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Abstract

Purpose Analysis and comparison of the helminth assemblages in Antarctic rockcod Notothenia coriiceps collected near the
UAS “Akademik Vernadsky” (Argentine Islands, West Antarctica) in 2002 and 2014-2015 were performed to characterise
the parasite community and investigate the temporal changes in helminth assemblages and infection parameters.

Methods All specimens of N. coriiceps (n=194) were caught at depths of 10-30 m. Parasites (22,856 helminth specimens
and 15,057 cysts) were collected manually and identified based on their morphology. Statistical analysis of the quantitative
data was performed using the Quantitative Parasitology 3.0 (QP 3.0), Paleontological Statistics (PAST v. 3.1), and PRIMER
6 software.

Results Twenty-seven species of four taxonomic groups were recorded: trematodes (8 species), cestodes (4), nematodes (5),
and acanthocephalans (10). Helminth samples collected in 2002 and 2014-2015 showed a rather high similarity in species
composition. The species richness was higher in the sample collected in 2014-2015, while the evenness and diversity in the
two samples were similar. The dissimilarity between helminth infracommunities in the two samples appeared to be statisti-
cally significant. Larval cestodes Diphyllobotrium sp., the acanthocephalan Metacanthocephalus rennicki, and the trematode
Neoleoburia antarctica were found to make the most significant impact on the dissimilarity.

Conclusions The analysis of the composition and structure of helminth community in N. coriiceps revealed the changes
that have happened during the last decade. At least some of the changes are attributed to the changes in marine ecosystems
in Western Antarctica.
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Introduction

Parasites of Antarctic fish from various parts of the South-
ern Ocean have been studied for over 150 years [1]. During
this time, more than 100 papers on metazoan parasites
of Antarctic fishes have been published; presently, the
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parasitological publications [see 2], there are still very few
works on the temporal changes in the parasite communities
of separate species of Antarctic fishes [17, 24, 25].

A number of metazoan parasites of fish, particularly
helminths, have complex life cycles involving various spe-
cies of invertebrate and vertebrate hosts. Due to this, these
parasites can be used as sensitive indicators of ecological
and environmental changes in marine ecosystems [26—30].
The analysis of changes in the species diversity and struc-
ture of parasite communities of various animal hosts in
Antarctic ecosystems has drawn more attention in recent
decades [1, 31]. Since most species of Antarctic birds and
mammals are under protection [32], the investigations of
their parasites are restricted. At the same time, the current
state of Antarctic fish populations allows their commercial
fishing and scientific research. Many species of Antarctic
birds and mammals are migratory and acquire parasites
from elsewhere; while teleost fishes are restricted to the
Antarctic waters, and, thus, best suited to assess the local
helminth fauna. Numerous non-commercial fish species,
such as Antarctic black rockcod, Notothenia coriiceps
Richardson, 1844, are promising objects for long-term
monitoring studies of parasite communities. Notothenia
coriiceps is abundant in different parts of the Southern
Ocean, including West Antarctica [33-35]. Studies in
recent decades showed that the stock of N. coriiceps did
not demonstrate any tendency of decreasing [33, 36]. The
black rockcod inhabits shallow waters and may be easily
caught with simple equipment (fishing rods, nets). There-
fore, there are abundant data on its parasite fauna in dif-
ferent parts of the Southern Ocean [11, 13, 17, 24, 37-39].
This allows us to consider N. coriiceps as one of the most
suitable fish species for long-term studies of the parasite
community state and to use its parasites as indicators for
monitoring of Antarctic marine ecosystems [31].

Detailed studies of the helminth species diversity in N.
coriiceps from the waters of the Ukrainian Antarctic Sta-
tion (UAS) “Akademik Vernadsky” area (Galindez Island,
Argentine Islands, West Antarctica) were carried out twice:
in 2002 [13] and 2014-2015 [17]. In total, 28 helminth spe-
cies were found to parasitize N. coriiceps. Preliminary com-
parison of the published data collected in 2002 and the data
collected in 2014-2015 showed some changes in the preva-
lence and intensity of fish infection by several helminth spe-
cies over 12 years [17]. However, the detailed analysis of all
these data on the infracommunity or component community
levels has not been performed yet. Recent complementary
study of these two samples made it possible to carry out their
comprehensive comparative analysis.

