968; Holloway 1968; Holloway
and Bier 1968; Holloway and Klewer 1969; Prudhoe 1969; Szidat and Graefe
1969). Publications also appeared on parasites of Antarctic birds and mammals
(Fain and Hyland 1963; Murray and Nicholls 1965; Skrjabin 1967, 1969; Graefe
1968; Jones and Williams 1969; Kagei and Kureha 1970; Skrjabin and Muravieva
1970), an acanthocephalan and a leech were described from Antarctic crusta-
ceans (Holloway and Bier 1967; Sawyer and White 1969), and a dicyemid was
described from an Antarctic cephalopod (Short and Hochberg 1970).
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3.6 1971-1980

From 1971 to 2000 the numbers of publications on parasites of Antarctic hosts
increased with each successive decade (Table 3.1). This was especially true of fish
parasites, and was most marked during the periods 1971-1980 and 1981-1990.
Much of this was due to publications authored by the Polish parasitologist Professor
K. Zdzitowiecki and his co-authors. Publications from this source began with three
papers on Antarctic fish parasites published in 1978 based on material collected dur-
ing the Polish Academy of Sciences’ Antarctic Expedition of 1977 (Zdzitowiecki
1978a, b, c). Other important publications on Antarctic fish parasites during this
decade are those of Gibson (1976) on monogeneans and digeneans; Kovaleva and
Gaevskaya (1977) on monogeneans; Kovaleva and Gaevskaya (1974), Prudhoe and
Bray (1973) and Parukhin and Lyadov (1979) on digeneans; and Pois (1975) on
cestodes. Papers listing or describing the general parasite faunas of Antarctic fishes,
birds and mammals were published in this period by Markowski (1971), and Kagei
and Watanuki (1977) and Siegel (1980a). Siegel (1980b) also used parasites as bio-
logical tags to identify stocks of channichthyid fishes.

Antarctic seals were the subjects of papers on their helminth parasites by
Beverley-Burton (1971, 1972), Kurochkin and Nikol’skii (1972) and Nikol’skii
(1974), and whales the subjects of a series of papers by the Russian Professor
Skrjabin and his co-authors (Skrjabin 1971a, b, 1974; Skrjabin and Muravieva
1971, 1972; Skryabin and Nikol’skii 1971). The first report of parasites of an intro-
duced terrestrial mammal (reindeer) was published by Leaderwilliams (1980),
while Williams et al. (1974), Szelenbaum-Cielecka and Zdzitowiecki (1979) and
Zdzitowiecki and Drozdz (1980) reported on helminth parasites from Antarctic
birds. Among the papers on parasites of Antarctic marine invertebrates (crustaceans,
polychaetes and echinoderms) published in this period were those of Platonova and
Potin (1972), Lutzen and Jones (1976), Rubtsov (1977), Kagei et al. (1978),
Michajlow (1978) and Schultz (1980).

3.7 1981-2000

During the decade 1981-1990, publications from Professor Zdzitowiecki’s group
accounted for about 35 % of publications on parasites of Antarctic fish, and about
25 % of publications on parasites of all Antarctic hosts. This trend continued into the
period 1991-2000, during which they accounted for about two-thirds of publica-
tions on parasites of fish and about one-third of those on parasites of all Antarctic
hosts. The contribution made by Professor Zdzitowiecki and his co-authors to
Antarctic parasitology cannot be overstated. Most of the publications are on acan-
thocephalans and digeneans, with descriptions of many new species. They are too
numerous to list in full in this review, but the following are suggested as probably
the most useful references for parasitologists researching Antarctic fish parasites.
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Acanthocephala: Zdzitowiecki (19864, b, ¢, 1987, 1990, 1991a; Zdzitowiecki and
Rokosz 1986).

Digenea: Zdzitowiecki (1988, 1991b, 1997a, b, ¢, d); Zdzitowiecki and Cielecka
(1997a, b, ¢).

Cestoda: Rocka and Zdzitowiecki (1998), Wojciechowska (1991, 1993a, b, c),
(Wojciechowska et al. 1994),(Rocka 1999).

Apart from the major contribution of the Polish group, a number of important
papers on fish parasites were also produced during this period by researchers from
other countries, notably Russia and Germany. Those considered to be the most sig-
nificant are listed below.

Myxosporea: Kovaleva and Gaevskaya (1984), Noble (1984)

Monogenea: Rodyuk (1986a), Timofeeva et al. (1987).

Digenea: Santoro et al. (1990)

Acanthocephala: Rodyuk (1986b).

Nematoda: Kloser and Plotz (1992), Kloser et al. (1992), Orecchia et al. (1994),
Palm et al. (1994), Arduino et al. (1995), Bullini et al. (1997), Nascetti et al.
(1997), Palm (1999), Paggi et al. (2000).

Hirudinea: Yang (1987), Utevsky (1993, 1995, 1997), Epshtein and Utevsky (1994).

Crustacea: Sosinski and Janusz (1986), Rokicki and Skora (1987), Wigele and
Brandt (1988), Brandt and Wagele (1991), Janusz and Sosinski (2000).

Publications listing or describing the more general parasite faunas of Antarctic
fishes were published in this period by Hoogesteger and White (1981), Parukhin and
Lyadov (1981), Beumer et al. (1983), Lyadov (1985), Rodyuk (1985), Reimer
(1987), Gaevskaya et al. (1990), Palm et al. (1998), Walter (1998) and Rohde
(2000). Moser and Cowen (1991) described the effects of environmental change on
some fish parasites in McMurdo Sound and suggested the use of these parasites as
biological tags for fish stock identification.

During the period 1971-2000, the Polish group also contributed papers on hel-
minth parasites of Antarctic mammals and birds. These included Zdzitowiecki
(1984, 1985; Zdzitowiecki 1991a, b) on acanthocephalans, Zdzitowiecki et al.
(1989) on digeneans, and Wojciechowska and Zdzitowiecki (1995), and Cieleska
and Zdzitowiecki (1989) and Cieleska et al. (1992) on cestodes. In addition,
Odening (1986) and Drozdz (1987) reported on coccidian parasites of Antarctic
mammals and birds, and a series of papers by Yurakhno culminated in a paper by
Yurakhno and Maltsev (1997) on cestode infections of Antarctic seals. Dailey and
Vogelbein (1991) described the parasite faunas of three species of Antarctic whales
and discussed the possible use of parasites as biological tags for whale stock iden-
tification. Reports of parasites from Antarctic birds included those of Horne and
Rounsevell (1982), Zlotorzyska and Modrzejewska (1992), Pugh (1993), Murray
etal. (1993, 1999) and Mironov (1991) on lice, Odening (1982) on cestodes, Feiler
(1986) on trematodes, Hoberg (1984, 1985, 1986, 1987) on various helminths and
a pentastomid and Jones (1988) and Clarke and Kerry (1993) on parasites of
penguins.
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Parasites of Antarctic crustaceans described in this period included trematode meta-
cercariae from mysids described by Gaevskaya (1982), new parasitic copepods from
amphipods and isopods described by Boxshall and Harrison (1988) and gregarines
from planktonic crustaceans described by Avdeev and Avdeeva (1989). New harpacti-
coid copepods parasitic in octopuses were described by Avdeev (1983) and Bresciani
and Lutzen (1994), and Palm (1997) reported on parasites of Antarctic molluscs and
annelids. Chesunov and Spiridonov (1985) and Lopez-Gonzalez et al. (2000) described
new species of nematodes and parasitic copepods from polychaete hosts. A new spe-
cies of Cirripedia parasitic in an Antarctic starfish was described by Grygier (1981)
and the same author (Grygier 1987) published records of Cirripedia infecting Antarctic
asteroids. New species of parasitic copepods were also described from Antarctic echi-
noderms by Bartsch (1994, 1996). Among the more unusual reports were those of
Oresland and Pleijel (1991) of an ectoparasitic polychaete infecting a chaetognath and
Czaker (1997) of a microsporidian hyperparasitic on a dicyemid mesozoan.

3.8 2001-2016

By the start of the new millennium, most of the common parasites of Antarctic hosts
had been described. This is particularly true of the parasites of fish, thanks mainly
to the efforts of the aforementioned Polish group led by Professor Zdzitowiecki.
New species continued to be described, but at a slower rate, and the emphasis began
to change towards more ecological aspects such as analyses of parasite communi-
ties, pathology and the place of parasites in the Antarctic food web.

In fish parasitology the literature continued to be dominated by the Polish group,
with their contribution in this period still accounting for more than one-third of
publications on parasites of Antarctic fish and about 20 % of those on all Antarctic
hosts. The following is a selection of some of their most important contributions in
this period.

Digenea: Zdzitowiecki (2002a, b, c, d, 2003); Laskowski et al. (2014), Jezewski et
al. (2014)

Nematoda: Rocka (2002, 2004), (Rokicki et al. 2009).

Cestoda: Rocka (2003).

Acanthocephala: Laskowski et al. (2012).

Helminths in general: Zdzitowiecki (2001a), Laskowski and Zdzitowiecki (2005),
Rocka (2006).

Other important publications on Antarctic fish parasites in this period were by
Kovaleva et al. (2002) on myxosporeans, Utevsky (2005, 2007) on leeches, Rokicka
(2009) and Rokicka et al. (2009) on gyrodactylid monogeneans, Sokolov and
Gordeev (2013, 2015) on digeneans and Evans (2014) on X-cell disease. Sures and
Reimann (2003) demonstrated how acanthocephalan parasites can be used as
extremely sensitive indicators of heavy metal pollution even in relatively pristine
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environments, and Palm et al. (2007) and Klimpel and Busch (2008) reported on the
species richness, life cycles and molecular identification of Antarctic fish parasites.
Rokicki (2009) studied the effects of climate change on anisakid nematode infec-
tions in polar regions. Santoro et al. (2013) investigated pathological changes and
the effects of infection by larval helminths on fish body condition, and Mattiucci
et al. (2015) reported on the genetic variability of some anisakid larvae in fishes of
the Ross Sea. The helminth parasite communities of icefish were investigated in
relation to the life cycles of the parasites and the effects of host sex by Santoro et al.
(2014). Finally, Oguz et al. (2015) published a comprehensive and invaluable list of
all metazoan parasites described from Antarctic fish up to 2010.

Among the publications on parasites of Antarctic mammals were several on
acanthocephalan parasites of seals (Stryukov 2002, 2004; Yurakhno and Stryukov
2004; Silveira et al. (2014). Penguins were well-represented in the parasitological
literature on Antarctic birds, with papers on their coccidian parasites (Golemansky
2003, 2008, 2011) and gastrointestinal parasite faunas (Fredes et al. 2007, 2008;
Vidal et al. 2012; Diaz et al. 2013; Kleinertz et al. 2014).

Finally, for invertebrate hosts, Zdzitowiecki (2001b), Zdzitowiecki and Presler
(2001) and Laskowski et al. (2010) reported on juvenile acanthocephalans infecting
Antarctic amphipods, and Takahashi et al. (2004, 2008, 2011) published studies on
gregarine parasites of Antarctic krill. A new species of dicyemid was described from
an Antarctic octopus by Furuya and Hochberg (2002), and new genera and species
of parasitic copepods were described from Antarctic sponges and polychaetes by
Bandera et al. (2005), Lopez-Gonzalez et al. (2006) and Suarez-Morales and
Boxshall (2012).

3.9 Antarctic Parasitology Research in the Future

While many more new parasite species await description from Antarctic hosts, the
emphasis in the future is likely to be much more on studies of parasite communities.
Climate change is much more pronounced in polar regions than elsewhere, with
corresponding changes in the distribution of hosts and their parasites. Parasites can
be used as particularly sensitive indicators of these environmental changes. With
commercial fisheries ever searching for new resources to exploit, populations of fish
and invertebrates in the Antarctic will come under increasing pressure. To enable
efficient management of these resources, it is essential that we learn more about the
population biology and stock structure of the populations being exploited. The use
of parasites as biological tags can make an important contribution in this area. There
is also more awareness now of zoonotic parasites in marine food products, so the
effects of muscle-infecting parasites on the quality of Antarctic marine food prod-
ucts will have to be studied. Climate change will alter the distribution of these zoo-
notic parasites in marine organisms and these changes will have to be monitored.
Parasitological research in the Antarctic is entering a new phase.
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Chapter 4
Biodiversity and Host Specificity
of Monogenea in Antarctic Fish Species

Regina Klapper, Julian Miinster, Judith Kochmann, Sven Klimpel,
and Thomas Kuhn

4.1 Introduction

Antarctica is a unique environment characterized by extreme physical and
chemical conditions. Stable below zero temperatures, an increased oxygen solu-
bility, a narrow shelf area due to a great shelf ice cover, strong seasonal fluctua-
tions in light and productivity in combination with a long evolutionary history
of isolation fostered unique adaptations, and an extremely high degree of ende-
mism of both the local flora and fauna and their respective parasite species
(Kock 1992; Eastman 1993; Bargelloni et al. 1994; Rocka 2006; Klimpel and
Palm 2011).

Monogenean flatworms are typically ectoparasites of all groups of freshwa-
ter and marine fishes including teleosts and elasmobranchs, with some of them
being radiated onto, e.g., the mouth cavity and urinary bladder of (semi-)aquatic
tetrapods (e.g., Polystoma sp. on Anura, Polystomoides sp. on Chelonia) (van
Niekerk et al. 1993; Whittington et al. 2000; Cribb et al. 2002; Du Preez and
Van Rooyen 2015). Their biodiversity is estimated at 25,000 with only a frac-
tion (3,000-4,000) having been described to date and a vast majority of them
being parasitic on bony fish species (Whittington 1998; Cribb et al. 2002). Two
major taxonomic groups exist within the Monogenea, Monopisthocotylea and
Polyopisthocotylea. They can be easily distinguished by the external structure
of their opisthaptor, the hook or clamp bearing attachment organ at the posterior
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end of the parasite. The opisthaptor of the Monopisthocotylea (=Polyonchoinea)
forms a single attachment unit consisting either of a large sucker bearing vari-
ous types of hooks, or it consists entirely of large and small hooks (Whittington
2005). Polyopisthocotylean attachment organs bear several to numerous grasp-
ing units in the form of sclerotized clamps (Whittington 2005). The two mono-
phyletic lineages evolved independently and have a common ancestor with
either cestodes or trematodes (Olson and Tkach 2005).

Their monoxenous life cycle lacks intermediate hosts and asexual reproduction,
however, species show a high degree of host specificity. Both groups,
Monopisthocotylea and Polyopisthocotylea, are hermaphroditic, with most species
being oviparous (egg-laying) and cross-fertilizing. The aquatic ciliated larvae
(=Oncomiracidium) hatch from eggs, a process initiated by host-stimulated cues,
and are either instantaneously infective for their hosts (same as for adult stages of
the worm) or have to find a specific host and attach permanently to complete the life
cycle (Bychowsky 1961; Whittington 2005). In most cases, each propagule devel-
ops into a single adult parasite. An exception can be found in species of the vivipa-
rous genus Gyrodactylus, in which, comparable to a “Russian doll” mode of
reproduction (i.e., hyperviviparity), a fully grown daughter in utero of a parental
individual encloses a developing embryo: boxed inside one another, this viviparous
mode of reproduction allows an explosive population growth of Gyrodactylidae
(Cable and Harris 2002; Whittington 2005).

Studies on biodiversity and prevalence of Antarctic monogeneans are very
scarce. Descriptions were primarily conducted by Hargis and Dillon (1968a, b),
Lyadov (1985), Parukhin and Lyadov (1979), and Rohde et al. (1995, 1998). The
latter deserves additional mentioning, as they intensively dealt with biogeography
of monogeneans and their evolution, with a major focus on Gyrodactylidae. The aim
of this chapter is to provide an overview of the biodiversity of monogenean parasites
in Antarctic marine vertebrate species. Data on the biodiversity were compiled from
the literature and discussed in the context of distinct life cycle adaptations in the
extreme Antarctic environment. Furthermore, some preliminary hypotheses on host
specificity and parasite biogeography are presented.

4.2 Biodiversity of Antarctic Monogenea

A total of 23 monogenean species of 11 genera, 7 families, 4 orders, and 2 sub-
classes was found from 16 publications (Table 4.1). Fish hosts were representa-
tives of 25 species, 8 genera, 3 families, 2 suborders, and 2 orders. The majority
of fish host species belonged to the order Perciformes and two species to
Gadiformes. The vast majority of fish were of the suborder Notothenioidei, which
is also the most common suborder in the Antarctic region. Infection sites on the
host included, in descending order, the gills (17 parasite species), skin and gills (3
species, Allotetraonchoides rhigophilae, Pavlovskioides trematomi, P. wilkesen-
sis), skin (2 species, Pseudobenedenia dissostichi, P. nototheniae), and pelvic fin
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Table 4.1 Reported monogeneans in Antarctic waters and subregions, including parasite and host
species, sampling site, and the respective references

Parasite ‘ Host ‘ Location ‘ Reference

Acanthocotylidae

Acanthocotyle sp. ‘ Unknown ‘ Kerguelen Subregion ‘ Lyadov (1985)

Tetraonchoididae

Allotetraonchoides Lycodichthys McMurdo Sounds Dillon and Hargis

rhigophilae dearborni (1968)
Lycodichthys Windmill Islands Dillon and Hargis

antarcticus

(1968)

Neopavlovskioides
dissostichi

Dissostichus
eleginoides

Bouvet Island, Crozet
Island, Heard Island,
Kerguelen Subregion,
Lena Seamount, Ob
Seamount

Parukhin and Lyadov
(1979); Rohde et al.
(1998)

Dissostichus McMurdo Sound Dillon and Hargis

mawsoni (1968)

Unknown Kerguelen Subregion Lyadov (1985)
Neopavlovskioides Dissotichus Falkland Islands, Heard | Brickle et al. (2005,

georgianus

eleginoides

Island, Macquarie
Island, Prince Edward
Island, Ross Sea, Shag
Rock, South Georgia

2006)

Neopavlovskioides Unknown Glacial Subregion Lyadov (1985)
georgianus
Pavlovskioides Trematomus Casey Station, Dillon and Hargis
antarcticus bernacchii McMurdo Sound, (1968); Rohde et al.
Windmill Islands (1995)
Trematomus pennellii | McMurdo Sound, Dillon and Hargis
Windmill Islands (1968)
Pagothenia McMurdo Sound Dillon and Hargis
borchgrevinki (1968)
Paviovskioides Unknown Glacial Subregion Lyadov (1985)
prudhoei
Paviovskioides Trematomus Prydz Bay Rohde et al. (1998)
trematomi loennbergii
Trematomus McMurdo Sound, Dillon and Hargis
bernacchii Windmill Islands (1968)
Trematomus pennellii | McMurdo Sound Dillon and Hargis
(1968)
Trematomus hansoni | McMurdo Sound, Dillon and Hargis
Windmill Islands (1968)
Trematomus McMurdo Sound Dillon and Hargis
lepidorhinus (1968)
Pavlovskioides Trematomus McMurdo Sound, Dillon and Hargis
wilkesensis bernacchii Windmill Islands (1968)
Trematomus hansoni | McMurdo Sound, Dillon and Hargis
Windmill Islands (1968)

(continued)
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Parasite ‘ Host Location Reference
Diclidophoridae
Diclidophora Macrourus Heard Island Rohde et al. (1995)
antarctica holotrachys
Diclidophoridae Macrourus Heard Island Rohde et al. (1998)
gen. sp. holotrachys
Gyrodactylidae
Gyrodactylus Trematomus newnesi | Davis Sea Gusev (1967)
antarcticus
Gyrodactylus Trematomus scotti Princess Elizabeth Gusev (1967)
australis Land
Trematomus Lars Christensen and Gusev (1967)
eulepidotus Princess Ragnhild
coasts
Gyrodactylus byrdi Trematomus newnesi | Windmill Islands Hargis and Dillon
(1968a)
Gyrodactylus Trematomus pennelli | McMurdo Sound Hargis and Dillon
centronoti (1968a)
Gyrodactylus Notothenia coriiceps | Admiralty Bay Rokicka et al. (2009)
coriicepsi
Gyrodactylus Lepidonotothen Admiralty Bay Rokicka et al. (2009)
nudifronsi nudifrons
Gyrodactylus Lycodichthys McMurdo Sound Hargis and Dillon
rhigophilae dearborni (1968a)
Gyrodactylus Trematomus newnesi | Windmill Islands Hargis and Dillon
trematomi (1968a)
Gyrodactylus wilkesi | Trematomus McMurdo Sound Hargis and Dillon
bernacchii (1968a)
Trematomus Windmill Islands Hargis and Dillon
bernacchii (1968a)
Trematomus hansoni | Windmill Islands Hargis and Dillon
(1968a)
Gyrodactylus sp. Lepidonotothen Heard Island Rohde et al. (1998)
mizops
Lepidonotothen Macquarie Island, Rohde et al. (1995,
squamifrons Heard Island, Prydz 1998)
Bay
Trematomus Prydz Bay, Davis Rohde et al. (1998)
eulepidotus Station
Gyrodactylidae spp. | Trematomus Prydz Bay, Davis Rohde et al. (1995)
eulepidotus Station
Diclidophoridae
Macruricotyle Macrourus whitsoni South Shetland Islands, | Walter et al. (2002)
claviceps Weddell Sea
Unknown Kerguelen Subregion Lyadov (1985)
Mazocraeidae
Neogrubea Unknown Glacial Subregion Lyadov (1985)

seriolellae
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Table 4.1 (continued)

Parasite ‘ Host Location Reference
Capsalidae

Pseudobenedenia Dissotichus Falkland Islands, Heard | Rohde et al. (1998);
dissostichi eleginoides Island, Shag Rock Brickle et al. (2005,

2006)

Pseudobenedenia
nototheniae

Notothenia coriiceps

Admiralty Bay, King
George Island, Potter

Palm et al. (1998);
Zdzitowiecki and

(Subantarctic Islands
New Zealand)

Cove, Vernadsky Laskowski (2004)
Station
Dissotichus mawsoni | Paradise Bay Oguz et al. (2012)
Lepidonotothen Heard Island Rohde et al. (1998)
squamifrons
Unknown Patagonian Shelf Lyadov (1985)
Paranotothenia Antipodes Island Johnston (1931)
magellanica (Subantarctic Islands
New Zealand)
Notothenia angustata | Antipodes Island Johnston (1931)

Trematomus McMurdo Sound, Hargis and Dillon
bernacchii Windmill Islands (1968b)
Notothenia Antipodes Island Hargis and Dillon
microlepidota (Subantarctic Islands (1968b)

New Zealand)
Paranotothenia Antipodes Island Hargis and Dillon
magellanica (Subantarctic Islands (1968b)

New Zealand)

Notothenia rossi

Macquarie Island,
Kerguelen Subregion

Hargis and Dillon
(1968b); Parukhin
and Lyadov (1979)

Dissotichus
eleginoides

Kerguelen Subregion

Parukhin and Lyadov
(1979)

Notothenia rossi

Crozet Island, Heard
Island

Parukhin and Lyadov
(1979)

Dissotichus Crozet Island Parukhin and Lyadov
eleginoides (1979)
Notothenia rossi Ob Seamount, Skif Parukhin and Lyadov
Seamount (1979)
Dissotichus Lena Seamount, Ob Parukhin and Lyadov
eleginoides Seamount (1979)
Gobionotothen South Georgia Parukhin and Lyadov
gibberifrons (1979)
Patagonotothen Falkland Island Parukhin and Lyadov
ramsayi (1979)
Pseudobenedenia sp. | Pagothenia McMurdo Sound Hargis and Dillon
borchgrevinki (1968b)
Pseudobenedenoides | Unknown Glacial Subregion Lyadov (1985)
antarctica

(continued)
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Parasite Host Location Reference
Pseudobenedenoides | Trematomus Casey Station Rohde et al. (1998)
shorti bernacchii
Lycodichthys McMurdo Sound Hargis and Dillon
dearborni (1968b)
Trematomus hansoni | Casey Station, Hargis and Dillon
McMurdo Sound, (1968b); Rohde et al.
Windmill Islands (1995, 1998)
Trematomus Casey Station, Hargis and Dillon
bernacchii McMurdo Sound, (1968b); Moser and
Windmill Islands Cowen (1991),
Rohde et al. (1995)
Trematomus pennellii | Windmill Islands Hargis and Dillon

(1968b)

Trematomus sp.

Ramp Cove

Hargis and Dillon
(1968b)

Unknown

Glacial Subregion

Lyadov (1985)

Hexabothriidae
Rajonchocotyle sp.

‘ Unknown ‘ Kerguelen Subregion ‘ Lyadov (1985)

Table 4.2 Mean prevalence (P) and intensity (I) range of major monogenean parasites in Antarctic
fishes and the respective references

Group References mP (range) |/
Capsalidae Rohde et al. (1995); Brickle et al. (2005, 18 (2-17) 1-24
2006); Palm et al. (1998); Zdzitowiecki and
Laskowski (2004); Moser and Cowen
(1991)
Gyrodactylidae Rohde et al. (1995); Rokicka et al. (2009) 40 (15-65) 1-400
Tetraonchoididae Rohde et al. (1995); Brickle et al. (2005, 41 (8-83) 1-100
2006)
Polyopisthocotylea Rohde et al. (1995); Walter et al. (2002) 61 (15-100) |1-15

(1 species, P. nototheniae). Detailed information on parasite prevalence and inten-
sities were only given in few publications. A summary of mean prevalence as well
as intensity ranges for the four major monogenean groups in the Antarctic is
shown in Table 4.2. Since only few values of small sample sizes were summa-
rized, results can only hint rather than reflect real values. In all publications, spe-
cies identification was almost exclusively based on morphological characteristics;
only two gyrodactylid species were identified using molecular markers (Rokicka
et al. 2009).

Monopisthocotylea constitute a high biodiversity in Antarctic waters whereas the
subclass of Polyopisthocotylea was only represented by a few species. The
biodiversity and taxonomy of both subclasses from the Antarctic are briefly intro-
duced in the following sections.



4 Biodiversity and Host Specificity of Monogenea in Antarctic Fish Species 39
4.2.1 Monopisthocotylea

Estimations assume that over 10,000 species of Monopisthocotylea may exist
worldwide, but only approximately 2,500 species are described of which 1,000
species are marine (Whittington 2005). Monopisthocotylens are known to infect
hosts on various microhabitats, primarily on external surfaces such as fins, skin,
head, gills, and the oral cavity of fishes across many fish groups, feeding on host
epithelial cells (Whittington 2005). Twenty species and four families of monoge-
nean Antarctic fish parasites have been documented in the literature so far. Species
of the families Gyrodactylidae and their sister group Capsalidae are the most
strongly represented monogeneans. These two groups differ extremely in size,
ranging from a size of 300 pm in some Gyrodactylidae to more than 3 cm in some
Capsalidae (Whittington 2005).

4.2.1.1 Gyrodactylidae

The most diverse monogenean group in the Antarctic habitat is Gyrodactylidae
(Table 4.1). Gyrodactylidae possess an exceptive role within the Monogenea: explo-
sive radiation within the genera Gyrodactylus and Dactylogyrus are thought to be
very likely the source of increased divergence (Olson and Tkach 2005).

Descriptions of nine Gyrodactylus species on Antarctic fish are available from
the literature (Table 4.1). Almost all of them infect hosts of the family
Nototheniidae genus Trematomus. Only G. rhigophilae parasitize Rhigophila of
the family Zoarcidae. Rokicka et al. (2009) divided the species into two groups:
a group with large anterolateral projections (G. antarcticus, G. byrdi, and G.
wilkest), and one without or with small anterolateral projections (G. australis, G.
centronoti, G. rhigophilae, G. trematomi, G. coriicepsi, and G. nudifronsi). Due
to their small size and lack of distinct taxonomic characters, morphological spe-
cies identifications must be considered as extremely difficult (Hargis and Dillon
1968a).

4.2.1.2 Tetraonchoididae

Species belonging to the Tetraonchoididae are characterized by a single, blind
caecum. The female reproductive organs are compact and comprise a single ovary,
whereas male testes are elongated (Bychowsky et al. 1967; Whittington 2005).
Seven species from Antarctic waters have been recorded. Most of them infected the
genus Dissostichus and Trematomus within the family Nototheniidae, and Zoarcidae.
One example is Neopavlovskioides dissostichi which was found to infect the skin of
D. elegenoides at depths of 200-500 m (see Klimpel et al. (2009)). In a study by
Brickle et al. (2005), a significant positive correlation between host length and
abundance and an increase in prevalence with increasing length up to 40 cm was



40 R. Klapper et al.

shown. The authors suggested that the increase might be attributed to the available
surface area of larger fish (Brickle et al. 2005). Neopavlovskioides georgianus also
parasitizes D. elegenoides, but abundance is not correlated with increasing host
length (Brickle et al. 2005). This monogenean probably causes cysts of unknown
etiology (CUEs) which are called “tumor of attachment” (Brickle et al. 2005, 2006).

4.2.1.3 Capsalidae

Capsalidae are characterized by highly branched intestines (Whittington 2005).
About 200 capsalid species from nine subfamilies are described with characteristic
camouflage, large size, and large host range (Whittington 2004). They are usually
located on skin, fins, and gills of marine fish (Whittington 2004). Similar to the
Gyrodactylidae, infection of Capsalidae also leads to high aggregations on infec-
tions on a particular host (Rohde et al. 1995). Four species of this family were found
in Antarctic fish. Pseudobenedenia nototheniae is a common, large monogenean of
Antarctic fishes which can attach to either skin or gills (Oguz et al. 2012). The
monogenean was found in 11 host species of the family Nototheniidae and thus, had
the highest number of different hosts. An exceptional case in larval development is
Pseudobenedenia shorti: contrasting to most species of Capsalidae, P. shorti has
nonciliated, fully developed larvae which hatch and remain on the same host and
can only switch hosts by direct contact transfer (Rohde 1985).

4.2.2 Polyopisthocotylea

The group of Polyopisthocotylea consists of approximately 800 described, mainly
marine living species (Hayward 2005). Polyopisthocotylea use fish, and rarely
invertebrates such as copepods and isopods, as hosts. Despite their cosmopolitan
distribution, most species of the group show high host specificity (Hayward 2005).
The infestation sites of Polyopisthocotylea are gills and oral cavity where they feed
on the host’s blood. Although Polyopisthocotylea are not as diverse as
Monopisthocotylea, they can have a high prevalence in Antarctic fish (e.g.,
Macruricotyle claviceps in Macrourus whitsoni) (Walter et al. 2002). There are
only a few documentations on Polyopisthocotylea from Antarctic fish. Today, four
genera (Diclidophora, Macruricotyle, Neogrubea, Rajonchocotyle) of three fami-
lies (Diclidophoridae, Mazocraeidae, Hexabothriidae) are known to occur in
Antarctic and Sub-Antarctic waters. An example is Neogrubea seriolellae, a typi-
cal parasite of the gills. Its opisthaptor consist of clamps, suitable to stick to gill
filaments, but not smooth body parts (Rohde 1984).

Macruricotyle claviceps is reported to parasitize different macrourid species. It
was found on Macrourus whitsoni in Antarctic waters and on M. carinatus and
M. holotrachys in Sub-Antarctic regions (Gaevskaya and Rodjuk 1988; Walter et al.
2002; Klimpel et al. 2009).
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Macruricotyle whitsoni was originally described as Diclidophora, and later, after
a revision by Rubec and Dronen (1994), transferred to the genus Macruricotyle.
Macrourus whitsoni, a species endemic to the Antarctic Convergence, is the only
known host of this species. The only record of Macruricotyle whitsoni on Macrourus
whitsoni stems from the south-west coast of Argentina and Falkland Islands (Suriano
and Martorelli 1984). However, Rubec and Dronen (1994) mentioned that the para-
site should be compared with specimen of the closely related species M. clavipes
also reported from these waters to avoid misidentification.

4.3 Host Specificity of Antarctic Monogenea

In general, monogeneans are considered to be among the most host specific para-
sites. Ectoparasites are usually more host- and site-specific which is related to the
attachment organs and direct life cycle (Rohde and Heap 1998). In different studies
on Antarctic monogeneans, some species were exclusively found on one host spe-
cies while others infected a variety of different host fish species (Fig. 4.1).
Pseudobenedenia dissostichi infected 11 different fish host species. Most Antarctic
monogeneans parasitize fish of the suborder Nototheniidae, with Trematomus ber-
nacchii being host to the highest number of different monogenean species. Members
of the Capsalidae were found on Nototheniidae, Tetraonchoididae occurred mainly
on the genus Trematomus. Macrouridae were only parasitized by Polyopisthocotylea.
All species belonging to the subclass Polyopisthocotylea were reported from one
host species (Lyadov 1985; Rohde et al. 1995; Walter et al. 2002) and thus, seem to
be host-specific. Nototheniidae were generally infected, but are at the same time
also best studied fishes, most likely due to their wide distribution and commercial
importance in this area. Despite the limited data availability and resulting difficulty
for assessment, it appears that Antarctic monogeneans tend to infect hosts that are
closely related to each other. Such “phylogenetic specificity” has also been described
by Rohde (1979), who suggested differing degrees of host specificity for marine
monogeneans from all world oceans with 78 % restricted to single host species,
89 % to one genus, 96 % to one family, 98 % to one order (Rohde 1979).

Environmental conditions in Antarctic waters require special adaptations for repro-
duction and localization of a suitable host (Rohde and Heap 1998). Whittington et al.
(2000) reviewed important factors that contribute to host specificity. Both reproduc-
tion and attachment have a decisive role to successful completion of the life cycle.

In comparison to cestodes and digeneans, monogeneans produce only few eggs,
which requires larvae to possess successful strategies to find suitable hosts
(Whittington et al. 2000). Under conditions of slowed metabolism such as in
Antarctic waters, rhythmical hatching and hatching by host-generated cues are
examples for such biological life cycle strategies. Monogenean larvae are attracted
by the species-specific chemical composition of the host epidermis and mucus
(Buchmann and Uldal 1997). Reports exist on monogenean eggs which only hatch
in the presence of host mucus (Whittington et al. 1999). Another example is the
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Fig. 4.1 Parasite-host documentation from Antarctic waters. Left: Monogenea classified by subor-
der and family. Right: Fish hosts classified by families. Symbols behind host names indicate a
record of the parasite species as given by the symbol on the left side. Drawings of monogeneans
(top-down): P. shorti, G. wilkesi, P. antarctica, N. seriolellae (Dillon and Hargis 1968; Hargis and
Dillon 1968a, b; Hernandez-Orts et al. 2014); right: D. elegenoides, T. newnesi, L. antarcticus,
M. whitsoni (FAO species catalogue)
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viviparity of Gyrodactylidae. This reproductive mode leads to aggregation of the
parasite on its host with rapid population growth due to a reduced generation time
(Rohde et al. 1995). The success of viviparity in cold-water habitats may be
explained by the difficulty of small larvae to infect a suitable host in the vast areas
of the ocean under reduced metabolism, and the difficulty of producing a sufficient
number of eggs to “guarantee” survival of the next generation (Rohde 1985).
Besides larval host recognition, attachment plays an important role for the com-
pletion of the life cycle. Chemical recognition by the tegument of the adhesive area
and chemical adhesives play an important role and are characteristic features of host-
specificity (Buchmann and Uldal 1997). Epidermis and host products such as mucus
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can either be attractant to monogeneans or constitute an inhospitable habitat due to
immunological activities (Whittington et al. 2000). Morphological specialization of
the haptor results from adaptations to attachment and lead to high monogenean fam-
ily-level diversity (Cribb et al. 2002).

Furthermore, environmental factors led to speciation, e.g., the Antarctic circum-
polar current forms a physical barrier and functions as a driver for local populations
of fish species and endemic parasitic helminths (Lyadov 1985). However, it has
been noticed that sample sizes might have biased these conclusions as parasites
previously considered as species-specific were less specific when more host species
were examined (Whittington et al. 2000). This may certainly be the case for the
sparsely studied Antarctic Monogenea (Table 4.1, Fig. 4.1).

4.4 Biogeography of Antarctic Monogenea

The distribution of sampled monogenean parasites in Antarctic and Subantarctic
waters is shown in Fig. 4.2. Highest species number was recorded for the Ross Sea
(McMurdo Sound), with representatives of three families. Most polyopisthocoty-
leans were documented around the Kerguelen Islands. Capsalidae were distributed

Fig. 4.2 Map of monogeneans from Antarctic waters. Each symbol represents a sampling site of
a documented monogenean species. Color and symbol code in Fig. 4.1. Map source: ArcGIS
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circumpolar, while Gyrodactylidae were mainly found on the Indo-Pacific site of
the Southern Ocean and less on the Atlantic site. However, based on the limited
sampling in only few locations, it is difficult to draw any conclusions on the general
biogeography of monogenean species in this region. Possible patterns may as well
be related to different sampling efforts. Hypotheses in the literature about parasitic
traits of monogenean biogeography and diversity can be classified into two catego-
ries: differences in diversity of latitudinal gradients and oceans.

In this context, Rohde et al. (1995) should be mentioned due to his extensive work
on biogeography and diversity of monogeneans. They conducted a metaanalysis on
metazoan ectoparasites of marine fishes and found lowest ectoparasite richness and
prevalences for Antarctic and deep-sea fishes. Of 102 fish species they examined, 86
are parasitized by at least one monogenean species. Only prevalences in Antarctic
and New South Wales deep-water fishes are low, with approximately one third of
uninfected fish species. In contrast to the ectoparasite species richness, relative and
absolute numbers of Gyrodactylidae increase from a latitude of 64—65°N to more
northern cold waters by 90 % (Rohde 1985). In Antarctic waters, this proportion is
not as high with an increase of only about one third (Rohde 1985; Rohde et al. 1998).
However, whether these differential observations are rather an artifact of different
sampling efforts, with Arctic fish parasites being well sampled in contrast to Antarctic
species, could not be evaluated (Rohde 1985). Based on these observations of
Gyrodactylidae in both hemispheres, Rohde (1985) hypothesized that the increase of
viviparity with latitude could serve as evidence for Thorson’s rule. Thorson’s rule
states that nonpelagic development increases with latitude which had previously
been shown for benthic invertebrates (e.g.,Thorson 1950; Mileikovsky 1971; Arnaud
1977). As temperature is correlated with latitude and has a major influence on meta-
bolic and chemical processes, temperature was assumed to be one major influencing
factor for monogenean distribution (Rohde et al. 1995).

