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Helminth Diversity in Teleost Fishes from the South Orkney Islands Region, West Antarctica.
Kuzmina, T. A., Salganskiy, O. O., Vishnyakova, K. O., Ivanchikova, J., Olga, O. 1., Lisitsyna, O. L,
Korol, E. M., Kuzmin, Yu. I. — Helminths of 12 fish species collected near the South Orkney Islands, West
Antarctica were studied. In the whole sample of 115 fish specimens, we identified one species of Monogenea,
5 species of Trematoda, 4 species of Cestoda, 5 species of Nematoda, and 7 species of Acanthocephala.
All cestode species, 3 species of nematodes, and 5 species of acanthocephalans were represented only by
larval stages; fish are definitive hosts for the remaining 10 helminth species. Details of composition and
structure of helminth communities were studied in 3 fish species: Chaenocephalus aceratus (Lonnberg,
1906), Champsocephalus gunnari Lonnberg, 1905, and Pseudochaenichthys georgianus Norman, 1937,
each represented by more than 20 specimens in a sample. In these hosts, 19, 8, and 16 helminth species
were found, correspondingly. In the helminth communities of C. aceratus and P. georgianus, the highest
values of the infection prevalence and abundance were recorded for larval cestodes (Diphyllobothrium sp.,
Tetrabothriidea), nematodes (Pseudoterranova sp., Contracaecum sp.), acanthocephalans (Corynosoma
spp.), as well as adults of the trematode Neolebouria georgiensis Gibson, 1976. The same trematode species
and larval cestodes predominated in the helminth community of C. gunnari. All recorded species of
parasites are generalists, each known from a range of fish hosts in Antarctica.

Key words: Helminths, Acanthocephala, Nematoda, Cestoda, Trematoda, teleost fishes, Antarctica.
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Introduction

Rapid modifications caused by climatic changes and anthropogenic influence are taking place nowadays
in terrestrial and marine ecosystems. Special attention of researchers worldwide is paid to the exploration of the
changes in ecosystems, as well as to the study of different groups of organisms as indicators of these changes.
Metazoan parasites are considered as one of the most sensitive indicators of the state of marine ecosystems
(Hudson et al., 2006; Poulin, 2006; Poulin and Mouritsen, 2006; Hechinger et al., 2007). Most marine parasites
are included in the food chains of their definitive, intermediate and paratenic hosts (Marcogliese, 2002,
2016; Thompson et al., 2004). Changes in the composition and structure of parasite communities of marine
animals were recorded in various regions of the world (Sala and Knowlton, 2006; Blanar et al., 2009; Byers,
2021; Kuzmina et al., 2020, 2022). Due to the complexity of the functioning of host-parasite systems in marine
ecosystems, assessment of the changes in communities of different groups of parasites may reveal general
trends in the changes in the ecosystems even faster than it can be observed using geological or oceanographic
monitoring data.

The structure of polar ecosystems in the Arctic and Antarctic is much more complex and ecologically
diverse than it was previously thought (Chown et al., 2015). Besides, marine ecosystems in Antarctica
and the Southern Ocean are highly endemic. Recent surveys suggest that 50 % to 97 % of the Southern
Ocean species of such groups as sponges, tube worms, amphipods, molluscs, isopods, sea spiders
and notothenioid fish are endemic (Eastman, 2000, 2005; De Broyer et al.,, 2014; Chown et al., 2015).
Organisms inhabiting the extreme conditions of Antarctic marine ecosystems have developed particular
physiological and behavioural mechanisms to adapt to survival, growth, and reproduction. Moreover,
the isolation of the Southern Ocean ecosystems by the circular Antarctic Polar Front increases ecological
diversification of the Antarctic shelf; therefore, ecosystems of the Antarctic shelf areas can be considered
as evolutionary hot spots (Eastman, 2005).

The fish fauna in the Southern Ocean around Antarctica, as known today, consists of 322 species from
50 families (Eastman, 2005); the dominant group of fishes belongs to the perciform suborder Notothenioidei,
which comprises about 77 % of Antarctic fish species diversity (Kock, 2005; Near, 2009; Near et al., 2012). The
suborder includes more than 130 species in eight families (Artedidraconidae, Bovichtidae, Pseudaphritidae,
Eleginopsidae, Nototheniidae, Harpagiferidae, Bathydraconidae, Channichthyidae) which are endemic of
Southern Ocean (Near et al., 2012). This group includes the species of high economic importance to fisheries
(Gon and Heemstra, 1990; Kock 1992; Collins et al. 2010), as well as the species that represent critical links in
the Antarctic food webs, especially for higher-level consumers such as seals, whales, and marine birds (Targett
1981; Smith et al., 2007; Parker et al., 2020). In recent years, there has been an increase in the interest in the
study of Antarctic fish parasites (Oguz et al.,, 2012, 2015; Shendrik et al., 2014; Gordeev and Sokolov, 2016;
Sokolov et al.,, 2016, 2019; Minster et al., 2016, 2017; Kuhn et al., 2018; Kvach and Kuzmina, 2020; Kuzmina
et al.,, 2020, 2021a,b, 2022). The collection and publication of new data have broadened the understanding
of the diversity in parasite fauna of teleost fish. However, the lack or insufficient baseline data for Antarctic
parasite communities do not allow integrating these organisms in any forecasts of the changes in Southern
Ocean biodiversity (Bielecki et al., 2008; Muioz and Cartes, 2020).