The aim of the present study was to characterise the hel-
minth populations and communities in N. coriiceps from
the area near the UAS “Akademik Vernadsky” (Argen-
tine Islands, West Antarctica) in 2002 and 2014-2015 and
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investigate the possible changes in helminth assemblages
and infection parameters.

Materials and Methods

Helminthological data analysed in the present study were
collected in coastal waters of Galindez Island, Argentine
Islands Archipelago, Western Antarctica near the Ukrain-
ian Antarctic station “Akademik Vernadsky” (65°15" S,
64°16" W) during the Ukrainian Antarctic expeditions in
February—March 2002 and from April 2014 till January
2015. All specimens of N. coriiceps used in the analysis (93
specimens collected in 2002 and 103 specimens collected
in 2014-2015) were caught using a fishing rod at the shore
of the Galindez Island at depths from 10 to 30 m. All fishes
collected were immediately transported to the laboratory
where they were measured and examined using the standard
parasitological techniques [13, 17]. In the combined sample
(n=196), the fish total body length (TBL) was 29.4 +7.4SD
(11.8-48.0) cm; it was 26.4 +7.9SD (11.8-48.0) cm in the
sample collected in 2002, and 32.2+5.8 (21.5-44.5) cm in
the sample collected in 2014-2015.

Parasites were collected manually from the skin, body
cavity, stomach, intestine, liver, and mesentery. All collected
parasites were washed in saline and fixed in 70% ethanol.
Acanthocephalans were kept in tap water for 30 min to 3 h
for proboscis evagination prior to their fixation in ethanol.
Identification of the parasites was performed in the laborato-
ries of the W. Stefansky Institute of Parasitology in Warsaw,
Poland, and in the I. I. Schmalhausen Institute of Zoology
in Kyiv, Ukraine, under light microscopes using the mor-
phological criteria. Totally, 14,458 helminth specimens and
7460 cysts were collected in 2002 [13] and 8398 helminth
specimens and 7597 cysts were collected in 2014-2015 [17].
All helminth specimens were deposited in the parasitological
collections of the Institute of Parasitology in Warsaw, Poland
and in the Institute of Zoology in Kyiv, Ukraine.

The prevalence, the mean abundance, and the intensity
of infection were calculated for each helminth species in
each of the two samples, except Corynosoma spp. collected
in 2014-2015. Confidence intervals (95%) were identified
for the prevalence of infection and mean abundance using
the Quantitative Parasitology 3.0 (QP 3.0) software [40].
Prevalence of fish infection with separate helminth species in
the two samples was compared using the unconditional exact
test [41], while the mean abundance and mean intensity of
infection were compared using the bootstrap-¢ test in the
QP 3.0 following the recommendations of Rézsa et al. [40].

In the analysis of helminth communities’ parameters, we
excluded the fish specimens with TBL <20 cm from the
sample. All excluded specimens were from the sample col-
lected in 2002. Therefore, we used the data on helminths’
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abundance and occurrence in 73 host specimens collected
in 2002 and 103 hosts collected in 2014-2015 for compara-
tive analysis of helminth communities. The comparison of
species richness and abundance in the helminth infracom-
munities was performed using the Mann—Whitney test for
equal medians in the Paleontological Statistics Software
(PAST v. 3.1) [42]. The estimated species richness in the
helminth component community was identified separately
in the two samples using Chaol, jackknife, and bootstrap
methods in the PRIMER 6 software [43]. The same program
was used to calculate the diversity indices in the helminth
component communities and to identify the similarities/dif-
ferences between the helminth infracommunities using the
Bray—Curtis index of similarity, nMDS (non-metric mul-
tidimensional scaling), ANOSIM (analysis of similarity),
and SIMPER (similarity percentage) routines. The similarity
matrix based on the Bray—Curtis index was composed in
PRIMER 6 after the ‘log(x+ 1)’ transformation of initial
data on helminth species abundance in separate infracom-
munities, and ‘sample by total” standardisation.

Interspecific associations and covariations of helminth
species in the infracommunities were analysed using the
procedure described in Ludwig and Reynolds [44] in the
combined sample of hosts (n=196). The associations were
identified based on the Chi-square test, and the covariations
were estimated based on Spearman’s coefficient of correla-
tion (rg). All calculations were performed in PAST v. 3.1
[42].