In the Pacific and Atlantic Ocean, relative species diversity of gill monogenean
of coastal marine fishes was greater in the northern and southwestern Pacific than in
the northeastern and central and southwestern Atlantic (Rohde 1986). The described
pattern was illusively recognizable in our map (Fig. 4.2), with a slight trend of more
gyrodactylid species occurring in the Indo-Pacific part of the Southern Ocean than
in the Atlantic part. Two hypotheses were suggested to explain this pattern. The first
states that Gyrodactylidae accumulated in the older Pacific Ocean while the Atlantic
Ocean is much younger. Another possibility could be that during the last glaciation
the ice sheet cover of the Atlantic was higher than in the Pacific which led to higher
abundances followed by more speciation events of Gyrodactylidae in the Pacific
(Rohde 1986). No hypotheses were suggested for other monogenean families.

4.5 Concluding Remarks

Despite the limited number of studies, Antarctic monogeneans have shown a great
diversity with most of them being host-specific. Adaptations to the extreme environ-
ment are reflected by their characteristic specializations in reproduction and
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attachment. However, due to the limited studies on Antarctic monogeneans, it is
difficult to draw conclusions and hypotheses on host specificity and biogeography
remain solely theoretical. Biodiversity may be underestimated: 197 marine fish spe-
cies are currently known to exist in the Antarctic Convergence (Froese and Pauly
2016), and only 25 fish species have been described as hosts to monogeneans.
Although morphological identification is often difficult due to their small sizes and
poor morphological conservation, little effort has been made on the genetic valida-
tion of monogenean records.
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Chapter 5
Biodiversity and Evolution of Digeneans
of Fishes in the Southern Ocean

Anna Faltynkova, Simona Georgieva, Aneta Kostadinova,
and Rodney A. Bray

5.1 Introduction

5.1.1 Historical Notes

Edward L. Atkinson (1881-1929), a Royal Navy surgeon and Antarctic explorer,
was the doctor attached to Captain Robert Falcon Scott’s tragic Antarctic Expedition
(1910-1913) that sailed south aboard the ship ‘Terra Nova’. He accompanied the
group of explorers who set off for the South Pole on the 1st November 1911. As
planned, he went as far as the Beardmore Glacier and returned to base, leaving the
Polar Party to go on to the South Pole, where they were forestalled, by 34 days, by
a Norwegian party led by Roald Amundsen. Atkinson led two attempts to rescue
Scotts’s party, in February and March 1912, but was beaten back by the bad weather
of the encroaching austral winter. Eventually, in October 1912, the winter over, he
set out again, only to find the frozen bodies of the Polar Party on the 12th November
(Cherry-Garrard 1922). While waiting at base camp at Cape Evans on the coast of
the Ross Sea in the harsh ‘exceedingly unfavourable’ winter of 1911, he collected
parasites from specimens of the nototheniid fish Trematomus bernacchii Boulenger,
1902, which he caught by ‘digging a hole through the ice, and lowering a trap baited
with seal-meat’ (Leiper and Atkinson 1915). Thus was the study of digeneans of
Antarctic marine fishes started. Five digeneans were found and returned to England,
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where they were described by R.T. Leiper and Atkinson, briefly in 1914 (Leiper and
Atkinson 1914) and then in greater detail in 1915 (Leiper and Atkinson 1915).
These worms are now known as Elytrophalloides oatesi (Leiper & Atkinson,
1914), Genolinea bowersi (Leiper & Atkinson, 1914), Lepidapedon garrardi
(Leiper & Atkinson, 1914) and Macvicaria pennelli (Leiper & Atkinson, 1914)
(syn. Allocreadium fowleri Leiper & Atkinson, 1914). The first two species were
named for members of the fatal Polar Party, Lawrence (‘Titus’) Oates and Henry
(‘Birdie’) Bowers.

No further significant work on Antarctic digeneans was published until after
the Second World War, when Byrd (1963) described six (four new) worms from
McMurdo Sound and Szidat (1965) and Szidat and Graefe (1967) described
worms from the South Orkney and South Shetland Islands. The British Australian
(and) New Zealand Antarctic Research Expedition (BANZARE) led by Sir
Douglas Mawson (whose daughter, Patricia Mawson Thomas, became a parasi-
tologist) collected fish parasites in the Antarctic between 1929 and 1931 and the
collection eventually made its way to the Natural History Museum in London
where it was written up by Prudhoe and Bray (1973). The most important worker
on Antarctic fish digeneans, however, is, without doubt, Krzysztof Zdzitowiecki,
who has published many papers, and in doing so has sorted out many of the taxo-
nomic problems associated with the earlier descriptions of worms, often based on
poorly prepared specimens. Much of his work is summarised in the important
volume (Zdzitowiecki 1997), although he has published many significant studies
subsequently.

5.1.2 The Southern Ocean

In terms of this study, the ‘Southern Ocean’ refers to those coastal and shelf waters
listed under this heading by Spalding et al. (2007), which follow the molluscan
zones suggested by Linse et al. (2006). For the pelagic zones we include the
Antarctic and Antarctic Polar Front as delimited by Spalding et al. (2012). Our
study covers three ‘Provinces’ of Spalding et al. (2007). Province number 59:
‘Subantarctic Islands’ covers the islands south of the Indian Ocean, such as
Kerguelen, Crozet Island, Heard and MacDonald Islands and Prince Edward Island
and some of those south of the Atlantic Ocean, such as Bovet Island and Peter the
First Island. Province number 60: ‘Scotia Sea’ includes other island groups south of
the Atlantic Ocean, such as the South Sandwich, South Georgia, South Orkney and
South Shetland Islands, along with the Antarctic Peninsula. Province number 61:
‘Continental High Antarctic’ covers, as its name suggests the entire coast of conti-
nental Antarctica, except the Antarctic Peninsula, including the large inlets of the
Ross and Weddell Seas. The final ‘Southern Ocean’ Province, number 62,
‘Subantarctic New Zealand’, has, as far as we are aware, no records of marine fish
digeneans. In fact, most of the collecting has been done near the Antarctic mainland
and the sub-Antarctic Islands south of the Indian and Atlantic Islands.
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Each of the Provinces are divided into ‘ecoregions’, and we have used these to
refine the distribution data.

5.1.3 Developing Knowledge of Digenean Diversity
in the Southern Ocean

5.1.3.1 Exploring the Taxonomy of the Digeneans in the Southern Ocean

After the descriptions of the first five (later recognised as four valid) digenean
species from the Ross Sea by Leiper and Atkinson (1914, 1915) their generic
status was refined by Byrd (1963). Szidat (1965) and Szidat and Graefe (1967)
reported eight species from fishes off the South Orkney and South Shetland
Islands two of which, Lecithaster macrocotyle Szidat & Graefe, 1967 and
Neolebouria antarctica (Szidat & Graefe, 1967), are now recognised under their
original specific names. Prudhoe and Bray (1973) re-described a number of spe-
cies and described seven species as new from off the Antarctic continent and
Kerguelen Island. Gibson (1976) described two new species, Discoverytrema
markowskii Gibson, 1976 and Neolebouria georgiensis Gibson, 1976, from South
Georgia and erected the genus Neolebouria Gibson, 1976 to differentiate it from
the similar genera Podocotyle Dujardin, 1845 and Plagioporus Stafford, 1904
splitting this complex into three. Kovaljova and Gaevskaya described Macvicaria
antarctica (Kovaljova & Gaevskaya, 1974), M. georgiana (Kovaljova &
Gaevskaya, 1974) and Neolepidapedon magnatestis (Gaevskaya & Kovaljova,
1976) from the southern part of the Atlantic Ocean (Gaevskaya and Kovaljova
1976; Kovaljova and Gaevskaya 1974).

In the 1980s a further three species of the families Derogenidae Nicoll, 1910 and
Lepidapedidae Yamaguti, 1958 from the Sub-Antarctic Islands were described by
Gaevskaya and Rodyuk (1983, 1988). Up to that time a total of 23 species had been
described as new from the Antarctic or sub-Antarctic and seven species, Aporocotyle
nototheniae Parukhin, 1985, Derogenes varicus (Miiller, 1784), Gonocerca haed-
richi Campbell & Munroe, 1977, Gonocerca phycidis Manter, 1925, Genolinea
nototheniae (Kurochkin, 1975), Glomericirrus macrouri (Gaevskaya, 1973) and
Otodistomum cestoides (van Beneden, 1871), which were originally described from
elsewhere (North Atlantic Ocean, Indian Ocean), were recorded in the Antarctic or
sub-Antarctic region.

Starting in 1977, Krzysztof Zdzitowiecki took part in a number of Polish
Antarctic expeditions and participated in founding the Polish Antarctic Station of
Henryk Arctowski in the Admiralty Bay of the King George Island (South Shetland
Islands). He devoted his research to the Antarctic helminth fauna for nearly 40
years. His contribution is tremendous, within 11 years he described, alone or with
co-authors, a total of 27 digenean species from fishes in South Georgia, South
Shetland Islands, the Antarctic Peninsula, Weddell Sea, East Antarctic Wilkes Land
and the Ross Sea. He was the first who collected the fish material personally, and
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thus obtained exact data on the prevalence and abundance, the previous studies
being based on material collected mainly by non-specialists due to the harsh condi-
tions (Zdzitowiecki 1978).

Zdzitowiecki (1987) transferred Podocotyle pennelli Leiper & Atkinson, 1914,
one of the most common digeneans of the family Opecoelidae Ozaki, 1925, to
Macvicaria Gibson & Bray, 1982. Zdzitowiecki (1990a) proposed the new com-
bination Macvicaria antarctica (Kovaljova & Gaevskaya, 1974) and described
two new species, Macvicaria muraenolepidis Zdzitowiecki, 1990 and M. ophthal-
molyci Zdzitowiecki, 1990 from off the South Shetland Islands and South Georgia.
Later, as he examined more material of Macvicaria spp., including the material of
Leiper and Atkinson (1914), Zdzitowiecki et al. (1992) suggested that M. pennelli
is restricted to the eastern Antarctica and M. georgiana, which he proposed as a
new combination, to the western Antarctica. He considered as distinguishing fea-
tures the larger sucker ratio in M. pennelli and ‘probably differences in the
arrangement of the vitelline follicles’. However, judging from the published fig-
ures, the differences in sucker ratios are not unambiguous. Furthermore, the spec-
imens of M. georgiana in the original description of Kovaljova and Gaevskaya
(1974) were found together with M. pennelli in the same host, Notothenia rossii,
and in the ‘Antarctic sector of the Atlantic Ocean’, which apparently belongs to
western Antarctica; these facts shed doubt on this geographical delimitation of the
distribution of the two species.

Zdzitowiecki (1990a) constructed a key to the five known species based mainly
on the size of the eggs, sucker ratio and the relative length of the forebody.
Zdzitowiecki and co-authors (Zdzitowiecki 1990a, 1999; Zdzitowiecki & Cielecka
1997b; Laskowski et al. 2013) described in total six species of Macvicaria (includ-
ing from off the Falkland Islands) and provided a key to the nine known Antarctic
species (Laskowski et al. 2013; Zdzitowiecki 1997).

Neolebouria georgiensis Gibson, 1976 is another species which is very common
in the Scotia Sea and Zdzitowiecki et al. (1993) believed that this species was
restricted to the western Antarctic, whereas the smaller N. terranovaensis
Zdzitowiecki, Pisano & Vacchi, 1993 was thought to occur only in the eastern
Antarctic. However, later Zdzitowiecki (1997, 2003) and Sokolov and Gordeev
(2015a) recorded N. terranovaensis in the Weddell Sea (western Antarctic). We
should note that our new material of N. georgiensis sequenced was also collected
from the western Antarctic (see below).

Zdzitowiecki also significantly contributed to the knowledge of the diversity of
Lepidapedon Stafford, 1904 in the Antarctica. Zdzitowiecki (1990b) and
Zdzitowiecki and Cielecka (1997a) described six of the seven known Antarctic spe-
cies of the genus: Lepidapedon notogeorgianum Zdzitowiecki, 1990, L. paralebouri
Zdzitowiecki 1990 and L. tertium Zdzitowiecki, 1990 from off South Shetland
Islands (Zdzitowiecki 1990) and L. balgueriasi Zdzitowiecki & Cielecka, 1997,
L. brayi Zdzitowiecki & Cielecka, 1997 and L. ninae Zdzitowiecki & Cielecka,
1997 from the Weddell Sea. These authors also provided a key to the Antarctic spe-
cies of the ‘Beveridgei subgroup’ of Lepidapedon.
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5.1.3.2 Faunistic and Ecological Studies

Zdzitowiecki has not only described more than half of the digeneans in fishes off
Antarctica, but also contributed significantly to the knowledge of their ecology and
distribution within the Antarctic and sub-Antarctic. As he was able to collect fishes
in areas which were poorly studied (e.g. Adélie Land and the Ross Sea, which was
neglected after the pioneer studies), the relatively evenly distributed records from all
Antarctic and sub-Antarctic regions are greatly to his credit. By examining fishes
during the whole year in South Shetlands and South Georgia, Zdzitowiecki (1988)
obtained data on the prevalence and intensity of infection of digeneans, and also the
size and habitat (depth) of the fish hosts. This allowed him to speculate on the most
probable intermediate hosts of the digeneans, which are usually copepods, amphi-
pods, benthic gastropods or bivalves and annelids. Zdzitowiecki (1991) found that
demersal fish species were most heavily infected whereas pelagic fishes were usu-
ally not infected with digeneans.

Zdzitowiecki (1991) summarised the digenean species occurring in the Antarctic
and Zdzitowiecki and White (1992) provided a list of species with a comparison of
South Georgia with South Shetland Islands and found out that the species composi-
tion was the same in both areas, but there were substantial differences in prevalence
and intensity. Zdzitowiecki et al. (1997) reported that the digenean fauna found off
South Orkney Islands was similar to that off South Shetland Islands. Zdzitowiecki
and Pisano (1996) examined fishes from Heard Island, Kerguelen sub-region (sub-
Antarctica) and found new species records for this region.

Zdzitowiecki et al. (1998) examined the parasite fauna of fishes collected off
Adélie Land (East Antarctic Wilkes Land), an area poorly studied before, and
reported ten digenean species (seven new records); later Zdzitowiecki (2001) added
more data on the prevalence and intensity of digeneans in fishes. Laskowski et al.
(2007) continued collecting data from off Adélie Land and provided a checklist of
helminths from Trematomus newnesi Boulenger, 1902 including seven digenean
species. Zdzitowiecki and Ozouf-Costaz (2013) added more records from off Adélie
Land providing a parasite-host list with Genolinea bowersi and Neolebouria ter-
ranovaensis being the most common species.

Zdzitowiecki et al. (1999) investigated the parasites of fishes in the Ross Sea,
which by that time was much less studied than the Weddell Sea, and found 11 dige-
nean species. Laskowski et al. (2005) added more records, including three digenean
species from Bathydraconidae from the Ross Sea.

A series of papers in 2002-2003 by Zdzitowiecki (2002a, b, c, d, 2003) was
devoted to the digeneans in the Weddell Sea with digeneans being most abundant in
fishes of the families Nototheniidae and Channichthyidae.

Laskowski and Zdzitowiecki (2005) examined fishes from off the coastal area of
the Antarctic Peninsula and found six species of digeneans with Macvicaria geor-
giana Kovaljova & Gaevskaya, 1974 being most abundant and indicated that the
species spectrum was the same as off the South Shetland Islands, only the preva-
lences were lower.
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In their most recent paper, Laskowski et al. (2014) evaluated changes in the dige-
nean species spectrum in Notothenia coriiceps Richardson, 1844 from the Admiralty
Bay, South Shetland Islands, after 30 years (samples from 1978 and 1979 compared
with 2007 and 2008) and found that the species were more numerous and more
diverse in the past. These authors concluded that pollution caused by human pres-
ence may have affected the invertebrates which serve as intermediate hosts in the
life-cycles of the Antarctic digeneans.

Recently only two new species, Aporocotyle michauda Santoro, Cipriani, Pankov
& Lawton, 2015 and Paralepidapedon variabile Sokolov & Gordeev, 2015 have
been described, from the Ross Sea and the Amundsen Sea, respectively (Santoro
et al. 2015; Sokolov and Gordeev 2015b). Sokolov and Gordeev (2013) described,
but did not give a specific name to, the first zoogonid reported from the Antarctic,
namely Proctophantastes sp. from the Ross Sea.

Few studies have been focused primarily on the ecology of Antarctic digeneans
as an important element of the helminth faunas and communities. Holloway and
Spence (1980) analysed the helminth fauna in three fish species in the Ross Sea and
considered the differences in infection related to phylogenetic and ecological
parasite-host relationships as the native Trematomus pennellii Regan, 1914 hosted
the widest spectrum of digeneans in comparison with Trematomus borchgrevinki
(Boulenger, 1902) which switched from benthic to pelagic life and Licodichthys
dearborni (DeWitt, 1962), an immigrant to the Antarctic area. Differences in infec-
tion levels in Trematomus bernacchii from different localities in the Ross Sea were
explained as related to eutrophication by Moser and Cowen (1991). The importance
of Notothenia coriiceps, one of the most common nototheniid fishes with a circum-
polar distribution, in the transmission of Antarctic parasites was examined by Palm
et al. (1998). Santoro et al. (2014) studied the helminth infracommunities in
Chionodraco hamatus (Lonnberg, 1905) in the Ross Sea and found that differences
in behaviour between sexes during spawning most probably influence parasite
infracommunities.

5.2 Digeneans in Fishes of the Southern Ocean: Taxonomic
Diversity and Patterns of Host-Specificity

Our review of the diversity of digeneans in fishes of the Southern Ocean is based on
a newly-developed database comprising 1204 host-parasite-locality records based
on an extensive search of 80 publications in the literature, including the monograph
of Zdzitowiecki (1997). Most of the papers deal with taxonomy, including descrip-
tions of 53 new species, and the remaining provide faunistic and ecological data,
including prevalence and intensity of infection with digeneans. We have updated the
taxonomy and nomenclature of both the fish and digenean species, while excluding
the records of innominate species (these were kept in a few cases where no other
species of the genus have been recorded). Here we use the currently accepted names
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for fish and parasite species, following Froese and Pauly (2015) and in the World
Register of Marine Species (WoRMS Editorial Board 2015), respectively. For the
analysis of faunal richness distribution and similarity we used the classification (and
coding) of provinces and marine ecoregions by Spalding et al. (2007) (see Fig. 5.2);
this limited the data available for analyses to the records with precise locality
descriptions. Nevertheless, the present data are characterised by a sufficiently ample
coverage with respect to both taxonomic diversity and regional distribution to allow
the endemic faunas in the endemic Antarctic fish hosts to be assessed with the appli-
cation of quantitative approaches.

A total of 60 digenean species allocated to 28 genera in ten families have been
described or reported from fishes in 15 marine ecoregions of the three provinces of
the Southern Ocean, i.e. Sub-Antarctic Islands (Province 59), Scotia Sea (Province
60) and Continental High Antarctic (Province 61). No records exist for five ecore-
gions: Bouvet Island (217); Peter the First Island (218); South Sandwich Islands
(219); East Antarctic Enderby Land (225); and East Antarctic Dronning Maud Land
(226). Two digenean families, the Opecoelidae and the Lepidapedidae Yamaguti,
1958 with more than 60 % of the records, are distinctly the most diverse in the data-
base (Table 5.1). The Hemiuridae Looss, 1899 appears well represented in the
region (second according to the number of records) but with a much lower richness
(only seven species). The most frequently recorded species are Elytrophalloides
oatesi (Leiper & Atkinson, 1914) (13.0% of all records), Gonocerca phycidis
Manter, 1925 (10.8 %), Lecithaster macrocotyle Szidat & Graefe, 1967 (9.0 %) and
Genolinea bowersi (Leiper & Atkinson, 1914) (8.9 %).

The 60 digenean species known from the Southern Ocean have been reported
from 76 fish species of 41 genera in 13 families (Table 5.2), resulting in a mean
richness of 0.80 digenean species per fish species. Fishes act as definitive hosts for
all species; the only records of metacercariae are for the azygiid Otodistomum ces-
toides, a parasite of Bathyraja spp. using Artedidraco skottsbergi Lonnberg, 1905
and Racovitzia glacialis Dollo, 1900 as intermediate hosts in the region. By far the
most species-rich fish family in the database is the Nototheniidae Giinther, 1861
comprising nearly 40 % of the host species and represented in 60 % of the records.
Three other families, the Channichthyidae Gill, 1861, Bathydraconidae Regan,
1913 and Artedidraconidae Eakin, 1988 appear relatively species-rich (9—10 spe-
cies, collectively representing 31 % of the records), whereas the remaining 9 fish
families comprise 1-4 species (Table 5.2).

The Nototheniidae is also the family harbouring the highest digenean diversity
(38 species of 18 genera in 7 families), followed by the Channichthyidae (18 spe-
cies of 12 genera in 5 families) and the Bathydraconidae (16 species of 13 genera in
7 families). The relative composition and digenean species richness for the three
most species-rich host families are provided in Fig. 5.1. Five digenean families, are
represented in all three fish families with opecoelids clearly prevailing with respect
to species richness: 15 species in hosts of the Nototheniidae and 6 species in hosts
of the Channichthyidae and Bathydraconidae each. Species of three digenean fami-
lies are recorded in a single host family, the Aporocotylidae Odhner, 1912 and
Monorchiidae Odhner, 1911 in hosts of the Nototheniidae and the Fellodistomidae
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Table 5.1 Trematode families reported from fishes of the Southern Ocean, their generic and
species richness and representation in the database

Family No. of genera | No. of species | No. of records
Aporocotylidae Odhner, 1912 1 2 2
Azygiidae Liihe, 1909 1 1 8
Derogenidae Nicoll, 1910 2 5 182
Fellodistomidae Nicoll, 1909 2 3 8
Hemiuridae Looss, 1899 6 7 305
Lecithasteridae Odhner, 1905 2 3 134
Lepidapedidae Yamaguti, 1958 6 18 207
Monorchiidae Odhner, 1911 1 1 12
Opecoelidae Ozaki, 1925 6 19 345
Zoogonidae Odhner, 1902 1 1 1

Table 5.2 Fish families reported as hosts in Southern Ocean, their generic and species richness
and representation in the database

Family No. of genera No. of species No. of records
Arhynchobatidae 1 3 4
Artedidraconidae 3 9 47
Bathydraconidae 7 9 104
Bathylagidae 1 1 2
Channichthyidae 9 10 223
Congiopodidae 1 1 4
Harpagiferidae 1 2 12
Liparidae 1 3 9
Macrouridae 1 2 28
Muraenolepididae 1 2 40
Myctophidae 1 1 1
Nototheniidae 11 29 718
Zoarcidae 3 4 12

Nicoll, 1909 in hosts of the Bathydraconidae. Although the digenean fauna of noto-
theniids is generally more diverse in terms of means of number of species per fam-
ily, the overall compositional pattern is similar (Fig. 5.1) indicating low effects of
host-specificity at the host-family level.

The host-parasite list compiled from the present data was used to examine the
patterns of host-specificity of the digeneans in the region. The database comprises a
total of 416 host-parasite associations with an uneven distribution, i.e. 17 fish spe-
cies (22 %) reported to harbour 10-17 digenean species and another 16 species
(21 %) reported as hosts of single species. Given the limited overall digenean diver-
sity, these data also indicate low levels of host-specificity. Indeed, 14 digeneans
were reported in 10-38 fish hosts with eight species exhibiting an extremely low
host-specificity: Elytrophalloides oatesi (with 38 hosts reported), Genolinea bowersi
(33 hosts), Lepidapedon garrardi (29 hosts), Gonocerca phycidis (28 hosts),
Lecithaster macrocotyle and Macvicaria georgiana (26 hosts each), Neolebouria
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Nototheniidae Channichthyidae Bathydraconidae

Aporocotylidae m Azygiidae m Derogenidae
Fellodistomidae Hemiuridae Lecithasteridae

u |Lepidapedidae = Monorchiidae m Opecoelidae

Fig. 5.1 Relative composition of the digenean faunas in fishes of the three most species-rich host
families

georgiensis (21 hosts) and Neolebouria antarctica (20 hosts). Another group of 25
digenean species has been recorded in 2-9 fish hosts (Table 5.3). Although 22 dige-
nean species have been recorded in a single host species, this figure reflects poor
sampling rather than a pattern of strict host-specificity since more than a half of the
species in this group (13) have been recorded only once. These data suggest that
digeneans in fishes of the Southern Ocean typically exhibit low levels of
host-specificity.

5.3 Contemporary Diversity Assessment: Current Baselines

5.3.1 Importance of Baselines for Prediction of Global
Changes

The completion of the complex digenean life-cycle relies on the health and avail-
ability of all the hosts in the life-cycle. Any reduction in the viability of a host in the
sequence will result in the reduction, or elimination, of the digeneans in the other
hosts. Any perturbation of the environment, such as the effects of global warming
on the Antarctic Seas and ice-sheets, will inevitably be reflected in the occurrence,
prevalence and intensity of the digeneans found in the definitive hosts, fishes in the
case of the present study. For this to be a useful indicator of environmental health a
baseline is needed, but the picture of diversity, distribution and host associations of
digeneans in the Southern Ocean is still disturbingly incomplete. Due to logistic
challenges for field assessments a rather small number of regionally limited inven-
tories have been carried out and then predominantly focused on taxonomy,
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Table 5.3 Host-specificity of the digeneans reported in the Southern Ocean based on the records
in the present database

No. of
host
Digenean species species
Aporocotyle michauda; Aporocotyle nototheniae; Boreascotia megavesicula; 1
Genolinea nototheniae; Gibsonia hastata; Gonocerca haedrichi; Helicometra
pisanoae; Lecithochirium whitei; Lepidapedon brayi; Lepidapedon ninae;
Lepidapedon paralebouri; Lepidapedon tertium; Macvicaria skorai,
Neolepidapedon macquariensis; Paralepidapedon antarcticum; Paralepidapedon
awiiy Paralepidapedon variabile; Steringophorus arntzi; Aphanurus sp.;
Fellodistomum sp.; Proctophantastes sp.; Stenakron sp.
Genolinea bowersi; Gonocerca muraenolepisi; Helicometra rakusai; Macvicaria 2
longibursata; Macvicaria muraenolepidis; Macvicaria ophthalmolyci;
Muraenolepitrema magnatestis; Paralepidapedon dubium; Paralepidapedon
lepidum;, Steringophorus liparidis
Discoverytrema gibsoni; Lepidapedon notogeorgianum; Postlepidapedon 3
opisthobifurcatum
Caudotestis glacialis; Caudotestis kerguelensis 4
Discoverytrema markowskii; Lecithophyllum champsocephali; Macvicaria 5
antarctica; Otodistomum cestoides
Helicometra antarcticae 6
Lepidapedon balgueriasi; Neolepidapedon magnatestis 7
Lecithaster micropsi; Postmonorchis variabilis 8
Derogenes varicus 9
Macvicaria microtestis; Macvicaria pennelli 10
Derogenes johnstoni; Neolebouria terranovaensis 12
Glomericirrus macrouri; Neolepidapedon trematomi 13
Neolebouria antarctica 20
Neolebouria georgiensis 21
Lecithaster macrocotyle; Macvicaria georgiana 26
Gonocerca phycidis 28
Lepidapedon garrardi 29
Genolinea bowersi 33
Elytrophalloides oatesi 38

identification and morphological characterisation of the digeneans. As a result,
practically no historical baseline data exist that could be used for assessing trends of
change in digenean diversity and distribution and/or host associations and preva-
lence of individual species. Nevertheless, the number of species recorded in the
present database shows an increase of 36 % in the nearly 20 years since the last
review of the digenean fauna of Antarctic fishes (Zdzitowiecki 1998; see also
detailed baseline in Zdzitowiecki 1997). Therefore, we provide here a list of species
in addition to the species richness mapped by ecoregion to serve as potential con-
temporary baselines for digenean diversity in the ecoregions of the Southern Ocean
(Table 5.4). Almost all of the species (93.3 %) are endemic to the Southern Ocean
(see Zdzitowiecki 1997, 1998).
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Table 5.4 Potential contemporary baselines for digenean diversity in the ecoregions of the

Southern Ocean

Digenean species

Ecoregion

Caudotestis kerguelensis; Derogenes varicus;
Glomericirrus macrouri; Gonocerca phycidis; Lecithaster
macrocotyle; Lecithophyllum champsocephali

212 Macquarie Island

Caudotestis kerguelensis; Derogenes varicus;
Elytrophalloides oatesi; Glomericirrus macrouri
Gonocerca phycidis; Lecithaster macrocotyle; L.
micropsi; Lecithophyllum champsocephali; Macvicaria
antarctica; Otodistomum cestoides

213 Heard and Macdonald Islands

Caudotestis kerguelensis; Derogenes varicus;
Elytrophalloides oatesi; Genolinea bowersi; Gonocerca
muraenolepisi; G. phycidis; Lecithaster macrocotyle;
Lecithophyllum champsocephali; Macvicaria antarctica;
Neolebouria antarctica; Neolepidapedon macquariensis;
N. magnatestis; Postmonorchis variabilis

214 Kerguelen Islands

Aporocotyle nototheniae; Derogenes varicus;
Elytrophalloides oatesi; Genolinea nototheniae;
Gonocerca phycidis; Lecithaster macrocotyle;
Lecithophyllum champsocephali; Macvicaria antarctica;
Neolepidapedon macquariensis; N. magnatestis;
Postmonorchis variabilis

215 Crozet Islands

Derogenes varicus; Elytrophalloides oatesi;
Glomericirrus macrouri; Gonocerca phycidis;
Lecithophyllum champsocephali; Neolepidapedon
magnatestis; Stenakron sp.

216 Prince Edward Islands

Boreascotia megavesicula; Discoverytrema gibsoni; D.
markowskii; Elytrophalloides oatesi; Fellodistomum sp.;
Genolinea bowersi; Gibsonia hastata; Gonocerca
phycidis; Lecithaster macrocotyle; L. micropsi,
Lecithochirium whitei; Lepidapedon garrardi; L.
notogeorgianum; L. paralebouri; Macvicaria antarctica;
M. georgiana; M. muraenolepidis; M. skorai,
Muraenolepitrema magnatestis; Neolebouria antarctica,
N. georgiensis; Neolepidapedon magnatestis; N.
trematomi; Paralepidapedon lepidum; Postlepidapedon
opisthobifurcatum; Postmonorchis variabilis

220 South Georgia

Genolinea bowersi; Lecithaster macrocotyle;
Lepidapedon garrardi; Macvicaria georgiana;
Neolebouria antarctica

221 South Orkney Islands

Caudotestis glacialis; Derogenes varicus; Discoverytrema
gibsoni; D. markowskii; Elytrophalloides oatest;
Genolinea bowersi; Glomericirrus macrouri; Gonocerca
haedrichi; G. phycidis; Lecithaster macrocotyle;
Lecithophyllum champsocephali; Lepidapedon garrardi;
L. notogeorgianum;, L. tertium; Macvicaria georgiana; M.
ophthalmolyci; Neolebouria antarctica; N. georgiensis;
Neolepidapedon trematomi; Paralepidapedon awii

222 South Shetland Islands

(continued)
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Digenean species

Ecoregion

Caudotestis glacialis; Elytrophalloides oatesi; Genolinea
bowersi; Gonocerca phycidis; Lecithaster macrocotyle;
Lepidapedon garrardi; Macvicaria georgiana;
Neolebouria antarctica; Neolepidapedon trematomi

223 Antarctic Peninsula

Caudotestis glacialis; Derogenes johnstoni;
Discoverytrema gibsoni; Elytrophalloides oatest;
Genolinea bowersiy; Gonocerca phycidis; Helicometra
antarcticae; H. pisanoae; Lecithochirium whitei,
Lepidapedon balgueriasi; L. garrardi; Macvicaria
microtestis; M. muraenolepidis; M. pennelli;
Muraenolepitrema magnatestis; Neolebouria
terranovaensis; Neolepidapedon trematomi;
Paralepidapedon antarcticum; P. dubium;
Postlepidapedon opisthobifurcatum

224 East Antarctic Wilkes Land

Aphanurus sp.; Caudotestis glacialis; Derogenes
Jjohnstoni; Elytrophalloides oatesi; Genolinea bowersi,
Glomericirrus macrouri; Gonocerca phycidis;
Helicometra rakusai; Lepidapedon balgueriasi; L. brayi;
L. garrardiy L. ninae; Macvicaria georgiana; M.
longibursata; M. microtestis; Muraenolepitrema
magnatestis; Neolebouria terranovaensis;
Neolepidapedon trematomi; Otodistomum cestoides;
Paralepidapedon awii; Postlepidapedon
opisthobifurcatum; Steringophorus arntzi; S. liparidis

227 Weddell Sea

Discoverytrema markowskii; Glomericirrus macrouri;
Gonocerca phycidis; Lecithaster micropsi,
Paralepidapedon variabile

228 Amundsen/Bellingshausen Sea

Aporocotyle michauda; Derogenes johnstoni; D. varicus;
Discoverytrema gibsoni; D. markowskii; Elytrophalloides
oatesi; Genolinea bowersi; Glomericirrus macrourt,
Gonocerca phycidis; Helicometra antarcticae; H.
pisanoae; H. rakusai; Lecithaster macrocotyle; L.
micropsi; Lepidapedon balgueriasi; L. garrardi;
Macvicaria georgiana; M. muraenolepidis; M. pennelli;
Muraenolepitrema magnatestis; Neolebouria antarctica;
N. georgiensis; N. terranovaensis; Neolepidapedon
trematomi; Otodistomum cestoides; Paralepidapedon
dubium;, P. lepidum; Postlepidapedon opisthobifurcatum
Proctophantastes sp.; Steringophorus liparidis

229 Ross Sea

The impact of climate change on digeneans can be so far assessed only indirectly
from the impact on their putative hosts, as their life-cycles in Antarctic waters are
not known. It is reasonable to assume that trematodes are bound to gastropods,
bivalves, amphipods and annelids, which are used as first and second intermediate
hosts (Zdzitowiecki 1988). Only in the case of Neolebouria georgiensis has it been
shown that the intermediate hosts are crustaceans of the family Mysidae (see
Gaevskaya 1982). The only study on the influence of temperature on cercariae of
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Antarctic digeneans was carried out by Graefe (1971) who examined unidentified
opecoelid cercariae from the gastropod Margarella Thiele, 1893 from the coast of
the Antarctic Peninsula and found a striking adaptation to cold temperatures (—4 to
—1.7 °C in water during the austral summer) when emergence of cercariae from
snails took place at O—1 °C under experimental conditions. Usually, in temperate
climatic conditions trematode development within snail hosts stops at temperatures
below 12-14 °C (Donges 1964; Olson 1966). Further, Graefe (1971) recorded a
pronounced mortality of the opecoelid cercariae at artificially elevated tempera-
tures (30-32 °C). At slightly lower temperatures (up to 27 °C) they were able to
survive for a short time indicating, perhaps, a potential resilience to elevated
temperatures.

5.3.2 Spatial Distribution of Host and Parasite Diversity

The present database provides useful information for an assessment of the regional
distribution of host and digenean species. The digenean and host richness mapped
in Fig. 5.2, relative to the 18 ecoregions considered, reveal a generally concordant
pattern with high richness of both faunas in three ecoregions of the Continental
High Antarctic Province (224, 227 and 229) and two ecoregions of the Scotia Sea
Province (220 and 222). In an analysis of the geographical patterns of species rich-
ness of gastropods and bivalves (intermediate hosts for the digeneans) in the
Southern Ocean, Linse et al. (2006) identified as hotspots of taxonomic richness
South Georgia (ecoregion 220), Weddell Sea (ecoregion 227) and Ross Sea (ecore-
gion 229), all characterised by high pelagic productivity (Atkinson et al. 2001;
Brierley and Thomas 2002). These findings are concordant with the digenean rich-
ness pattern inferred from the present database, identifying these three ecoregions
as host fish and digenean richness hotspots.

A breakdown of fish and digenean diversity by province (Table 5.5) indicates an
overall higher taxonomic diversity in the Continental High Antarctic Province and
the Scotia Sea Province compared with the third (Sub-Antarctic Islands). There was
a strong significant correlation between species richness and sampling effort
(measured as the number of studies) across ecoregions (Spearman’s rho 0.873 and
0.916 for digenean and host species, respectively; both P <0.05), the means for both
measures of richness being the highest for the Scotia Sea Province. Nevertheless, no
significant differences between provinces were found for all measures listed in
Table 5.5.

The multidimensional scaling plot of ecoregional faunas based on Jaccard simi-
larities (presence-absence data) in Fig. 5.3 provides a graphical illustration of the
patterns of geographical variation of host fish and digenean faunas. The ecoregions
of the three provinces formed three clusters except for the fish and digenean faunas
of the Amundsen/Bellingshausen Sea (ecoregion 228) which appeared dissimilar
from those in the remaining ecoregions. Surprisingly, faunas in distant ecoregions
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Fig. 5.2 Fish (a) and digenean (b) species richness in 13 ecoregions of the Southern Ocean based
on the present database
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Table 5.5 Distribution of host fish and digenean diversity in the three provinces represented in the
database

Subantarctic Continental high
Islands Scotia Sea Antarctic
Variable/Province Range Mean |Range |Mean | Range Mean
No. of fish families 2-4 3.0 2-8 5.0 1-9 6.8
No. of fish genera 2-8 54 3-21 12.3 1-16 10.8
No. of fish species 2-9 6.4 4-29 17.3 1-26 17.5
No. of digenean families 4-7 5.4 4-7 53 4-9 6.0
No. of digenean genera 6-11 8.6 5-17 11.3 5-19 14.0
No. of digenean species 6-13 9.4 5-26 15.0 5-30 19.5
No. of studies 1-7 4.0 3-21 12.3 2-17 10.3
No. of records 7-104 43.6 15-308 | 145.5 |5-154 101.0
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Fig. 5.3 Multidimensional scaling plot of the 13 ecoregional host fish (a) and digenean (b) faunas
based on Jaccard similarities (presence-absence data)

were closely linked (227 Weddell Sea vs. 229 Ross Sea and 224 East Antarctica
Wilkes Land for both hosts (Fig. 5.3a) and digeneans (Fig. 5.3b) whereas faunas in
neighbouring ecoregions appeared more dissimilar than those in more distant ecore-
gions (fish faunas: 220-221 and 222-223 vs. 220-222 and 215-216 vs. remaining
ecoregions within the Sub-Antarctic Islands Province; digenean faunas: 220-221
vs. remaining ecoregions within the Scotia Sea Province).