In previous decades, the majority of the studies on fish parasites has been carried out either on economi-
cally important fish species such as Dissostichus mawsoni Norman, 1937, D. eleginoides Smitt, 1898, Gobiono-
tothen gibberifrons Lonnberg, 1905, etc. (Parukhin and Lyadov, 1982; Parukhin, 1986; Brickle et al., 2005; Gor-
deev and Sokolov, 2016), or on demersal fishes Notothenia coriiceps Richardson, 1844, Trematomus newnesi
Boulenger, 1902, T. bernacchii Boulenger, 1902, etc., which could be easily caught using simple fishing gear
(Wojciechowska, 1993; Zdzitowiecki, 1979, 1983, 1987, 1996; Zdzitowiecki and White, 1996; Zdzitowiecki and
Laskowski, 2004; Laskowski and Zdzitowiecki, 2005; Laskowski et al., 2007; Kuzmina et al., 2020, 2021 a, 2022).
Very few publications were devoted to the study of parasites of pelagic fish species in deep-sea areas (Palm,
2007; Minster et al., 2017; Kuhn et al., 2018; Sokolov et al., 2016, 2019; Muifioz and Cartes, 2020). On the other
hand, the wide distribution and long-distance migrations of pelagic fish might enable collecting the informa-
tion on the role of teleost fishes in the life cycles of different groups of metazoan parasites as well as their role in
the food webs of marine mammals and birds of Antarctica.

In the present study, we examined the helminth diversity in 12 species of teleost fishes from three families
of the suborder Notothenioidei from the South Orkney Islands region, West Antarctica and analysed the hel-
minth community structure in three most abundant fish species, namely Champsocephalus gunnari Lénnberg,
1905, Pseudochaenichthys georgianus Norman, 1937, and Chaenocephalus aceratus (Lonnberg, 1906). Com-
parative analysis of the parasite communities of shallow-water (10-30 m depth) and deep-water (> 60-800 m)
fish species was performed to obtain new information on the influence of shallow- or deep-water habitats on
helminth fauna in Antarctic fish.

Material and methods

Field studies and the material collection were carried out from December 2020 till March 2021 in waters
around South Orkney Islands (60°40'54" S; 45°11'09" W) during the research trip on the Ukrainian krill fishing



Helminth Diversity in Teleost Fishes from the South Orkney Islands Region, West Antarctica 137

trawler “More Sodruzhestva” (CCAMLR statistical subarea 48.2). Totally, 115 fish specimens of 12 species
were collected as by-catch from the depth of 60 m to more than 800 m (table 1). All fishes collected were
transported to the laboratory, measured, weighed and examined using the standard parasitological techniques
(see Zdzitowiecki and Laskowski, 2004; Weber and Govett, 2009). The fishes were examined on the same day
they were caught; all precautions were followed to prevent confusion of the parasites between fish specimens.

Parasites were collected manually from the fish body cavity, stomach, intestine, liver and mesentery; all
ectoparasites were carefully gathered from the fish body surface and gills; only monogenean helminths were
examined and identified in the present study. All helminths were washed in saline and fixed in 70 % ethanol.
Acanthocephalans were kept in tap water for 30 min to 3 hours for proboscis evagination prior to their fixation
in ethanol. Helminths belonging to main taxonomic groups (monogeneans, nematodes, cestodes, trematodes
and acanthocephalans) were counted, fixed and stored separately. Identification of the parasites was performed
in the laboratory of the Department of Parasitology, I. I. Schmalhausen Institute of Zoology NAS of Ukraine in
Kyiv, Ukraine, using the Zeiss Axio Imager M1 compound microscope equipped with DIC optics and a digital
imaging system. Prior to identification, all nematodes, cestodes and trematodes were clarified in lactophenol
(25 % lactic acid, 25 % phenol, 25 % glycerin, and 25 % distilled water); acanthocephalans were studied on
temporary total mounts in the Berlese medium (Swan, 1936).

Identification of nematodes was performed according to Mozgovoy (1951) and Rocka (1999, 2004, 2017);
cestodes were identified according to Wojciechowska (1993) and Rocka (2003, 2017); trematodes were identi-
fied according to Zdzitowiecki (1996), Zdzitowiecki and Cielecka (1997 a, b), Gibson et al. (2002), and Jones et
al. (2005). Identification of acanthocephalans was performed according to Zdzitowiecki (1983, 1984 a, b, 1987,
1996) and Laskowski and Zdzitowiecki (2017). The helminth specimens were deposited in the Parasitological
collection of the Department of Parasitology of the 1. I. Schmalhausen Institute of Zoology NAS of Ukraine
(Kyiv, Ukraine).