Results

Helminth Community Composition and Parameters
of Infection

All fish specimens examined in 2002 and 2014-2015
were found infected with helminths. Collected helminths
were assigned to 27 species of four taxonomic groups:
trematodes, cestodes, nematodes, and acanthocephalans
(Table 1). Eight species of trematodes were all represented
by adults (maritae) in the digestive tract. Four cestode spe-
cies were found as the larval stage (metacestodes) in the
digestive tract; one was identified as Diphyllobothrium
sp.; three were assigned to the family Tetrabothriidae and
identified as monolocular, bilocular, and trilocular meta-
cestodes based on their distinctive morphology. Cysts
with metacestodes were not examined separately. Two
nematode species, Ascarophis nototheniae Johnston et
Mawson, 1945 and Dichelyne fraseri (Baylis, 1929), were
found on adult stage in the digestive tract; three species
of anisakid nematodes were represented by the third-stage
larvae located mostly on the liver and in the body cav-
ity (Table 1). Five out of ten species of acanthocephalans

were represented by adult worms in the host intestine; five
species of Corynosoma Liihe, 1904 were the cystacanths
found free in the intestine and encysted in the body cavity.

Twenty helminth species were found in the sample col-
lected in 2002; the trematode Derogenes johnstoni Prud-
hoe et Bray, 1973, monolocular metacestodes, the acan-
thocephalans Metacanthocephalus campbelli (Leiper and
Atkinson, 1914), M. rennicki (Leiper and Atkinson, 1914),
and Corynosoma evae Zdzitowiecki, 1984, the nematodes
Dichelyne fraseri (Baylis, 1929) and Anisakis sp. were not
recorded. However, the presence of the latter nematode
species appeared to be statistically insignificant in the
sample collected in 2014-2015, for the minimum limit
of the confidence interval of its prevalence (0.36%) was
lower than the minimum possible prevalence in the sample
(0.99%) (see Table 1). Therefore, the absence of Anisakis
sp. in 2002 and its presence in 20142015 is not consid-
ered as a significant difference between the samples. The
absence of Corynosoma bullosum (Linstow, 1892) and C.
shackletoni Zdzitowiecki, 1978 in the sample collected in
2014-2015 is uncertain, for not all the larval acanthoceph-
alans were excysted and identified in the sample. If the two
latter species are excluded from the calculations, the simi-
larity between the samples based on the presence/absence
of species is estimated as rather high: Jaccard index 0.72
and Sgrensen index 0.84.

Statistical comparison of the infection prevalence of hel-
minths in two samples showed that it differed significantly
in seven species (Table 1). The prevalence of infection was
significantly higher in the nematodes A. nototheniae and
Pseudoterranova sp., the acanthocephalans Aspersentis meg-
arhynchus (Linstow, 1892) and Metacanthocephalus john-
stoni Zdzitowiecki, 1983, and the cestode Diphyllobothrium
sp. in 2014-2015 compared to that in 2002. On the contrary,
the prevalence of infection of the trematode Neolebouria
antarctica (Szidat et Graefe, 1967) and of bilocular metaces-
todes was significantly higher in 2002. Three species had no
differences in the infection prevalence in two samples: the
nematode Contracaecum sp., and the trematodes Lecithaster
macrocotyle Szidat et Graefe, 1967 and Macvicaria micro-
testis Zdzitowiecki and Cielecka, 1997. On the other hand,
the latter two species were statistically insignificant in both
samples based on the confidence intervals of the infection
prevalence (Table 1); therefore, the similarity in their occur-
rence is uncertain. In other helminth species, the differences
in infection prevalence were not statistically significant in
the two samples.

Statistically significant differences in the abundance and
infection intensity in the samples collected in 2002 and
2014-2015 were recorded in the same species which had
the differences in the infection prevalence (Table 1). The
only exception is the acanthocephalan Aspersentis austrinus
Van Cleave, 1929 (= A. megarhynchus in [13]), which had
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similar abundance and infection intensity in two samples,
though its infection prevalence differed significantly.