Even considering in the further analyses the clear outlier (ecoregion 228) where
a single host species has been sampled in just two studies, there was a significant
differentiation of both fish and digenean faunas of the three provinces (ANOSIM
test, Global R=0.800 and 0.722, respectively; both P=0.001) (Fig. 5.3). The poorer
faunas of the Sub-Antarctic Islands Province formed a tight cluster based on sig-
nificant dissimilarity in the contrasts with the faunas in the ecoregions of the Scotia
Sea Province (R=0.894 and 0.925, respectively, both P=0.008) and the Continental
High Antarctic Province (R=0.950 and 0.763, respectively; both P=0.008).
Finally, although there was a significant differentiation between fish faunas of the
Scotia Sea and the Continental High Antarctic provinces (R=0.536, P=0.029),
their digenean faunas were similar (R=0.359, P=0.057). Given the distinctly low
levels of host-specificity of the most widely distributed digenean species, the
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regional distribution of the digenean faunas appears to support the major divisions
within the Southern Ocean in the classification of Spalding et al. (2007).
Furthermore, the concordant similarity patterns of host and digenean faunas indi-
cate that these may reflect, in spite of the sampling bias, underlying general bio-
geographical patterns.

It is worth noting that ecoregion 228 (Amundsen/Bellingshausen Sea) located in
the Pacific sector of the Southern Ocean is difficult to assess because of its remote
location and pack ice coverage throughout most of the year (Barnes and Hillenbrand
2010); it is the least studied, in every aspect, Antarctic continental shelf region
(apart from those regions, 217,218, 219, 225 and 226, not studied at all). One of the
few expeditions dealing with examination of the macro- and megafaunal benthic
assemblages in the Amundsen Sea revealed a low species richness of gastropods and
bivalves (acting as first intermediate hosts for digeneans) as opposed to the high
richness of bryozoans, echinoids and ophiuroids and a numerical dominance by
echinoderms. Furthermore, these authors indicated a clear difference in species
composition and structure of the benthic assemblages in the Amundsen Sea from
those in the Weddell, Ross and Scotia Seas as well as a much lower species richness
(Linse et al. 2016). One possible explanation of the lower benthic species diversity
could be that the Amundsen/Bellingshausen Sea shelf was probably completely
covered by the grounded West Antarctic Ice Shield (see Barnes and Hillenbrand
2010; Lowe and Anderson 2002; Dowdeswell et al. 2006; Evans et al. 2006; Larter
et al. 2009) and there were no glacial refugia, thus the area had to be re-colonised.
Whatever the cause, the low mollusc richness and abundance can substantially
influence digenean diversity and transmission efficiency, respectively, and it is plau-
sible to suggest that the low richness and dissimilarity of the digenean fauna of
fishes in the Amundsen Sea reflect the structure and specific composition of the
benthic assemblages in this ecoregion. Future sampling is required, however, to test
this hypothesis.

Whereas the finding that the digenean faunas of the Sub-Antarctic Islands
Province are both species-poor and dissimilar from those of the mainland appar-
ently reflects general island-mainland connectivity patterns, the high similarity
between the faunas of Weddell Sea (ecoregion 227) and those of the non-connected
distant Ross Sea (229) and East Antarctic Wilkes Land (224), is striking. Barnes and
Hillenbrand (2010) compared the composition of modern bryozoan assemblages
around Antarctica and revealed a similarly striking similarity between the bryozoan
faunas of the shelves of the Weddell and Ross Seas which was, as in the present
study (see Fig. 5.3), greater than between those from regions in close proximity, the
Antarctic Peninsula shelf (ecoregion 223) and the South Shetland Islands (ecore-
gion 222). These authors suggested that this key finding implies a past direct con-
nectivity between bryozoans from the two regions (‘Weddell-Ross link’) favouring
the hypothesis for a late Quaternary trans-Antarctic seaway connecting the Weddell
and Ross Seas which opened in response to a collapse of the West Antarctic Ice
Sheet (WAIS) and allowing dispersal and faunal exchange between the two regions.

The finding that the bryozoan faunas of Weddell and Ross Sea are more similar
than any other area in close proximity and areas assumed to be connected by refuges
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during the Last Glacial Maximum (Barnes and Hillenbrand 2010) agrees with the
assumption of at least one WAIS collapse during the last 1.1 million years
(Hillenbrand et al. 2009; Pollard and DeConto 2009). Another study corroborating
the hypothesis of Barnes and Hillenbrand (2010) is the report of strong similarities
between the shelf gastropod and bivalve faunas of the Ross Sea and Weddell Sea
(see Linse et al. 2006). Past connectivity of the gastropod and bivalve faunas agrees
well with the similarity patterns in our dataset thus providing support for the trans-
Antarctic seaway hypothesis from yet another taxonomically and phylogenetically
unrelated fauna.

5.4 Phylogenetic Framework: First Molecular Data
for Digeneans in the Southern Ocean

The predominantly endemic character of the digenean fauna in fishes of the Southern
Ocean raises the question of whether the phylogenetic relationships within the cor-
responding higher taxa (or the Digenea in general) would change as a result of
increased taxon sampling in this region. In the phylogenetic hypotheses presented
here, we used the first sequence data for the 28S rRNA gene from our recent study
on fish digeneans from off James Ross Island (ecoregion 223) and attempted an
assessment of the interrelationships of the digeneans within the three major dige-
nean families characterised by a high taxonomic diversity in the Southern Ocean.
Published 28S rDNA sequences for a range of species within the three higher-level
taxa available from the GenBank database (sequence IDs incorporated in the fig-
ures) are also included in the phylogenetic analyses.

The phylogenetic hypothesis on the relationships within the Hemiuridae pro-
vided in Fig. 5.4 is based on an analysis of 15 species of seven subfamilies of the
Hemiuridae and eight species of the Lecithasteridae Odhner, 1905 (4 spp.),
Derogenidae (3 spp.) and Sclerodistomidae Odhner, 1927 (1 sp.). This dataset rep-
resents an expanded subset of the hemiuroidean taxa analysed by Pankov et al.
(2006) (however omitting the Didymozoidae Monticelli, 1888, one accacoeliid and
one syncoeliid) to which we have added newly-generated sequences for three dige-
neans: the elytrophalline Elytrophalloides oatesi (type-species) ex Notothenia cori-
iceps, the glomericirrine Glomericirrus macrouri ex Trematomus newnesi and the
opisthadenine Genolinea bowersi ex T. newnesi. To improve sampling within the
Dinurinae, we also added a sequence for Ectenurus lepidus Looss, 1907 (type-
species) ex Spicara maena (Linnaeus, 1758) from the western Mediterranean. The
species from the four hemiuroid families formed a strongly supported clade.

Hemipera manteri (Crowcroft, 1947) is sister to the remaining hemiuroids which
form two major divisions separating the remaining Derogenidae + Sclerodistomidae
and the Hemiuridae + Lecithasteridae (as in Pankov et al. 2006). Within the latter,
representatives of four hemiurid subfamilies, the Lecithochiriinae, Dinurinae,
Elytrophallinae, Glomericirrinae and the plerurine Plerurus digitatus (Looss, 1899)
and most of the lecithasterids formed a strongly supported major grouping. Perhaps
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11100 AY222200 Lecithochirium caesionis O Lecithochiriinae
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1/100 " ,_|__[Eclenurus lepidus (Ge130) % N
1/68 ly oatesi (ANT49] .
o7 AY222203 Lecithocladium ext(:isum o) Elytrophallinae
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Fig. 5.4 Bayesian tree for the Hemiuroidea inferred from partial sequences of the nuclear 28S
rRNA gene (1182 nt positions) constructed with MrBayes, v3.2.6 (Ronquist et al. 2012) under the
GTR+I1+I" model. Bayesian inference (BI) analysis was run for 10,000,000 generations, with
25 % of the sampled trees discarded as ‘burn-in’. Nodal support is given as posterior probabilities
(BI) followed by non-parametric bootstrap validation values based on 1000 replicates in a maxi-
mum likelihood (ML) analysis performed with PhyML 3.0 (Guindon et al. 2010); only val-
ues>0.95 (BI) and>70 (ML) are shown. The tree is rooted against Proterometra sp. (Azygiidae
Liihe, 1909). The scale-bar indicates the expected number of substitutions per site. Sequence iden-
tification is as in GenBank, followed by a letter: C, Calhoun et al. (2013); M, Marzoug et al.
(2014); O, Olson et al. (2003); P, Pankov et al. (2006). Stars indicate the new sequences provided
in the present study

the most important finding resulting from the addition of novel sequences is the
non-monophyly of the Dinurinae and the Elytrophallinae which jointly form a clade
with a maximum support (Fig. 5.4). The key difference between the two subfamilies
appears to be the thickness of the wall of the seminal vesicle (thick and muscular in
the elytrophallines vs. thin in the dinurines). However, the elytrophallines
Lecithocladium excisum (Rudolphi, 1918) and Elytrophalloides oatesi, hitherto
united by the possession of a thick-walled seminal vesicle, are not sister taxa, with
L. excisum basal in this clade and E. oatesi as sister to E. lepidus. Obtaining
sequences for more species within these two subfamilies will help resolve the
relationships between the Dinurinae and Elytrophallinae, which may well ulti-
mately be considered synonymous.

Further, adding the first sequence of a glomericirrine species revealed that the
Glomericirrinae is the closest sister taxon to the Dinurinae +Elytrophallinae with
strong support and the new sequence for the opisthadenine Genolinea bowersi
helped clarify the unresolved position of Opisthadena dimidia in the analysis of
Pankov et al. (2006): the two opisthadenines formed a strongly supported clade
within the second major clade of the Hemiuridae+ Lecithasteridae, sister to the
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Bunocotylinae albeit with a poor support. The position of Machidatrema chilostoma
(Machida, 1980) was also unresolved in the analysis by Pankov et al. (2006). This
species exhibited an association with the Bunocotylinae in the present analysis but
with poor support. Machidatrema Ledn-Regagnon, 1998 was erected as a bunocoty-
line by Leo6n-Régagnon (1998) and transferred to the Hysterolecithinae
(Lecithasteridae) by Gibson (2002) following Bray and Cribb (2000). Further sam-
pling within the Hysterolecithinae may help resolve the relationships within the
second major clade of the Hemiuridae + Lecithasteridae. The results of this study
along with earlier phylogenetic studies (e.g. Blair et al. 1998; Pankov et al. 2006)
cast doubt on the validity of the Lecithasteridae.

The phylogenetic hypothesis on the relationships within the family Opecoelidae
presented in Fig. 5.5 includes the available sequences for 28 species of 16 genera;
these include sequences for three species sampled by us: Macvicaria sp. (a new spe-
cies) ex Trematomus newnesi, M. pennelli ex T. bernacchii and Neolebouria geor-
giensis ex Trematomus pennellii. Both BI and ML analyses (alignment comprising
1214 nt positions; 42 ambiguously aligned positions excluded from the analyses)
resulted in generally well resolved and congruent trees with minor topological dif-
ferences (Fig. 5.5). The Opecoelidaec was resolved as monophyletic with
Biospeedotrema spp. as earliest divergent (as in Bray et al. 2016, 2014) and the
remaining species grouped into two strongly supported clades with Helicometra
manteri Ozaki, 1925 as the closest sister taxon. The phylogenetic study of Shedko
et al. (2015) indicated that Biospeedotrema Bray, Waeschenbach, Dyal, Littlewood
& Morand, 2014 may not be closely related to the remaining opecoelids. The first
major clade includes all species of Macvicaria, two species of Cainocreadium
Nicoll, 1909, plus single species of the genera Peracreadium Nicoll, 1909,
Gaevskajatrema Gibson & Bray, 1982, Hamacreadium Linton, 1910, Bentholebouria
Andres, Pulis & Overstreet, 2014, and Pseudopycnadena Saad-Fares & Maillard,
1986. The Mediterranean species of Macvicaria form a strongly supported clade
with Peracreadium idoneum (Nicoll, 1909) + Gaevskajatrema perezi (Mathias, 1926)
nested within it, whereas the two newly-sampled Antarctic Macvicaria spp. appear
in a separate clade with maximum support and Macvicaria macassarensis
(Yamaguti, 1952) exhibits a strong association with Hamacreadium mutabile
Linton, 1910 within a strongly supported subclade also containing Cainocreadium
spp. and Bentholebouria colubrosa Andres, Pulis & Overstreet, 2014 (maximum
support from BI analysis).

The second strongly supported opecoelid clade comprises three subclades receiv-
ing maximum support in BI and ML analyses: (i) the newly-sampled Neolebouria
georgiensis (type-species)+(Gaevskajatrema halosauropsi Bray & Campbell,
1996 + Buticulotrema thermichthysi Bray, Waeschenbach, Dyal, Littlewood &
Morand, 2014); (ii) Neolebouria lanceolata (Price, 1934)+ Podocotyloides brevis
Andres & Overstreet, 2013; and Opecoeloides spp. + Dimerosaccus oncorhynchi
Eguchi, 1931.

The most important point in the present phylogenetic hypothesis for the
Opecoelidae is the polyphyly of Macvicaria, Gaevskajatrema and Neolebouria.
This pattern for the first two genera has been observed in previous phylogenies
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Fig. 5.5 Bayesian tree for the Opecoelidae inferred from partial sequences of the nuclear 28S
rRNA gene (1177 nt positions) constructed with MrBayes, v3.2.6 (Ronquist et al. 2012) under the
GTR+I+I" model. Bayesian inference (BI) analysis was run for 10,000,000 generations, with
25 % of the sampled trees discarded as ‘burn-in’. Nodal support is given as posterior probabilities
(BI) followed by non-parametric bootstrap validation values based on 1000 replicates in a maxi-
mum likelihood (ML) analysis performed with PhyML 3.0 (Guindon et al. 2010); only val-
ues>0.95 (BI) and >70 (ML) are shown. The tree is rooted against Stephanostomum interruptum
Sparks & Thatcher, 1958 (Acanthocolpidae Liihe, 1906). The scale-bar indicates the expected
number of substitutions per site. Sequence identification is as in GenBank, followed by a letter:
An, Andres et al. (2014a, b); At, Antar et al. (2015); B-T, Born-Torrijos et al. (2012); B, Bray et al.
(2009, 2014, 2005); C, Curran et al. (2007); O, Olson et al. (2003); S, Shedko et al. (2015); T,
Tkach et al. (2000, 2001). Stars indicate the new sequences provided in the present study.

(Andres et al. 2014a; Bray et al. 2016), the latter authors also proving the polyphyly
of a third opecoelid genus, Allopodocotyle Pritchard, 1966. However, adding just
three novel sequences for digeneans from Antarctic fishes helped elucidate yet
another polyphyletic genus within the family, Neolebouria. It is worth noting that
the association of M. macassarensis with H. mutabile has already been advanced by
Andres et al. (2014a) and more recently by Bray et al. (2016). The latter authors
developed a phylogenetic hypothesis for the Opecoelidae based on concatenated
data for the 18S and 28S rRNA gene for a much larger set of taxa including three
species of Hamacreadium. Although the relationship between the Antarctic and
Mediterranean species of Macvicaria was not resolved in the present phylogenetic
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hypothesis, the former appear to have evolved much faster than the latter thus indi-
cating a probable distinction at the generic level (Fig. 5.5). Further sampling of the
endemic Antarctic species of Macvicaria would be required to test this hypothesis.
Although increased sampling of Neolebouria spp. is clearly required, the fact that
we have sequenced the type-species, N. georgiensis, will help define the boundaries
of Neolebouria in future phylogenetic studies. The present hypothesis suggests that
N. lanceolata sequenced by Andres et al. (2014a, b) (KJ001210) does not belong to
Neolebouria.

The consensus trees from BI and ML analyses of sequences for 18 species of the
family Lepidapedidae (alignment comprising 910 nt positions; six ambiguously
aligned positions excluded from the analyses) provided little resolution of the rela-
tionships at the generic level (Fig. 5.6). The Lepidapedidae was resolved as mono-

Neolepidapedon trematomi (ANT29) %
ﬂ[‘i\.moszm Neolepidapedon smithi B
0.99/74]_ pJ405271 Profundivermis intercalarius B
o AJ405266 Lepidapedon elongatum B

AJ405264 Lepidapedon desclersae B
1100
AJ405261 Lepidapedon rachion 2 B

0.97/94

AJ405260 Lepidapedon rachion1 B

0.98/- AJ405268 Lepidapedon sommervillae B

AJ405262 Lepidapedon arlenae B

0.96/71 AJ405267 Lepidapedon gaevskayae B

AJ405263 Lepidapedon beveridgei B

AJ405269 Lepidapedon zubchenkoi B

0.98/-
Lepidapedon garrardi (ANT40) %

1/100 AJ405265 Lepidapedon discoveryi B

FJ788492 P idapedon uberis B
1/1oo_| FJ788481 jum robustum B
] FJ788486 My insolens B
FJ788470 Bulbocirrus aul iB
AY. 33 Koseiria xish is O

0.02

Fig. 5.6 Bayesian tree for the Lepidapedidae inferred from partial sequences of the nuclear 28S
rRNA gene (904 nt positions) constructed with MrBayes, v3.2.6 (Ronquist et al. 2012) under the
GTR+I+I" model. Bayesian inference (BI) analysis was run for 10,000,000 generations, with
25 % of the sampled trees discarded as ‘burn-in’. Nodal support is given as posterior probabilities
(BI) followed by non-parametric bootstrap validation values based on 1000 replicates in a maxi-
mum likelihood (ML) analysis performed with PhyML 3.0 (Guindon et al. 2010); only val-
ues>0.95 (BI) and>70 (ML) are shown. The tree is rooted against Koseiria xishaensis Gu & Shen,
1983 (Enenteridae Yamaguti, 1958). The scale-bar indicates the expected number of substitutions
per site. Sequence identification is as in GenBank, followed by a letter: B, Bray et al. (1999, 2009);
O, Olson et al. (2003). Stars indicate the new sequences provided in the present study
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phyletic with Bulbocirrus aulostomi Yamaguti, 1965 as earliest divergent and a
clade formed by Myzoxenus insolens (Crowcroft, 1945), Intusatrium robustum
Durio & Manter, 1968 and Postlepidapedon uberis Bray, Cribb & Barker, 1997 as
sister to a strongly supported clade formed by: (i) a clade comprising two
Neolepidapedon spp. (one newly-sampled, N. trematomi ex Notothenia cori-
iceps)+ Profundivermis intercalarius Bray & Gibson, 1991; and (ii) a clade com-
prising Lepidapedon spp., the latter containing two main clades (L. elongatum
(Lebour, 1908) + L. desclersae Bray & Gibson, 1995+ L. rachion (Cobbold, 1858)
1+L. rachion 2 and L. arlenae Bray & Gibson, 1995+ L. gaevskayae Campbell &
Bray, 1993+ L. beveridgei Campbell & Bray, 1993+ L. zubchenkoi Campbell &
Bray, 1993 + L. garrardi+ L. discoveryi Bray & Gibson, 1995) (BI support only).
Lepidapedon somervillae Bray & Gibson, 1995 was the earliest divergent to the
later clade, albeit with poor support. The newly-sampled L. garrardi ex Trematomus
bernacchii clustered with L. discoveryi within Lepidapedon spp. but with poor sup-
port. The few resolved relationships appear generally congruent with the analyses
of Bray et al. (2009) based on concatenated datasets of the partial 285 DNA and
the partial mitochondrial nadl gene sequences for a much larger set of taxa. The
main difference represents the different position of Neolepidapedon spp. +
Profundivermis intercalarius, which appeared embedded within Lepidapedon in a
strongly supported clade together with L. zubchenkoi and L. beveridgei in their
hypothesis. Lepidapedon garrardi is embedded within a group of deep-sea species,
supporting the view of Bray et al. (1999) that there is a close relationship between
some deep-sea and Antarctic digeneans based, perhaps, on their tolerance of low
temperatures.

In summary, the first phylogenies including just a few sequences for the endemic
digeneans of the Southern Ocean are encouraging and provide a promise that further
molecular data from this region would contribute to a better understanding of the
digenean relationships at the suprageneric level. Our results indicate that future
exploration of digenean diversity in the Antarctic should be based on well-fixed
specimens in combination with 28S rDNA sequences.

5.5 Future Directions

This study is the first to include molecular phylogenetic evidence on Antarctic dige-
neans. Clearly, as molecular techniques become standard, easier and relatively less
expensive, this is an area that should be pursued in conjunction with morphological,
faunistic and ecological investigations. The inclusion of this comparatively objective
evidence will lend weight to the findings. Nevertheless, the investigations already
made possible by intrepid collectors has enabled us to develop a rudimentary under-
standing of the digenean fauna of this remote and demanding environment.
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Chapter 6
Cestodes and Nematodes of Antarctic
Fishes and Birds

Anna Rocka

6.1 Cestodes of Antarctic Fishes and Birds

6.1.1 Introduction

According to Duhamel et al. (2014) fish comprise the most species-rich group of
Antarctic vertebrates with 47 families and 374 species; four families of which,
including 14 species, being cartilagineous (Chondrichthyes). The most dominant is
the endemic family Nototheniidae with 115 species (eight species require valida-
tion). Chondrichthyes are represented by sharks (three families, five species) and
rays (one family, nine species). Sharks are mainly recorded in the northern part of
the Southern Ocean, with only one southerly record in the Ross Sea. All Antarctic
skates belong to the family Rajidae and two genera: Amblyraja Malm, 1877 (two
species) and Bathyraja Ishiyama, 1958 (seven species).

The first report on adult cestodes from fish was provided by Linstow in 1907 who
described a new species, Phyllobothrium dentatum, taken from an unidentified shark
founded on the coast of South Georgia, but the description of this species was very
poor and P. dentatum is considered as species inquirenda (Southwell 1925). Until the
beginning of the 1990s, Antarctic skates were not examined for parasites. So far, only
skates from the region of the South Shetland Islands and South Georgia have been
examined, as well as several specimens from the Weddell Sea. These represented four
species: Bathyraja eatonii (Glinther, 1876), B. maccaini Springer, 1971, Amblyraja
georgiana (Norman, 1938) and Bathyraja sp.2 Stehmann, 1985 (Rocka 2003).
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Skates are infected with ten species of the Tetraphyllidea and one of the
Diphyllidea (Rocka 2003, 2006). Teleosts are infected with three cestode species,
Parabothriocephalus johnstoni Prudhoe, 1969 and two Sub-Antarctic species,
Bothriocephalus kerguelensis Prudhoe, 1969 and B. antarcticus Wojciechowska
et al. 1995 (Prudhoe 1969; Wojciechowska et al. 1995; Kuchta et al. 2008).

Recently, a new classification of the order Tetraphyllidea has been proposed
(Healy et al. 2009; Ruhnke 2011; Caira et al. 2014; Ruhnke et al. 2015). Three new
orders were created, Rhinebothriidea Healy et al. 2009; Onchoproteocephalidea
Caira et al. 2014 and Phyllobothriidea Caira et al. 2014, and some of the species
remain within the Tetraphyllidea. In the present study, all tetraphyllidean species
parasitizing skates were transferred to new orders.

Antarctic avifauna is represented by penguins (nine species of three genera) and
over 130 species of flying seabird from nine families in three orders (Ropert-
Coudert et al. 2014). Bird-parasitizing cestodes belong to 24 species, three families
and two orders (Temirova and Skrjabin 1978; Barbosa and Palacios 2009).

Penguins from different localities of Antarctica were found to be infected with
other helminths such Contracaecum heardi, Stomachus sp., Streptocara sp.,
Ascaridia sp., Capillaria sp. egg, Tetrabothrius spp. eggs, Diphyllobothrium spp.
(and their eggs). However, almost all these records referred to immature specimens
and could be occasional and/or accidental findings (Barbosa and Palacios 2009;
Gonzales-Acuna et al. 2013; Kleinertz et al. 2014).

Also, larval forms of cestodes are very common among the Antarctic teleosts and
mammals (see: Rocka 2003) They include larvae of cestodes parasitizing skates,
plerocercoids of the Diphyllobothriidae and larvae of the Tetrabothriidae, in adult
stage parasites of marine birds and mammals.

6.1.2 Systematic Review of Cestodes Parasitizing Fishes
6.1.2.1 Cestodes of Skates

Order Onchoproteocephalidea Caira et al., 2014
Family Onchobothriidae Braun, 1900
Genus Onchobothrium de Blainville, 1828
Onchobothrium antarcticum Wojciechowska, 1990
(description Wojciechowska 1990a)

Host: Bathyraja eatonii (Eaton’s skate), Bathyraja maccaini (McCain’s skate)

Locality: South Shetlands (Wojciechowska 1990a), eastern part of the Weddell
Sea (Rocka and Zdzitowiecki 1998).

Strobila 100—150 mm long. Scolex, 0.93—1.15x 1.06—1.34 mm, with four sessile
bothridia. Bothridia 0.75-1.03 x0.60-0.63 mm. Each bothridium divided into three
loculi which varied in size, with a pair of hooks and cushion-like lobe situated on
anterior margin of anterior loculus. Hooks equal length, 0.10-0.11 mm, not
branched. Testes 125—135 in number. Cirrus pouch 0.34-0.55x%0.19-0.26 mm. The
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male genital opening situated on the lobe. Cirrus armed. Ovary 0.25-0.30x0.50—
0.65 mm. Vagina with a sphincter in distal part. Vitelline follicles forms two lateral
bands. Eggs 0.11-0.16 mm in diameter.

Order Phyllobothriidea Caira et al., 2014
Family Phyllobothriidae Braun, 1900
Genus Rajicestus Rocka and Laskowski (2017)
Rajicestus georgiense (Wojciechowska 1991)
(description Wojciechowska 1991a)

syn. Phyllobothrium georgiense Wojciechowska, 1991; Anthocephalum geor-
giense Rocka and Zdzitowiecki, 1998

Host: Amblyraja georgiana (starry skate)

Locality: shelf around South Georgia (Wojciechowska 1991a)

Strobila 60—170 mm long. Scolex, 1.13—1.50%1.25-1.87 mm, with four sessile
bothridia. Each bothridium strongly folded with weak marginal loculi and apical
sucker, 0.18-0.23 mm in diameter. Testes 140—190 in number. Cirrus pouch 0.66—
0.88x0.22-0.34 mm, situated diagonally. Ovary 0.20-0.80x 0.62—1.13 mm. Vitellaria
follicular, form two lateral wide bands. Vagina with feeble distal sphincter.

Rajicestus siedleckii (Wojciechowska 1991)
(description Wojciechowska 1991a; Rocka and Zdzitowiecki 1998)

syn. Phyllobothrium siedleckii Wojciechowska, 1991; Anthocephalum siedleckii
Rocka and Zdzitowiecki, 1998

Host: Bathyraja eatonii, B. maccaini

Locality: South Shetlands (Wojciechowska 1991a), eastern part of the Weddell
Sea (Rocka and Zdzitowiecki 1998)

Strobila 36150 mm long. Scolex, 0.84—1.23 x0.86—1.84 mm, with four sessile
bothridia. Bothridia, 0.83-1.21x0.46-0.90 mm, with folded margin and an apical
sucker, 0.20-0.28 mm in diameter. Marginal loculi weak, 40-45 in number. Testes
85-100 in number. Cirrus pouch 0.40-0.74x0.12-0.22 mm. Cirrus armed. A lobe
bearing the male genital opening present. Ovary 0.21-0.62x0.31-0.80 mm.
Vitellaria follicular, form a compact layer. Distal vaginal sphincter strong.

Rajicestus rakusai (Wojciechowska 1991a, b)
(description Wojciechowska 1991a)

syn. Phyllobothrium rakusai Wojciechowska, 1991; Anthocephalum rakusai
Rocka and Zdzitowiecki, 1998

Host: Bathyraja maccaini

Locality: South Shetlands (Wojciechowska 1991a)

Strobila 50-140 mm long. Scolex, 0.88—1.62x 1.37-1.75 mm, with four sessile
bothridia. Bothridia with only a folded margin and weak marginal loculi, and an
apical sucker, 0.25-0.31 mm in diameter. Testes 120—165 in number. Cirrus pouch,
0.55-0.76 x0.18-0.23 mm, situated diagonally. A lobe bearing the male genital
opening present. Ovary 0.37-0.92x0.47-0.85 mm. Vitellaria follicular, form a
compact layer. Vaginal sphincter feeble.
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Rajicestus arctowskii (Wojciechowska 1991)
(description Wojciechowska 1991a)

syn. Phyllobothrium arctowskii Wojciechowska, 1991; Anthocephalum arc-
towskii Rocka and Zdzitowiecki, 1998

Host: Bathyraja sp. 2

Locality: South Shetlands (Wojciechowska 1991a), eastern part of the Weddell
Sea (Rocka and Zdzitowiecki 1998)

Strobila 15-35 mm long. Scolex, 0.75-1.06x0.86—1.90 mm, with four sessile
bothridia. Bothridia with only a folded margin and weak marginal loculi (30 in
number), and an apical sucker, 0.20-0.25 mm in diameter. Testes 60-80 in number.
Cirrus pouch 0.37-0.55 x0.15-0.26 mm. A lobe with the male genital opening pres-
ent. Ovary 0.12-0.67x0.43-0.70 mm. Vitellaria follicular, form a compact layer.
Vaginal sphincter strong.

Genus Guidus Ivanov, 2006
Guidus antarcticus (Wojciechowska 1991)
(description Wojciechowska 1991b; Ivanov 2006)

syn. Marsupiobothrium antarcticum Wojciechowska, 1991

Host: Bathyraja eatonii, B. maccaini

Locality: South Shetlands (Wojciechowska 1991b)

Strobila 140 mm long. Scolex, 1.6x 1.8 mm, forms a cephalic peduncle bearing
four globular, sac-like, muscular bothridia. Bothridia, 1.34—1.44x0.83-0.91 mm,
with a muscular sphincter and one accessory sucker, 0.12-0.13 mm in diameter.
Apical margin of the bothridium projects anteriorly as a lappet-shaped outgrowth of
tissue, opposite to an accessory sucker. Testes 200—220 in number. Cirrus pouch
0.85-0.94 x0.29-0.44 mm. Ovary, 0.70-0.75 x 1.13—1.25 mm, multilobed. Vitellaria
follicular, gathered into two lateral wide bands. Vagina with sphincter at distal part.

Guidus awii (Rocka and Zdzitowiecki 1998)
(description Rocka and Zdzitowiecki 1998)

syn. Marsupiobothrium awii Rocka and Zdzitowiecki, 1998

Host: Bathyraja maccaini

Locality: the eastern part of the Weddell Sea (Rocka and Zdzitowiecki 1998)

Strobila 30-90 mm long. Scolex, 0.95-1.63x0.34—1.54 mm, forms a cephalic
peduncle bearing four globular, sac-like, muscular bothridia. Bothridia, 0.95-
1.38x0.34-0.63 mm, with muscular sphincter and one accessory sucker, 0.086—
0.117 mm in diameter. Lappet-shaped outgrowth on the bothrdium present. Testes
120-150 in number. Cirrus pouch 0.47-0.76x0.20-0.55 mm. Ovary, 0.28-
0.65x%0.62-0.95 mm, multilobed. Vitelline follicles gathered into two lateral wide
bands. Vagina with sphincter at distal part. Eggs 0.016-0.017 mm in diameter.

Order: Rhinebothriidea Healy et al., 2009
Family Echeneibothriidae de Beauchamp, 1905
Genus Notomegarchynchus Ivanov and Campbell, 2002
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Notomegarchynchus shetlandicum (Wojciechowska 1990)
(description Wojciechowska 1990b; Ivanov and Campbell 2002)

syn. Pseudanthobothrium shetlandicum Wojciechowska, 1990

Host: Bathyraja eatonii, B. maccaini

Locality: South Shetlands (Wojciechowska 1990b)

Strobila 85-125 mm long. Scolex, 0.85-1.30% 1.24—1.80 mm, composed of four
stalked, cylindrical bothridia and a myzorhynchus. Bothridia, 0.7-0.9 mm long,
ending in a thick-walled sucker, 0.4-0.5 mm in diameter. Myzorhynchus, 0.6—
1.0x0.96-1.45 mm, consisting of proscolex and an apical organ. Apical organ mus-
cular, occupying top of myzorhynchus, extending laterally and forming hanging
velum. Both, proscolex and apical organ, non-invaginable and non-retractable.
Testes 40—60 in number. Cirrus pouch 0.29-0.41x0.14-0.23 mm. Cirrus armed.
Ovary 0.09-0.32x0.12-0.41 mm. Vitellaria follicular, gathered into two narrow lat-
eral bands. Eggs 0.043-0.055 x0.040-0.047 mm, with filament at one pole.

Genus Pseudanthobothrium Baer, 1956
Pseudanthobothrium notogeorgianum Wojciechowska, 1990
(description Wojciechowska 1990b)

Host: Amblyraja georgiana

Locality: shelf around South Georgia (Wojciechowska 1990b)

Strobila 18—-60 mm long. Scolex, 0.75-1.20x 1.13-1.43 mm, with four funnel-
shaped bothridia and cylindrical myzorhynchus. Bothridia 0.63-0.88 mm long with
depression on apex surrounded by thin-walled sucker. Myzorhynchus, 0.16—
0.75 mm long with apical disc, 0.13-0.22 mm in diameter. Apical disc invaginable
and retractable into myzorhynchus. Testes 25-36 in number. Cirrus pouch 0.20—
0.28x0.12-0.16 mm. Cirrus armed. Ovary 0.08-0.33x0.12-0.30 mm. Vitellaria
form two narrow lateral bands. Eggs 0.043-0.046 x0.038-0.041 mm, passing at one
pole into filament.

Pseudanthobothrium minutum Wojciechowska, 1991
(description Wojciechowska 1991b)

Host: Bathyraja eatonii

Locality: South Shetlands (Wojciechowska 1991b)

Strobila 22-36 mm long. Scolex, 0.56-0.88 x0.80-1.33 mm, with four funnel-
shaped bothridia and cylindrical myzorhynchus with a disc extruding outside at the
tip. Bothridia, 0.50-0.75%0.31-0.56 mm, ended with a sucker-like structure.
Myzorhynchus 0.38-0.58 0.2 mm. Apical disc invaginable and retractable into
myzorhynchus. Diameter of the extruded disc 0.28-0.30 mm. Testes 20-26 in num-
ber. Cirrus pouch 0.24-0.27x0.12-0.15 mm. Ovary 0.08-0.45x0.12-0.55 mm.
Vitelline follicles gathered into two narrow lateral bands.

Order Diphyllidea Carus, 1863
Family Echinobothriidae Perrier, 1897
Genus Echinobothrium Beneden, 1849
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Echinobothrium acanthocolle Wojciechowska, 1991
(description Wojciechowska 1991b)

Host: Amblyraja georgiana

Locality: shelf near South Georgia (Wojciechowska 1991b)

Strobila 5 mm long. Scolex proper, 0.80x0.59 mm, consists of armed rostellum,
0.16x0.19 mm and two bothria, 0.74x0.60 mm. Hook formula 3(16/15)3. Hook
increasing in length toward center of group. Lateral hooklets arranged in two groups.
Cephalic peduncle 0.12x0.26 mm, armed with eight longitudinal columns of 2-5
spines. Spines with triradiate bases, 0.028-0.035 mm. Testes 19-25, in 4-5 irregular
columns. Cirrus pouch 0.166-0.197x0.113-0.147 mm. Genital opening situated
ventrally, on the mid-line of the proglottid, in its posterior part. Ovary 0.185—
0.345%x0.21-0.34 mm. Vitelline follicles very small, along lateral borders of the
proglottid.

6.1.2.2 Cestodes of Bony Fishes

Order Bothriocephalidea Kuchta, Scholz, Brabec and Bray, 2008
Family Bothriocephalidae Blanchard, 1849
Genus Bothriocephalus Rudolphi, 1808
Bothriocephalus kerguelensis Pradhoe, 1969
(description Prudhoe 1969)

Host: Notothenia cyanobrancha (blue rockcod), N. rossi (marbled rockcod)

Locality: Royal Sound, Kerguelen Subregion (Prudhoe 1969)

Strobila 10-82 mm long. Scolex 0.3-0.9 x0.4-0.6 mm. Testes 25-30 in number;
4-5 visible in transverse section. Cirrus pouch; its length/width ratio is 4:1. Ovary
0.4x0.3 mm. Eggs 0.057-0.065x0.037-0.042 mm.

Bothricephalus antarcticus Wojciechowska et al., 1995
(description Wojciechowska et al. 1995)

Strobila 110 mm long. Scolex 0.6—1.3 mm long. Testes 80—100 in a proglottid
with single genital set; 100—120 in a proglottid with a double set. Six to seven testes
visible in transverse section, with 4-5 in sagittal section (and 6-7 in proglottid with
double set). Cirrus pouch; its length/width ratio is 2:1. Ovary 0.08-0.17x0.33—
0.46 mm. Eggs 0.06-0.07 x0.04—0.05 mm, operculate.

(description Wojciechowska et al. 1995)

Host and locality: Champsocephalus gunnari (mackerel icefish), Channichthys
rhinoceratus (crocodile icefish)
Host and locality: Heard Island, Kerguelen Subregion (Wojciechowska et al. 1995)

Family Echinophallidae Schumacher, 1914
Genus Parabothriocephalus Yamaguti, 1934
Parabothriocephalus johnstoni Prudhoe, 1969
(description Prudhoe 1969; Rocka and Zdzitowiecki 1998)
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Strobila 225 mm long. Scolex 1.75-2.06 x0.54—1.00 mm. Testes 100—120 in num-
ber. Cirrus pouch 0.65-1.00%0.18-0.32 mm. Cirrus up to 0.62 mm, armed. Ovary
0.19-0.42x0.38-0.74 mm. Eggs 0.072-0.083 x0.052-0.062 mm, operculate.