Data summaries and descriptive analyses were performed using Microsoft Excel and Paleontological Sta-
tistics Software (PAST v. 3.0) (Hammer et al., 2001). The prevalence (P), mean abundance (MA), mean and
median intensity (I) of infection were calculated for each helminth species following the definitions of Bush
et al. (1997). The species richness in the helminth communities estimated using Chaol and bootstrap meth-
ods was calculated using the PRIMER 6 software (Clarke and Gorley, 2006). For comparative analysis of the
helminth communities of shell-water (10-30 m depth) and deep-water (60 — > 800 m) fish species, previously
collected and partially published (see Kuzmina et al., 2021 a) data from the area of the Ukrainian Antarctic Sta-
tion “Akademik Vernadsky” in 2019-2021 were used. Information on the helminth communities of three fish
species: N. coriiceps (n = 78; 15,451 helminth specimens), P. charcoti (n = 18; 5,298 helminth specimens) and
C. aceratus (n = 6; 4,830 helminth specimens) was included in the analysis. The similarity between helminth
faunas in shallow- and deep-water fishes was analyzed using the Serensen index, the Bray-Curtis index, and
SIMPER (similarity percentage) routine.

T able 1. Parameters of the samples and number of helminths collected from 12 species of teleost fishes
in waters around the South Orkney Islands in 2020-2021

Fish species No. (We1ght, & TBLY, cm heII\Irg.ir?tfhs
min-max) | (min-max)
collected
Family Channichthyidae Gill, 1861
1. Chaenocephalus aceratus (Lonnberg, 1906) 22 177-1347 336.0-58.0 5,789
2. Champsocephalus gunnari Lonnberg, 1905 34 260-900 37.0-49.0 1,267
3. Pseudochaenichthys georgianus Norman, 1937 33 797-1910 41.0-56.0 7,645
4. Neopagetopsis ionah Nybelin, 1947 6 95-1005 25.0-53.5 90
5. Chionodraco rastrospinosus DeWitt et Hureau, 1979 4 368-580 35.5-40.0 192
6. Chaenodraco wilsoni Regan, 1914 1 120 24.5 11
Family Nototheniidae Giinther, 1861
7. Notothenia coriiceps Richardson, 1844 2 1047-1110 39.0-48.0 440
8. N. rossii Richardson, 1844 1 3400 64.0 193
9. Gobionotothen gibberifrons (Lonnberg, 1905) 5 286-675 33.5-39.5 214
10. Nototheniops larseni (Lonnberg, 1905) 1 52.9 19.5 80
Family Bathydraconidae Regan, 1913
11. Parachaenichtys charcoti (Vaillant, 1906) 2 330-350 38.5-40.0 557
12.  Gymnodraco acuticeps Boulenger, 1902 4 75-166 24.0-29.5 1,683

* Total body length.
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Results

All 12 fish specimens examined were found to be infected with helminths; each
host individual harboured from 1 to 13 helminth species and from 2 to 955 helminth
specimens. In total, 18,159 helminth specimens were collected and assigned to 22 species
belonging to five taxonomic groups: Monogenea (1 species), Trematoda (5), Nematoda
(5), Cestoda (4), and Acanthocephala (7) (table 2). Trilocular metacestodes (unidentified
species of the order Tetrabothriidea) were found in all host species except N. larseni.
Larval nematodes Contracaecum sp., as well as bilocular metacestodes and metacestodes
of Diphyllobothrium sp. were found each in 10 fish host species. More than a half of
examined host species were infected with the nematode Pseudoterranova sp. (9 hosts),
with acanthocephalan species of the genus Corynosoma, namely C. bullosum (8 hosts),
C. hamanni (7 hosts), and C. evae (7 hosts), and the trematode N. georgiensis (8 hosts).
The acanthocephalan C. shackletoni was found only in C. aceratus, while the monogenean
P. nototheniae was found in two species of Notothenia, and the trematode L. garrardi was
found in N. larseni and P. charcoti.

In the present study, the detailed analysis of the helminth communities was
performed for three fish species, for which we had samples of more than 20 specimens,
namely Chaenocephalus aceratus (n = 22), Champsocephalus gunnari (n = 34), and
Pseudochaenichthys georgianus (n = 33). For each of the other fish species, we present only
the information on helminth species found and the predominant group of parasites.

Neopagetopsis ionah

Six examined specimens of Jonah’s icefish harboured a total of 4 helminth species
(from 1 to 4 species per host): larval nematodes Contracaecum sp. were found in three host
individuals, metacestodes of Diphyllobothrium sp. (in one host), bilocular metacestodes (in
three hosts), and trilocular metacestodes (in three hosts). Cestodes predominated in the
sample comprising 93.3 % of the total helminth number (table 2).

Chionodraco rastrospinosus

Four examined specimens of the ocellated icefish harboured 8 helminth species (from
4 to 7 species per host). Nematodes were represented by larval stages of Pseudoterranova
sp. found in two hosts and Contracaecum sp. (in one host), and adults of A. nototheniae (in
two hosts). Trematodes were represented by a single specimen of N. georgiensis. Cestodes at
the metacestode stage predominated by their diversity (4 species) and occurrence. Bilocular
and trilocular metacestodes were found in all hosts examined, Diphyllobothrium sp. was
found in 3 hosts, one monolocular metacestode was found in one host. Cestodes comprised
88.5 % of all helminth specimens collected.