(description Prudhoe 1969; Rocka and Zdzitowiecki 1998)

Host and locality: Macrourus whitsoni (Whitson’s grenadier), M. holotrachys
(bigeye grenadier)

Host and locality: Indian sector of the Southern Ocean (Prudhoe 1969), the east-
ern part of the Weddell Sea (Rocka and Zdzitowiecki 1998) and off Heard and
Kerguelen Islands (Kuchta et al. 2008)

6.1.3 Systematic Review of Cestodes Parasitizing Birds

Order Tetrabothriidea Baer, 1954
Family Tetrabothriidae Linton, 1891
Genus Tetrabothrius Rudolphi, 1819
Tetrabothrius joubini Railliet and Henry, 1912
(description Cielecka et al. 1992; Georgiev et al. 1996)

Host and locality: Pygoscelis antarctica (chinstrap penguin) — South Shetlands
(Cielecka et al. 1992; Georgiev et al. 1996)

Strobila 30-40x0.5 mm. Scolex 0.32x0.36 mm, long neck up to 0.5 mm.
Auricular appendages of bothridia are remarkable, as they are larger than in other
species and wide spreading in relation to small dimensions of scolex as a whole.
Genital pores present on one side of margin in the anterior part of proglottid. Testes
4-7 in number, large and irregular in shape. Genital atrium small, 0.042-0.050 mm
in diameter. No papilla genitalis. Cirrus pouch, 0.029-0.040x0.035-0.049 mm,
with a strong muscular wall. Male duct very short. Vagina lacking distinct widening;
forming several loops in the proximal part, attached by a sheath of glandular cells
along its whole length. Ovary and vitellarium branched.

Tetrabothrius pauliani (Uniamniculus) Joyeux and Baer, 1954
(description Temirova and Skrjabin 1978)

Host and locality: P. antarctica, P. adeliae (Adélie penguin) — the South Shetlands
(Cielecka et al. 1992; Georgiev et al. 1996; Vidal et al. 2012), Bouvet Island
(Andersen and Lysfjord 1982); Pygoscelis papua (gentoo penguin) and Aptenodytes
patagonicus (king penguin) — Kerguelen Islands (Prudhoe 1969)

Strobila 10x0.7 mm. Scolex 0.434-0.56x0.45-0.59 mm with four muscular
bothridia. Auricular appendages wide. Genital pores present on one side of the mar-
gin in the anterior part of the proglottid. Testes 9—-14 in number. Genital atrium
surrounded by strong muscles, 0.07-0.08 mm in diameter. No papilla genitalis.
Male duct 0.026 mm long. Cirrus pouch, 0.045-0.053 mm in diameter, thin-walled.
Vagina straight, without widenings and loops. Ovary and vitellarium branched.
Oncospheres 0.027x0.023 mm.
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Tetrabothrius (Tetrabothrius) diomedea Fuhrmann, 1900
(description Temirova and Skrjabin 1978)

Host and locality: Diomedea exulans (wandering albatross), Diomedea chloro-
rhynchus (yellow-nosed albatross) — islands of the Southern Ocean (Temirova and
Skrjabin 1978)

Strobila 70-140 mm. Scolex 0.38-0.43x0.32-0.35 mm. Testes 16-20 in num-
ber. Cirrus pouch 0.045-0.084 x 0.057-0.088 mm. Aperture of male duct on apex of
knob, aperture of vagina situated ventrally. Distal part of vagina surrounded by
dense layer of muscle fibres. Outside of genital atrium and vagina covered with
glands; lumen of vagina with thin spines.

Tetrabothrius (Tetrabothrius) kowalewskii Szpotanska, 1917
(description Temirova and Skrjabin 1978)

syn. Porotaenia kowalewskii Szpotanska, 1917, P. macrocirrosa Szpotanska,
1917, Tetrabothrius kowalewskii (Szpotanska 1917) Johnston, 1935

Host and locality: Diomedea chlororhynchus, Procellaria aequinoctialis (white-
chinned petrel) — Kerguelen Islands (Temirova and Skrjabin 1978); Daption capense
(cape petrel) — South Shetlands (Odening 1982)

Strobila (without scolex) 168 x1.94 mm. Scolex 0.4-0.455x%0.575-0.59 mm.
Testes number 38—40, 0.028 mm in diameter. Genital atrium 0.172x0.181 mm.
Cirrus pouch 0.053-0.077 x0.069-0.090 mm. Male duct 0.086 mm. Aperture of
male duct in centre of genital atrium. Vaginal aperture ventral to male opening.
Ovary, 0.31 x0.38 mm, multilobed. Vitellarium, 0.043 x0.069 mm, situated antero-
ventrally to ovary. Receptaculum seminis, 0.044 x0.060 mm, situated behind of
ovary. Oncospheres 0.033-0.039x0.030-0.033 mm.

Tetrabothrius (Tetrabothrius) umbrella Fuhrmann, 1899
(description Temirova and Skrjabin 1978)

syn. Chaetophallus umbrellus (Fuhrmann, 1899) Nybelin, 1916; Ch. robustus
Nybelin, 1916; Ch. musculus Szpotanska, 1917; Ch. setigerus Fuhrmann, 1921; Ch.
setigerus (Szpotanska 1917) Johnston, 1935; Ch. fuhrmanni (Szpotanska 1917)
Johnston, 1935; Ch. siedleckii (Szpotanska 1917) Johnston, 1935; Ch. longissimus
(Szpotanska 1917) Johnston, 1935; Porotaenia setigera Szpotanska, 1917; P.
fuhrmanni Szpotanska, 1917; P. siedleckii Szpotanska, 1917; P. longissima
Szpotanska, 1917

Host and locality: Diomedea exulans, D. chlororhynchus, Phoebetria palpebrata
(light-mantled albatross), Macronectes giganteus (southern giant petrel),
Thalassoica antarctica (Antarctic petrel), Procellaria (Adamastor) cinereas (grey
petrel) — islands of the Southern Ocean (Temirova and Skrjabin 1978)

Strobila 480 x2.5-4 mm. Scolex 0.34-0.448 x 0.465-0.680 mm. Testes 25-37 in
number. Genital atrium, shallow with week musculature, covered with long spines.
Cirrus pouch, 0.091-0.114 x0.114-0.136 mm, spherical. Male duct 0.04 mm long.
Vaginal aperture ventral to male opening. covered at the distal part with long spines.
Oncospheres 0.032-0.036 mm.



6 Cestodes and Nematodes of Antarctic Fishes and Birds 85

Tetrabothrius (Biamniculus) filiformis Nybelin, 1916
(description Temirova and Skrjabin 1978)

Host and locality: Procellaria aequinoctialis — waters of Antarctica (Temirova
and Skrjabin 1978); Larus dominicanus — King George Island, South Shetlands.

Strobila very delicate. Scolex 0.3x0.3 mm. Testes 9-11 in number. Genital
atrium with week musculature. Cirrus pouch 0.036x0.0288 mm. Male duct
0.028 mm long, opens dorsally to vagina.

Tetrabothrius (Biamniculus) fuhrmanni Nybelin, 1916
(description Temirova and Skrjabin 1978)

Host and locality: Diomedea chlororhynchus, Procellaria aequinoctialis — South
Georgia, South Shetlands, South Orkneys, Kerguelen Islands (Temirova and
Skrjabin 1978)

Strobila 60—200 mm. Scolex 0.33-0.41x0.19—0.27 mm. Testes, 15-16 in num-
ber, 0.013 mm in diameter. Genital atrium 0.095x0.142 mm. Cirrus pouch
0.065 x0.047 mm. Aperture of male duct located on apex of knob, vaginal aperture
atbase of knob. Ovary, 0.252 x 0.211 mm, multilobed. Vitellarium, 0.043 x 0.047 mm,
antero-ventrally to ovary. Oncospheres, 0.016-0.023 x0.016—0.021 mm.

Tetrabothrius (Biamniculus) heteroclitus Diesing, 1850
(description Temirova and Skrjabin 1978)

syn. Tetrabothrius auriculatus Linstow, 1888; T. diomedea Fuhrmann, 1900; T.
intermedius Fuhrmann, 1899; T. valdiviae Szpotanska, 1917; T. pseudoporus
Szpotanska 1917; Porotaenia fragilis Szpotanska, 1917; P. fragilis var exulans
Szpotanska, 1917; P. fragilis var filiginosa Szpotanska, 1917; P. fragilis var capen-
sis Szpotanska, 1917

Host and locality: Diomedea chlororhynchus, D. exulans, Phoebetria
palpebrata,Thalassoica antarctica, Pagodroma nivea (snow petrel), Daption
capense, Macronectes giganteus, Fulmarus glacialoides (southern fulmar),
Procellaria (Adamastor) cinereus, Procellaria sp.

Procellaria sp. -Crozet Islands, Baleny Islands (Temirova and Skrjabin 1978)

Strobila 73-396 x 3—-3.08 mm. Scolex 0.42x0.42 mm. Testes, 2637 in number,
0.258 mm in diameter. Genital atrium 0.24-0.284 mm in diameter. Apertures of
long male duct and vagina on apex of ventrally curved papilla. Cirrus pouch 0.090-
0.125%0.12-0.129 mm. Ovary, 2.58x0.16 mm, multilobed. Vitellarium, 0.142—
0.18x0.275 mm, ventral to ovary. Oncospheres, 0.043x0.034 mm, with hooks,
0.013-0.017 mm long.

Tetrabothrius (Biamniculus) mawsoni Johnston, 1937
(description Temirova and Skrjabin 1978)

syn. Tetrabothrius cylindraceus Leiper et Atkinson, 1914 nec Rudolphi, 1819
Host and locality: Catharacta skua (great skua), Antarctica (Temirova and
Skrjabin 1978)
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Strobila 128-150x 1.7 mm. Scolex 0.35x0.38-0.41 mm. Testes 70 in number.
Cirrus pouch 0.11x0.09 mm. Male duct 0.07 mm long with aperture on apex of
knob curved ventrally. Vaginal aperture ventral at base of knob.

Tetrabothrius (Biamniculus) nelsoni Leiper and Atkinson, 1914
(description Temirova and Skrjabin 1978)

syn. Tetrabothrius glaciloides Nybelin, 1929

Host and locality: Diomedea melanophrys (black-browed albatross), Phoebetria
palpebrata; Antarctica (Temirova and Skrjabin 1978)

Strobila 39x0.88 mm. Scolex 0.48x0.52 mm. Apical organ 0.56x0.38 mm.
Testes 17-18, 0.026 mm in diameter. Genital atrium 0.129x0.107 mm. Cirrus
pouch 0.043x0.036 mm. Male duct, 0.056 mm long. Apertures of male duct and
vagina located on apex of papilla. Ovary 0.112x0.212 mm with finger-like lobes.

Tetrabothrius (Culmenamniculus) laccocephalus Spatlich, 1909
(description Temirova and Skrjabin 1978)

Host and locality: Ardenna griseus (sooty shearwater), A. gravis (great shearwa-
ter), A. creatopus (pink-footed shearwater), Calonectris diomedea borealis (Cory’s
shearwater), Pagodroma nivea (snow petrel), Fulmarus glacialoides (slender-billed
fulmar), Procellaria aequinoctialis — Scott Island (Ross Sea),waters of Antarctica
(64°04/156°06) (Temirova and Skrjabin 1978)

Strobila 152x 1,62 mm. Scolex 0.52x0.48 mm. Apical organ 0.38x0.46 mm.
Testes 26-36, with diameter 0.021 mm. Genital atrium, 0.181-0.233x0.198—
0.263 mm, with prominent knob. On apex of this knob located male and female
apertures. Male duct 0.172 mm long. Cirrus pouch 0.077 x0.060 mm. Ovary, 0.25—
0.28%x0.56-0.63 mm, multilobed. Vitellarium 0.151-0.168 x0.125-0.138 mm.
Oncospheres, 0.037-0.045 x0.033 mm, with embryonic hooks, 0.013 mm long.

Tetrabothrius (Culmenamniculus) torulosus Linstow, 1888
(description Temirova and Skrjabin 1978)

syn. Tetrabothrius polaris Szpotanska, 1917; T. intermedius var exulans
Szpotanska, 1917; T. antarcticus Fuhrmann, 1921; T kowalewskii Szpotanska, 1925
nec Szpotanska, 1917

Host and locality: Diomedea exulans, Phoebastria nigripes (black-footed alba-
tross), P. albatrus (short-tailed albatross) — Kerguelen Islands (Temirova and
Skrjabin 1978)

Strobila 580%2.36 mm. Scolex 0.3x0.54 mm. Apical organ 0.44x0.18 mm.
Testes 46—48 in number, 0.034 mm in diameter. Genital atrium 0.095 x0.064 mm.
Cirrus pouch 0.099-0.12x0.06 mm. Male duct 0.03 mm long. Male and female
genital apertures on apex of knob. Ovary 0.62 x 0.22 mm. Vitellarium 0.15x 0.06 mm.
Oncospheres 0.02x0.03 mm, embryonic hooks 0.013 mm long.

Tetrabothrius (Uniamniculus) lutzi Parona, 1901
(description Temirova and Skrjabin 1978)
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Host and locality: Spheniscus magellanicus (Magellanic penguin), Pygoscelis
papua; Antarctica (Temirova and Skrjabin 1978)

Strobila 8.5x0.34 mm. Scolex 0.46x0.58 mm. Testes 16—19 in number and
0.017-0.021 mm in diameter. Genital atrium 0.052x0.056 mm. Cirrus pouch
0.034-0.039 mmindiameter. Ovary 0.036 x 0.072 mm. Vitellarium 0.019 x 0.022 mm.

Tetrabothrius (Uniamniculus) wrighti Leiper and Atkinson, 1914
(description Temirova and Skrjabin 1978)

Host and locality: Pygoscelis adeliae, P. papua, Aptenodytes forsteri (emperor
penguin); Antarctica (Temirova and Skrjabin 1978)

Strobila 5-8 x0.54-0.64 mm. Scolex 0.53-0.56 x 0.58-0.64 mm. Testes 11-12 in
number, 0.017-0.022 mm in diameter. Genital atrium 0.077x0.056 mm. Cirrus
pouch 0.056x0.06 mm. Vagina and male duct create a shared canal, opening in the
centre of genital atrium. Ovary, 0.125-0.146 x 0.026—0.039 mm, multilobed.

Tetrabothrius cylindraceus (Culmenamniculus) Rudolphi, 1819

Host and locality: Stercorarius loennbergi (brown skua) — King George Island,
South Shetlands (Odening 1982.)

Strobila 49-72 mm long. Scolex 0.477-0.551x%0.323-0.345 mm. Testes,
24-32 in number, 0.035-0.079 mm in diameter. Genital atrium 0.069-0.124 x 0.072—
0.117 mm. Male duct 0.054-0.057 mm long. Cirrus pouch 0.045-0.069x0.031-
0.55 mm. Ovary, 0.155-0.32x0.044-0.184 mm, with finger-like projections.
Vitellarium 0.066-0.079x0.035-0.55 mm. Oncospheres, 0.038-0.043x0.03—
0.04 mm; embryonic hooks 0.013-0.018 mm long.

Tetrabothrius shinni Hoberg, 1987
(description Hoberg 1987)

Host and locality: Phalacrocorax atriceps bransfieldensis (blue-eyed shags) —
Western Antarctica (Hoberg 1987)

Strobila 274-284 mm long. Scolex 0.284-0.366%0.361-0.376 mm. Testes,
35-61 in number. Muscular sucker-like genital atrium, 0.196-0.254x0.196—
0.317 mm. Male duct, 0.086—0.16 mm long, extends through wall of genital atrium,
curving ventrally to open anterolaterally near apex of large ventrally directed
papilla. Muscular sphincter, 0.029-0.038 mm in diameter, located distally on aper-
ture of male duct. Vagina opens in depression ventral to male papilla. Ovary, 0.96—
1.39 mm in width, multilobate, composed of 29-42 lobes; 13-21 porally and 13-25
antiporally. Vitellarium 0216-0.357x0.08-0.157 mm. Oncospheres 0.028—
0.044 x0.022-0.033 mm; embryonic hooks 0.016-0.0188 mm.

Order Cyclophyllidea van Beneden, 1900
Family Dilepididae Railliet and Henry, 1909
Genus Parorchites Fuhrmann, 1932
Parorchites zederi (Baird 1853)
(description Cielecka et al. 1992; Georgiev et al. 1996)
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Host and locality: Pygoscelis antarctica, P. papua, P. adeliae —Western Antarctica
(Rennie and Reid 1912; Railliet and Henry 1912; Cielecka et al. 1992; Georgiev
et al. 1996; Diaz et al. 2013); Aptenodytes forsteri (emperor penguin), P. adeliae —
the eastern coast of Antarctica (Fuhrmann 1921; Johnston 1937; Prudhoe 1969;
Holloway 1988, 1989); Eudyptes schegeli (royal penguin) — Macquarie Island,
Kerguelen subregion (Prudhoe 1969)

Mature specimen up to 15 cm long and 4 mm at maximum width. Scolex 0.36—
0.82 mm in width. Diameter of suckers 0.15-0.23 mm. Rostellar hooks, 18-20,
arranged in two rows, pseudoscolex present. The genital pores situated irregularly
alternating in the anterior part of proglottid. Genital atrium large and well supplied
with muscles. Testes, 56—66 in number, in the middle part of proglottid. Cirrus
pouch, 0.17-0.23x0.44-0.80 mm, with a thick muscular layer. Cirrus unarmed.
Female genital system situated on poral side. Ovary in form of irregular, very
branched racemose glands. Vitellarium smooth, kindey-shaped and situated at the
rear of ovary. Vagina narrow, then widens into receptaculum seminis. Eggs round to
oval in shape, 0.115-0.150%0.10-0.13 mm. Oncosphere, 0.036-0.039x0.031—
0.036 mm; embryonal hooks differentiated.

Scolex, neck and juvenile proglottides deeply recessed into a cyst formed by
intestinal wall. Juvenile cestodes most often wholly contained in cyst. One cyst
contains 1-15 cestodes.

Genus Anomotaenia Cohn, 1900
Anomotaenia dominicana (Railliet and Henry 1912)
(description Zdzitowiecki and Szelenbaum-Cielecka 1984)

syn. Choanotaenia dominicana Railliet and Henry, 1912; Anomotaenia antarc-
tica Fuhrmann, 1921; A. micracantha dominicana (Railliet and Henry, 1912);
Faricterotaenia ransomi (Joyeux and Baer 1954); P. australis Szidat, 1964

Host and locality: Larus dominicanus — King George Island, South Shetlands
(Zdzitowiecki and Szelenbaum-Cielecka 1984)

Strobila 40-60 mm. Scolex, 0.36—0.55 mm in width, with suckers 0.17-0.26x0.14—
0.22 mm. Rostellar sac reaches beyond the posterior margin of suckers. Rostellum
long, bearing 20-26 hooks arranged in two rows at its apex. Hooks length is 0.026—
0.036 mm. Genital pore located anteriorly on the lateral margin of proglottid. Genital
atrium deep with strongly muscular wall. Testes, 22-27 in number, lie in 2-3 layers
dorsally in posterior part of proglottid. Cirrus pouch 0.17-0.25x0.30-0.35 in her-
maphroditic proglottides. Ovary deeply lobed. Vitellarium lies in median part and has
more compact structure than ovary. Oncospheres 0.027-0.034 x0.023-0.031 mm;
median pair of embryonal hooks are 0.013 mm long while two lateral pairs are
0.015 mm long.

Alcataenia dominicana (Railliet and Henry 1912)
(description Georgiev et al. 1996)

Host and locality: Larus dominicanus — South Shetlands, Livingston Island
(Georgiev et al. 1996)
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Strobila 66 x0.8 mm. Scolex wider than neck, 0.463x0.456 mm. Suckers
situated in middle of scolex, 0.219-0.225 mm in diameter. Rostellum, 0.27 mm
long with highly elongate stem and expanded terminal pad. Rostellar pouch
0.20%0.124 mm, extending to posterior half of suckers. Rostellum armed with
double crown of 22 hooks with long blade and curved handle. Genital pores
irregularly alternating opening into anterior third of lateral proglottid margin.
Testes, 24-27 in number, situated in posterior 2/3 of median field dorsally to
ovary. Genital atrium large, deep with muscular wall. Cirrus pouch elongate,
thin-walled, 0.224-0.237x0.031-0.046 mm. Cirrus armed. Ovary strongly
lobed, wide, situated anteriorly and ventrally to testes. Vitellarium reniform,
situated postero-ventrally to ovary. Vagina convoluted, surrounded along entire
length by intensely stained cellular sleeve, opening posteriorly and slightly ven-
trally to cirrus pouch.

Genus Nototaenia Jones and Williams, 1967
Nototaenia fileri Jones and Williams, 1967
(description Jones and Williams 1967; Cielecka and Zdzitowiecki 1989)

Host and locality: Chionis alba (sheathbill) — South Orkneys (Jones and Williams
1967; Howie et al. 1968), South Shetlands (Cielecka and Zdzitowiecki 1989)

Strobila with up to eight proglottides, 2.1-2.4x0.57 mm. Scolex 0.12—
0.14x%0.19-0.29 mm. Rostellum, 0.21-0.23 mm long, consist of two muscular sacs,
one within the other. Rostellar hooks in two rows of ten hooks each, anterior 0.034—
0.037 and posterior 0.027-0.031 mm long. Suckers armed on margins with 35-44
hooks, 0.013-0.014 mm long. Testes 37-53, completely encircle female glands.
Cirrus pouch 0.20-0.28 mm long, situated diagonally forward across proglottid
from genital atrium to the middle of the anterior margin. Cirrus 0.02 mm long with
a basal diameter of 0.05 mm, armed with spines. Ovary bilobed with six small, fin-
ger-like lobes on each side. Vagina large, armed with spines, 0.007 mm long. Eggs
with short filament on each pole.

Reticulotaenia australis (Jones and Williams, 1967)
(description Jones and Williams 1967; Hoberg 1985;
Cielecka and Zdzitowiecki 1989)

Host and locality: Chionis alba — South Shetlands (Cielecka and Zdzitowiecki
1989), South Orkneys (Jones and Williams 1967), Palmer Archipelago, South
Georgia (Hoberg 1983, 1985)

Strobila 15-60 % 0.8-2.5 mm. Scolex 0.342—-0.460 mm at width. Rostellar hooks,
ten in number, arranged in one row, 0.037-0.055 mm long. Genital aperture unilat-
eral. Testes, 32—45 in number, situated in the posterior half of proglottid. Cirrus
pouch, 0.08-0.174 x0.015-0.040 mm, thin-walled contains the twisted ejaculatory
canal. Reticulate ovary strongly branching in the anterior part of proglottid. Vagina
thin-walled widens into a transversely elongated receptaculum seminis.
Receptaculum seminis, 0.155-0.261x0.052-0.142 mm. Vitellarium multilobular,
in the median line of proglottid.
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Family Hymenolepididae Ariola, 1899
Genus Microsomacanthus Lopez-Neyra, 1942
Microsomacanthus shetlandicus Cielecka and Zdzitowiecki, 1981
(description Cielecka and Zdzitowiecki 1981)

Host: Larus dominicanus, Chionis alba — King George Island, the South
Shetlands (Cielecka and Zdzitowiecki 1981, 1989)

Strobila 2—-3 mm (fixative in alcohol) or 10—13 mm (in formalin). Scolex trian-
gular, 0.19-0.25 mm width, with long rostellum and suckers, 0.12-0.14x0.09—
0.11 mm. Rostellum 0.17-0.19 mm long; rostellar pouch reaches to below the
posterior margin of suckers. On rostellum is 10 hooks, 0.046-0.052 mm long.
Testes, three in number, situated at a V-type obtuse angle. Cirrus pouch, 0.15-
0.205x0.03 mm with wall composed of 28-32 bundles. Cirrus small, cylindrical
with slightly widening terminal part and slender base covered with thick, small
spines. Ovary and vitellarium situated near the mid-line of proglottid, without dis-
tinct lobes, ventrally to testes. Vagina thin-walled, wide, without distinct structures
in copulatory part. Oncospheres, 0.033-0.04 x0.03-0.036 mm. Embryonal hooks
equal size, 0.015-0.016 mm.

Microsomacanthus secundus Cielecka and Zdzitowiecki, 1989
(description Cielecka and Zdzitowiecki 1989)

Host and locality: Chionis alba — King George Island, the South Shetlands
(Cielecka and Zdzitowiecki 1989)

Strobila 1.9x0.2 mm. Scolex, 0.168-0.18 mm wide with long rostellum,
0.13 mm long. Suckers, 0.067-0.082 mm in diameter. Rostellar hooks, ten in num-
ber, 0.037-0.040 mm long. Testes, three in number situated in one transverse line or
forming an obtuse angle. Cirrus pouch, 0.085-0.108 x 0.024—0.034 mm. Cirrus thin,
short, slightly broader at the basal part and armed with very small spines. On the
dorsal side of the cirrus base, in conjunction with the cirrus pouch, an additional
duct is present. This duct opens into genital atrium and is similar to sacculus acces-
sorius, but without visible armature. Ovary, 0.03 x 0.045 mm, oval with smooth sur-
face. Vitellarium 0.018 x0.030 mm, in the central line of proglottid on the ventral
side of the ovary.

Branchiopodataenia arctowskii (Jarecka and Ostas, 1984)
(description Jarecka and Ostas 1984)

syn. Hymenolepis arctowskii Jarecka et Ostas, 1984; Wardium arctowskii
(Jarecka and Ostas 1984)

Host and locality: Larus dominicanus -King George Island, the South Shetlands
(Jarecka and Ostas 1984)

Strobila 70-90x0.7 mm. Scolex, 0.24x0.18 mm, with four suckers
0.077%x0.93 mm in diameter. Rostellum, 0.108 x0.049 mm, armed with a single
crown of ten hooks, aploparaxoid-shape, 0.016-0.018 mm long. Genital atrium
marginal, unilateral and ventral. Testes, three in number, arranged in a horizontal
line in the posterior region of proglottid. Cirrus pouch, 0.18-0.217x0.037—
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0.045 mm. Cirrus 0.016-0.023 mm long, partially armed. Ovary three-lobed, situ-
ated in the postero-ventral space of a proglottid. Vitellarium, oval, 0.023 mm in
diameter, ventral to ovary. Receptaculum seminis 0.100-0.13x0.04-0.045 mm,
ventral to cirrus pouch. Vagina cup-shaped opens into genital atrium ventrally to
cirrus. Copulatory portion of vagina is developed into a chitinoid latch-like structure
surrounding the vaginal orifice. Vaginal cup, 0.009-0.015 mm long, with chitinoid
ornamentation in a form of longitudinal grooves. Oncospheres with filaments.
Embryonic hooks asymmetric in length.

6.1.4 Review of Larval Forms Occurring in Teleosts

The larvae of cestodes are very common in the Antarctic teleosts and mammals
(see: Rocka 2003), some of which parasitizing skates. The plerocercoids of the
Diphyllobothriidae and the Tetrabothriidae are parasites of marine mammals and
birds in the adult stage. Plerocercoids are located mainly in the wall of the stomach
and the mesentery, but are rare in the liver and the lumen of stomach and small
intestine of hosts. Larvae of the Tetrabothriidae occur in the small intestine of fish;
they possess an apical sucker and lack bothridia.

Five morphological forms of cestode larvae in adults parasitizing skates have
been found in Antarctic and Subantarctic teleosts. These larvae have bothridia
divided into one, two and three loculi, bothridia undivided with sucker and hook-
like projections, or subcylindrical bothridia. The larvae have typically been found in
various parts of the small intestine, but also very rarely in the stomach. Their mor-
phological characteristics only allow identification to genus, family or order, and
identification of these larvae is problematic because their scolices are different from
those of adult parasites. Fortunately, this problem can be resolved using molecular
strategies, but although such studies have been conducted, they have not been used
in samples taken from inside Antarctica (see: Jensen and Bullard 2010). Jensen and
Bullard (2010) identified eight larval types as belonging to the Tetraphyllidea and
the Rhinebothriidea: these being similar to the larvae found in Antarctic teleosts. In
Antarctica, only one identification of a larvae with adult form has been confirmed.
Laskowski and Rocka (2014) assigned larvae with trilocular bothridia from
Notothenia rossi to Onchobothrium antarcticum from Bathyraja eatonii (the South
Shetlands).

Larvae with monolocular bothridia (Fig. 6.1)
(description Wojciechowska 1993a)

Body length 1.4-8.3 mm. Scolex with apical sucker and four bothridia. Apical
sucker, 0.14—0.24 mm in diameter. Bothridia, 0.33-0.9x0.23-0.92 mm, with free
posterior ends. Originally, the bothridium was described as monolocular with
bothridial sucker but SEM photos suggest that it is not sucker rather small loculi or
pad. This structure has 0.13—0.30 mm in diameter.
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Fig. 6.1 Larva with monolocular bothridia. (a) whole larva, (b) scolex, apical view scolex (scale
bar=500 pm)
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Similar larvae was reported as Type II by Jensen and Bullard (2010).

Host: Notoheniidae, Channichthyidae, Myctophidae, Harpagiferidae and
Gemphylidae

Locality: the South Shetlands area — Admiralty Bay, mesopelagic zone at the
South Shetlands and Joinville Island, shelves around South Georgia and at Shag
Rocks (Wojciechowska 1993a, b; Zdzitowiecki and Zadrézny 1999), off the Heard
Island (Wojciechowska et al. 1995), McMurdo Sound (Moser and Cowen 1991).

Larvae with bilocular bothridia (Fig. 6.2)
(description Wojciechowska 1993a; Wojciechowska et al. 1994; Rocka 1999a)

25.0kV 8.5mm x160 300um

25.0kV 20.3mm x212 200um

Fig. 6.2 Larva with bilocular bothridia. (a) Whole larva (scale bar=300 pm); (b) scolex, apical
view (scale bar=200 pm)
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Body length 0.55-1.97 mm. Scolex with apical sucker and four bothridia.
Apical sucker, 0.06-0.12 mm in diameter. Bothridia, 0.16—0.35 x0.09-0.24 mm,
sessile or with free posterior ends, divided into two loculi; division between loc-
uli distinct. Anterior loculi 0.07-0.18x0.07-0.17 mm; posterior loculi
0.07-0.22x0.07-0.19 mm.

Host: Notoheniidae, Artedidraconidae, Channichthyidae, Bathydraconidae,
Myctophidae, Macrouridae and Muraenolepididae

Locality: the South Shetlands area — Admiralty Bay, shelves around the South
Shetlands and Cumberland Bay (Szidat and Graefe 1968; Parukhin and Sysa 1975;
Zdzitowiecki 1978; Rodjuk 1985; Reimer 1987; Wojciechowska 1993a, b; Palm
et al. 1998), the Ross Sea (Leiper and Atkinson 1914, 1915; Wojciechowska et al.
1994; Laskowski et al. 2005), off Adeliae Land (Prudhoe 1969; Zdzitowiecki et al.
1998; Zdzitowiecki 2001a; Laskowski et al. 2007), coastal waters at the South
Orkneys (Zdzitowiecki et al. 1997), coastal waters at the Davis Sea, the eastern part
of the Weddell Sea (Rocka 1999a), off the Heard Island (Wojciechowska et al. 1995)
and off Kerguelen Islands (Prudhoe 1969).

Larvae with trilocular bothridia (Fig. 6.3)
(description Wojciechowska 1993a; Wojciechowska et al. 1994; Rocka 1999a)

Body length 1.1-6.3 mm. Apical sucker 0.07-0.16 mm in diameter. Bothridia,
0.23-0.52x0.15-0.38 mm, sessile, divided into three loculi. Anterior loculi 0.06—
0.15x0.06-0.18 mm; middle 0.09-0.30x0.12-0.31 mm; posterior loculi
0.07-0.22x0.06-0.25 mm.

Host: Nototheniidae, Channichthyidae, Bathydraconidae, Myctophidae,
Artedidraconidae, Harpagiferidae

Locality: South Shetlands (Rodjuk 1985; Reimer 1987; Wojciechowska 1993a,b;
Palm et al. 1998; Zdzitowiecki and Zadrézny 1999; Zdzitowiecki 2001b); the Ross

15.0kV 19.9mm xB85

Fig. 6.3 Larva with trilocular bothridia. Scolex (scale bar=500 pm)
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Sea (Wojciechowska et al. 1994); the Weddell Sea (Rocka 1999a); off Adeliae Land
(Zdzitowiecki et al. 1998; Zdzitowiecki 2001a; Laskowski et al. 2007), coastal
waters at the South Orkneys (Zdzitowiecki et al. 1997)

Larvae with leaf-like bothridia and hook-like projections
(description Wojciechowska 1993a)

Body 0.67-0.92 mm long. Bothridia, 0.22-0.40x0.08-0.18 mm, leaf-like,
sessile anteriorly. Each bothridium with accessory sucker, 0.06-0.08 mm in
diameter, and a pair of hook-like projections, 0.03—-0.04 mm long. Apical sucker
absent.

Host: Champsocephalus gunnari (mackerel icefish) from shelf at Shag Rocks,
South Georgian area (Wojciechowska 1993a, b), off the Heard Island (Wojciechowska
et al. 1995).

Larvae with subcylindrical bothridia
(description Wojciechowska et al. 1994, Rocka 1999a)

Body length 0.74—1.388 mm. Bothridia, 0.19-0.26 x 0.13—0.19 mm, subcylindri-
cal, free posteriorly. Each bothridium has shallow cavity on its anterior end sur-
rounded by sucker-like structure, 0.11-0.14 mm in diameter.

Host: Trematomus centronotus (sharp-spined notothen), Cryodraco antarcticus
(long-fingered icefish), Pogonophryne scotti (saddleback plunderfis)

Locality: the Ross Sea — Terra Nova Bay (Wojciechowska et al. 1994), the east-
ern part of the Weddell Sea — off Kap Norvegia and north of Halley Bay (Rocka
1999a)

6.1.5 Life Cycle Biology of Antarctic Cestodes

Antarctic teleosts play an important role in the completion of life cycles of many
helminth species. They serve as either definitive or intermediate and paratenic
hosts. Skates are definitive hosts only for cestodes and one digenean species,
Otodistomum cestoides (Beneden 1871). As elsewhere, life cycles of the
Cyclophyllidea (parasites of birds), and the Bothriocephalidea (parasites of tele-
ost fishes) are probably realized with two hosts. Only one life cycle of the
Antarctic cestode, Branchiopodataenia arctowskii (Jarecka and Ostas 1984),
parasitizing Larus dominicanus is known, with Brachinecta gaini (Branchiopoda)
as its intermediate host (Jarecka 1984). It should be noted that B. arctowskii has
a bipolar distribution and is not endemic to Antarctica (Bondarenko and
Kontrimavichus 2004).

Life cycles of cestodes from skates, and the Diphyllobothriidae and the
Tetrabothriidae (parasites of birds and mammals) are probably realized with crusta-
ceans as the first intermediate hosts and with teleosts as the second intermediate
and/or paratenic hosts.
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6.2 Nematodes of Antarctic Fishes and Birds

6.2.1 Introduction

Only six nematode species have been found as adults in Antarctic teleosts and only five
species, belonging to three families and one order, have been found in birds. The life
cycles of nematodes from Antarctic teleosts are unknown. Larvae of anisakid genera,
Anisakis Dujardin, 1845; Contracaecum Railliet and Henry, 1912; Hysterothylacium
Ward and Magath, 1917 and Pseudoterranova Mozgovoy, 1950 (adults are parasites of
mammals, birds and teleosts) are common in Antarctic bony fishes (Rocka 2006),
where they play the role of the second intermediate and paratenic hosts.

6.2.2 Systematic Review of Nematodes Parasitizing Fishes

Order Spirurida
Superfamily Habronematoidea Ivaschin, 1961
Family Cystidicolidae Skrjabin, 1946
Ascarophis Beneden, 1871
Ascarophis nototheniae Johnston and Mawson, 1945
(description Johnston and Mawson 1945; Holloway et al. 1967,
Rocka 1999b, 2002, 2004)

Host: many species of Notothenioidei (Nototheniidae, Harpagiferidae,
Channichthyidae, Bathydraconidae), rarely Congiopodidae and Zoarcidae

Locality: West Antarctica: environs of the South Shetland Islands, open sea shelf
and fjords at South Georgia, coastal waters at the South Orkney Islands (Szidat and
Graefe 1968; Gaevskaya and Rodjuk 1997; Rocka 1999b; Zdzitowiecki and
Zadrézny 1999; Zdzitowiecki 2001b), East Antarctica: 64°144'—67°138'S 62°103'—
142°136’E (Johnston and Mawson 1945), McMurdo Sound (Holloway et al. 1967,
Holloway and Spence 1980), off Adelie Land, Ross Sea (Terra Nova Bay), Davis
Sea, the eastern part of the Weddell Sea (Zdzitowiecki et al. 1998; Rocka 1999b,
2002; Zdzitowiecki 2001a)

Subantarctica: the Kerguelen subregion — off the Crozet Islands, off the Heard
Island, off the Kerguelen Island, off the Macquarie Island (Johnston and Mawson
1945; Parukhin and Lyadov 1982; Parukhin and Zaitsev 1984; Lyadov 1985;
Parukhin 1989; Gaevskaya et al. 1990; Rocka 1999b)

Habitat: mainly stomach, also small intestine and pyloric caeca

Female Body 5.0-24.6x0.09-0.22 mm. Buccal capsule 0.11-0.20 mm. Entire
oesophagus 2.57-4.98 mm long; muscular and glandular 0.2-0.6 and 2.18-
4.48 mm long, respectively. Nerve ring and excretory pore 0.13-0.25 and 0.12-
0.36 mm from the anterior end, respectively. Tail 0.03—0.08 mm long with small
knob-like terminal projection. Vulva 4.0-7.1 mm from posterior end of the body.
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Mature eggs 0.04-0.05 x 0.02-0.03 mm with two filaments arising from prominent
knob at each pole.

Male Body 3.7-12.2x0.02-0.05 mm. Buccal capsule 0.1-0.2 mm long. Entire
oesophagus 1.7-4.4 mm; muscular and glandular 0.26-0.52 and 1.4-3.9 mm long,
respectively. Nerve ring and excretory pore 0.12-0.26 and 0.17-0.38 mm from the
anterior end, respectively. Tail 0.09-0.15 mm long. Caudal alae narrow. Left spicule
0.4-0.6 mm long with a sharply pointed distal part. Right spicule 0.06-0.12 mm
long with blunt distal tip. Area rugosa with nine longitudinal rows of cuticular ele-
vations. Caudal papillae nine pairs; four pairs preanal and five postanal.

Genus Cystidicola Fischer, 1798
Cystidicola beatriceinsleyae (Holloway and Klewer, 1969)
(description: Holloway and Klewer 1969; Rocka 2002, 2004)

Syn. Rhabdochona beatriceinsleyae Holloway and Klewer, 1969

Host:  Rhigophila (=Lycodichthys) dearborni, Lycodichthys antarcticus
(Zoarcidae)

Locality: McMurdo Sound (Holloway and Klewer 1969), the eastern part of the
Weddell Sea (Rocka 2002)

Habitat: mainly various parts of small intestine, stomach

Female Body 15.8-32.2x0.1-0.18 mm. Buccal capsule 0.15-0.27 mm long.
Entire oesophagus 0.8—1.2 mm long; muscular and glandular 0.16-0.24 and 0.64—
0.97 mm long, respectively. Nerve ring and excretory pore 0.26-0.32 and 0.33—
0.5 mm from the anterior end, respectively. Tail 0.16-0.24 mm long, curved dorsally,
bluntly rounded with a small ventral indentation near tip. Vulva 8.5-11.3 mm from
the posterior end of the body. Eggs 0.042-0.049 x0.021-0.026 mm with two polar
caps, each with between two and four filaments.

Male Body 7.9-15.2x0.07-0.11 mm. Buccal capsule 0.2-0.26 mm long. Entire
oesophagus 0.65-0.98 mm long; muscular and glandular 0.19-0.22 and 0.46—
0.76 mm, respectively. Nerve ring and excretory pore 0.26—0.31 and 0.37-0.47 mm
from the anterior end, respectively. Tail 0.16-0.29 mm long, bluntly rounded at tip.
Posterior end curved ventrally. Caudal alae narrow. Caudal papillae 11 pairs; six
preanal and five postanal pairs. Left spicule 0.47-0.77 mm long, anterior half tubu-
lar and posterior half concave, ventrally becoming more alate at the level of right
spicule; posterior end cupped with irregular sides. Right spicule 0.08-0.12 mm
long, broad and cup-shaped to deflect left spicule.

Order Ascaridida
Superfamily Ascaridoidea Baird, 1853
Family Anisakidae Skrjabin and Karokhin, 1945
Genus Hysterothylacium Ward and Magath, 1917
Hysterothylacium aduncum (Rudolphi 1802)
(description Mozgovoy 1953; Hartwich 1975; Rocka 2004)
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syn. Ascaris adunca Rudolphi, 1802

Host: Dissostichus eleginoides (Patagonian toothfish), D. mawsoni (Antarctic
toothfish)

Locality: environs of the South Shetland Islands: open sea shelf at Shag Rocks,
off South Georgia (Gaevskaya et al. 1990)

Habitat: stomach and intestine

Female Body 24-48x0.72—1.4 mm. Cervical alae 4.5x0.046-0.047 mm. Lips up
to 0.15 mm, interlabia up to 0.06 mm long. Nerve ring 0.66—-0.9 mm from the ante-
rior end. Oesophagus 2.25-4.12 mm long; ventriculus 0.17-0.18 x0.16-0.18 mm
with an appendix, 0.62—0.87 mm long. Intestinal caecum 0.91-1.56 mm long. Tail
0.28-0.42 mm long, conical with a small projection covered with minute spines.
Eggs 0.062-0.07 x0.046-0.047 mm.

Male Body 18-35x0.43-0.8 mm. Cervical alae 4.21x0.04 mm. Lips up to
0.15 mm, interlabia up to 0.05 mm long. Nerve ring 0.53 mm from the anterior end.
Oesophagus 1.94-3.23 mm; ventriculus 0.15-0.17x0.12-0.14 mm with an appen-
dix, 0.054-0.81 mm long. Intestinal caecum 0.65-0.93 mm long. Tail 0.11-0.14 mm,
curved ventrally, conical with projection covered with minute spines. Caudal papil-
lae 29 pairs; 23 preanal, four postanal and two paraanal pairs. Spicules 2.01-
4.65 mm long. Caudal alae absent.

Genus Paranisakiopsis Yamaguti, 1941
Paranisakiopsis weddelliensis Rocka, 2002
(description Rocka 2002, 2004)

Host: Macrourus whitsoni (Macrouridae)
Locality: the eastern part of the Weddell Sea (Rocka 2002)
Habitat: pyloric caeca

Female Body 55-62x0.85-1.55 mm wide near vulva. Head end 0.25-0.27 mm in
diameter at base. Lips up to 0.2 mm; interlabia up to 0.11 mm long. Oesophagus
3.64—4.00 mm long and 0.25-0.3 and 0.38-0.41 mm wide at its anterior and poste-
rior part, respectively. Ventriculus 0.32x0.34 mm. Vulva preequatorial. Tail coni-
cally pointed, 0.25-0.46 mm long. Eggs 0.083-0.085x0.063—0.065 mm,
thin-walled.

Male Body 40-48x0.75-1.0 mm. Head end 0.23-0.27 mm in diameter at base.
Lips up to 0.2 mm, interlabia up to 0.14 mm long. Oesophagus 4.2-5.6 mm long,
0.25-0.43 x0.38-0.46 mm. Tail 0.25-0.38 mm long, pointed, curved ventrally, nar-
rowed immediately posterior to the first pair of postanal papillae. Eight to ten pairs
of preanal papillae; four pairs of postanal papillae. First pair of postanals just poste-
rior to the cloacal aperture. Spicules equal or subequal, 0.42-0.62 mm long.

Superfamily Seuratoidea Railliet, 1906
Family Cucullanidae Cobbold, 1864
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Genus Dichelyne Jagerskiold, 1902
Subgenus Cucullanellus (after Petter 1974)
Dichelyne (Cucullanellus) fraseri (Baylis, 1929)
(description Baylis 1929; Zdzitowiecki and Cielecka 1996)

syn. Cucullanus fraseri Baylis, 1929; Cucullanus fraseri var. nototheniae Baylis,
1929

Host: Channichthyidae, Nototheniidae, Bathydraconidae, Muraenolepididae,
Harpagiferidae

Locality: West Antarctica: off South Georgia, open sea shelf at Shag Rocks, open
sea shelves at the South Shetlands and Joinville Island, coastal waters at the South
Orkneys (Baylis 1929; Parukhin and Sysa 1975; Zdzitowiecki 1978; Parukhin and
Lyadov 1982; Rodjuk 1985; Reimer 1987; Gaevskaya et al. 1990; Zdzitowiecki and
Cielecka 1996)

Habitat: intestine

Female Body 3.34-7.34x0.22-0.42 mm. Pseudobuccal capsule 0.11-0.18 mm
wide. Oesophagus 0.61-1.13 mm long. Intestinal caecum 0.26—0.56 mm long. Tail
0.14-0.22 mm, conical. Anterior ovary almost extends beyond the junction of
oesophagus and intestine, posterior ovary almost reaches the anus. Uterus amphi-
delphic. Vulvar opening on a small protuberance. A pair of phasmids present mid-
way between anus and posterior end.

Male Body 3.06-5.55x0.16—0.34 mm. Posterior part of the body ventrally curved.
Pseudobuccal capsule 0.1-0.15 mm wide. Oesophagus 0.55-0.97 mm long. intesti-
nal caecum 0.16-0.6 mm long. Tail 0.12-0.21 mm long, conical. Spicules 0.67—
1.01 mm with flattened, rounded distal end. Gubernaculum 0.11-0.16 mm long.
Caudal papillae 11 pairs; anterior three pairs precloacal, five pairs near the opening
of cloaca, two pairs near the posterior end as well as a pair of phasmids. Phasmids
midway between paracloacal papillae and those of the two posterior pairs. Testis
extending anterially nearly beyond, at the level of, or nearly before the junction of
oesophagus and intestine.

Order Enoplida
Superfamily Trichinelloidea Ward, 1907
Family Capillariidae Neveu-Lemaire, 1936
Subfamily Capillariinae Zeder, 1800
Subgenus Procapillaria (after Moravec 1987)
Capillaria (Procapillaria) sp.
(description Rocka 2002, 2004)

Host: Macrourus whitsoni
Locality: the eastern part of the Weddell Sea (Rocka 2002)

Female Body 17.6-26x0.08-0.09 mm wide near vulva. Two lateral and one ven-
tral bacillary bands present. Entire oesophagus 8.9—10.4 mm long; its muscular part
0.4-0.53 mm. Stichosome, 8.5-9.9 mm, composed of 4649 stichocytes. Vulva
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0.04-0.11 mm below level of oesophagus and intestine juncture. Bell-shaped vulvar
appendage, 0.04-0.06x%0.018-0.062 mm. Rectum 0.07-0.12 mm long. Anus sub-
terminal, tail 0.009-0.012 mm long. Mature eggs 0.077-0.082 x 0.037-0.042 mm,
thin-walled.

Male Not found.

6.2.3 Systematic Review of Nematodes Parasitizing Birds

Order Spirurida
Superfamily Acuarioidea Railliet, Henry and Sisiff, 1912
Family Acuariidae Railliet, Henry and Sisiff, 1912
Genus Stegophorus Wehr, 1934
Stegophorus macronectes (Johnston and Mawson 1945)
(description Zdzitowiecki and Dr6zdz 1980)

syn. S. adeliae (Johnston 1937) sensu Petter, 1959; S. paradeliae (Johnston and
Mawson 1945)

Host and locality: Macronectes giganteus, Stercorarius skua loennbergi, Chionis
alba, Pygoscelis adeliae, P. antarctica, P. papua — the South Shetlands, King George
Island (Zdzitowiecki and Drézdz 1980; Diaz et al. 2013) and Deception Island
(Vidal et al. 2012); Eudyptes chrysocome, E. chrysolophus — Subantarctica, Heard
Island and Macquarie Island Mawson (1953)

Habitat: stomach

The collar composed of two lateral lobes each bearing 15-21 denticles (total
number from 30 to above 40). Deirids tridentate, with middle denticle shorter than
the lateral ones, lie behind the junction of vestibule and oesophagus. Nerve ring
posterior to deirids, sometimes at their level. Oesophagus divided into two seg-
ments — muscular and glandular one. The glandular is 2.04-3.58 times longer than
the muscular.

Female Body 6.4-15.4x%0.3-13-0.30 mm. Maximum range of collar 0.071-
0.109 mm. Deirids located 0.151-0.265 mm from the anterior end, their width being
0.023-0.029 mm. Genital opening on the cuticular protuberance from the midpoint
to 2/3 of the body length. Mature eggs 0.042-0.046 x0.020-0.024 mm.

Male Body 3.7-7.2x0.082—0.173 mm. Maximum range of collar 0.051-0.074 mm.
Deirids 0.134—0.23 mm from the anterior end, their width is 0.017-0.021 mm. Tail
end bears long lateral alae. Cloaca 0.125-0.185 mm from the posterior end. Four
pairs of preanal and five pairs of postanal papillae present. The preanal papillae of
the 1st and 3rd pairs are thin, the 2nd and 4th preanal and 1st and 3rd postanal pairs
more strongly developed. Each papilla dilated in its distal part. Phasmids just behind
the last pair of papillae. The longer spicule 0.71-1.23 mm, thin, slightly dilated at
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the distal end ended with a sharply pointed tip. The shorter spicule 0.074—0.098 mm,
slightly bent and ended with cresent-like processus directed anteriad.

Stegophorus arctowskii Zdzitowiecki and Drézdz, 1980
(description Zdzitowiecki and Dr6zdz 1980)

Host and locality: Macronectes giganteus, Stercorarius skua loennbergi — King
George Island, South Shetlands (Zdzitowiecki and Dr6zdz 1980)
Habitat: stomach

Female Body 10.1-12.4 mm long and 0.055-0.060 mm wide at the level of the
deirids and 0.247-0.333 mm at the level of the oesophagus. Collar composed of two
lateral lobes each with 9—12 denticles. Maximum range of collar 0.046—0.039 mm.
Deirids tridentate, all denticles equal length, situated before the junction of vesti-
bule and oesophagus. Vulva located 80 % of the total body length, without any pro-
tuberance and ornamentation. Mature eggs 0.040-0.043x0.020-0.021 mm. Tail
0.083-0.01 mm.

Male Body 5.7x0.146 mm. The range of collar 0.033 mm, about ten denticles on
each lobe. Tail with two lateral alae. Four pairs of preanal and five pairs of postanal
pappilae present, arranged similarly as in males of S. macronectes. Cloacais 0.1 mm
from the posterior end. Spicules 0.625 and 0.070 mm long.

Genus Paracuaria Rao, 1951
Paracuaria tridentata (Linstow 1877)

syn. Filaria tridentata Linstow, 1877; Spiroptera tridentata (Linstow 1877)
Newman, 1900; Streptocara tridentata (Linstow 1877) Skrjabin, 1916; S. transcau-
casica (Solonitsin 1932); S. rissae Kreis, 1958; Paracuaria macdonaldi Rao, 1951

Host and locality: Chionis alba — South Orkneys (Howie et al. 1968; Jones and
Williams 1969)

Female Body 7.3-11.5x0.08-0.12 mm. Vulva on two thirds of body length. Eggs
0.035-0.037%x0.017-0.02 mm. Cephalic structures consist of vestibule, 0.12—
0.15 mm long and two trifid spines, 0.017-0.19 mm behind head end. Each trifid
spine, 0.016-0.017x0.013 mm.

Male Body 7.6x0.12 mm. Vestibule 0.13 mm long. Four pairs of preanal papillae
present.

Superfamily Habronematoidea Ivaschin, 1961
Family Tetrameridae Travassos, 1914
Genus Tetrameres Creplin, 1846
Tetrameres wetzeli Schmidt, 1965
(description Schmidt 1965)
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Host and locality: Eudyptes chrysocome, Aptenodytes patagonicus, Pygoscelis
papua — South Shetlands, King George Island (Diaz et al. 2013), Kergulen Islands
(Schmidt 1965), Crozet Archipelago (Fonteneau et al. 2011)

Habitat: stomach

Female Body 5x6 mm. Nerve ring situated 0.12-0.13 mm from anterior end. Eggs
0.061x0.034 mm.

Male Body 7.34-9x0.48 mm. Nerve ring 0.28 mm from the anterior end. Spicules,
2.73-3.22 mm and 0.17-0.22 mm long, respectively with a length ratio of 1:15.
Four pairs of postcloacal papillae and cuticular protuberances wave-like arranged
along the dorsal and ventral medium line.

The nearly globular females also possess very poorly developed cuticular protu-
berances along the dorsal and ventral longitudinal furrow. Male and females in a
common cyst.

Superfamily Filarioidea
Family Onchocercidae (Leiper 1911)
Genus Eulimdana Founikoff, 1934
Eulimdana rauschorum Hoberg, 1986
(description Hoberg 1986)

Host and locality: Larus dominicanus, Palmer Station, Antarctica (Hoberg 1986)

Habitat: subcutaneous connective tissue of the esophageal region

Body robust, bent slightly ventrad with thick cuticle. Anterior and posterior
extremities blunt, rounded. Cephalic region slightly expanded, bulbous, divided
asymmetrically into small ventral and large dorsal lobe. Mouth simple without oral
cuticular inflations, bordered by two large lateral amphids, surrounded by four pairs
of small circumoral papillae distributed symmetrically in dorsal and ventral groups.
Mouth and papillae surrounded by prominent circumoral groove. Cuticle with fine
transverse striations. Irregular longitudinal thickenings of the cuticle sometimes
evident.

Female Body 7.6-12.3 mm long. Body 0.140-0.214 mm wide in cephalic region;
0.342-0.490 mm at midbody; 0.151-0.255 mm in caudal region. Nerve ring 0.122—
0.184 mm from cephalic extremity. Excretory pore not observed. Esophagus 0.371—
0.520%0.029-0.053 mm at base. Vulva postesophageal 0.838—1.620 mm from
cephalic extremity. Vagina strongly muscular, 0.72-0.850 mm in length. Ovaries
paired, opisthodelphic. Uterine limbs convoluted, maximum extent to nerve ring in
anterior and to caudal extremity in posterior. Uterus with developing larvae in deli-
cate thin-shelled eggs 0.058-0.085 x0.036-0.055 mm. Anus patent, ventral, subter-
minal, 0.03-0.07 mm from caudal extremity. Caudal papillae prominent, lateral,
seldom median; two-three on the right side; two on left; occasionally single median,
papilla present posterior to anus. Phasmids not observed. Caudal extremity usually
with cleft, separating tail into dorsal and ventral lobes. Lateral chords with numer-
ous nuclei.
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Male Body 3.5-5.8 mm long. Body width 0.127-155 mm in cephalic region;
0.200-0.269 mm at midbody and 0.096—0.120 mm in caudal region. Nerve ring
0.116-0.177 mm from the anterior extremity. Excretory pore not observed.
Esophagus 0.354-0.470x0.029-0.057 mm at base, clearly demarcated from intes-
tine without appendix. Coelomocytes often prominent in esophageal region. Anus
subterminal, 0.028-0.050 mm from caudal extremity; two small unstalked adanal
papillae generally present at the postero-lateral margin of anus. Large pedunculate
caudal papillae in two rows lateral to anus; four-five papillae present on the right
side, and three-five on the left. Spicules equal, asymmetric distally. Right spicule
0.131-0.154 mm long; tip blunt, conical, poorly sclerotized. Left spicule 0.131—
0.157 mm; tip sharply pointed with complex sclerotized structure. Phasmids pedun-
culate, small, indistinct, ventral, subterminal. Alae-like structures on tail absent.

Larvae Ensheathed microfilariae 0.325-0.406 mm long, numerous in vagina; not
observed in blood.
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Chapter 7

Inventorying Biodiversity of Anisakid
Nematodes from the Austral Region:
A Hotspot of Genetic Diversity?

Simonetta Mattiucci, Michela Paoletti, Paolo Cipriani, Stephen C. Webb,
Juan T. Timi, and Giuseppe Nascetti

7.1 Introduction

Inventorying of anisakid nematode biodiversity is the discovering, surveying, quan-
tifying and mapping of species, populations and their genetic diversity and variabil-
ity. Biodiversity cannot be investigated without first having a systematic foundation.
However, any biodiversity assessment of anisakid nematodes inferred only from
morphology is incomplete at best (Mattiucci and Nascetti 2008), despite the recent
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finding that morphological analysis and historical hypotheses often share with
molecular-based taxonomic assessment a considerable congruence (Mattiucci et al.
2014). This highlights the importance of the detection and delimitation of cryptic
species of anisakid nematodes inferred from molecular-based assessments, which
allows more accurate assessment of biodiversity. This, in turn, permits elucidation
of patterns and process in their evolution and ecology, including biogeography,
host-parasite association and co-evolution. In addition, a true picture of anisakids
and their genetic diversity facilitates understanding of their temporal and spatial
distribution also related to their hosts demographic changes and marine ecosystem
food webs.

This is of fundamental importance across the Boreal and Austral Regions, lead-
ing to greater understanding of the variation of biodiversity as a result of global
change. On the other hand, it has been recently suggested that the parasitic abun-
dance and genetic variability values of anisakid nematodes could be used for moni-
toring of the status of the marine trophic webs (Mattiucci and Nascetti 2008;
Mattiucci et al. 2015a; Zarlenga et al. 2014). Indeed, anisakid nematodes of the
genera Anisakis Dujardin, 1845, Pseudoterranova Krabbe, 1878, and Contracaecum
Railliet et Henry, 1913, parasites of the alimentary tract of aquatic vertebrates, dis-
play indirect life-cycles in aquatic ecosystems and involve various hosts at different
levels in the food webs. Marine mammals (cetaceans and pinnipeds) serve as defini-
tive hosts; fish and squid serve as intermediate/paratenic hosts, and crustaceans
serve as first intermediate hosts (Fig. 7.1). Thus, integrating molecular systematics
of anisakid nematodes with ecological data will allow description of their global
biodiversity and patterns of temporal and spatial partitions that influence their bio-
diversity. Findings suggest that anthropogenic change is one of those influences
(Mattiucci and Nascetti 2008; Zarlenga et al. 2014).

The aim of this review is to provide an inventorying of the biodiversity, at species
and gene level, of those anisakid species so far discovered belonging to the genera
Anisakis, Pseudoterranova and Contracaecum, from the Austral Region, including:
(1) taxa recognized as “biological species” based on the application of different
molecular genetic markers; (2) current molecular/genetic approaches to identify
them at any life-history stage; (3) ecological data relating to the geographical distri-
bution, definitive host-association and host-preferences; (4) estimates of genetic
variability values inferred from nuclear and mitochondrial genes as a possible indi-
cator of the integrity of marine food webs; (5) collecting data so far reported con-
cerning their possible zoonotic role to humans.

7.2 How Many Anisakid Species Are There?

“Cryptic” or “sibling” species (Nadler and Pérez-Ponce de Le6n 2011) are ubiqui-
tous among the anisakid nematodes (Mattiucci and Nascetti 2008). Their discovery
has been bolstered in the last two decades by large-scale surveys from both Boreal
and Austral Regions (Mattiucci and Nascetti 2008; Klimpel and Palm 2011; Shamsi
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Fig. 7.1 Schematic representations of the hypothetic life-cycles of species of the genera Anisakis,
Pseudoterranova and Contracaecum from the Austral Region, with their definitive and intermedi-
ate hosts, including real and hypothetical zoonotic role in human infections

2014) with resulting inventories based on molecular/genetic methodologies.
Disclosure of cryptic biodiversity in anisakid nematodes starts with observations of:
(1) considerable variability in morphological characters in a nominal anisakid spe-
cies and (2) broad host range, often including species of different ecology and
belonging to different families. Further steps include the demonstration that the
single nominal species is indeed a complex of “biological species”. This has been
facilitated by the use of genetic/molecular markers, able to demonstrate the repro-
ductive isolation between sympatric and allopatric populations of anisakids
(Mattiucci and Nascetti 2008).

The present section summarizes the current taxonomy of anisakid species of the
genera Anisakis, Pseudoterranova and Contracaecum (here considering only those
species maturing in pinnipeds) which have been genetically characterized to date,
infecting definitive and intermediate/paratenic hosts from the Austral Region
(Tables 7.1, 7.2, 7.3 and 7.4 and Fig. 7.2).

A synopsis of each recognized anisakid species from the Austral Region, includ-
ing data on both the definitive and intermediate hosts and the geographical range, is
also provided in the present review.
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Table 7.1 Definitive hosts of the Anisakis spp. from the Austral Region, identified by molecular/
genetic markers

A. A. A. A. A. A.
pegreffii | berlandi | ziphidarum | nascettii | brevispiculata |paggiae

Cetaceans

Delphinidae
Cephalorhynchus | NZ - - - — _
hectori
Globicephala NZ, NZ, SA, |- - — -
melas CHI, CHI

SSI

Tursiops SA - - - — _

truncatus

Grampus griseus | NZ NZ - - - -

Kogiidae
Kogia breviceps | — NZ - - SA SA
Kogia sima - AU - - - SA

Neobalaenidae

Caperea SA - - - - -
marginata
Ziphiidae
Mesoplodon - NZ NZ Nz - -
bowdoini
Mesoplodon - - SA - - -
densirostris
Mesoplodon - - SA NZ,SA |- -
grayi
Mesoplodon - - SA Nz - -
layardii
Mesoplodon - - SA NZ,SA |- -
mirus
Ziphius - - CHI, SA - - -
cavirostris

Pinnipeds

Phocidae
Mirounga - SSI - - - -
leonina

Data from: Mattiucci and Nascetti (2008), Mattiucci et al. (2009, 2014a, 2014b), Shamsi (2014),

and Mattiucci, unpublished data

Sampling locality codes: CHI Chilean coast, NZ New Zealand, SA South Africa, SSI South

Shetland Islands, AU Australian waters
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Table 7.2 Intermediate/paratenic hosts for the Anisakis spp. sampled in fish and squids from the
Southern Hemisphere, identified by molecular/genetic markers

A. pegreffii

A. berlandi

A. ziphidarum

A. nascettii

Cephalopods

Ommastrephidae

Nototodarus sloanii

NZ

Ommastrephes angolensis

SA

SA

Todaropsis eblanae

SA

Onychoteuthidae

Moroteuthis ingens

Fishes

Bramidae

Brama brama

SA

Carangidae

Trachurus trachurus

NZ

Trachurus capensis

SA

Dussumieridae

Etrumeus whiteheadi

SA

Emmelichthyidae

Emmelichthys nitidus nitidus

SA

Gempylidae

Thyrsites atun

SA

Lophiidae

Lophius vomerinus

SA

Merlucciidae

Macruronus novazelandiae

NZ

Merluccius capensis

SA

Moridae

Pseudophycis bachus

NZ

NZ

Myctophidae

Electrona carlsbergi

SSI

Gymnoscopelus nicholsi

SSI

SSI

Ophidiidae

Genypterus capensis

SA

Oreosomatidae

Allocyttus niger

NZ

Pseudocyttus maculatus

NZ

Pinguipedidae

Parapercis colias

NZ

NZ

Trachichthyidae

Hoplostethus atlanticus

CHI, TA

(continued)
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A. pegreffii | A. berlandi | A. ziphidarum | A. nascettii

Trichiuridae

Lepidopus caudatus SA - — _
Sebastidae
Helicolenus dactylopterus SA — - _

Data from: Mattiucci and Nascetti (2008), Klimpel et al. (2010), Kuhn et al. (2011), Mattiucci

etal. (2014a, b)

Sampling locality codes: CHI Chilean coast, NZ New Zealand, SA South Africa, SSI South
Shetland Islands, TA Tasman Sea

Table 7.3 Definitive and
intermediate/paratenic hosts
of the Pseudoterranova
decipiens species complex, so
far reported from the Austral
Region, identified by
molecular/genetic markers

Host P. decipiens sp. E | P. cattani

Pinnipeds
Otaridae
Otaria flavescens — CHI, ARG
Phocidae
Leptonychotes weddellii WS -
Fishes
Channichthydae
Chaenocephalus aceratus | SSI -

Merlucciidae

Merluccius gayi - CHI
Notothenidae
Notothenia coriiceps SSI -

Notothenia neglecta SSI -

Trematomus newnesi SSI -
Ophidiidae
Genypterus maculatus - CHI
Paralichthydae
Paralichthys patagonicus | — ARG

Paralichthys microps - CHI
Paralichthys isosceles - ARG
Percophidae

Percophis brasiliensis - ARG

Pinguipedidae

Pseudopercis semifasciata | — ARG

Serranidae

Acanthistius patachonicus | — ARG

Triglidae
Prionotus nudigula - ARG

Data from Mattiucci and Nascetti (2008), Hernandez-Orts et al.

(2013), Timi et al. (2014)

Sampling locality codes: ARG Argentine waters, CHI Chilean

coast, SSI South Shetland Islands, WS Weddell Sea




7 Inventorying Biodiversity of Anisakid Nematodes from the Austral Region 115

Table 7.4 Definitive and intermediate/paratenic hosts of the Contracaecum spp. from pinnipeds
sampled from the Austral Region, identified by molecular/genetic markers

C. C.
osculatum | osculatum C. C. C. ogmorhini
sp. D sp. E radiatum | miroungae (s.s.)

Pinnipeds
Phocidae
Mirounga leonina - - - SSI, ARG ARG
Leptonychotes RS, WS RS, WS RS, WS - -
weddellii
Otariidae
Arctocephalus - - - - ARG
australis
Arctocephalus - - - - SA, AU
pusillus
Fishes
Bathydraconidae
Gymnodraco RS RS - - -
acuticeps
Cygnodraco RS RS - - -
mawsoni
Channichthydae
Cryodraco RS,WS RS, WS WS, RS - -
antarcticus
Chionodraco RS,WS RS, WS WS, RS - -
hamatus
Chionodraco - - WS, RS - -
myersi
Chaenodraco RS RS - - -
wilsoni
Pagetopsis RS RS - - -
macropterus
Notothenidae
Notothenia neglecta | RS,WS RS, WS - - -
Trematomus RS, WS RS,WS
centronotus
Trematomus RS RS - - -
bernacchii
Trematomus RS RS
hansoni
Trematomus RS RS - - -
newnesi
Trematomus RS RS
pennellii
Data from: Mattiucci and Nascetti (2008), Mattiucci et al. (2015), and unpublished
Sampling locality codes: ARG Argentine waters, RS Ross Sea, SSI South Shetland Islands, WS
Weddell Sea
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Fig. 7.2 World map highlighting the so far known distribution areas of the anisakid species of
Anisakis (), Pseudoterranova (A) and Contracaecum (Q) in the Austral Region. The geographi-
cal areas indicated are those related to the sampling localities for their definitive and intermediate
hosts (Data from Mattiucci and Nascetti (2008), Klimpel et al. (2010), Mattiucci et al. (2014,
2015a, 2015b)), Timi et al. (2014), (Shamsi 2014))

7.3 The Current Taxonomy of Anisakis spp. from the Austral
Region

To date, nine species belonging to the genus Anisakis have been documented world-
wide. Such species have been demonstrated to have distinct gene pools, to be char-
acterized by distinct diagnostic genetic markers and to be reproductively isolated.
The existence of those nine species as distinct phylogenetic units has been also dem-
onstrated by various concatenated phylogenetic analyses, as inferred from nuclear
and mitochondrial genes (Valentini et al. 2006; Mattiucci and Nascetti 2008;
Cavallero et al. 2011; Mattiucci et al. 2014a). According to these phylogenetic anal-
yses, four distinct clades within the genus Anisakis are clearly inferred, the existence
of the three species A. simplex (s. s.), A. pegreffii and A. berlandi (= A. simplex sp.
C) as distinct phylogenetic lineages (Mattiucci et al. 2014a). The topology of the
Bayesian tree (Fig. 7.3) showed four main clades: first clade formed by (A. berlandi
(A. pegreffii and A. simplex (s. s.)); a second clade formed by the two sibling species,
A. ziphidarum and A. nascettii; a third clade formed by the species A. physeteris, A.
brevispiculata and A. paggiae, with a support of 100 % posterior probability at the
BI inference (Fig. 7.3). Finally, concatenated phylogenetic trees obtained from the
combined nuclear and mitochondrial sequences depicted A. typica as a separate lin-
eage; its position as the sister group to the other main clades received a posterior
probability value of 100 % at the BI analysis (Mattiucci et al. 2014a).
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Fig. 7.3 Concatenated Bayesian inference (BI) tree obtained on the combined mtDNA cox2, rrnS
and ITS region of rDNA sequences datasets of all the Anisakis so far genetically characterized
(Data from Mattiucci et al. (2014a, b)), performed by MrBayes3.1 (Huelsenbeck and Ronquist
2005), using TrN+1+G model as selected by jModeltest 2.1 (Darriba et al. 2012) (with Akaike
Information Criterion (AIC) calculation). The values of posterior probabilities, indicative of sig-
nificant support, are given at the nodes. 7. canis and A. suum were used as outgroups. The phylo-
genetic tree reported for all the Anisakis species, as representing distinct phylogenetic lineages, is
mapped in association with families of cetaceans (Delphinidoidea, Ziphiidae, Physeteridae), as
their main definitive hosts, so far reported in literature (Data from Mattiucci and Nascetti (2008),
Mattiucci et al. (2009, 2014a), Shamsi (2014))

Among the nine species genetically characterized belonging to the genus
Anisakis, those reported from the Austral Region are here reviewed with the sam-
pling localities from where they have been identified, including the tables listing
their definitive and intermediate/paratenic hosts (fish and squid) (Tables 7.1 and
7.2). They are the following:

Anisakis pegreffii Campana-Rouget and Biocca, 1955. Previously indicated as A.
simplex A (see Nascetti et al. 1986), A. pegreffii occurs at both adult and larval
stages in the Austral Region, between 30 and 60°S (Mattiucci et al. 2014). To date,
it has been recorded at high abundance as an adult in dolphins, mainly belonging to
the family Delphinoidea, and in a species of Neobalaenidae (Caperea marginata)
from the south-east Atlantic coast (South African coast) (Table 7.1). It has been
recorded, so far, in several species of fish and squids as a larva (Table 7.2). Among
those hosts, three definitive and some intermediate/paratenic hosts are shared by A.
pegreffii with A. berlandi in the Austral waters off New Zealand, the South African
coast, Falkand Island and the southern Chilean coast (Table 7.2, Fig. 7.2).
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Anisakis berlandi of Mattiucci et al. (2014a) [= A. simplex C of Mattiucci et al.
(1997)] currently exhibits a discontinuous range (Mattiucci and Nascetti 2008). This
includes, in the Austral Region: the Chilean Pacific, the South Shetland Islands, New
Zealand waters and the South African Atlantic coast (Mattiucci and Nascetti 2008;
Klimpel et al. 2010; Mattiucci et al. 2014 and unpublished). This species has been
identified, at the adult stage, in sympatry and syntopy with A. pegreffii in Globicephala
melas and Grampus gryseus from the New Zealand, and in Globicephala melas from
south-west (South African coast) and south-east (Chilean coast) Pacific waters
(Table 7.1). Very few specimens belonging to A. berlandi were identified in the
pigmy sperm whale Kogia sima in south Pacific waters; in addition, it has been rarely
identified also in Mirounga leonina from the sub-Antarctic area (South Shetland
Islands) (Mattiucci and Nascetti 2008). Its Type I larvae were identified in several fish
from Austral waters off New Zealand (Mattiucci and Nascetti 2008; Mattiucci et al.
2014), the South African coast (Mattiucci et al. 2014), Southern Shetland Islands
(Klimpel et al. 2010) and the Southern Chilean coast (Table 7.2). Klimpel et al.
(2010) stated that the occurrence of few larval specimens of A. berlandi (= A. simplex
C) and A. pegreffii in myctophids from the southern waters of the Southern Ocean
(i.e., South Shetland Islands) could be related to the introduction of those anisakid
species from outside the Antarctica, through their migrating teleosts intermediate
hosts. Indeed, also the very low infection found in M. leonina from South Shetland
Islands (Mattiucci and Nascetti 2008) could be retained as an accidental infection.

Anisakis ziphidarum Paggi, Nascetti, Webb, Mattiucci, Cianchi and Bullini, 1998,
was first described, both genetically and morphologically, as an adult in the beaked
whales Mesoplodon layardii and Ziphius cavirostris from the South Atlantic Ocean (off
the South African coast). Since its first morphological description and genetic charac-
terization (Paggi et al. 1998, it has been recently identified genetically as an adult in
other species of beaked whales, such as M. mirus and M. grayi, in South Atlantic waters
and in Mesoplodon sp. and Z. cavirostris from Chilean waters (Mattiucci and Nascetti
2008). Thus, its geographical range appears to be wide (Fig. 7.2) and mainly related to
that of its definitive hosts. Scanty data are available concerning its infection at larval
stage in fish and/or squid from the Austral region, but it occurs at low prevalence of
infection in some fish species, such as Allocyttus niger (Table 7.2). However, it seems
that this species may involve other intermediate hosts in its life-cycle, such as squid
(Table 7.2), rather than fish, as these represent the main food source of beaked whales.

Anisakis nascettii Mattiucci, Paoletti, Webb, 2009, has been detected in the beaked
whales Mesoplodon mirus and M. grayi from South African and New Zealand waters
(Fig. 7.2, Table 7.1). The gene pool was found to be reproductively isolated from the
sympatric species A. ziphidarum occurring in the same hosts and geographical region.
It is genetically very distinct from the other species of Anisakis but is most closely
related to A. ziphidarum. The third-stage larva of A. nascettii is apparently of Type
L. It has been genetically identified, at the larval stage, infecting heavily the squid
Moroteuthis ingens in Tasman Sea waters (Mattiucci et al. 2009). This appears to sup-
port the hypothesis that this species involves squids rather than fish in its life-cycle.

Anisakis brevispiculata Dollfus, 1966, was initially characterized genetically
using allozymes based on material from a pygmy sperm whale, Kogia breviceps,
stranded on the South African coast (Mattiucci et al. 2001). Its reproductive isola-
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tion from the morphologically closely related A. physeteris was demonstrated,
establishing the validity of A. brevispiculata (see Mattiucci et al. 2001), which had
been synonymized with A. physeteris by Davey (1971). Later, its mitochondrial and
nuclear sequences (Valentini et al. 2006; Mattiucci et al. 2014) established its
genetic relationship with respect to the other Anisakis spp., confirming that A.
brevispiculata clusters well with those Anisakis species forming the second clade.

Anisakis paggiae Mattiucci, Nascetti, Dailey, Webb, Barros, Cianchi and Bullini,
2005, clusters with A. physeteris and A. brevispiculata. This third species was first dem-
onstrated by allozymes (Mattiucci et al. 2005) and mtDNA cox2 sequence analysis
(Valentini et al. 2006). It was also first described morphologically as an adult parasite of
the pygmy sperm whale, Kogia breviceps, and the dwarf sperm whale, K. sima, from the
South African Atlantic coast (Mattiucci et al. 2005). Scanty data are available regarding
the identification of the intermediate hosts in the life-cycle of A. paggiae from Austral
waters. Several larvae of Type II have been identified as belonging to this species in fish
from Atlantic waters (in Xiphias gladius) (Mattiucci et al. 2015a), thus suggesting that
other hosts, not yet detected, are involved in the life-cycle of this Anisakis species.

The high genetic heterogeneity of the Anisakis spp. is now also supported by
some differential morphological features. The major clades can be delineated as
follows: the clade including the species of the A. simplex complex (i.e., A. simplex
(s.s.), A pegreffii and A. berlandi) has the following characteristics: (a) the ventricu-
lus, in the adult stage, is longer than broad and often sigmoid in shape; (b) male
spicules are long and often unequal (Mattiucci et al. 2014); (c) larval Type I mor-
phology (sensu Berland 1961). Whereas, the clade including the species A. ziphi-
darum and A. nascettii shows (a) the ventriculus, in the adult stage, is longer than
broad and often sigmoid in shape; (b) male spicules equal (see (Mattiucci et al.
2009); (c) larval Type I morphology (sensu Berland 1961). Finally, the clade encom-
passing the species A. physeteris, A. brevispiculata and A. paggiae shows (a) the
ventriculus, in the adult stage, is short, never sigmoid and broader than long; (b)
male spicules that are short, stout and of similar length (Mattiucci et al. 2005); (c)
Type II larval morphology (sensu Berland 1961).