Chaenodraco wilsoni
One examined specimen of the spiny icefish harboured only bilocular (3 specimens) and
trilocular (8 specimens) metacestodes; no other helminth species were recorded (table 2).

Notothenia coriiceps

Two specimens of the black rockcod harboured 13 helminth species (from 7 to 12
species per host) (table 2). A single specimen of the monogenean P. nototheniae was
found on one host. Cestodes Diphyllobothrium sp. were found in both hosts; bilocular and
trilocular metacestodes were found each in one black rockcod. Three trematode species
infected one of two hosts examined. Acanthocephalans were represented by adults of
A. megarhynchus in one host and larval Corynosoma spp., 4 species, each infecting both
host specimens (table 2). Acanthocephalans composed the largest part of helminths in
N. coriiceps; they comprised 72.0 % of the total number of helminths collected. Nematodes,
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cestodes, and trematodes were less abundant and comprised 19.8 %, 6.1 %, and 1.8 % of the
total helminth number, correspondingly.

Notothenia rossii

One examined specimen of the marbled rockcod appeared to be infected with 11
species of helminths: the monogenean P. nototheniae, 4 species of nematodes (larval
Pseudoterranova sp., Contracaecum sp. and Anisakis sp., adult D. fraseri), trilocular
metacestodes and Diphyllobothrium sp., and 4 species of larval acanthocephalans of the
genus Corynosoma (table 2). In this host, nematodes were the most abundant group
comprising 66.8 % of all helminths collected.

Gobionotothen gibberifrons

Five examined species of the humped rockcod harboured 9 helminth species (from
2 to 6 species per host). The nematode D. fraseri was found in all 5 host specimens, while
Pseudoterranova sp. and Contracaecum sp. each infected one fish. Similarly, cestode
Diphyllobothrium sp. was found in all hosts, while a single trilocular metacestode was
in one host. Two host specimens appeared to be infected with the acanthocephalan
A. megarhynchus. Corynosoma bullosum was found in one host, C. evae in two hosts,
and C. hamanni in three hosts. Nematodes predominated among helminths of humped
rockcod, they comprised 54.7 % of all helminths collected. Cestodes and acanthocephalans
comprised 23.4 % and 22.0 % of all helminths, correspondingly.

Nototheniops larseni

One examined specimen of the painted notothen harboured 11 helminth species.
Nematodes were represented by the larvae of Pseudoterranova sp. and the adults of
D. fraseri, cestodes by Diphyllobothrium sp. and bilocular metacestodes. Trematodes
were not abundant (table 2) and belonged to three species: M. pennelli, N. georgiensis, and
L. garrardi. Four acanthocephalan species of the genus Corynosoma were found; in total,
they comprised 66.2 % of all helminths collected.

Parachaenichthys charcoti

Both of the two examined specimens of the Antarctic dragonfish appeared to be infected
with the larvae of two nematode species (Pseudoterranova sp. and Contracaecum sp.) and
three species of cestodes: bilocular and trilocular metacestodes, and Diphyllobothrium
sp.; from 10 to 12 helminth species parasitized one fish. The trematodes N. georgiensis
and L. macrocotyle were found in both host specimens, while L. garrardi was in one fish.
Acanthocephalans were represented by adults of A. megarhynchus and M. rennicki (both
in one host), and cystacanths of three species of the genus Corynosoma: C. hammani and
C. evae in both hosts, and C. bullosum in one host. Among 13 helminth species collected
from Antarctic dragonfish, bilocular metacestodes were the most abundant (table 2), and
due to this cestodes predominated the community comprising 72.2 % of all helminths
collected.

Gymnodraco acuticeps

Four examined specimens of the ploughfish harboured 10 helminth species (from 4 to
8 species per host). Nematodes were represented only by Contracaecum sp. found in all host
individuals. Diphyllobothrium sp., bilocular and trilocular metacestodes were also found in all
4 hosts, while a single monolocular metacestode was found in one fish. Trematodes were not
abundant (table 2); N. georgiensis and L. macrocotyle were found each in two host specimens,
G. bowersi was found in one. Two hosts were infected each with 2 specimens of adult
acanthocephalan M. rennicki; two cystacanths of C. bullosum were found in one fish. Cestodes
strongly predominated in the ploughfish comprising 95.9 % of all helminths collected.
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Chaenocephalus aceratus

In the blackfin icefish, 19 helminth species were recorded (from 3 to 13 species per
host), including 3 species of trematodes, 4 species of cestodes, 5 species of nematodes and
7 species of acanthocephalans (table 3). Estimated species richness was 20 (Chaol), 24
(jackknife), or 22 (bootstrap) species. The diversity indices equalled 1.88 (Shannon), 0.78
(Simpson), and 0.63 (Pielou’s evenness).