In addition, some morphological and morphometric characters are so far known
which help in distinguishing the sibling species of the A. simplex complex (i.e., A
pegreffii, A. simplex (s. s.) and A. berlandi) (Mattiucci et al. 2014). Furthermore,
some morphological features, of diagnostic value, available in male and female
adult specimens, were used to help in distinguishing A. paggiae from A. physeteris
and A. brevispiculata (see Mattiucci et al. 2005), and A. ziphidarum from A. nascet-
tii (see Mattiucci et al. 2009).

7.4 The Current Taxonomy of Pseudoterranova spp.
from the Austral Region

To date, six biological species are recorded in the Pseudoterranova decipiens com-
plex. Indeed, population genetic analysis, performed at first by allozyme markers on
specimens of P. decipiens (s. I.) recovered from fish and seal species, collected at
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several locations in the North Atlantic Ocean, demonstrated the existence of a
remarkable genetic heterogeneity with striking variation in allele frequencies among
the samples (Paggi et al. 1991). Three distinct biological species occurred sympatri-
cally in the samples of P. decipiens (s. I.) collected in seal hosts from those geo-
graphical areas, with no gene flow between them. The three taxa genetically
recognized were thus provisionally designated as P. decipiens sp. A, P. decipiens
sp. B and P. decipiens sp. C (Paggi et al. 1991). Morphological analysis carried out
on male specimens identified by allozyme markers as P. decipiens A and B allowed
the detection of significant differences in a number of characters between these two
members; on the basis of such differences the nomenclature designation for P.
decipiens sp. A and P. decipiens sp. B was proposed (see Paggi et al. 2000). Thus,
the names Pseudoterranova krabbei Paggi, Mattiucci, Gibson, Berland, Nascetti,
Cianchi and Bullini, 2000, and P. decipiens (s. s.) were proposed, respectively, for
the species A and B, and a formal description of the two taxa was provided (see
Paggi et al. 2000). Later on, the name of P. bulbosa (Cobb, 1888) was proposed for
the taxon P. decipiens sp. C (see Mattiucci et al. 1998), as the latter taxon was dem-
onstrated to correspond morphologically with Ascaris bulbosa described by Cobb
(1888) from the bearded seal, Erignathus barbatus, at Spitzbergen (NE Atlantic
Ocean). A further taxon, provisionally designated as P. decipiens sp. D (Mattiucci
et al. 1998), was later included in the P. decipiens complex; this was detected by
exhibiting several fixed differences at allozyme loci with respect to the other cryptic
species. It was found to occur sympatrically with P. bulbosa in the same geographi-
cal areas (Japanese waters) and occasionally in the same definitive host, the bearded
seal Erignathus barbatus, from which it was demonstrated to be reproductively
isolated (Mattiucci et al. 1998). Pseudoterranova decipiens sp. D was found to cor-
respond to the measurements and tail drawing of Porrocaecum azarasi Yamaguti
and Arima, 1942, based on specimens recovered in the ribbon seal Phoca (=
Histriophoca) fasciata on the islands of Sakhalin and Hokkaido. This taxon was
synonymized by Margolis (1956) with “Phocanema decipiens”. Therefore,
Mattiucci et al. (1998) proposed the name Pseudoterranova azarasi (Yamaguti and
Arima, 1942) n. comb. for the species P. decipiens sp. D.

In the Austral Hemisphere, using allozyme markers on larval and adult popula-
tions of P. decipiens (s. I.) collected from four fish species and the southern sea lion,
Otaria byronia (= Otaria flavescens), in the SE Pacific Ocean, a further member of
the P. decipiens complex has been shown to exist (George-Nascimento and Llanos
1995). In its formal description, this taxon was named P. cattani (George-
Nascimento and Urrutia 2000). As stated above, this species was found as an adult
in O. byronia on the Chilean coast. Using molecular markers in the internal tran-
scribed spacers of ribosomal DNA (ITS rDNA), this species was previously shown
to cluster with the P. decipiens complex (Zhu et al. 2002).

Finally, P. decipiens sp. E of Bullini, Arduino, Cianchi, Nascetti, D’ Amelio,
Mattiucci, Paggi Orecchia, Plotz, Smith and Brattey, 1997, was rarely genetically
detected in the Antarctic Weddell seal, Leptonychotes weddellii (see Bullini et al. 1997).

A genetic identification and morphological characterization of larval
Pseudoterranova spp. from three fish species sampled from Argentine waters (i.e.,
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Acanthistius patachonicus and Pseudopercis semifasciata) and from Notothenia
coriiceps from Antarctic waters was carried out by Timi et al. (2014). Larvae were
sequenced for their genetic/molecular identification, including the mitochondrial
cytochrome ¢ oxidase subunit II (mtDNA cox2), the first (ITS-1) and the second
(ITS-2) internal transcribed spacers of the nuclear ribosomal DNA, and compared
with all species of the P. decipiens (sensu lato) species complex. Further, adults of
Pseudoterranova spp. from the definitive host, the southern sea lion, Otaria flaves-
cens, from Argentine and Chilean coasts were sequenced at the same genes. The
sequences obtained at the ITS-1 and ITS-2 genes from all the larvae examined from
fish of Argentine waters, as well as the adult worms, matched 100 % the sequences
for the species P. cattani. While, the sequences obtained at mtDNA cox2 gene for
Antarctic larvae matched 99 % those available in GenBank for the sibling P. decipi-
ens sp. E. In the same paper (Timi et al. 2014), phylogenetic analysis strongly sup-
ported P. cattani and P. decipiens sp. E as two distinct phylogenetic lineages and
depicted the species P. decipiens sp. E as a sister taxon to the remaining taxa of the
P. decipiens complex. In addition, larval morphometry was similar between speci-
mens of P. cattani from Argentina, but significantly different from those of P.
decipiens sp. E, indicating that larval forms can be distinguished based on their
morphology (Timi et al. 2014).

Pseudoterranova cattani is common and abundant in a variety of fish species
from Chile, whereas few host species harbour these larvae in Argentina where, on
the contrary, they show low levels of infection. Finally, that study revealed that the
life-cycle of P. cattani involves mainly demersal and benthic organisms, with a
marked preference in large-sized benthophagous fish (Table 7.3). Those studies
indicate that members of the genus Pseudoterranova in the areas of Pacific and
Atlantic coasts of South America are representatives of a unique species, namely P.
cattani, whose distribution mirrors that of its definitive host, O. flavescens (Timi
et al. 2014). In addition, some of the records of Pseudoterranova spp. from that
region could be erroneous or in need of validation by using molecular/genetic mark-
ers for their identification. The distribution of definitive hosts has been postulated as
one of the most important biotic factors determining the distribution of P. decipiens
(s. 1) (McClelland 2002). Otaria flavescens is distributed over a broad latitudinal
range along the South American coastline, from Peru in the Pacific to Brazil in the
Atlantic (Vaz-Ferreira 1982). This species is apparently the only suitable definitive
host for P. cattani (George-Nascimento and Llanos 1995). Indeed, the South
American fur seal Arctocephalus australis, sympatric with the sea lions in Uruguay
and in some localities of the Argentine coasts, has been reported as harbouring only
larval stages in Patagonia (Herndndez-Orts et al. 2012). It is likely that the lower
densities of sea lions in the northern Argentine coasts could be responsible also for
a small population of P. cattani present in that geographic area. In contrast, higher
levels of parasitism have been recorded in O. flavescens in Chile (prevalence =100 %,
mean abundance=131.1+125.5) (George-Nascimento 1991). Furthermore, envi-
ronmental conditions can also affect the distribution and/or abundance of suitable
previous invertebrate hosts, still unknown for P. cattani. A combination of factors
seems to drive the population size of P. cattani in the northern boundary of distribu-
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tion of O. flavescens in the Atlantic, including the environmental conditions (warm
waters with low salinity), the density and dietary preferences (or prey availability)
of definitive hosts and the life-cycle pathways of the parasite (Timi et al. 2014).

7.5 The Current Taxonomy of Contracaecum spp.
from the Austral Region

7.5.1 The Contracaecum osculatum (s. l.) Complex of Species

First genetic studies based on allozyme markers on this species complex have dem-
onstrated the reproductive isolation and the absence of gene flow among sympatric
and allopatric populations of C. osculatum (s. l.) hosted by pinnipeds from Arctic
and Antarctic regions (Mattiucci and Nascetti 2008). Those genetic markers have
proved the existence of several biological species within C. osculatum (s. I.), con-
sidered previously as a cosmopolitan species and parasitic in various definitive seal
hosts. These nematode species are often very similar morphologically but reproduc-
tively isolated (sibling species). Actually, they are the Arctic sibling species named
as C. osculatum sp. A, C. osculatum sp. B and C. osculatum (s. s.) (see Nascetti
et al. 1993; Mattiucci et al. 1998), and the two Antarctic members named C. oscu-
latum sp. D and C. osculatum sp. E (see Orecchia et al. 1994). Later, those species
of the C. osculatum (s. I.) complex have been genetically characterized on the basis
of other genetic/molecular markers, such as the sequences analysis of the internal
transcribed spacers of ribosomal DNA (ITS rDNA) (Nadler et al. 2005) and the
mitochondrial cox2 gene sequences analysis (Mattiucci et al. 2008). Further, the
single strand conformation polymorphism (SSCP) analysis of the ITS rDNA was
performed to screen for sequence variation within and among individuals of the C.
osculatum (s. ) species complex (Zhu et al. 2000; Hu et al. 2001). Inter-taxon dif-
ferences in SSCP profiles were detected between those Contracaecum taxa. A reli-
able genetic differentiation of the sibling species from one another, revealed at the
ITS rDNA sequences analysis, was recorded, except in the case of the two Antarctic
members, i.e., C. osculatum sp. D and C. osculatum sp. E, which exhibited identical
ITS rDNA sequences and SSCP profiles (Zhu et al. 2000). Similarly, SSCP-based
analyses of three mitochondrial DNA (mtDNA) regions, namely cytochrome ¢ oxi-
dase subunit I (cox7) and the small and the large subunit of ribosomal RNA (ssrRNA
and /srRNA), respectively, in the Arctic and Antarctic members of C. osculatum (s.
) (Hu et al. 2001), detected nucleotide differences considered diagnostic among all
the sibling species of C. osculatum (s. l.) from the Arctic Boreal region, with the
exception of the two Antarctic members, for which those markers failed to distin-
guish C. osculatum sp. D and sp. E (Hu et al. 2001).

In contrast, reproductive isolation and fixed alternative alleles were found at some
diagnostic loci between the two sympatric sibling species from the Antarctic Ocean
by the use of multilocus allozymes electrophoresis (MAE) (Orecchia et al. 1994). In
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more recent years, sequences analysis of the mitochondrial cox2 gene of specimens
belonging to C. osculatum sp. D and C. osculatum sp. E, previously identified by
allozymes, was able to support the existence of the two Antarctic members of C.
osculatum (s. 1.) as two distinct phylogenetic units (Mattiucci et al. 2008, 2015).

Contracaecum osculatum sp. D and C. osculatum sp. E of Orecchia, Mattiucci,
D’ Amelio, Paggi, Plotz, Cianchi, Nascetti, Arduino and Bullini, 1994, occur sym-
patrically in the same definitive host, the Weddell seal, Leptonychotes weddellii, and
have so far been reported from both the Weddell and the Ross Seas (Antarctica)
(Orecchia et al. 1994). The larval stages of the two sibling species have been identi-
fied by diagnostic allozyme markers and sequences analysis of the mtDNA cox2
gene, from several fish species belonging to the families Channicthydae,
Bathydraconidae and Nototheniidae, in which a differential distribution of the two
sibling species is reported (Mattiucci and Nascetti 2007; Mattiucci et al. 2015a)
(Table 7.4, Fig. 7.1). The two species, C. osculatum sp. D and C. osculatum sp E,
were found in the same individual fish hosts, showing a strict sympatry and syntopy.
They showed also differences in the host infection site: the relative proportion of C.
osculatum sp. D was significantly higher in the fish liver (Mattiucci et al. 2015a).
Moreover, a significant statistical difference in the relative proportions by C. oscu-
latum sp. D and C. osculatum sp. E in the fish species was observed (Mattiucci et al.
2015a). This finding could be related to the ecological and feeding habits of the fish
host species. Thus, considering the relative frequencies observed of the two species
of Contracaecum occurring in the different host species, each one characterized by
its feeding ecology and diets, some conclusion has been drawn regarding the pos-
sible life-cycles of C. osculatum sp. D and C. osculatum sp. E in the Antarctic food
web (Mattiucci et al. 2015a). C. osculatum sp. D seems to be mainly associated with
fishes characterized by bentho-pelagic habits, and feeding above all other small
fishes and Antarctic krill (presumably Euphasia crystallorophias, the euphasid
present in the Ross sea), like Chionodraco hamatus and Trematomus hansoni. Thus,
C. osculatum sp. D could include, in its biological cycle, a planktonic intermediate
host, such as E. crystallorophias in the Ross Sea, and probably E. superba in other
Antarctic areas. Instead, C. osculatum sp. E showed higher frequencies in the fish
species, such as T. bernacchii, specialized in predation of strictly benthic organ-
isms. This observation indicates that a possible first intermediate invertebrate host
could be represented by an amphipod/polychaete/isopod, with a benthic life-cycle —
habit (Mattiucci et al. 2015a).

7.5.2 The Contracaecum ogmorhini Species Complex

The pinniped parasite Contracaecum ogmorhini Johnston and Mawson, 1941, first
described from the leopard seal, Hydrurga leptonyx, in South Australian waters,
was later synonymized with C. osculatum (see Johnston and Mawson 1945).
However, it was considered valid by Fagerholm and Gibson (1987). The species was
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found to be genetically heterogeneous using allozyme markers (18 enzyme loci),
indicating the existence of two reproductively isolated taxa (sibling species)
included within the morphospecies. A formal description of the two taxa was given
by Mattiucci et al. (2003), and they were named C. ogmorhini Johnston and
Mawson, 1941 (sensu stricto) and C. margolisi Mattiucci, Cianchi, Nascetti, Paggi,
Sardella, Timi, Webb, Bastida, Rodriguez and Bullini, 2003. A morphological
description of C. ogmorhini (s. s.) from Arctocephalus australis was given by Timi
et al. (2003). Contracaecum ogmorhini (s. s.) has been detected as an adult in the
otariid seals Arctocephalus pusillus pusillus, A. pusillus doriferus and A. australis
in the Austral region (Mattiucci et al. 2003; Timi et al. 2003; Mattiucci and Nascetti
2008).

Contracaecum radiatum (v. Linstow, 1907) Baylis, 1920: the taxonomic status
of this species was confirmed genetically by Arduino et al. (1995) on the basis of 24
enzyme loci. Several allozymes were found to be diagnostic between C. radiatum
and the other taxa so far characterized as belonging to Contracaecum species from
seals ((Arduino et al. 1995; Mattiucci et al. 2008), and unpublished data).
Reproductive isolation from the two Antarctic members of the C. osculatum com-
plex (i.e., C. osculatum sp. D and C. osculatum sp. E), occurring sympatrically in
the same definitive hosts (the Weddell seal), was proved by the lack of F1 hybrids
and recombinant or introgressed individuals between the Antarctic taxa in the sym-
patric areas of the Weddell and Ross Seas (Arduino et al. 1995). The genetic rela-
tionships between C. radiatum and other congeneric taxa were later inferred from
LSU rDNA sequences (Nadler et al. 2000) and mtDNA cox2 sequence analyses
(Mattiucci et al. 2008). Morphological distinction between C. radiatum and C.
osculatum (s. l.) was established by Kloser and P16tz (1992). Contracaecum radia-
tum has been genetically identified as an adult in Leptonychotes weddellii and as a
larva in the pelagic channichthyd fishes Chionodraco hamatus and Criodraco ant-
arcticus (see (Arduino et al. 1995)). This finding supports a previous report by
Kloser et al. (1992), according to which C. radiatum has become adapted to a
pelagic food web. Other definitive hosts recorded for this species in Antarctic waters
are the leopard seal, Hydrurga leptonyx, and the Ross seal, Ommatophoca rossi (see
Baylis 1937; Dailey 1975). Genetic investigations on this parasite of Antarctic seals
are needed in order to determine any host preference of C. radiatum in the Antarctic
waters.

Contracaecum miroungae Nikolskii, 1974: the taxonomic status of the species
was confirmed genetically by allozyme markers (20 enzyme loci) (Mattiucci et al.
2008). It was detected genetically as an adult in Mirounga leonina from the Antarctic
and sub-Antarctic areas (Mattiucci et al. 2008) and also in the otariid Arctocephalus
australis (Mattiucci and Nascetti 2008). There is reproductive isolation between the
two Antarctic members of the C. osculatum complex (i.e., C. osculatum sp. D and
C. osculatum sp. E) occurring sympatrically in the same definitive host (the Weddell
seal). The genetic relationships between C. miroungae and other congeneric taxa
were later inferred from LSU rDNA sequences (Nadler et al. 2000) and from the
mtDNA cox2 sequences analyses (Mattiucci et al. 2008). No data of genetically
identified larvae of this species are available so far.
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7.6 Current Methods for the Identification of Anisakid
Nematodes from the Austral Region

In the last two decades, the reported diversity of anisakid species has increased due
to the detection by genetic markers of several morphologically very similar sibling
species, which thus showed reproductively isolated gene pools that certify them as
“biological species”. There are now morphospecies, or species complexes, based on
previously recognized cosmopolitan species (sensu lato), that may actually com-
prise several recognized species. This genetic approach has solved one of the major
problems in the systematics of anisakid nematodes: the occurrence of the parallel-
ism and convergence of morphological features, which confound the systematic
value of some morphological criteria and often accompany a high genetic and eco-
logical divergence between the species. The lack of morphological differences in
these parasites may be due to various factors, such as similar selection pressures
causing the conservation of a common adaptive morphology. Consequently, some
morphological characters have little or no taxonomic value because of the evolu-
tionary coadaptation of these endoparasites to the stable habitat represented by their
localization in definitive hosts. Indeed, morphospecies may appear to have multiple
host species, i.e., parasite populations isolated in their hosts have diverged geneti-
cally but have conserved morphological features. Moreover, species identification
based on morphological characters makes identification very difficult and specula-
tive, especially for larval stages as they lack reliable diagnostic features at the spe-
cies level.

The assessment of anisakid nematode biodiversity based on molecular genetic
markers represents the preferable method, so far, for specific diagnosis. This pros-
pect gains importance when the unambiguous identification of those anisakids with
a zoonotic potential is an essential requirement for a proper epidemiological
survey.

The species concept (BSC) (Mayr 1963) was well supported by the application
of allozyme markers within certain anisakid morphospecies, such as those of
Anisakis, Pseudoterranova and Contracaecum (Mattiucci and Nascetti 2008;
Mattiucci et al. 2014). Reproductive isolation and absence of gene flow were dem-
onstrated by these allozyme loci between sympatric and allopatric sibling species,
establishing their specific status (Paggi et al. 1991; Nascetti et al. 1993; Mattiucci
etal. 1997, 2001, 2003, 2005). Allozyme markers have allowed: (1) genetic charac-
terization of different species of anisakid nematodes, (2) estimation of their genetic
differentiation, (3) establishment of their genetic relationships, (4) identification of
their larval stages which lack diagnostic morphological characters and (5) clarifica-
tion of hybridization phenomena between very close sibling species (Mattiucci
et al. 2016). Later on, the introduction of the polymerase chain reaction (PCR)-
derived molecular methodologies confirmed taxonomic decisions involving ani-
sakid species previously based on allozyme markers. Reference individuals, initially
characterized by allozymes, have been used to develop DNA-based approaches for
species identification, such as direct sequencing of nuclear and mitochondrial DNA
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genes (Mattiucci et al. 2014, 2016). Thus, phylogenetic analysis provided a new
perspective for the delimitation of anisakid sibling species, including hierarchical
relatedness and relative rates of evolution. An evolutionary perspective provides a
conceptual approach to view species as independent evolutionary lineages and pro-
vides another approach for delimiting species (Nadler et al. 2005). Indeed, based on
phylogenetic DNA analysis, sibling anisakid species have been confirmed by meth-
ods that can test the hypothesis of lineage independence by analysing many indi-
vidual specimens and sometimes detecting new genotypes and species (Nadler et al.
2000, 2005; Valentini et al. 2006; Mattiucci and Nascetti 2008; Cavallero et al.
2011; Mattiucci et al. 2014).

Based on allozyme diagnostic loci for different anisakid taxa, easy and rapid
identification of large numbers of individuals can be performed; this method is par-
ticularly valuable for identifying larval individuals collected from several intermedi-
ate/paratenic hosts, and often occurring in mixed infections. Accordingly, such
species identifications have been demonstrated to be very informative tools for
answering epidemiological questions involving geographical range, host preference
and life-cycles of these parasites. Moreover, because numerous allozymes analyses
have been applied to thousands of individuals, they have contributed greatly to our
knowledge of the genetic diversity of anisakid populations collected from various
ecosystems in the Boreal and Austral Regions. However, allozymes tool is limited
to frozen-preserved or fresh individuals. This preservation constraint has now been
resolved by DNA-based diagnostic techniques, which have the advantage of also
being able to use alcohol-preserved specimens. In contrast with allozymes, the
DNA-based techniques have increased our ability to study phylogenetic relation-
ships between related anisakids based on the evolutionary lineage concept. However,
the PCR-DNA molecular derived methodologies, so far applied to the systematics
of anisakid nematodes, include nowadays, the application of a multigene approach
in order to have a robust identification of the considered taxa. They are the sequences
analysis of mitochondrial genes, such as the cytochrome oxidase 2 (mtDNA cox2)
(Valentini et al. 2006; Mattiucci and Nascetti 2006, 2008; Mattiucci et al. 2014), and
the small subunit of rRNA (rrnS) (Mattiucci et al. 2014) and of nuclear genes, such
as the ITS region of rDNA (Nadler et al. 2005); the elongation factor—1 alpha 1
nDNA (EF1 a—1 nDNA region) (Mattiucci et al. 2016); PCR-restriction fragment
length polymorphism (PCR-RFLPs) of ITS region of rDNA (D’ Amelio et al. 2000;
Pontes et al. 2005).

7.7 Host Preference in Anisakid Nematodes and Host-
Parasite Co-phylogenetic Pathways

As described above, the phylogenetic relationships between Anisakis spp. shows
presence of distinct main clades, as inferred from the multigene sequences analysis
(Mattiucci et al. 2014a). Phylogenetic relationships between Anisakis spp. is sup-
ported also by ecological data and specific host-parasite relationships (Fig. 7.3).
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Those have been suggested to “mirror”, in several host-parasite associations
(Mattiucci and Nascetti 2008), the phylogenetic relationships so far proposed for
their definitive hosts (Milinkovitch 1995; Cassens et al. 2000; Nikaido et al. 2001;
Arnason et al. 2004). Indeed, Mattiucci et al. (2014a) provided support for the exis-
tence of host specificity among A. simplex (s. s.), A. pegreffii and A. berlandi for
“oceanic dolphins” and whales, as suggested by Mattiucci and Nascetti (2008) and
others (e.g., Klimpel et al. 2008; Cavallero et al. 2011). The three species have been
identified as the only species of Anisakis parasitizing striped dolphins, pilot whales
and minke whales. Interestingly, G. melas was found to host all three species,
depending on its locality, in relation to the geographical ranges reported for A.
pegreffii, A. simplex (s. s.) and A. berlandi. Notably, for pilot whales in South Pacific
waters, A. pegreffii and A. berlandi were detected in sympatry and in syntopy in the
same individual host. In contrast, A. pegreffii has been identified, based on molecular
markers (sequences data of the ITS-1 and ITS-2 rDNA) and described morphologi-
cally, from the short-beaked common dolphin, Delphinus delphis, and the common
bottlenose dolphin, Tursiops truncatus, from south eastern Australian waters; simi-
larly, larval stages belonging to the species A. berlandi were found in a dwarf sperm
whale from the same geographical area (Shamsi 2014). All these findings appear to
confirm that the three species share, in different geographical areas, the same defini-
tive hosts, and they involve in their life-cycles different pelagic and demersal fish
hosts in their respective ranges (Mattiucci and Nascetti 2008).On the other hand, the
same definitive host, the pilot whale, has previously been found in Spanish Atlantic
waters to be parasitized by adults of A. pegreffii and A. simplex (s. s.) in sympatry
(Mattiucci et al. 2014a). Interestingly, it has been suggested that two subspecies of
pilot whales exist (Rice 1998), with subspecies G. melas melas in the Boreal region
and subspecies G. melas edwardii (Smith) in the Austral region. The occurrence of
A. simplex (s. s.) in Boreal individuals of pilot whales (see (Mattiucci and Nascetti
2008)) and the detection of A. berlandi in Austral specimens of pilot whales
(Mattiucci et al. 2014a) seem to support this hypothesis, and the possible use of
Anisakis spp. for gathering information also on the migration routes and population
structure of their definitive hosts.

In addition, the odontocetes Physeter catodon, Kogia breviceps and K. sima are
the main definitive hosts for A. physeteris, A. brevispiculata and A. paggiae, respec-
tively (Mattiucci et al. 2001, 2005; Mattiucci and Nascetti 2006) (Fig. 7.3, Table 7.1).
The beaked whales Ziphius cavirostris and several species belonging to the genus
Mesoplodon are hosts of A. ziphidarum and A. nascettii, which are partitioned in the
distinct clade I in the Anisakis-parasite phylogenetic tree (Fig. 7.3). According to
the phylogenetic hypothesis proposed by Arnason et al. (2004), the Cetacea group
splits into monophyletic Mysticeti (baleen whales) and monophyletic Odontoceti
(toothed whales). The Odontoceti diverged into the four extant lineages, Physeteridae
(sperm whales: represented by the sperm whales), Ziphiidae (beaked whales),
Platanistidae (Indian river dolphins) and Delphinoidea (encompassing the families
Iniidae, Monodontidae, Phocoenidae and Delphinidae). Phylogenetic trees provided
by Nikaido et al. (2001) and Arnason et al. (2004) were congruent in depicting the
branching order of the extant cetacean lineages, where the families Physeteridae



128 S. Mattiucci et al.

Phocidae Otariidae

Semta
E barbanes 1 vitulima  H. grypus

o W e Y e

y

3
- @ 5 -_ g
- : i ;-]
£ = A -
= =
0 s e = oo Y o
3 3 : P calfformianes
H ] H L weddeliii L. weddelhi g .‘E r} p——
= ct 5 " - ] B z
Phocinae > - X B 2 £ £
3 o 5 g H &
P 3 g ; 8 g & E
Monachinae 2 ] - 3 I
% Sacacacacgcacandd T v g
B ouwiidac g - E

8

SSRTTER
%

%z

s Cooscalatum sp.
Ly O osculatum sp. E

g E

g

g 0.90

Fig. 7.4 Bayesian inference (BI) tree obtained from mtDNA cox2 sequences analysis of
Contracaecum spp., performed by MrBayes3.1 (Huelsenbeck and Ronquist 2005), using TN+ G
model as selected by jModeltest2.1 (Darriba et al. 2012) (with Akaike Information Criterion (AIC)
calculation). The values of posterior probabilities, indicative of significant support, are given at the
nodes. Pseudoterranova ceticola was used as outgroup. The phylogenetic tree reported for
Contracaecum species, as representing distinct phylogenetic lineages, is mapped in association
with families of pinnipeds (Phocidae, Otariidae), as their main definitive hosts

and Kogiidae represent basal taxa, followed by the Ziphidae and the freshwater and
marine dolphins as the most derived. In accordance with those analyses, the branch-
ing order so far proposed for the Anisakis taxa showed that nematodes from the
sperm whale and pygmy sperm whales (i.e., A. physeteris, A. brevispiculata and A.
paggiae) always occupy a basal and well-supported lineage, followed by those para-
sitizing the beaked whales (A. ziphidarum and A. nascettii). The species of the A.
simplex complex and A. typica, parasites of delphinoids, are the most derived
(Mattiucci and Nascetti 2008) (Fig. 7.3).

Similar investigations have been carried out into host-parasite associations
between Contracaecum taxa and their definitive hosts, the pinnipeds of the Families
Phocidae and Otariidae. The presence of the two main clades, as presented in the
phylogenetic relationships among Contracaecum spp. (Fig. 7.4), is supported also
by the ecological data concerning host preference (Nascetti et al. 1993) and specific
host-parasite relationships (Mattiucci and Nascetti 2008). Phylogenetic relation-
ships so far proposed, and here reviewed for species of Contracaecum, parallel that
reported for their definitive hosts based on molecular data (Arnason et al. 1995;
Deméré et al. 2003). Several phocid seals (true seals) in the Phocinae are hosts of
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the species of the C. osculatum complex (i.e., C. osculatum sp. A, C. osculatum sp.
B, C. osculatum (s. s.), C. osculatum sp. D, C. osculatum sp. E). Moreover, seals in
the Monachinae are the main hosts for C. miroungae and C. radiatum in the sub-
Antarctic and Antarctic region (Table 7.4, Fig. 7.4). These anisakids are included in
clade I'in the parasite phylogenetic tree. Whereas, the otariid species in the Otariinae
(sea lions), Zalophus californianus, and in the Arctocephalinae (fur seals)
Arctocephalus spp. are hosts of the C. ogmorhini species complex (C. margolisi and
C. ogmorhini (s. s.)) (Fig. 7.4). These anisakids are included in a distinct clade in the
Contracaecum-parasite phylogenetic tree. Although a complete species-level phy-
logeny for pinnipeds, including fossil and extant taxa, is yet unavailable, a molecu-
lar assessment of pinniped relationships was performed by Arnason et al. (1995)
using the complete sequences of the mitochondrial cytochrome b gene (mtDNA
cytb) of the Phocidae, Odobenidae and Otariidae. Later, Deméré et al. (2003) used
a composite tree inferred from the basic topology of generic level, morphological
and molecular data, fossil taxa and consensus phylogeny of the phocid subfamilies
to propose an integrated hypothesis for pinniped evolutionary biogeography.
According to that data elaboration, the Pinnipedia includes three major monophy-
letic clades: (1) the Otariidae (fur seals and sea lions), (2) the Odobenidae and (3)
the Phocidae (true seals), plus the extinct desmatophocids. In this combined tree,
the fur seals and sea lions comprising the Otariinae (Zalophus californianus) and
the Arctocephalinae (Arctocephalus spp. from the Southern Hemisphere) are repre-
sented as well-supported basal groups (Deméré et al. 2003; Arnason et al. 1995). In
accordance with that analysis, the branching order so far proposed for the
Contracaecum taxa showed that nematodes from the Otariidae (i.e., C. ogmorhini
(s. s.) from Arctocephalus spp. and C. margolisi from Zalophus californianus)
always occupy a basal lineage of the parasite phylogenetic tree, with the species of
the C. osculatum complex from the Phocinae (true seals) as the most derived
(Fig. 7.4).

According to Mattiucci and Nascetti (2008) speciation of the members of C.
osculatum complex is apparently related to their geographical isolation, through
that of their hosts, as well as to a rapid host-parasite adaptation and co-evolution.
Such processes apparently occurred in different times during the Plio-Pleistocene,
when extreme climatic variation took place. The genetic relationships found
between the members of the C. osculatum complex suggest that the evolutionary
divergence of the most differentiated species [C. osculatum (s. s.)] started more than
three million years ago, in a Pleistocene refuge (the Baltic Sea). As to the other C.
osculatum species, their evolutionary divergence probably took place during the
Pleistocene, when the complex achieved a distribution over both polar regions. This
process involved two distinct colonizations of the marine Antarctic region by ances-
tors of the Northern Hemisphere, giving rise to C. osculatum sp. D and C. osculatum
sp. E, both parasites of Leptonychotes weddellii. This hypothesis seems to fit with
the evolutionary biogeography of a pinnipedimorph hypothesis based on both dis-
persal and vicariant events in the context of a species-level phylogenetic framework
proposed by Deméré et al. (2003). This hypothesis supports an eastern North Pacific
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origin during the late Oligocene coincident with start of glaciation in Antarctica.
During the late Miocene, pinnipedimorphs remained restricted to the eastern North
Pacific, where they began to diversify. Fur seals remained restricted to the North
Pacific until the late Pliocene, with a dispersal and rapid speciation in the Southern
Ocean during the Pleistocene. The phocine seal diversification took place in the
Arctic and North Atlantic during the late Miocene with a subsequent dispersal into
the Paratethys and Pacific during the Pleistocene. Finally, the monachine seals,
including Mirounga leonina and Leptonychotes weddellii, seem to have the Southern
Hemisphere as the centre of diversification (Deméré et al. 2003).

The mode of speciation that apparently fits well with the anisakid nematodes is
the peripatric model proposed by Mayr (1963, 1976). This involves the geographi-
cal isolation of small populations, whose genetic structure begins to differ from the
parental one by different genetic mechanisms. In the case of the Anisakis spp., the
C. osculatum and P. decipiens species complexes, molecular genetic data strongly
suggest that adaptation to different hosts and speciation is related to the geographi-
cal isolation of the hosts. Such processes apparently occurred in different times
from the lower Miocene to Pliocene, and Pleistocene, when extreme climatic varia-
tion took place. During glacial maxima (a period also of lowest sea level), smaller
populations of hosts and their endoparasites could have remained isolated in marine
refuges, promoting genetic divergence and coadaptation. Then, during interglacial
periods, geographical ranges might have expanded, favouring host range expansion
(Bullini et al. 1997; Mattiucci and Nascetti 2008).

7.8 Anisakids as Indicators of Trophic Web Stability
and Habitat Disturbance of Marine Ecosystems
from the Austral Region

Food webs are networks of trophic relationships, which map the location of energy
flow in a community. The transmission pathways of parasites with indirect life-
cycles are fully included in food webs of aquatic ecosystems. In other words, just as
food webs have exerted strong selective pressure on the evolution of parasite trans-
mission strategies, parasites are now shaping some of the ecological properties of
existing food webs. The transmission routes of anisakid nematodes follow closely
the trophic relationships among their successive hosts, and, thus, they are parasites
embedded in food webs. As a consequence, the completion of such life-cycles, as
complicated as those of anisakid nematodes, requires stable trophic webs. As a
result, the life-cycle of anisakid nematodes in marine ecosystems characterized by
various degrees of habitat disturbance could be affected by changes in host popula-
tion size. Indeed, when the population size of the hosts participating in the life-cycle
of these parasites is reduced, due to different causes (pollution, by-catch of marine
mammals, viral diseases of marine mammals, overfishing, etc.), the population size
of their anisakid endoparasites could also be reduced. This would result in a higher
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probability of genetic drift in the parasite gene pools and, consequently, a decrease
in their genetic variability values (Mattiucci and Nascetti 2008). In this context,
quantifying population density and estimating the genetic diversity of those para-
sites, whose life-cycle is embedded in a marine ecosystem food webs, could be an
indirect analysis of the demographic reductions and population bottlenecks (due to
anthropogenic causes such as habitat fragmentation, and over-exploitation) of those
definitive and intermediate/paratenic hosts which are involved in their life-cycle.
Indeed, there is a general understanding that the quantity and quality of genetic
diversity of natural populations may influence their viability (Frankham 2010). It is
sometimes predicted that reductions in natural population sizes, among the other
effects, could negatively impact their genetic diversity. This loss of genetic diversity
is a result of increased genetic drift in small populations. Because genetic drift acts
more rapidly in small populations, overall genetic diversity is expected to be roughly
proportional to the size of a population.

It has been shown (Mattiucci and Nascetti 2008) that the distribution of the genetic
variability of anisakid nematode populations in geographical areas with different lev-
els of environmental stress is likely to reflect the influence of a range of factors that
could promote their genetic diversity. These include a large effective parasite popula-
tion size, the wide range, availability, and population size of their hosts, and the stabil-
ity of marine trophic webs. The values of the genetic variability [estimated at the
parameters of: percentage of polymorphic loci (P); mean number of alleles per locus
(A); and expected heterozygosity per locus (He)], obtained at 19 allozyme loci, were
compared among 53 populations of nematodes belonging to 20 species of Anisakis,
Pseudoterranova and Contracaecum from several hosts in the Boreal and Austral
Regions (Mattiucci and Nascetti 2007, 2008). Austral populations of species belong-
ing to these three genera exhibited significantly higher genetic variability values than
those from the Boreal regions [expected mean of heterozygosity per locus, He=0.19
(in Austral populations) and He=0.09 (in Boreal populations) (P<0.01)] (Mattiucci
and Nascetti 2007, 2008). A more remarkable difference in their genetic variability
values was observed when only Antarctic and sub-Antarctic populations were com-
pared directly with Arctic and sub-Arctic populations [He=0.23 and He=0.07
(P<0.001), respectively] (Mattiucci and Nascetti 2008). One conclusion is that the
observed values of genetic variability could be related to extreme latitudes, a param-
eter often considered as relevant (Nevo et al. 1984). However, the data suggested that
a significantly higher level of genetic diversity found in the Antarctic members con-
sidered (i.e., C. osculatum sp. D, C.osculatum sp. E, C. radiatum, P. decipiens sp. E,
A. berlandi and A. pegreffii populations from sub-Antarctic regions) coincide with a
lower degree of habitat disturbance (e.g., overfishing, by-catch of cetaceans, hunting
and diseases mortality of seals, sea water pollution and acidification). This would
allow host species to reach higher population sizes, resulting in higher anisakid popu-
lation sizes, with a reduced probability of genetic drift phenomena in the parasite gene
pools. Consequently, a higher level of genetic diversity in the Antarctic populations of
these nematodes was observed (Mattiucci et al. 2015). Likewise, a much higher abun-
dance and intensity of infection was observed in the Antarctic populations and species
of anisakid nematodes (Mattiucci and Nascetti 2008; Mattiucci et al. 2015a). The data
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Table 7.5 Genetic diversity values so far observed in populations and species of the genera
Anisakis, Pseudoterranova and Contracaecum from Austral hemisphere, as estimated from the
mtDNA cox2 sequences analysis. N number of sequences, Nh + sd number of haplotypes and
standard deviation, hd haplotype diversity, 7 + sd nucleotide diversity and standard deviation,
S number of polymorphic sites, K average number of differences

Species Nh |z+s.d. h+s.d. K S
Anisakis berlandi 96 | 0053+0.006 0.998+0.002 |33.58 |433
A. pegreffii 90 0.020£0.004 | 0.996+0.002 12.58 | 146
A. nascettii 12 10.009+0.002 | 0.987+0.035 |5.79 31
A. brevispiculata 4 0.020+0.004 0.900+0.161 12.60 |29
A. paggiae 6 0.041£0.005 | 0.00+0.096 2573 |59
Pseudoterranova cattani 17 10.017+0.003 0.993+0.021 8.72 32
P. decipiens sp. E 30 0.007+0.003 |0.953+0.022 | 3.61 36
Contracaecum osculatum sp. D 288 10.026x£0.004 1 0.991+0.001 13.65 | 181
C. osculatum sp. E 138 10.020£0.002 |0.992+0.004 10.75 | 141
C. miroungae 16 0.023+0.004 | 0.987+0.023 11.96 |53
C. radiatum 4 0.025+0.005 1.000£0.177 12.83 |24

Data from Mattiucci et al. (2014, 2015a), and unpublished

are consistent with biotic factors, such as the host density of those suitable definitive
and intermediate hosts for the anisakid nematodes in the Antarctic waters, that con-
tribute in maintaining the high genetic diversity in the anisakid gene pools. Large
populations of anisakid nematodes, such as those from the Antarctic, show higher
levels of genetic diversity. It is likely that elevated host density in the Antarctic and
sub-Antarctic areas will lead to an increase in anisakid parasite prevalence and abun-
dance, in both suitable definitive and intermediate hosts.

The high levels of parasitic infection reported in the two cryptic species C. oscu-
latum sp. D and C. osculatam sp. E in Antarctic fish species, which are prey for the
Weddell seal, are consistent with the high integrity and stability of the food webs in
this pristine marine ecosystem. This, in turn, facilitates the completion of the life-
cycles of Antarctic and sub-Antarctic anisakid nematodes (Mattiucci and Nascetti
2007). The parasitic infection levels by C. osculatum sp. D and sp. E and their esti-
mates of genetic variability showed no statistically significant variation, over a tem-
poral scale, 1994 vs 2012), thus suggesting that the low habitat disturbance of the
Antarctic region permits, despite the “extreme” ecological conditions of marine
ecosystems, the maintenance of stable trophic webs (Mattiucci et al. 2015).

So far, existing results on the genetic variability of anisakid nematodes, at both
nuclear (Mattiucci and Nascetti 2008) and mitochondrial level (Table 7.5, Fig. 7.5),
have shown that the genetic diversity (variability) estimates of the host-parasite sys-
tems formed by anisakid populations of the genera Anisakis, Pseudoterranova and
Contracaecum, from fish and marine mammals, are higher in the Austral Region
(i.e., Antarctic and sub-Antarctic regions) than in other geographical areas of the
Boreal Region, from where populations of members belonging to those genera, are
completing their life-cycles. Particularly, in the populations from the Austral
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Fig. 7.5 Distribution of the nucleotide diversity values (on average, ) (reddish coloured cells), as
estimated from the mtDNA cox2 sequences analysis (see also Table 7.5), among anisakid popula-
tions so far considered from Austral Regions of the Southern Hemisphere (blue coloured cells), in
comparison with those so far calculated in populations/species of anisakids from Boreal Regions
of the Northern Hemisphere (green coloured cells) (Data from Mattiucci et al. (2014, 2015a), Timi
et al. (2014), and unpublished)

Region, a high level of nucleotide diversity was observed at mitochondrial level (on
average, 7=0.024) ((Mattiucci et al. 2015a) and unpublished data); whereas, a very
low level of genetic variability in the mtDNA cox2 gene was found, so far, in popu-
lations from the Boreal region (on average, 7=0.009) (Mattiucci et al. unpublished
data) (Fig. 7.5). Such differences can be explained by the lower habitat disturbance
of the Austral Region, which permits the maintenance of more stable trophic webs
in these ecosystems (Mattiucci and Nascetti 2008).

7.9 Are Those Anisakids Species from the Austral Region
of Zoonotic Importance to Humans?

Human infection occurs when raw, undercooked or marinated fish, containing living
larvae, is eaten. The L3 stage of anisakids infecting the flesh of sea fish or squid can
be ingested alive by humans, causing the zoonotic disease known as anisakidosis.
Therefore, the study of anisakids is relevant for medicine, veterinary, food inspec-
tion, hygiene, legislation and fishery industry.
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Anisakiasis, the zoonotic disease due to Anisakis simplex (s. l.) has gained an
increasing health and economic relevance, in particular in those countries where the
consumption of raw fish and squid is frequent and human cases are increasingly
reported in many European countries (Spain, Italy and France). A number of fish
dishes are considered to be of high risk for the contraction of human anisakiasis in
those countries. These include the Spanish boquerones and marinated anchovies,
Italian marinated anchovies, Latin American “ceviche”, etc. Among the nine species
of Anisakis described above, only two are reported, so far, as causative agents of
human anisakiasis: A. simplex (s. s.) and A. pegreffii (Stallone et al. 1996; D’ Amelio
et al. 1999; Moschella et al. 2004; Umehara et al. 2007; Fumarola et al. 2009;
Mattiucci et al. 2011, 2013). However, despite A. pegreffii occurs in several fish
species of economic/commercial importance in the Austral Region, no human cases
due to that species have been so far documented from this geographic area. In con-
trast, several cases of gastric, intestinal and gastro-allergic anisakiasis have been
molecularly identified as attributable to A. pegreffii in patients after eating raw or
poorly cooked fish originating from sea waters of the Boreal Region (Mattiucci
et al. 2011, 2013). Similarly, no data concerning the possible infectiveness to
humans of the species A. berlandi, often co-infecting with A. pegreffii the same fish
species from the Austral Region, are so far available.

Larvae of the Pseudoterranova decipiens species complex, known as “seal-
worms” or “codworms”, are the second most common pathogen among anisakids
reported from humans, after the species of the Anisakis simplex complex. Nematodes
of the genus Pseudoterranova have proven to be not only a costly problem for sea-
food processors, but a risk for human health, due to the severe pathology they can
cause when consumed with raw or undercooked fish (McClelland 2002; Zhu et al.
2002; Mattiucci et al. 2013), provoking in humans the fish-borne zoonotic disease
named “pseudoterranoviasis” or “pseudoterranovosis”. The first reports of human
infections by P. decipiens (s. I.) were from North America (Margolis 1977; Lee et al.
1985), followed by cases described as transient infections in California. In Korea,
human pseudoterranovosis was first described by Lee et al. (1985), and more
recently a human case due to the species P. azarasi was reported in Japan (Arizono
et al. 2011) and in Italy; the last likely due to imported fish (Cavallero et al. 2016).
No data are so far available on documented cases of pseudoterranovosis from the
Austral Region that includes the molecular identification of the zoonotic species.
On the other hand, for instance, Timi et al. (2014) documented that the musculature
of most of the studied fish species obtained from Argentine waters was free of this
parasite, with the exception of A. brasilianus and P. patagonicus, both showing high
parasite burdens. Consequently, these fish species constitute the most potentially
hazardous threat for human health, if consumed raw or undercooked. Because of the
scattered distributions of Pseudoterranova spp. and their geographic patterns of
pathogenicity, it has been suggested that their pathological effects in humans could
differ among anisakid species (Arizono et al. 2011; Mattiucci et al. 2013). In addi-
tion some regional effect has been found in the degree of pathology caused by larval
Pseudoterranova. In Japan, most patients have severe pathology caused by penetra-
tion of the alimentary tract, whereas most cases diagnosed in Europe and Chile have
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been classified as “transient luminal” and asymptomatic, with worms being expelled
by coughing, vomiting or defecation (Smith 1999; McClelland 2002). Consequently,
although no human cases have been reported in Argentina, the risk for human health
should be expected to be similar to that recorded in Chile. On the other hand, the
absence of human cases in Argentina is likely due to the fact that the culinary tradi-
tion involves mainly well-cooked fish (Timi et al. 2014).

As concerning the zoonotic role of those Contracecum spp. occurring in fish spe-
cies from the Austral Region, a human case, due to Contracaecum, was reported by
Shamsi and Butcher (2011). However, it is also true that some fish species, such as
those from Antarctic area, are not of commercial value, nor they have found to be
infected in the fish musculature (Mattiucci et al. 2015a). In other cases, as stated
above, very scanty data have so far been collected on intermediate hosts involved in
the life-cycles of other Contracaecum spp., such as C. miroungae and C. ogmorhini.

It is clear that studies on the zoonotic potential of these nematodes should be also
extended to the geographical areas of the Austral Region. This may contribute to
more correct diagnosis of anisakidosis, which may presently be overlooked in these
less anisakid-aware regions.

7.10 Conclusions and Future Prospects

Detecting and delimiting cryptic parasites species is vital to our understanding of
their responses to perturbation and variation in physiological tolerances that may
determine their geographic distributions, potential host associations and patterns of
disease. Molecular/genetic analysis of anisakid nematodes has provided essential
tools for their basic species recognition and their ecology. However, despite the
extensive literature on the occurrence and description of anisakid nematodes from
the Austral Region, we need more information about the full extent of their geo-
graphical distribution, life-cycles, host range and epidemiology of the species of
Anisakis, Pseudoterranova and Contracaecum. This will also allow to clarify the
possible transmission of the disease (anisakidosis) to humans.

In addition, molecular characterization of biodiversity can be useful to address
scale phenomena that are critical to understanding temporal and spatial distributions
in some geographic regions where cryptic biodiversity in term of species is now
being revealed (Hoberg et al. 2015). In this matter, the discovery of cryptic anisakid
species in the Austral Region has allowed an assessment of local biodiversity at both
species and gene level. Given the growing evidence that biodiversity could be increas-
ingly affected by human influence, measuring and monitoring the global biodiversity
of those parasites would be of great importance. Two complementary strategies have
been suggested to examine the effects of habitat disturbance on the genetic variability
of parasite populations: (/) comparison of different datasets of populations inhabit-
ing disrupted ecosystems (spatial scale) and/or (2) comparison of particular datasets
of populations through time, from the same geographical area (temporal scale)
(Mattiucci and Nascetti 2008). In this scenario, at the spatial scale, genetic diversity



136 S. Mattiucci et al.

and parasite density (abundance) of anisakid populations of the genera Anisakis,
Contracaecum and Pseudoterranova from the Southern Ocean have been found to
reach high values (Mattiucci and Nascetti 2008). While at the temporal scale, the
genetic variability estimates of the two cryptic species, i.e., C. osculatum sp. D and
C. osculatum sp. E, over a period of almost 20 years in the Antarctic ecosystem,
showed no statistically significant differences in their parasite mean intensity values
and their genetic variability estimates (at both mitochondrial and nuclear level) from
Antarctic fish species (Mattiucci et al. 2015a). Furthermore, no statistically signifi-
cant difference was observed in the relative frequencies of the two species, C. oscu-
latum sp. D and C. osculatum sp. E in the fish species here considered, over a time.
On the other hand, in the Antarctic, the two species, C. osculatum sp. D and C. oscu-
latum sp. E, share the same definitive host, the Weddell seal Leptonychotes weddellii,
in which they occur — even syntopically — at very high parasitic burden, with several
thousands of specimens collected from a single seal host (Mattiucci and Nascetti
2008). These findings seem to support the hypothesis that the low level of habitat
disturbance (pollution, overfishing, mortality by disease and hunting of seals) of the
Antarctic region permits the maintenance of more stable trophic webs in this ecosys-
tem. This seems to support the evidence that Antarctic ecosystem is still a “pristine”
ecosystem. This same level of ecosystem stability would allow definitive and inter-
mediate/paratenic host species involved in the life-cycles of the two Antarctic species
of parasites to reach higher population sizes. This will result, as a consequence, in the
observation of high and stable density of parasite populations, with high and stable
genetic variability values, over a temporal scale. In other words, monitoring the
demography of anisakid parasites and their genetic diversity (variability) values, also
by the use of suitable molecular/genetic data generated from DNA microsatellites,
SNPs, and next generation sequencing, will be future tools for monitoring the cryptic
biodiversity, at both species and gene level, of anisakids from the Southern Ocean.
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Chapter 8
Acanthocephalans in Sub-Antarctic
and Antarctic

Zdzistaw Laskowski and Krzysztof Zdzitowiecki

8.1 Introduction

Acanthocephalans (spiny head worms) are a medium-sized phylum (about 1000
species have been described) of usually small (few mm to over 1m) vertebrate
intestinal parasites. They are pseudocoelomates with bilateral symmetry and usually
cylindrical bodies. The sexes are separate, with females usually larger than males.
The body consists of a proboscis, neck, and trunk. The proboscis, neck, and internal
organs connected with them (proboscis receptacle and lemnisci) form the fore-
body. In some cases, the trunk may be divided into two parts of different shape:
fore-trunk and hind-trunk. The proboscis is armed with recurved hooks. The hooks
consist of two parts: blade (thorn) and root, both usually directed posteriorly. Hooks
situated at the base of the proboscis (basal hooks) are usually rootless. The probos-
cis (usually retractable) may be invaginated into the proboscis receptacle. The latter
contains a cerebral ganglion. Two lemnisci lie parallel to the proboscis receptacle.
The trunk may be unarmed, or armed with spines. This armament is usually
restricted to the anterior part of the trunk, but sometimes reaches the posterior end
of the body. The genital pore may be subterminal or terminal. Spines surrounding
the genital pore are often separated from the other ones by a bare zone. In such
cases, the armament of the trunk is divided into somatic and genital spines.
Ligaments (one or two) run along the trunk, and sexual organs are attached to them.
The male reproductive system consists of 2 testes, cement glands (4-8 in number in
Antarctic species), seminal ducts, cement ducts and reservoirs, Sifftigen’s pouch,
penis and the copulatory bursa (retracted or everted). The female reproductive sys-
tem consists of ovarian balls, a uterine bell (an organ for selection of immature and
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mature eggs), a uterus, and a vagina, with a single or a double sphincter. Ovarian
balls are enclosed in ligament sacs in juvenile females and are liberated during
maturation. Eggs mature in the pseudocoelom of a female. In fact, in mature females
these are not eggs, but the first larval stage (acanthors) enclosed in 3—4 envelopes.
More correct terms are ‘“shelled acanthors” and “embryophores”, but these are
rarely used. Acanthocephalans have reduced the muscular, nervous, circulatory, and
excretory systems and complete loss of the digestive system. Absorption and excre-
tion take place through the tegument. The latter contains a system of canals known
as the lacular system. The number and arrangement of main lacular canals are of
fundamental value in the classification of higher taxa (classes). Excretion is by dif-
fusion except in Oligacanthorhynchidae (with two protonephridial organs). The life
cycles involve an arthropod (intermediate host) and a vertebrate definitive or
paratenic host. Eggs are shed with the host’s faeces, when the definitive host, the
appropriate intermediate host ingests them, and the acanthor is liberated and pierces
the gut wall. In the arthropod body cavity, the acanthor develops into an acanthella
and then into an infective cystacanth, which matures to adulthood in the gut of the
definitive host, following ingestion of the infected arthropod (Amin 1987,
Zdzitowiecki 1991).

One of the present authors (Zdzitowiecki) published in 1991 the monograph of
Antarctic Acanthocephala, this chapter contains new data of this parasites.

The phylum includes four classes: Archiacanthocephala, Eoacanthocephala,
Palaeacanthocephala, and Polyacanthocephala

Representatives of two orders of Palaeacanthocephala (Echinorhynchida and
Polymorphida) occur in notothenioid fishes (Zdzitowiecki 1991). Echinorhynchida
use fishes as definitive hosts and occur in the lumen of the alimentary tract. Fishes
become infected by feeding on crustaceans (intermediate hosts), or in cases of
Polymorphida also small infected fishes which play a role as paratenic hosts of
Polymorphida localized in cysts in the body cavity. Crustaceans of the order
Amphipoda were recorded as intermediate hosts of two echinorhynchid species,
Aspersentis megarhynchus (Linstow 1892) and Metacanthocephalus johnstoni
Zdzitowiecki 1983, and three polymorphids, Corynosoma bullosum (Linstow
1892), C. hamanni (Linstow 1892), and C. pseudohamanni Zdzitowiecki, 1984, in
Antarctica (Hoberg 1986; Zdzitowiecki 2001; Zdzitowiecki and Presler 2001;
Laskowski et al. 2008). Definitive hosts of Antarctic polymorphids are marine
mammals and birds. The infective stage, the cystacanth, is similar to the mature
worm, but differs from the latter in the size of the trunk and degree of development
of the sexual organs (Zdzitowiecki 1991). In cystacanths of the Polymorphidae
Meyer, 1931 (with exceptions of Filicollis Liihe, 1911 and Profilicollis Meyer,
1931), the dimensions of the proboscis and the development and size of both the
proboscis hooks and trunk spines are usually identical with those of adults.
Cystacanths occur in intermediate and paratenic hosts in cysts and are contracted;
this is especially so in that they have an introverted proboscis. Cystacanths should
be collected alive, liberated from their cysts, and relaxed. Such material can be
determined on the basis of most of the diagnostic morphological features useful for
adults.
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8.2 ChecKlist of the Antarctic and Sub-Antarctic
Acanthocephala

Class Palaeacanthocephala

Order Echinorhynchida

Family Heteracanthocephalidae; Subfamily Aspersentinae
Genus Aspersentis

Species:

Aspersentis megarhynchus (von Linstow 1892) (Fig. 8.1)
Aspersentis johni (Baylis 1929) (Fig. 8.2)

Aspersentis zanclorhynchi (Johnston and Best 1937) Smales 1996

Family Arhythmacanthidae
Genus Heterosentis

Species:

Heterosentis heteracanthus Linstow 1896 (Fig. 8.3)
Heterosentis hirsutus Pichelin and Cribb 1999
Heterosentis zdzitowieckii (Kumar 1992)

Genus Hypoechinorhynchus

Species:

Hypoechinorhynchus magellanicus Szidat 1950 (Fig. 8.4)
Family Echinorhynchidae Subfamily Echinorhynchinae
Genus Echinorhynchus

Species:
Echinorhynchus petrotschenkoi Rodjuk 1984 (Fig. 8.5)
Echinorhynchus muraenolepisi Rodjuk 1984

Family Rhadinorhynchidae Subfamily Gorgorhynchinae
Genus Metacanthocephalus

Species:

Metacanthocephalus campbelli (Leiper and Atkinson 1914)
Metacanthocephalus dalmori Zdzitowiecki, 1983
Metacanthocephalus johnstoni Zdzitowiecki, 1983 (Fig. 8.6)
Metacanthocephalus rennicki (Leiper and Atkinson 1914)

Order Polymorphida
Family Polymorphidae

Genus Profilicollis
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Species:
Profilicollis antarcticus Zdzitowiecki 1985 (Fig. 8.7)
Profilicollis novaezelandensis Brockerhoff and Smales, 2002

Genus Corynosoma

Species:

Corynosoma arctocephali Zdzitowiecki, 1984 (Fig. 8.8)
Corynosoma australe Johnston, 1937

Corynosoma beaglense Laskowski, Jezewski, Zdzitowiecki, 2008 (Fig. 8.9)
Corynosoma bullosum (Linstow 1892) (Fig. 8.10)
Corynosoma evae Zdzitowiecki, 1984 (Fig. 8.11)
Corynosoma gibsoni Zdzitowiecki, 1986 (Fig. 8.12)
Corynosoma hamanni Linstow 1892 (Fig. 8.13)
Corynosoma hannae Zdzitowiecki, 1984

Corynosoma pseudohamanni Zdzitowiecki, 1984 (Fig. 8.14)
Corynosoma shackletoni Zdzitowiecki, 1978

Genus Andracantha

Species:

Andracantha baylisi (Zdzitowiecki 1986a, b, c, d, e, f, g) Zdzitowiecki, 1989
(Fig. 8.15)

Andracantha clavata (Goss 1940)

Genus: Bolbosoma

Species:

Bolbosoma balaenae (Gmelin 1790)
Bolbosoma brevicolle (Malm 1867) (Fig. 8.16)
Bolbosoma hamiltoni Baylis 1929

Bolbosoma tuberculata Skryabin 1970
Bolbosoma turbinella australis Skryabin 1972

8.3 Representatives of Acanthocephalans Genera Occurring
in Antarctica and Sub-Antarctica

(Zdzitowiecki 1991; Laskowski and Zdzitowiecki 2004, 2008; Laskowski et al.
2008, 2010)

Family Heteracanthocephalidae Petrotschenko 1956
Genus Aspersentis Van Cleave 1929

Diagnosis: Trunk spined. Proboscis cylindrical, relatively short. Ventral proboscis
hooks larger than dorsal. Proboscic receptacle double-walled, ganglion in its poste-
rior half. Neck short. Cement glands in males pyriform, six in number, forming
compact group. Vaginal sphincter in females double. Eggs with polar prolongations
of middle envelope. Parasites of fishes.
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Aspersentis megarhynchus (Linstow 1892) (Fig. 8.1)

Synonyms: A. austrinus Van Cleave 1929, Rhadinorhynchus wheeleri Baylis
1929, Heteracanthocephalus hureaui Dollfus 1965.

Diagnosis (after Zdzitowiecki 1981): Proboscis hooks in 13—16 rows of 8—11.
The largest hook is the third one counting from tip. Trunk spines conspicuous
anteriorly (maximum length 35 pm), very small, and hardly visible at posterior
trunk end. Lemnisci slightly longer than proboscis receptacle.

Male. Total dimensions 3.6-5.5%0.73-1.39 mm. Proboscis 0.47-0.63 x0.20—
0.31 mm. Maximum hook length 106—135 pm. Testes arranged in tandem to
diagonally.

Female. Total dimensions 5.6-9.6 x 1.16-2.09 mm. Proboscis 0.51-0.73 x0.29—
0.35 mm. Maximum hook length 119-149 pm. Eggs 60-88 x 19-25 pm.

Suitable definitive hosts: fishes.

advanced?male
acanthella

male cystacanth male female body end

Fig. 8.1 Aspersentis megarhynchus (Linstow 1892): adult male, proboscis; female body end; male
cystacanth from Bovallia gigantea; advanced male acanthella from Hippomedon kergueleni
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Nototheniidae: Notothenia acuta, N. coriiceps, N. cyanobrancha, N. rossii,
Nototheniops mizops, Lindbergichthys nudifrons, Gobionotothen gibberifrons,
Pagothenia bernacchii, P. hansoni, Trematomus newnesi; Bathydraconidae:
Parachaenichthys charcoti, P. georgianus; Channichthyidae: Channichthys rhinoc-
eratus, Chaenocephalus aceratus; Harpagiferidae: Harpagifer antarcticus.

Intermediate hosts: amphipods. Eusiridae: Bovallia gigantea; Gammarellidae:
Gondogeneia antarctica; Ischyroceridae: Jassa ingens; Lysianassoidea: Hippomedon
kergueleni and Orchomenella rotundifrons.

Habitat: Males mainly in posterior half of small intestine, females mainly in
large intestine. Few specimens in other parts of intestine.

Biology and ecology: According to Zdzitowiecki and Rokosz (1986),
Zdzitowiecki (1990b), Zdzitowiecki and White (1996), Zdzitowiecki and Presler
(2001), Zdzitowiecki and Laskowski (2004), Laskowski and Zdzitowiecki (2010),
Laskowski et al. (2012), the species is associated with the inshore (fiord) environ-
ment, where infections of fishes take place. N. coriiceps and juvenile specimens of
N. rossii living in Admiralty Bay (the South Shetland Islands) and N. coriiceps
caught in the coastal zone at Signy Island (South Orkney Islands) are massively
infected (prevalence 100%, maximum intensity of infection 180, 91, and 81, respec-
tively). Other fishes are much less infected. A. megarhynchus, the dominant echino-
rhynchid species in the Admiralty Bay and South Orkney Islands, was extremely
rare at the Vernadsky Station (Argentine Islands). Only two N. coriiceps specimens
of 93 examined were infected by one and 14 parasites (prevalence 2 %). Adult
specimens of N. rossii living in the open sea are also less infected, while other fishes
living in the open sea at South Shetland Islands and at South Georgia are uninfected.
The parasite occurs in fishes during the whole year, but infections of N. coriiceps
and N. rossii in Admiralty Bay are more numerous in winter than in summer (incom-
plete seasonality). Cystacanths of A. megarhynchus were found in four sub-coastal
host species belonging to four families of Amphipoda in the Admiralty Bay.

Distribution: Circumpolar species not far from the Antarctic convergence in the
Sub-Antarctic (Kerguelen subregion); South Shetland Islands, South Orkney
Islands, South Georgia, Heard, Kerguelen, Crozet, Macquarie, Ob Bank, and
Argentine Islands (Linstow 1892; Van Cleave 1929; Baylis 1929; Joyeux and Baer
1954; Edmonds 1955, 1957; Dollfus 1965; Szidat and Graefe 1967; Golvan 1969;
Parukhin and Sysa 1975; Parukhin and Lyadov 1982; Hoogesteger and White 1981;
Zdzitowiecki 1981, 1987, 1990a, b; Zdzitowiecki and Rokosz 1986; Zdzitowiecki
and Laskowski 2004; Rodjuk 1985; Reimer 1987).

Aspersentis johni (Baylis 1929) (Fig. 8.2)
Synonyms: Rhadinorhynchus johni.

Diagnosis (after Laskowski and Zdzitowiecki 2004): Proboscis almost cylindrical,
relatively narrow (length/width ratio 2.16-3.22:1, mean 2.78:1), widest anteriorly,
curved towards ventral side. Hooks normally arranged in 14 rows, rarely in 13 or
15 rows, of 10-13 hooks, either in same number in all rows around proboscis or with
difference of one hook in neighbouring rows. Ventral hooks (with exceptions of 2—4
posterior-most) much larger than dorsal hooks. Number of large hooks gradually
decreases in lateral rows; not less than 3 dorsal rows exclusively contain small hooks.
Dimensions of large hooks decrease posteriorly; distal or sub-distal hooks are longest.
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Fig. 8.2 Aspersentis johni
(Baylis 1929): adult male,
proboscis; female body
end

0,5 mm

I mm

' female body end
male

All small hooks of similar length and with roots (roots of small hooks are hardly vis-
ible and often unmeasurable); blades and roots directed posteriorly. Roots of small
hooks have process directed anteriorly. Blades are longer than roots, larger in females
than males. Neck unarmed curved towards ventral side. Anterior trunk armed with
spines, maximum length of spines on ventral side ¢.30 pm, smaller on dorsal side.
Conspicuous ventral spines extend posteriorly over 9.7-13.9 (11.9)% of trunk length
in males, 7.6-13.3 (10.7)% in females. Smaller spines of various dimensions are vis-
ible more posteriorly, especially near posterior end of trunk and on ventral side just
beyond large spines. Proboscis receptacle extends posteriorly beyond range of large
spines. Lemnisci longer and narrower than proboscis receptacle.
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Male. Total dimensions 4.03-6.21x0.518-0.912 mm. Proboscis 0.419—
0.580%0.156-0.226 mm. Maximum length of ventral hook 77-101 pm. Trunk
spindle-shaped. Testes oval, tandem to oblique in mid-length of trunk. Cement glands
pear-shaped, 6 in number, forming compact group. Posterior end of trunk oval; geni-
tal aperture shifted slightly to dorsal side. When everted genital bursa is bell-like.

Female. Total dimensions 6.12—8.54 x0.71-1.16 mm. Proboscis 0.49-0.66 x0.18—
0.28 mm. Maximum length of ventral hook 84—-108 pm. Eggs 87-102x20-26 pum.
Trunk spindle-shaped, more elongate than in males, with 2 lateral lobes invariably
present at posterior end. Uterine bell obscured by eggs. Vaginal sphincter double.
Genital aperture in concavity between lateral lobes. Total length of female genital
system (uterine bell, uterus, and vagina) was measurable approximately in 2 cases
and reached 1.5 mm in immature specimen and 2.1 mm in mature specimen. Mature
eggs elongate, with polar prolongations of middle envelope.

Definitive host: fishes.
Nototheniidae:  Patagonotothen longipes; Merlucciidae:  Merluccius  sp.;
Channichthyidae: Champsocephalus esox.

Habitat: intestine, large intestine (rectum).

Biology and ecology: (after Laskowski and Zdzitowiecki 2004, 2009): The
infection of the Patagonotothen longipes and Champsocephalus esox at Beagle
Channel (eastern mouth of the Beagle Channel): prevalence 85 and 25%, maximum
intensity 18 and 4 parasites in one fish, respectively.

Distribution: Beagle Channel, Magellanic subregion of the Sub-Antarctic waters
off the Falkland Islands (Baylis 1929; Laskowski and Zdzitowiecki 2004).

The only other representative of Aspersentis occurring in notothenioids is A.
megarhynchus (Linstow 1892). Features useful to distinguish A. johni from A. mega-
rhynchus are: 10-13 vs. 7-11 proboscis hooks in each row, the maximum length of
the ventral hooks 77—-108 vs. 106—149 pm, a narrower proboscis with a length/width
ratio of 2.16-3.22:1 (mean 2.78:1) vs. 1.66-2.27:1 (mean 2.015:1), an egg length of
87-102 vs. 60-88 pm, and an unusual form of the posterior extremity of females (the
presence of a terminal concavity between two lateral lobes). Another representative
is A. zanclorhynchi (Johnston and Best 1937) Smales 1996, synonym Echinorhynchus
sensu lato from Zanclorhynchus spinifer (Zdzitowiecki 1986a).

Family Arhythmacanthidae Yamaguti, 1935
Genus Heterosentis Van Cleave 1931

Diagnosis: Trunk spined anteriorly. Proboscis relatively short, cylindrical to
globular. Two to three types of hooks along proboscis. Proboscis receptacle double-
walled. Ganglion at base of proboscis receptacle. Neck short. Cement glands in
males pyriform, six in number, forming compact group. Vaginal sphincter in females
single. Eggs with polar prolongations of middle envelope. Parasites of fishes.

Heterosentis heteracanthus (Linstow 1896) (Fig. 8.3)

Diagnosis (after Zdzitowiecki 1984a): Proboscis short, narrowed at base. Hooks in
10 rows of 3-5. One large distal hook and 2—4 rootless basal hooks in every row.
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025 mm

I mm

0,25 mm

male female body end

Fig. 8.3 Heterosentis heteracanthus (Linstow 1896): adult male, proboscis; female body end
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Blade and root of distal hook similar in length. Lemnisci longer than proboscis
receptacle.

Male. Total dimensions 3.6—4.5 x0.43—0.58 mm. Proboscis 0.224-0.252x 0.154—
0.161 mm. Maximum length of distal hook 58—60 pm. Testes in tandem.

Female. Total dimensions 6.6 X 0.75 mm. Proboscis 0.264 x 0.195 mm. Maximum
length of distal hook 76 pm.

Definitive hosts: fishes.

Atherinidae: Chirostoma microlepidotus; Nototheniidae: N. coriiceps, N. rossii,
N. squamifrons, Gobionotothen gibberifrons, N. nybelini, Lindbergichthys nudifrons,
Patagonotothen longipes, P. tessellata; Artedidraconidae: Artedidraco mirus,
Bathydraconidae: Parachaenichthys georgianus: Channichthyidae:
Champsocephalus esox.

Habitat: Mainly large intestine. Few specimens in posterior half of small intestine.

Biology and ecology: The species is rare in the Antarctic and it seems to be more
frequent in fiords than in the open sea. Of the fish examined in the eastern mouth of
the Beagle Channel, Patagonotothen longipes was the most infected (prevalence
50%, maximum intensity 25), P. tessellata and Champsocephalus esox were less
infected (prevalence 15% and 10%, maximum intensity 17 and 1, respectively)
(Laskowski and Zdzitowiecki 2009).

Distribution: Strait of Magellan (South America), Beagle Channel, South
Shetland Islands, and South Georgia (Linstow 1896; Van Cleave 1931; Meyer 1931;
Zdzitowiecki 1984a, 1986g, 1987, 1990b; Laskowski and Zdzitowiecki 2009).

Genus Hypoechinorhynchus Yamaguti, 1939

Diagnosis (after Pichelin and Cribb 1999) Hypoechinorhynchus have the charac-
teristic abrupt transition from basal spines to apical hooks; they also possess longi-
tudinal rows, which alternate in their possession of a middle spine. The middle and
posterior spines are small, thin and without roots (or very reduced roots); the middle
spine may be longer than the posterior spine. Each longitudinal row has at least one
large hook with a root.

Hypoechinorhynchus magellanicus (Szidat 1950) (Fig. 8.4)

Diagnosis (after Laskowski and Zdzitowiecki 2008): Trunk with antero-dorsal
curvature. Proboscis spherical (length/width ratio 0.89-1.22:1) slightly curved
towards ventral side. Proboscis armature: 40 hooks, including 15 large hooks with
root>c .50% length of blade and 25 rootless basal spines. Large hooks arranged in
10 alternating rows of 1 and 2 hooks; anterior hook of each pair slightly smaller
than other hooks; each single large hook is followed in same row by 2 spines; pairs
of large hooks are followed by single spines. Ten single spines are present at base
of proboscis between rows. This arrangement of proboscis armature could be also
interpreted as 3 transverse rows of 5 large hooks in each and 3 transverse rows of
basal spines containing 5, 10, and 10 spines, respectively. Unarmed neck slightly
curved towards ventral side. Trunk cylindrical, armed anteriorly with loosely
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Fig. 8.4 Hypoechinorhynchus magellanicus (Szidat 1950): adult male, proboscis; arrangement of
proboscis hooks; somatic spines of male

arranged small spines of 15-26x3-13 in size. Region of spination extends back
5.3-16.0% of trunk length. Proboscis receptacle double-walled, with ganglion at
base. Lemnisci long, narrow, considerably longer than proboscis receptacle.

Male. Total length 5.90-7.81 mm. Proboscis 0.336-0.396x0.289-0.330 mm. Five
large sub-apical hooks: blade length 109—138 pm, basal width 21-32 pm, root length
¢.60 pm in; posterior hook of pairs: blade length 132—170 pm, basal width 35-36 pm,
root length 69-91 pm; single large hooks: blade length 145-184 pm, basal width
3645 pm, root length 71-85 pm. Basal proboscis spines: blade length 37-94 pm,
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basal width 8—11 pm. Neck conical, 0.113-0.181 mm in length. Proboscis receptacle
0.875-1.072x0.237-0.318 mm. Length of lemnisci 1.800-2.137 mm. Trunk spindle-
shaped, 5.435-7.230x 1.187-1.387 mm; length/width ratio 4.58-5.21:1. Testes and
cement glands form compact group far beyond proboscis receptacle. Testes more
oblique than tandem; anterior testis 0.823—1.030x0.528-0.637 mm; posterior testis
partly parallel with cement glands, 0.764—1.050%0.550-0.621 mm. Cement glands
pear-shaped, 6 in number, form compact group. Séfftigen’s pouch0.990-1.157x0.221—
0.238 mm. Genital pore terminal.

Female. Total length 9.54 mm and 7.78 mm. Proboscis 0.364x0.409 mm and
0.399-0.375 mm. Five sub-apical hooks: blade length 122—124 pum, basal width 32 um,
61 pm root length; posterior hooks of pairs: blade length 155-162 pm, 36 pm basal
width, root length 81 pm; single large hooks: blade length 173—175 pm, basal width 45
pm, root length 85 pm. Basal proboscis spines: blade length 50-94 pm, basal width
10-21 pm. Neck conical, 211-213 pm in length. Proboscis receptacle 0.953x0.294
and 1.053x0.346. Lemnisci, uterine bell, and uterus obscured by eggs. Trunk spindle-
shaped, 8.975-1.820 mm and 7.167-1.658 mm. Trunk length/width ratio 4.93:1 and
4.32:1. Genital pore terminal. Vaginal sphincter single, c. 160x 150 pm. Eggs with
polar prolongations of middle envelope, 71-86x 16-22 pm, mean 76x 19 pm.

Suitable definitive hosts: fishes. Nototheniidae: FEleginops maclovinus;
Channichthyidae: Champsocephalus esox.

Habitat: Large intestine.
Biology and ecology: Not known.

Distribution: Beagle Channel, Ushuaia (Tierra del Fuego, South America) (Szidat
1950; 1965 Laskowski and Zdzitowiecki 2008; Laskowski and Zdzitowiecki 2009).

Family Echinorhynchidae Cobbold, 1876
Genus Echinorhynchus Zoega in Miiller, 1776

Diagnosis: Trunk cylindrical, not spined. Proboscis cylindrical. Neck short.
Proboscis receptacle double-walled. Ganglion at half of length of proboscis recep-
tacle. Lemnisci claviform. Cement glands in males spherical or oval, six in number,
arranged either in a compact group or in line along the trunk. Testes in tandem.
Vaginal sphincter in females single. Eggs elongated, with long polar prolongations
of middle envelope. Parasites of fishes.

Echinorhynchus petrotschenkoi (Rodjuk 1984) (Fig. 8.5)

Synonyms: Echinorhynchus sp. Kagei et Watanuki, 1975, E. nototheniae
Zdzitowiecki, 1986, E. georgianus Rodjuk 1986.

Diagnosis (after Zdzitowiecki 1989b): Proboscis hooks arranged in 14-20 rows
of 9/10-14/15, including 1-2 basal ones. Blades of hooks longer than roots.
Proboscis receptacle a little longer than lemnisci.

Male. Total dimensions 6.3-13.6x0.51-1.34 mm. Proboscis 0.766—
1.015%x0.218-0.303 mm. Maximum hook length 63—85 pm. Testes oval. Cement
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Fig. 8.5 Echinorhynchus
petrotschenkoi (Rodjuk
1984): adult female and
male, proboscis

0,25 mm

female male
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glands arranged in principle along trunk, closely to each other. However, some
cement glands can lie parallel forming one or two pairs.