All the cestode species, as well as nematodes of the genera Anisakis, Contracaecum and
Pseudoterranova and acanthocephalans of the genus Corynosoma parasitized this fish host
on the immature stages. Thus, C. aceratus is considered to be a definitive host for 7 out of
19 helminth species recorded. Nematodes predominated in the helminth community of
blackfin icefish, they comprised 44.99 % of the total helminth number. The proportion of
other groups of helminths was lower: 30.96 % for cestodes, 13.61 % for acanthocephalans,
and 10.43 % for trematodes (fig. 1).

According to the prevalence, three species predominated in the helminth community
in C. aceratus: the cestode Diphyllobothrium sp. (P = 100 %), the trematode N. georgiensis
(P = 95.5 %), and the nematode Pseudoterranova sp. (P = 95.5 %) (table 3). Five other
helminth species had an infection prevalence higher than 50 % and may be considered as
subdominant species: bilocular and trilocular metacestodes, the nematode Contracaecum
sp., and the acanthocephalans C. bullosum and C. hamanni. The nematode D. fraseri and
the acanthocephalan C. evae were common, with an infection prevalence of 45.5 %. Other
10 species of helminths were found in less than 30 % of examined C. aceratus.

Champsocephalus gunnari
In the mackerel icefish, only 8 helminth species were recorded (from 1 to 6 species per
host): 1 species of trematodes, 4 species of cestodes and 3 species of nematodes (table 3). Spe-
cies richness estimated using Chaol, jackknife, and bootstrap methods equalled 8 species.
The diversity indices were 1.32 (Shannon), 0.67 (Simpson), and 0.63 (Pielou’s evenness).
Only two helminth species, a digenean trematode N. georgiensis and a nematode A. no-
totheniae parasitized C. gunnari on the adult stage; all other parasites were found on im-
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Fig. 1. Proportion (%) of four parasite taxa in three fish species from the South Orkney Islands area, West
Antarctica.
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mature stages. Therefore, C. gunnari is considered to be a definitive host for 2 out of 8 hel-
minth species recorded. Cestodes predominated in the helminth community of mackerel
icefish; together they comprised 91.16 % of the total helminth number (fig. 1).

According to the prevalence (table 3), helminths of C. gunnari might be separated
into two groups. Four species, namely Diphyllobothrium sp., bilocular and trilocular meta-
cestodes, and the trematode N. georgiensis reached the prevalence of 79-94 %; thus, these
species predominated in the helminth community. Other species occurred rarely, with the
highest prevalence of 35.3 % in Contracaecum sp.

Pseudochaenichthys georgianus

In the South Georgia icefish, 16 helminth species were recorded (from 3 to 12 species
per host), including 3 species of trematodes, 4 species of cestodes, 5 species of nematodes
and 4 species of acanthocephalans (table 3). Estimated species richness was 18 (Chaol), 19
(jackknife) or 17 (bootstrap) species. The diversity indices equalled 1.54 (Shannon), 0.68
(Simpson), and 0.55 (Pielou’s evenness).

All the cestode species, as well as the nematodes Anisakis sp., Contracaecum sp. and
Pseudoterranova sp. and acanthocephalans Corynosoma spp. parasitize P. georgianus on lar-
val stages. Thus, P. georgianus is considered to be a definitive host for 6 out of 16 helminth
species recorded. As in the mackerel icefish, cestodes predominated in the helminth com-
munity of P. georgianus; together they comprised 78.7 % of the total helminth number (fig. 1).

According to the prevalence of infection, 8 species predominated in the helminth com-
munity in P. georgianus (table 3). Bilocular and trilocular metacestodes had an infection
prevalence higher than 95 %. The cestode Diphyllobothrium sp., the trematodes M. pennelli
and N. georgiensis, the nematodes Contracaecum sp. and Pseudoterranova sp. had an infec-
tion prevalence of 70-95 %. The nematode D. fraseri and monolocular metacestodes were
common, with the infection prevalence of 36.4 % and 45.5 %, correspondingly. Other 8
species of helminth occurred in less than 30 % of examined P. georgianus.

In all three latter fish species, the proportion of helminth species found on larval stages
was larger (62.5-75 %) than that of the species represented by adult parasites (25-37.5 %)
(fig. 2).

The helminth species richness appeared to be much higher in fishes from shallow-
water (10-30 m deep) habitats than in deep-water (60-800 m) habitats (table 4).

Analysis of similarity between helminth faunas in studied samples of shallow- and deep-
water fishes (table 5) revealed the highest similarity of helminth faunas in two shallow-wa-
ter species from the Ukrainian Antarctic Station area: P. charcoti and N. coriiceps (Serensen
index 90.6 %) and C. aceratus with N. coriiceps and P. charcoti (88.0 % and 89.8 %, respec-
tively). Also, helminth faunas of deep-water populations of C. aceratus and P. georgianus
were similar (Serensen index 88.9 %). The lowest similarity was recorded for the helminth
fauna of the deep-water population of C. gunnari; the similarity between N. coriiceps and
C. gunnari was minimal (20.0 %).