Female. Total dimensions 12.2-30.0x0.75-1.48 mm. Proboscis 0.764—
1.176x0.233-0.340 mm. Maximum hook length 6487 um. Eggs 89—121 x 19-25 pm.

Suitable definitive hosts: fishes. Muraenolepidae: Muraenolepis microps;
Nototheniidae: Dissostichus eleginoides, Pagothenia bernacchii. Other (? unsuitable)
definitive hosts: fishes. Nototheniidae: Dissostichus mawsoni, Notothenia coriiceps,
Nototheniops nybelini, Pagothenia hansoni; Channichthyidae: Chaenocephalus
aceratus, Cryodraco antarcticus.

Habitat: Small intestine.

Biology and ecology: The species is associated mainly with the open sea shelf
environment (Zdzitowiecki 1990b). Prevalence of infection of the main definitive
host, M. microps, at South Georgia 40%, maximum intensity 11.

Distribution: Probably circumpolar. Till now found at South Shetland Islands,
South Georgia, and Syowa Station (Enderby Land) (Kagei and Watanuki 1975;
Rodjuk 1984, 1986; Zdzitowiecki 1986d, g, 1989b, 1990b).

Family Rhadinorhynchidae Subfamily Gorgorhynchinae
Genus Metacanthocephalus Yamaguti, 1959

Diagnosis: Trunk not spined. Neck short. Proboscis cylindrical to ovoid. Ganglion
in anterior half of proboscis receptacle. Proboscis receptacle double-walled. Lemnisci
(in Antarctic species) longer than proboscis receptacle. Testes in tandem. Cement
glands pyriform, eight in number, arranged in a compact group. Vaginal sphincter in
females double. Eggs with polar prolongations of middle envelope. Parasites of fishes.

Metacanthocephalus johnstoni Zdzitowiecki, 1983 (Fig. 8.6)
Synonyms: Leptorhynchoides campbelli (1914) in Johnston and Best (1937) pro parte.

Diagnosis (after Zdzitowiecki 1983): Trunk oval or egg-shaped. Maximum width
at half of its length. Proboscis cylindrical. Hooks arranged in 12—17 rows of 5-7/8
(usually 14-16x6-7). Blade of hook longer than root. Longest hook is the second
or third one counting from base of proboscis.

Male. Total dimensions 3.60-7.37x0.60-2.10 mm. Proboscis 0.426—
0.554 x0.182-0.280 mm. Length: width ratio of proboscis 1.74-2.67: 1. Maximum
hook length 71-86 pm.

Female. Total dimensions 6.06-8.66x1.94-3.22 mm. Proboscis 0.486—
0.599x0.229-0.323 mm. Length: width ratio of proboscis 1.69-2.51: 1. Maximum
hook length 79-96 pm. Length of female genital system 1.0-1.7 mm. Eggs
88—108 x20-25 pm (mean 97 x22 pm).

Suitable definitive hosts: fishes. Nototheniidae: Notothenia coriiceps, N. rossii,
Gobionotothen gibberifrons, Lindbergichthys nudifrons, Pagothenia bernacchii, P.
hansoni, Trematomus eulepidotus. T. newnesi; Bathydraconidae: Parachaenichthys
georgianus.

Other definitive (? unsuitable) hosts: fishes. Channichthyidae: Champsocephalus gunnari.



8 Acanthocephalans in Sub-Antarctic and Antarctic 155

——

o, b, A
e J OV

o V2 e e
P Ny .

female | cystacéﬁi (male)

Fig. 8.6 Metacanthocephalus johnstoni Zdzitowiecki, 1983: adult female; proboscis and male
cystacanth from Cheirimedon femoratus
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Intermediate host: amphipods. Lysianassoidea: Cheirimedon femoratus.

Habitat: Mainly pyloric caeca and anterior half of small intestine. Few specimens
occur more posteriorly in small and large intestine.

Biology and ecology: According to Zdzitowiecki 1986g, 1990b; Zdzitowiecki
and Laskowski 2004; Laskowski et al. 2010, 2012, the species is associated with
the inshore fiord environment and infections take place at a depth smaller than
50 m. N. coriiceps and juvenile N. rossii living in the Admiralty Bay (the South
Shetland Islands) were heavily infected (prevalence 85 and 100%, maximum inten-
sity 85 and 130 parasites in one fish). M. johnstoni infection of N. coriiceps were
less abundant (prevalence was 74 % and maximum intensity 25). The species is
rare in fishes living in the open sea at the South Shetland Islands and at South
Georgia. It was found there almost exclusively in adults of N. rossii. The parasite
occurs in fishes the whole year (lack of seasonality). Cystacanths of
Metacanthocephalus johnstoni were found in the haemocoeloma of C. femoratus
(5707 examined specimens) caught at the Galindez Island (Argentine Islands,
Western Antarctica) with prevalence 0.51%. A total of 1416 specimens of
Cheirimedon femoratus caught in the Admiralty Bay (South Shetland Islands) were
found to be free of M. johnstoni

Distribution: The South Shetland Islands, South Georgia, Adelie Land, Argentine
Islands (Johnston and Best 1937; Zdzitowiecki 1983; 1986g, 1987, 1990b;
Zdzitowiecki and Laskowski 2004; Laskowski et al. 2007, 2010).

Order Polymorphida

Family Polymorphidae
Genus Profilicollis Meyer 1931

Diagnosis: Trunk cylindrical, spined in anterior half. Proboscis of both sexes
spherical. Neck long. Proboscis receptacle long, double-walled. Lemnisci clavi-
form. Testes in tandem. Cement glands tubular. Vaginal sphincter in females double.
Eggs without polar prolongations of middle envelope. Parasites of birds.

Species:
Profilicollis antarcticus Zdzitowiecki 1985 (Fig. 8.7)

Diagnosis (after Zdzitowiecki 1985): Proboscis spherical, wider than long.
Hooks relatively small, arranged in 18-22 rows of 7-8/9. Anterior 2-3 hooks solid,
with short blades and long roots directed posteriorly. Posterior 4-5 hooks with long
blades directed posteriorly and short roots directed anteriorly. Neck very long, con-
stituting 15-22% of total body length. Anterior 16-24% of trunk covered with small
spines. Lemnisci reaching more posteriorly than proboscis receptacle.

Male. Total dimensions 14.1-21.1x2.0-3.0 mm. Proboscis 0.86—1.56x1.06—
1.98 mm. Maximum hook length 71-74 pm. Neck length 2.1-4.0 mm. Four cement
glands.
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Fig. 8.7 Profilicollis antarcticus Zdzitowiecki 1985: adult male and proboscis

Female. One immature specimen was available. Total dimensions 11.1x 1.2 mm.
Proboscis 1.01x1.25 mm. Maximum hook length 80 pm. Neck length 2.46 mm.
Genital pore subterminal. Eggs unknown.

Definitive hosts (probably unsuitable): birds (Chionis alba).
Habitat: Ileum and caecum.

Biology and ecology: Not known.
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Genus Corynosoma
Corynosoma bullosum (Linstow 1892) (Fig. 8.8)

Synonyms: C. mirabilis Skryabin 1966, C. singularis Skryabin et Nikolsky, 1971
pro parte.

Diagnosis (after Zdzitowiecki 1986c): Proboscis hooks in 16 (rarely 17 or 18)
rows of 10/11-14/15, including 2-3/4 rootless basal ones. Distal hook the longest
one. Hind-trunk cylindrical, considerably longer than fore-trunk. Genital armature
separated from somatic one. Lemnisci flat, shorter than proboscis receptacle.

Male. Total dimensions 9.6-13.4x1.4-2.0 mm. Proboscis 0.91-1.35x0.31-
0.37 mm. Maximum hook length 89—117 pm. Fore-trunk constitutes 30-40% of
trunk length. Somatic armature covers 33-54% of trunk length on ventral side.
Number of genital spines circa 80-250, usually 100-200. Cement glands tubular.

Female. Total dimensions 13.6—19.7 x 1.8-2.8 mm. Proboscis 1.11-1.33x0.34—
0.40 mm. Maximum hook length 0.099—1.120 mm. Fore-trunk constitutes 20-32%
of trunk length. Somatic armature covers 28-38% of trunk length on ventral side.
Number of genital spines 3—120, usually 20-50. Genital pore terminal. Eggs 107—
125%35-39 pm.

Suitable definitive hosts: elephant seals (Mirounga leonina, M. angustirostris (?)).
Unsuitable definitive hosts: seals (Hydrurga leptonyx, Leptonychotes weddelli,
Lobodon arcinophagus); whales (Physeter catodon). Juvenile specimens also in
intestine of birds (Phalacrocorax atriceps, Pygoscelis papua).

Paratenic hosts: fishes. Nototheniidae: Notothenia macrophthalma, N. coriiceps,
N. rossii, N. squamifrons, N. nybelini, Nototheniops larseni, Gobionotothen gib-
berifrons, Lindbergichthys nudifrons, Dissostichus eleginoides, D. mawsoni,
Pagothenia bernacchii, P. hansoni, Patagonotothen brevicauda guntheri;
Artedidraconidae: Artedidraco mirus, Artedicraco sp.; Bathydraconidae:
Parachaenichthys charcoti, P. georgianus; Channichthyidae: Chaenocephalus
aceratus, Chionodraco rastrospinosus, Cryodraco antarcticus, Pseudochaenichthys
georgianus; Macrouridae: Macrourus holotrachys; Muraenolepidae: Muraenolepis
microps; Liparidae: Paraliparis sp.

Intermediate hosts: amphipods. Lysianassoidea: Waldeckia obesa; Eusiridae:
Bovallia gigantea.

Habitat: Small and large intestine.

Biology and ecology: According to Zdzitowiecki (1986b, g, 1990b), infections
of paratenic hosts take place mainly in the open sea shelf environment, deeper than
100 m. Predatory fishes living at the South Shetland Islands and at South Georgia
are massively infected, up to one thousand cystacanths in one host specimen
(D. eleginoides).

Cystacanths of C. bullosum were found in amphipods (intermediate hosts) in
Admiralty Bay (Zdzitowiecki 2001b; Zdzitowiecki and Presler 2001).
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Fig. 8.8 Corynosoma bullosum (Linstow
1892): adult male and female; cystacanth
from Waldeckia obesa
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Three elephant seals examined on King George Island (the South Shetland
Islands) harboured 25203753 parasites per host. Five elephant seals examined in
the maritime Antarctic were less infected (Nikolsky 1974).

Corynosoma arctocephali Zdzitowiecki 1984b (Fig. 8.9)
Synonyms: C. singularis Skryabin et Nikolsky, 1971 pro parte.

Diagnosis (after Zdzitowiecki 1991): Proboscis hooks arranged in 19-22 rows of
10/11-13/14, including 3/4-4/5 rootless basal ones. Subdistal and prebasal hooks
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Fig. 8.9 Corynosoma arctocephali Zdzitowiecki, 1984: adult male and female; male and female
body end; cystacanth from Notothenia coriiceps
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the longest ones. Fore-trunk and hind-trunk of similar length. Hind-trunk cylindri-
cal. Somatic spines cover about 60% of trunk length on ventral side. Genital spines
(if present) separated from somatic ones. Lemnisci flat, shorter than proboscis
receptacle.

Male. Total dimensions 6.9—7.7x1.4-2.0 mm. Proboscis 0.728-0.878 x0.284—
0.343 mm. Maximum hook length 6676 pm. Genital spines, circa 150 in number,
arranged in 8-9 irregular circles. Cement glands pyriform.

Female. Total dimensions 7.7-9.6 x 1.8-2.7 mm. Proboscis 0.821-1.001 x0.313—
0.343 mm. Maximum hook length 71-86 um. Genital spines present (1-100) or
absent. Genital pore terminal. Eggs 126—-159 x38-47 um.

Suitable definitive hosts: seals (Arctocephalus gazella, Hydrurga leptonyx).
Unsuitable definitive hosts: seals (Lobodon carcinophagus). Juvenile specimens also
in intestine of birds (Phalacrocorax atriceps). Paratenic hosts: fishes. Nototheniidae:
Notothenia coriiceps, N. rossii, N. squamifrons, Lindbergichthys nudifrons,
Dissostichus eleginoides, Patagonotothen brevicauda guntheri; Bathydraconidae:
Parachaenichthys charcoti, P. georgianus; Channichthyidae: Chaenocephalus acera-
tus, Cryodraco antarcticus; Muraenolepidae: Muraenolepis microps.

Habitat: Mainly posterior half of ileum. Few specimens in jejunum and large
intestine.

Biology and ecology: According to Zdzitowiecki (1986b, g, 1990b), infections
of paratenic hosts take place mainly in the fiord environment. The species was prob-
ably very rare at the beginning of the twentieth century, because its main definitive
hosts, A. gazella (Antarctic fur seal), was almost completely exterminated. Thus C.
arctocephali was absent in samples of cystacanths from fishes caught at South
Georgia in 1925-1928 (Baylis 1929; Zdzitowiecki 1987). The population of fur seal
increased under protection and so did the parasite population. Now, C. arctocephali
is abundant in fishes of the fiord environment in the same area (Zdzitowiecki 1987,
1990b), in Admiralty Bay (Laskowski et al. 2012), at the South Orkney Islands
(Zdzitowiecki and White 1996), and at the Argentine Islands (Zdzitowiecki and
Laskowski 2004).

Numerical data concerning the occurrence of C. arctocephali in definitive hosts
are limited. Maximum intensity found till now in fur seal was 65 acanthocephalans.
The most heavily infected paratenic hosts: N. rossii at South Georgia (prevalence 91
%, maximum intensity 84 cystacanths) and Notothenia coriiceps at the South
Orkney Islands (prevalence 100 %, maximum intensity 36 cystacanths).

Distribution: The South Shetland Islands, South Georgia, Antarctic Peninsula,
Argentine Islands, Ross Sea (probably its northern part) (Skryabin and Nikolsky
1971; Nikolsky 1974; Zdzitowiecki 1978, 1984b, 1986b, ¢, 1987, 1990b; Rodjuk
1985; Hoberg 1986; Zdzitowiecki and Laskowski 2004).

Corynosoma hamanni (Linstow 1892) (Fig. 8.10)

Synonyms: C. antarcticum (Rennie 1906), C. sipho Railliet et Henry, 1907, C.
pacifica Nikolsky 1974.
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Fig. 8.10 Corynosoma hamanni (Linstow 1892): adult male and female; female body end; cysta

canth from Prostebbingia brevicornis
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Diagnosis (after Zdzitowiecki 1984c): Proboscis hooks arranged in 19-22 (usu-
ally 20) rows of 12/14-16, including 2/3-3/4 rootless basal ones. Subdistal (third to
fifth) hooks the longest ones. Body shape depends from sex. Somatic and genital
armature not separated. Lemnisci strongly folded, similar in length as proboscis
receptacle.

Male. Total dimensions 5.2-7.1x1.7-2.5 mm. Proboscis 1.004—1.161x0.333—
0.412 mm. Maximum hook length 77-98 pm. Fore-trunk constitutes 54—71 % of
trunk length. Hind-trunk tapering posteriorly. Cement glands pyriform.

Female. Total dimensions 5.2—6.4 x 1.9-2.7 mm. Proboscis 1.072—-1.278 x0.339—
0.410 mm. Maximum hook length 81-99 um. Fore-trunk constitutes 59-80% of
trunk length. Hind-trunk terminates with two lateral lobes. Slightly subterminal
genital pore lies in concavity between lobes. Genital armature covers both lobes and
ventral body side. Only narrow unarmed zone remains on mid-dorsal side at trunk
end. Eggs 155-202x46-58 pm.

Suitable definitive hosts: seals (Hydrurga leptonyx, Leptonychotes weddelli).
Unsuitable definitive hosts: seals (Lobodon carcinophagus). Juvenile specimens
also in intestine of birds (Chionis alba, Phalacrocorax atriceps)

Paratenic hosts: fishes. Nototheniidae: Notothenia coriiceps, N. rossii,
Dissostichus mawsoni, Pagothenia bernacchii, P. hansoni, Trematomus newnesi, T.
bernacchii, Lindbergichthys  nudifrons, Gobionotothen gibberifrons;
Bathydraconidae: Parachaenichthys charcoti, P. georgianus; Channichthyidae:
Chaenocephalus aceratus, Chionodraco rastrospinosus, Cryodraco antarcticus,
Pseudochaenichthys georgianus; Harpagiferidae: Harpagifer antarcticus.

Intermediate host: amphipods. Eusiridae: Prostebbingia brevicornis.
Habitat: Pyloric part of stomach, duodenum, and anterior part of jejunum. Few
specimens more posteriorly, in small and large intestine.

Biology and ecology: According to Zdzitowiecki (1986b, g, 1990b, Zdzitowiecki
and White 1996, Zdzitowiecki and Presler 2001, Zdzitowiecki and Laskowski 2013,
Laskowski and Zdzitowiecki 2010, Laskowski et al. 2012), infections of paratenic
hosts take place in the fiord environment in the shallow water up to a depth of circa
50 m. Leopard seals, Weddell seals, and some paratenic hosts are massively infected,
with up to several thousand parasites in one seal and over one hundred cystacanths
in one fish. Probably all seals of both species mentioned above living in Admiralty
Bay (the South Shetland Islands) are infected. N. coriiceps, N. rossii, and Ch. acera-
tus are the main paratenic hosts in this area (prevalence 96%, 100%, and 81%, maxi-
mum intensity 149, 166, and 123, respectively). C. hamanni found appears to be
specific parasites of Prostebbingia brevicornis. Intermediate hosts occur mainly in
sub-coastal waters (specimens examined were caught at the depth 5—15 m).

Distribution: Previous literature data concerning distribution and lists of hosts
are partially doubtful and should be referred fully or partially to Corynosoma
pseudohamanni. However, there are no doubts that the species occurs circumpolar:
South Georgia, South Orkney Islands, South Shetland Islands, Antarctic Peninsula,
Adelie Land, King George V Land, Argentine Islands, and maritime Antarctic
(Linstow 1892; Rennie 1906; Railliet and Henry 1907; Baylis 1929; Johnston and
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Best 1937; Markowski 1971; Nikolsky 1974; Zdzitowiecki 1978, 1984c, 1986a, b,
1987, 1990b; Rodjuk 1985; Hoberg 1986; Zdzitowiecki and White 1996;
Zdzitowiecki and Laskowski 2004). Doubtful data: Enderby Land, Ongul Island,
McMurdo Sound, Kerguelen, Crozet and Heard islands, Lena, Skiff, and Ob banks
(Leiper and Atkinson 1914, 1915; Edmonds 1957; Golvan 1959; Nickol and
Holloway 1968; Holloway and Nickol 1970; Kamegai and Ichihara 1973; Holloway
and Spence 1980; Parukhin and Lyadov 1982).

Corynosoma pseudohamanni Zdzitowiecki 1984c (Fig. 8.11)
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Fig. 8.11 Corynosoma pseudohamanni Zdzitowiecki, 1984: adult female; female body end; pro-
boscis; cystacanth from Cheirimedon femoratus



8 Acanthocephalans in Sub-Antarctic and Antarctic 165

Synonyms: C. hamanni of various authors nec Linstow (1892) pro parte, C. ant-
arcticum of Johnston and Best (1937) nec Rennie (1906) pro parte.

Diagnosis (after Zdzitowiecki 1984c): Proboscis hooks in 18-22 rows of 10/11-
14, including 1-2/3 rootless basal ones. Subdistal (second to fourth) hooks the lon-
gest ones. Body shape depends from sex. Somatic and genital armature not separated.
Lemnisci strongly folded, similar in length as proboscis receptacle.

Male. Body shape similar to that of C. hamanni. Total dimensions 4.8-6.2x 1.4—
1.8 mm. Proboscis 0.799-0.929 x0.258-0.325 mm. Maximum hook length 67-79
pm. Fore-trunk constitutes 56-69% of trunk length. Hind-trunk slightly tapering
posteriorly. Cement glands pyriform.

Female. Total dimensions 3.9-5.3 x 1.3-2.1 mm. Proboscis 0.804—1.001 x 0.300—
0.325 mm. Maximum hook length 64-81 pm. Fore-trunk constitutes 67-85% of
trunk length. Hind-trunk slightly tapering posteriorly, with rounded end. Genital
pore terminal. Genital armature ends just before genital pore on ventral side. Spines
spread at sides before genital pore, but they never occur on dorsal side of hind-trunk.
Eggs 92-120%29—-40 pm.

Suitable definitive hosts: seals (Leptonychotes weddelli, Hydrurga leptonyx,
Lobodon carcinophagus). Unsuitable definitive hosts: seals (Arctocephalus gazella,
Mirounga leonina). Juvenile specimens also in intestine of birds (Catharacta lonn-
bergi, Chionis alba, Larus dominicanus, Phalacrocorax atriceps).

Paratenic hosts: fishes. Nototheniidae: Notothenia coriiceps, N. rossii, N.
nybelini, Lindbergichthys nudifrons, Gobionotothen gibberifrons, Dissostichus
eleginoides, D. mawsoni, Pagothenia bernacchii, P. hansoni, Trematomus newnest,
Bathydraconidae: Parachaenichthys charcoti; Channichthyidae: Chaenocephalus
aceratus, Champsocephalus gunnari, Chionodraco rastrospinosus, Cryodraco ant-
arcticus, Gymnodraco acuticeps; Harpagiferidae: Harpagifer antarcticus. Probably
also further species of fishes listed by Holloway and Spence (1980) as paratenic
hosts of Corynosoma hamanni in McMurdo Sound: Nototheniidae: Pagothenia
borchgrevinki, Trematomus centronotus; Zoarcidae: Lycodichthys dearborni.

Intermediate hosts: amphipods. Eusiridae: Pontogeneiella sp.; Lysianassoidea:
Cheirimedon femoratus.

Biology and ecology: According to Zdzitowiecki (1986b, g, 1990b; Zdzitowiecki
and White 1996; Zdzitowiecki and Presler 2001; Zdzitowiecki and Laskowski 2004;
Laskowski et al. 2007), infections of paratenic hosts take place in the fiord environ-
ment, but a little deeper than in the case of Corynosoma hamanni, at a depth of up
to 100 m. Probably all Weddell seals living in the Admiralty Bay (South Shetland
Islands) are infected; intensities of the infection sometimes exceed one thousand
parasites per seal. N. coriiceps, N. rossii, P. charcoti, and Ch. aceratus are the main
paratenic hosts in the same area (prevalence 99.6-100%, maximum intensity 856,
106, 219, and 263, respectively). At the Vernadsky Station (Argentine Islands) and
at the South Orkney Islands, N. coriiceps was also heavily infected (prevalence 99%
and 100%, maximum intensity 421 and 23, respectively). Cystacanths in intermedi-
ate hosts (C. femoratus) were found in Admiralty Bay and at Vernadsky Station.
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Distribution: Circum-Antarctic: Antarctic Peninsula, Argentine Islands, South
Shetland Islands, southern coasts of Weddell Sea, McMurdo Sound, Adelie Land,
King George V Land, Enderby Land, South Orkney Islands, Ross Sea. Part of the
material was originally referred to C. hamanni. It is here referred to C. pseudoham-
anni based on morphological data contained in papers of various authors (Leiper
and Atkinson 1915; Johnston and Best 1937; Edmonds 1957; Golvan 1959; Nickol
and Holloway 1968; Holloway and Nickol 1970; Holloway and Spence 1980;
Zdzitowiecki 1978, 1984c, 1986a, b, 1990b; Hoberg 1986; Zdzitowiecki and White
1996; Zdzitowiecki and Laskowski 2004; Laskowski and Zdzitowiecki 2005, 2010).
C. pseudohamanni is the only representative of the genus Corynosoma occurring
without any doubts within the Antarctic Circle. The species was absent in the large
sample of fishes examined at South Georgia (Zdzitowiecki 1990b).

Corynosoma beaglense Laskowski, Jezewski, Zdzitowiecki, 2008 (Fig. 8.12)

Diagnosis (after Laskowski et al. 2008): Only juvenile specimens (cystacanths) of
Corynosoma beaglense were found in Champsocephalus esox in Beagle Channel. It
has an almost cylindrical proboscis (length 0.52-0.56 mm); a proboscis hook formula

0,25 mm
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Fig. 8.12 Corynosoma beaglense Laskowski, Jezewski, Zdzitowiecki, 2008: male and female
cystacanth: proboscis
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of 16 rows of 9/10-10/11, including 4—4/5 basal hooks; distal hooks shorter than the
prebasal hooks; a fore-trunk not separated from the hind-trunk by a constriction;
somatic spines contiguous with the genital spines on the ventral side of the trunk of
the male and covering the entire length of the ventral side of the female trunk, and the
presence of genital spines surrounding the terminal genital pore of the male.

Male. Total length approx. 2.6 mm. Proboscis 0.530x0.212 mm. Distal hook
length 50 pm; prebasal hook length 56 pm. Neck retracted into trunk, c. 0.210 mm
in width. Trunk 1.89x0.61 mm. Genital pore surrounded by genital spines (max.
length 29 pm) contiguous with somatic spines (max. length 37 pm). Proboscis
receptacle 746 %239 pm. Lemnisci 0.502-0.209 and 0.458-0.206 mm. Testes oval,
arranged diagonally at end of proboscis receptacle, 0.185x0.136 mm and
0.184x0.128 mm. Cement-glands elongate, pear-shaped, just posterior to testes,
6 in number. Séfftigen’s pouch club-shaped.

Female. Total length 2.79 mm and 2.53 mm. Proboscis 560x210 pm and
521x%209 pm. Distal hook length 48 pm and 51 pm; prebasal hook length 52 pm
and 63 pm. Neck wider than long, 269x367 pm and 271x307 pm. Trunk
1.98%0.93 mm and 1.76 9 0.72 mm; whole ventral side covered with somatic spines
with max. length 37 pm. Proboscis receptacle 794 %298 pm and 741x202 pm.
Lemnisci 382-657 x210-263 pm. Length of reproductive organs (from anterior end
of uterine bell to genital pore) 588 pm in one case. Vaginal sphincter double, 79 x77
pm and 76 x 64 pm.

The definitive host of this species is unknown. C. beaglense is similar to two
Sub-Antarctic parasites of birds, Andracantha baylisi and C. clavatum Goss, 1940,
in the shape of the trunk, neck, and proboscis, as well as the proboscis armature. It
differs from them in the lack of a zone of small somatic spines between two zones
of large spines (a generic feature), the somatic spines on the male contiguous with
the genital spines, the somatic spines on females extending to the posterior extrem-
ity, a smaller proboscis, shorter hooks, and the distal hooks shorter than the prebasal
hooks.

Corynosoma evae Zdzitowiecki, 1984 (Fig. 8.13)

Diagnosis (after Zdzitowiecki 1984b): Proboscis hooks in 20-24 rows of 11/12—
13, including 3—4 rootless basal ones. Prebasal hook the longest, stout. Fore-trunk
constitutes 55-64% of total trunk length. Hind-trunk cylindrical. Somatic armature
covers 61-69% of trunk length on ventral side. Genital spines (if present) separated
from somatic ones. Lemnisci flat, shorter than proboscis receptacle.

Male. Total dimensions 3.5-4.6x1.1-1.5 mm. Proboscis 0.633-0.719x0.257—
0.296 mm. Maximum hook length 57-63 um. Genital spines arranged in 4 irregular
rows, 40-60 in number. Cement glands pyriform.

Female. Total dimensions 4.3—5.2 % 1.1-1.9 mm. Proboscis 0.612—-0.788 x 0.254—
0.337 mm. Maximum hook length 61-73 pm. Genital spines absent. Genital pore
terminal. Eggs 103—-127 x34-43 pm.

Suitable definitive hosts: seals (Hydrurga leptonyx, Otaria flavescens).
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cystacanth (female) female male body end

Fig. 8.13 Corynosoma evae Zdzitowiecki, 1984: adult female; cystacanth female; male body end;
proboscis

Paratenic hosts: fishes. Bathydraconidae: Parachaenichthys georgianus; Nototheniidae:
Patagonotothen longipes; Channichthyidae: Champsocephalus esox.

Habitat: Ileum.
Biology and ecology: Not known.

Distribution: The South Shetland Islands, South Georgia, Falkland Islands,
Beagle Channel (Zdzitowiecki 1984b, 1986e; Laskowski and Zdzitowiecki 2009;
Laskowski et al. 2007). It is probably rather a Sub-Antarctic than an Antarctic
species. The present authors did not find cystacanths in the large sample of fishes
examined at the South Shetland Islands, one cystacanth was found at South Georgia
and 10 cystacanths were found in Beagle Channel. Cystacanths found by Reimer
(1987) in fishes at the South Shetland Islands and South Georgia were probably
wrongly determined and should be referred to C. arctocephali.
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female

female body end

Fig. 8.14 Corynosoma gibsoni Zdzitowiecki, 1986: adult female; proboscis; female body end

Corynosoma gibsoni Zdzitowiecki, 1986 (Fig. 8.14)
Diagnosis (after Zdzitowiecki 1986e):

Description: All investigated specimens (five females) were partly contracted,
with the proboscis, neck, and anterior part of the trunk retracted, and the proboscis
partly invaginated. Total length of not contracted specimens, if attains about 6.2—
6.7 mm (length of trunk about 4.6-5.2 mm). The maximum width of dilated fore-
trunk 2.02—-2.24 mm, width of the hind-trunk 0.66—1.01 mm. The fore-trunk is about
twice as long as the hind-trunk. Approximate length of the proboscis (measured
only in one specimen by adding the length of invaginated part to the length of non-
invaginated part) about 1.2—1.3 mm. Width of the proboscis 0.39-0.42 mm. Hooks
arranged in 19-20 rows, number of hooks per row exceeding 10 (the most probably
15), basal hooks with reduced roots 3—4 in number. The largest are the hooks situ-
ated just before the basal ones. Maximum length of the blade 100-119 pm. Neck
impossible to observe. Somatic armature covers about 3/4 of the trunk at the ventral
side, partly laterally. The anterior most genital spines are 40-91 pm distant from the
body end. Width of the unarmed zone between somatic and genital spines 0.30—
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0.81 mm. Maximum dimensions of the somatic spines 65x 15 um, of the genital
spines 72 x24 pm. Dimensions of the proboscis receptacle about 1.7 x0.5-0.6 mm.
Lemnisci not visible, screened by embryophores. The genital duct, observed only in
one specimen, measures 1.4 mm. The vagina is provided with double sphincter.
Genital opening terminal. Dimensions of mature embryophores, measured inside
the body, through the body wall, in three specimens 155-188 x43-56 pm.

Females of C. gibsoni sp. n. are similar to C. hamanni (Linstow 1892) in respect
of proboscis length and embryophore dimensions (cf. Zdzitowiecki 1984b) but dif-
fer from the latter by the presence of an unarmed zone separating somatic and geni-
tal armature, as well as by the shape of the posterior part of the trunk, especially its
posterior tip. All other representatives of the genus Corynosoma have smaller
embryophores (cf. Golvan 1959; Zdzitowiecki 1984a, b). Of these, C. arctocephali.
Zdzitowiecki, 1984, the most similar in embryophore dimensions, has a shorter
proboscis, smaller hooks, longer hind-trunk, shorter range of somatic armature and
greater distance between somatic and genital armature.

Genus Andracantha Schmidt, 1975

Diagnosis: Proboscis cylindrical. Neck conspicuous. Fore-trunk forming bulb,
connected with neck by short segment similar in width as neck. Hind-trunk tapering
posteriorly. Conspicuous somatic spines arranged in two circular fields separated
from each other by either a bare zone or a zone covered with smaller spines. Genital
spines separated from somatic ones, present at least on some specimens of both
sexes. Proboscis receptacle double-walled. Testes parallel. Cement glands tubular
or pyriform, six or eight in number. Vaginal sphincter in females double. Eggs with
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Fig. 8.15 Andracantha baylisi (Zdzitowiecki 1986a, b, c, d, e, f, g): male cystacanth; proboscis
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or without polar prolongations of middle envelope. Parasites of birds. Paratenic
hosts: fishes.

Andracantha baylisi (Zdzitowiecki 1986a, b, c, d, e, f, g) (Fig. 8.15)
Synonyms: Corynosoma sp. Zdzitowiecki 1985.

Diagnosis (after Zdzitowiecki 1985, 1989a; Laskowski et al. 2008): Proboscis
almost cylindrical slightly dilated just beyond mid-length, with length/width ratio
2.69-2.92:1. Hooks arranged in 16 rows of 9/10-10/11, including 5-5/6 rooted ones
and 4/5 basal ones with reduced roots. Anterior hooks gradually increase from apex in
blade width and root length, but distal-most hook is longest by far. Blades of anterior
4-5 hooks longer than roots; blade of prebasal hook shorter than root. Area of basal
hooks constitutes 33—39% of proboscis length. Neck trapezoid, may be longer or
shorter than wide, curved towards ventral side. Fore-trunk not separated from hind-
trunk by constriction. Short anterior part of trunk similar in width to neck, then trunk
dilates greatly before tapering posteriorly. Anterior 36-40% of trunk length covered
with somatic spines (max. length 48 pm), which are arranged in 2 densely spined
zones separated by zone of smaller, loosely arranged spines. Anterior zone of large
spines constitutes 12-22% of length of whole armature area, zone of minute spines
36—42% and posterior zone of large spines 39—46% (measured along ventral side of
trunk). Approximately 20-30 genital spines (max. length 21 pm) present at posterior
extremity of trunk. Genital pore terminal, surrounded by genital spines in both sexes.
Proboscis receptacle double-walled, extending to level of posterior zone of larger
somatic spines. Lemnisci flat, rounded to ellipsoid, shorter than proboscis receptacle.

Male. Only juvenile specimens from paratenic hosts were available. Total dimen-
sions 3.66-5.0x 1.12—1.74 mm. Proboscis 0.823-0.920x 0.290-0.350 mm. Distal
hook length 107-119 pm, prebasal hook length 79-95 pm. Neck length 0.404—
0.407x0.373-0.461 mm. Trunk 2.485-2.975x1.133—1.351 mm. Proboscis recep-
tacle 1.257-1.411x0.275-0.378 mm. Lemnisci 0.646—-0.930x0.341-0.464 mm.
Testes parallel, at end of proboscis receptacle, 0.219-0.272x0.120-0.192 mm.
Cement glands elongate, pear-shaped, 6 in number. Séfftigen’s pouch club-shaped.

Female. Total dimensions of adult specimens about 5-5.7x1.60-1.86 mm.
Proboscis 0.820-0.970x0.240-0.380 mm. Distal hook length 119-136 pm. Prebasal
hook length 92-119 pm. Genital spines present (1-20 in number) or absent. Genital
pore terminal. Eggs with polar prolongations of middle envelope, 81-101 x27-30 pm.

Total dimensions of juvenile specimens 4.0-5.7x1.31-1.86 mm. Proboscis
0.820-0.970x0.240-0.380 mm. Distal hook length 104—136 pm. Prebasal hook
length 89—119 pm. Neck 0.421-0.461 pm. Trunk 2.714 % 1.091 mm. Genital spines
present (1-20 in number) or absent. Genital pore terminal. Eggs with polar prolon-
gations of middle envelope, 81-101 x27-30 pm.

Suitable definitive hosts: birds (Chionis alba, Phalacrocorax albiventer).

Paratenic hosts: fishes. Nototheniidae: Notothenia rossii, Patagonotothen longipes;
Bathydraconidae: Parachaenichthys georgianus; Channichthyidae:
Chaenocephalus aceratus, Champsocephalus esox

Habitat: Intestine.

Biology and ecology: Cystacanths are present, though rare, in fishes at South
Georgia and in Beagle Channel. Thus, the life cycle is completed in this area.
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Distribution: Western Antarctic and Sub-Antarctic: the South Shetland Islands,
South Georgia, Patagonia, Beagle Channel. The only specimen found in the defini-
tive host (Chionis alba) on King George Island (South Shetland Islands) probably
arrived from another area, as cystacanths of the species were not found in fishes at
the South Shetland Islands. Six out of 290 notothenioid fishes examined at South
Georgia housed few cystacanths (1-2 specimens per host) (Zdzitowiecki 1985,
1986f, 1989a, 1990b; Laskowski et al. 2007; Laskowski and Zdzitowiecki 2009).

Genus Bolbosoma Porta, 1908

Diagnosis: Proboscis cylindrical or conical. Neck short. Fore-trunk consists of
short conical anterior part, large bulb, and narrow part beyond bulb. Hind-trunk cylin-
drical. Somatic spines present on prebulbar part of fore-trunk and usually on bulb.
Genital spines absent. Proboscis receptacle double-walled. Testes in tandem. Cement
glands tubular. Vaginal sphincter in females double. Eggs with polar prolongations of
middle envelope. Parasites of mammals, mainly whales. Intermediate hosts — crusta-
ceans (till now found only in euphausiids). Fishes may play a role as paratenic hosts.

Bolbosoma brevicolle (Maim 1867) (Fig. 8.16)
Synonyms: B. paramuschiri Skryabin, 1959.

Diagnosis (according Zdzitowiecki 1991): Proboscis hooks arranged in 20-22
rows of 7 (rarely 6 or 8), including one small basal hook, which may be rooted or
not. Subdistal (second) hook the longest one. Somatic spines arranged in 20 irregu-
lar circles, covering the whole prebulbar part of fore-trunk and reaching beyond half
of length of bulb. Anterior spines small, posterior spines two to three times longer.
Hind-trunk constituting 74—84% of trunk length. Lemnisci very long, filiform, as
long as trunk. Proboscis receptacle ends inside bulb.

Male. Total length 23-32 mm. Bulb 2.3-3.1x1.9-2.3 mm. Hind-trunk width
1.70-2.75 mm. Proboscis 0.51-0.57 x 0.42-0.51 mm. Anterior spines 40-60 x 15-32
pm. Posterior spines 100-160x60-90 pm. Testes in tandem, oblique, not
separated.

Female. Total length 21-38 mm. Bulb 2.5-2.8 x2.0-2.65 mm. Hind-trunk width
2.0-3.3 mm. Proboscis 0.54-0.60 x 0.45-0.52 mm. Maximum hook length 113 pm.
Anterior spines 60-80x20-30 pm. Pos