Visualization of the helminth faunal similarities according to the Bray-Curtis index
using the cluster analysis (fig. 3) showed a clear division of groups of shallow- and deep-
water fish species.

According to the results of the SIMPER analysis, the overall dissimilarity between
the helminth communities of shallow- and deep-water fishes was 80.1 %. Four helminth
species had the largest contribution to the dissimilarity: the acanthocephalan Corynosoma
pseudohamanni (19.4 % contribution), anisakid nematodes Contracaecum sp. (17.4 %
contribution) and Pseudoterranova sp. (14.4 % contribution), and trilocular metacestodes
(11.4 % contribution). Infection of shallow-water fishes with C. pseudohamanni and
anisakid nematodes was more than 10-15 times higher, while deep-water fishes had 168
times higher infection with trilocular metacestodes.
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water (DW) populations of fish species determined by the Bray-Curtis index.

Discussion

The results obtained in our study expand the knowledge on the species composition of
the fauna of teleost fish parasites in the South Orkney Islands region. These data indicate
a significant role of teleost fishes in food webs in the region as well as their key role in
the life cycles of metazoan parasites of marine mammals and birds in West Antarctica.
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Table 4. Species richness and abundance of helminths collected from teleost fishes in shallow- or deep-
water habitats in West Antarctica

Number of | Depth of fish Number of helminths collected

Fish species

specimens collection specimens | species
1. Champsocephalus gunnari 34 107-665 m 1267 8
2. Pseudochaenichthys georgianus 33 107-581 m 7 645 16
3. Chaenocephalus aceratus* 22 104-270 m 5789 19
4. Notothenia coriiceps 78 10-30 m 15451 27
5. Parachaenichtys charcoti 18 10-30 m 5298 26
6. Chaenocephalus aceratus** 6 10-30 m 4830 23

* Specimens of C. aceratus from the area of Orkney Islands; ** Specimens of C. aceratus from the
Ukrainian Antarctic station (UAS) area.

T able 5. Similarity of helminth faunas between the shallow-water (SW) and deep-water (DW) fish
populations based on the Serensen index (%, below the diagonal) and the Bray-Curtis index (%, above the
diagonal)

Species N. coriiceps | P.charcoti | C.aceratus | C.aceratus | C.gunnari | P.georgianus
(SW) (W) (SW) (DW) (DW) (DW)

N. coriiceps (SW) - 72.2 68.6 46.9 20.0 333

P. charcoti (SW) 90.6 - 78.2 50.7 27.3 44.2

C. aceratus (SW) 88.0 89.8 - 55.6 24.6 43.9

C. aceratus (DW) 80.9 69.6 69.8 - 45.3 73.8

C. gunnari (DW) 45.7 47.1 45.2 57.1 - 64.8

P. georgianus (DW) 74.4 71.4 66.7 88.9 66.7 -

All parasite species found were not specific to their fish hosts; all of them infected from
two to 11 different fish species. The high species richness of the parasite fauna of teleost
fishes was reported in different regions of Antarctica (Palm et al., 2007; Zdzitowiecki, 2001
a; Zdzitowiecki and Laskowski, 2004; Laskowski and Zdzitowiecki, 2005; Shendryk et
al., 2014; Oguz et al.,, 2015; Miinster et al., 2016, 2017; Kuhn et al., 2018; Alt et al., 2021;
Kuzmina et al., 2022 a, b). Moreover, most of these studies reported the absence of host-
specificity in the helminths of Antarctic fish (Palm et al. 2007; Rohde and Heap, 1998;
Zdzitowiecki, 2001 a; Laskowski and Zdzitowiecki, 2005; Oguz et al., 2015; Kuhn et al.,
2018; Kuzmina et al., 2022 a, b).

The species richness in the helminth infracommunities varied from 2 to 13 species.
The highest number of helminth species was recorded in C. aceratus (up to 13 species per
one fish host), and in P. georgianus, P. charcoti, and N. coriiceps (up to 12 species per host).
Generally, the species composition and richness of the parasite communities in marine
fishes is determined by their feeding ecology, the depth of fish habitats and migrations
(Klimpel et al. 2003, 2006 a, b; Rocka, 2006; Palm et al., 2007; Kuhn et al., 2018; Alt et al.,
2021). In C. aceratus, P. georgianus, P. charcoti, N. larseni, and two Notothenia species, the
high parasite species richness is connected with their less specialized feeding behaviour and
reflects their migrations from shallow coastal waters to the deep-sea habitats (Siegel, 1980
a, b; Gon and Heemstra 1990; Palm et al., 2007; Zdzitowiecki, 2001 a; Barrera-Oro, 2002;
Laskowski and Zdzitowiecki, 2010; Kuhn et al., 2018; Alt et al., 2021). At the same time, fish
species feeding mainly on Antarctic krill, such as C. gunnari, C. wilsoni, or N. ionah, have
less rich parasite fauna (Hoogesteger and White, 1981; Kuhn et al., 2018).

All twelve fish species examined were infected with both larval and adult helminths.
The cestodes, anisakid nematodes, and acanthocephalans from the genus Corynosoma were
found in fishes on the larval stages; they used the teleosts as their intermediate or paratenic
hosts. Moreover, in the largest samples of fish species (C. aceratus, C. gunnari, and P. geor-
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gianus), the proportion of larvae in the parasite communities was from 62.5 % to 75 %. We
did not calculate the exact proportion of larval stages in the helminth communities of the
other nine fish species; however, larvae comprised more than 50 % of the total helminth
number collected from every examined fish.

In the present study, cestodes were found to be the dominant group of parasites; they
were found in all 12 fish species. Moreover, the intensity of fish infection with cestodes
might reach more than 400 specimens per host; especially highly infected was the deep-sea
species P. georgianus with bilocular and trilocular metacestodes, as well as C. aceratus with
Diphyllobothrium sp. (see table 3). For the tetrabothriid cestodes, Antarctic elasmobranchs
and birds are the final hosts; while the diphyllobothriid cestodes are the parasites of marine
mammals (Rocka, 2006, 2017). In our study, the deep-sea fish species, such as C. wilsoni,
G. acuticeps, P. charcoti, C. rastrospinosus, N. ionah, and C. gunnari were mainly infected
with tetrabothriid metacestodes; the proportion of other taxonomic groups in the samples
was much lower.

Nematodes, especially Anisakidae were found to predominate in the helminth com-
munities of demersal omnivorous fish species (C. aceratus, N. larseni, and Notothenia spp.);
the same was observed in previous researches (Zdzitowiecki and Laskowski, 2004; Las-
kowski and Zdzitowiecki, 2005; Palm et al., 2007; Alt et al., 2021; Kuzmina et al., 2021 b). In
pelagic and deep-water fish species (C. gunnari, P. georgianus, N. ionah, C. rastrospinosus,
C. wilsoni, etc.), the proportion of nematodes in helminth communities was much lower in
our study as well as in the data published by other researchers (e. g., Kuhn et al., 2018). We
believe that this is primarily due to the peculiarities of the diet of the demersal fish species,
in which, according to literature data, krill, mysids, amphipods, copepods, and fish prevail
(McKenna, 1991; Flores et al., 2004; Kock et al., 2013; Alt et al., 2021). At the same time,
the deep-water fish species feed primarily on Antarctic krill (Euphausia superba) and, to
a much lesser degree, on other euphausiids, mysids, and the hyperiids (Kock et al., 1994,
2013; Flores et al., 2004; Kock, 2005; Kuhn et al., 2018). Also, the infection of teleost fishes
with anisakid nematodes largely depends on the presence and density of marine mammals,
mostly seals, which are the definitive hosts of these nematodes in the region (Kloser et al.,
1992; Palm, 1999; McClelland, 2002; Palm et al., 2007; Rocka, 2004, 2006, 2017; Alt et al.,
2021).

The infection of teleost fishes with digenean trematodes in our study was moderate;
in four out of 12 fish species, trematodes were not found at all. Six species of trematodes
were recorded, and Neolebouria georgiensis was the most prevalent; the rest of the
species were found sporadically in single specimens (see table 3). All digenean species
found were not host-specific; previously, all of them were reported in several teleost fish
species in West Antarctica (Zdzitowiecki, 1991, 1998; Oguz et al., 2015; Faltynkova et
al., 2017). Most known species of Antarctic digeneans infecting fish hosts are associated
with benthic habitats (Zdzitowiecki, 1988; 1998; Faltynkova et al., 2017; Alt et al., 2021);
while pelagic fishes are usually not infected with digeneans (Zdzitowiecki, 1991). The
most probable intermediate hosts of the digeneans are copepods, amphipods, benthic
gastropods or bivalves and annelids (Zdzitowiecki, 1988); thus, infection of demersal
omnivorous fishes with these trematodes is usually high. The absence of trematodes
in three demersal fish species (C. wilsoni, N. rossii, and G. gibberifrons) in our study is
probably due to the small number of fish specimens examined and is connected with the
feeding of these fish species mainly on Antarctic krill, which has been reported as not
infected with helminths (Kagei et al., 1978; Zdzitowiecki, 1991). The infection of most
fish species with the trematode N. georgiensis is apparently connected with the feeding of
these fish on crustaceans of the family Mysidae, which are known as intermediate hosts
of this digenean (Gaevskaya, 1982).

The infection of studied fish with acanthocephalans varied widely; four fish species
(C. gunnari, N. ionah, C. rastrospinosus, and C. wilsoni) were not found to harbour acan-
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thocephalans at all, while C. aceratus was found to be infected with 7 species (with the
intensity of up to 294 specimens for Corynosoma evae); N. coriiceps and P. charcoti were
infected each with 5 acanthocephalan species. All Acanthocephala parasitic in Antarctic
fish have two or three hosts in their life cycles (Rocka, 2006; Laskowski and Zdzitowiecki,
2017); the intermediate hosts for all acanthocephalans are crustaceans of the order Amphi-
poda (Hoberg, 1986; Zdzitowiecki, 2001 b; Zdzitowiecki and Presler, 2001) which are an es-
sential component of the diet of demersal fish. Therefore, in Antarctica, acanthocephalans
frequently parasitize demersal bottom-feeding fish hosts and are almost absent in fishes
with a pelagic lifestyle (Rocka, 2006; Laskowski and Zdzitowiecki, 2017; Alt et al., 2021;
Kuzmina et al., 2021 a). In our study, two acanthocephalans specific for Antarctic teleost
fishes (A. megarhynchus and M. rennicki) were found in 4 fish hosts each; the intensity
of fish infection with these species was low, from one to 8 specimens. Acanthocephalans
from the genus Corynosoma predominated in all fishes infected with this group of hel-
minths. The definitive hosts of Corynosoma spp. are marine mammals and birds; moreover,
Corynosoma spp. are known to be specific to their definitive hosts (Hoberg, 1986; Zdzi-
towiecki, 1984, 1996; Zdzitowiecki and White, 1996; Laskowski and Zdzitowiecki, 2017).
Thus, the high level of fish infection recorded in our study indicated the presence of certain
marine mammals: Mirounga leonina, Lobodon carcinophaga, Leptonychotes weddellii, and
Hydrurga leptonyx in the examined marine habitats.

Only two specimens of one Monogenea species, Pseudobenedenia nototheniae, were
found in our study in two hosts: N. coriiceps and N. rossii; other ten fish species were not
infected with monogeneans. Despite P. nototheniae being reported to have a rather wide
range of fish hosts (see Klapper et al., 2017), here and in our previous studies performed at
Argentine Islands area, this species was not found in any other fish except Notothenia spp.
(Kuzmina et al., 2020, 2021 a).

All fish species examined in the South Orkney Islands area were caught at depths
from 60 m to more than 800 m (average fishing/trawling depths varied from 104 m to
665 m); therefore, all 12 fish species studied in this work can be classified as deep-sea
species, compared to shallow-water fish species caught and examined near to the UAS
“Akademik Vernadsky” at the depth of 10-30 m. Comparative analysis of differences
in helminth communities of three deep-water and three shallow-water fish populations
showed that the species richness of the helminth fauna in shallow-water fishes is much
higher, especially considering fish infection with digenean trematodes, acanthocephalans
and anisakid nematodes. In the helminth fauna of deep-sea fish, larval stages of tetrabotriid
cestodes — parasites of elasmobranchs were dominant groups of parasites. We agree with
the opinion (see Campbell, 1983; Zdzitowiecki, 1990, 1998; Zdzitowiecki and Presler,
2001; Laskowski and Zdzitowiecki, 2005, 2010; Rocka, 2004, 2006; Palm et al., 1998, 2007;
Shendryk et al., 2014; Alt et al., 2021) that the rich helminth fauna of shallow-water fish
species is associated with the presence of a large number of helminth intermediate hosts
(molluscs, small crustaceans) in shallow waters compared to deep-sea habitats. It is evident
from our data that despite a much smaller number of studied specimens of the shallow-
water population of C. aceratus (n = 6), the number of helminth species in this sample
was higher compared to the sample from the deep-water population: 23 species versus
19 (see Kuzmina et al,, 2021 a). Besides, the deep-sea fishes C. gunnari and P. georgianus
feed mainly on Antarctic krill (E. superba) which is not an intermediate host of helminths
(Kagei et al., 1978; Zdzitowiecki, 1991).

The results of the SIMPER analysis revealed four helminth species mostly influencing
the difference between the helminth fauna of shallow- and deep-sea fish: nematodes
Contracaecum sp. and Pseudoterranova sp., the acanthocephalan C. pseudohamanni,
and trilocular metacestodes. We suppose that the high level of shallow-water fish
infection with anisakids and C. pseudohamanni is a result of the presence and high
density of definitive hosts of these helminths, Weddell seals (L. weddellii), leopard seals
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(H. leptonyx), and crabeater seal (L. carcinophaga) in coastal waters of the Argentine
Islands near the UAS “Akademik Vernadsky” (Dykyy and Peklo, 2012). In the deep
waters near the South Orkney Islands, the density of these mammals is lower, therefore,
the deep-sea fish species were 10-15 times less infected with anisakid nematodes and
Corynosoma spp. At the same time, the high infection rates of tetrabotriid cestodes
observed in deep-sea fish species indicate the important role of deep-sea teleosts in
the life cycles of parasites of elasmobranchs in the West Antarctic. Our results confirm
the previously suggested indicator role of helminths for teleost fish population studies
(Siegel, 1980 a, b; Kuhn et al.,, 2018; Kvach and Kuzmina, 2020; Kuzmina et al., 2022).
More information on the parasite communities of fish populations is necessary for a
reliable analysis of these data. Nevertheless, the results obtained in our study might be
considered as the “basic point” for long-term monitoring parasitological studies in West
Antarctica in future and the analysis of the changes in the Antarctic marine ecosystems
caused by climatic and anthropogenic factors.

This study was partially supported by the National Research Foundation of Ukraine (project number
2020.02/0074) and by the National Antarctic Scientific Center, Ministry of Education and Science of Ukraine
(project number H/03-2021).
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