Characterisation of Helminth Communities

In the statistical comparison of helminth communities, we
combined five acanthocephalan species of the genus Coryno-
soma in each of the two samples, since not all the cysta-
canths were identified in the sample collected in 2014-2015.
Therefore, all the cystacanths in both samples were treated
as a separate unit, Corynosoma spp. in further calculations.
The species richness in the helminth component community
in 2002 was 17 species. The estimated species richness did
not differ dramatically from the observed one, it equalled 17
(Chaol), 19 (jackknife), or 18 (bootstrap). In 2014-2015,
the observed species richness was 24, while the estimated
species richness was 24 (Chaol), 27 (jackknife), or 25 (boot-
strap). Margalef’s index of species richness was expectedly
lower in 2002 (1.68) than in 2014-2015 (2.38). On the other
hand, the evenness in the community estimated by Pielou’s
index was almost identical in the two samples: 0.57 in 2002
vs. 0.56 in 2014-2015. Consequently, the diversity indices
were rather similar: Shannon index was 1.60 in 2002 vs. 1.77
in 2014-2015; Simpson index was 0.68 in 2002 vs. 0.72 in
2014-2015.

In the sample of N. coriiceps collected in 2002 (n=73),
the species richness in helminth infracommunities, i.e.,
the number of helminth species in a host individual,
ranged from 2 to 13 species; the mean number of spe-
cies in an infracommunity was 7.7 with a median of 8.0
species. In the sample collected in 2014-2015 (n=101),
the species richness in helminth infracommunities ranged
from 3 to 14 species; the mean number of species was

8.7 with a median of 9.0 species. A significant difference
between two samples in median values of species rich-
ness in helminth infracommunities was confirmed by the
Mann—Whitney test: U=2734.5; z=-3.1067; p=0.002.
The abundance in helminth infracomunities, i.e., the num-
ber of specimens in a host individual, ranged from 26 to
813 in the sample collected in 2002, and from 9 to 467 in
the sample collected in 2014-2015. The mean value of the
abundance was 190.2 in 2002 and 152.3 in 2014-2015;
the median value was 140 in 2002 and 136 in 2014-2015.
According to the Mann—Whitney test, the difference in
abundance between the two samples was not significant
(»=0.72).

We estimated the similarities between helminth infra-
communities using the Bray—Curtis index. The results
were visualised by nMDS plot (Fig. 1). For the majority of
infracommunities (all except 4), the distance based on the
Bray—Curtis index was within 0.5. On the other hand, sam-
ples collected in 2002 and 2014-2015 formed two distinct
groups on the plot. ANOSIM routine confirmed a moder-
ate and significant dissimilarity between the groups: ANO-
SIM R=0.47, p=0.001. Average similarity within each of
the two groups identified by SIMPER analysis was almost
identical: 63.8% in the sample collected in 2002 and 63.9%
in the sample collected in 2014-2015, while the average
dissimilarity between the groups was 45.7%. According to
SIMPER, the following ten helminth species had the largest
contribution (81.5% in total) to the dissimilarity between the
samples: Corynosoma spp. (contribution 11.33%), M. ren-
nicki (10.67%), M. georgiana (10.19%), bilocular metaces-
todes (8.69%), M. johnstoni (8.03%), Diphyllobothrium sp.
(7.98%), Pseudoterranova sp. (7.84%), G. bowersi (6.92%),
E. oatesi (5.19%), and N. antarctica (4.67%).

Fig. 1 Multidimensional scal-
ing distribution of helminth
infracommunities in Notothenia
coriiceps collected in 2002 and
2014-2015. Line indicates 50%
similarity

Transform: Log(X+1)
Standardise Samples by Total
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Since the samples were collected in different seasons: in
February and March of 2002 and from April 2014 till Janu-
ary 2015, we analysed seasonal changes in the prevalence
and abundance of ten helminth species contributing to the
differences between the samples. The sample collected in
2014-2015 was divided into five subsamples, each contain-
ing hosts collected during 2 months, and the prevalence and
abundance of each species were calculated in each subsam-
ple and compared to those in the sample collected in 2002
(Table 2).

Significant differences in prevalence and abundance
between the sample collected in February—March 2002
and all the subsamples collected in 2014-2015 were
observed in M. rennicki (the species was absent in 2002
and had high prevalence and abundance in 2014-2015),

Diphyllobothrium sp. (both prevalence and abundance were
higher in 2014-2015), and N. antarctica (absence or low
infection rates in 20142015 vs. significantly higher infec-
tion prevalence and abundance in 2002). Bilocular meta-
cestodes had significantly lower infection prevalence from
April till November in 2014 than those in February—March
of 2002, while the prevalence was similar in December—Jan-
uary 2014-2015 and in 2002. On the other hand, the abun-
dance of bilocular metacestodes was significantly lower in
all subsamples collected in 2014-2015 compared to that in
the sample collected in 2002. In April-September of 2014,
the infection prevalence of M. georgiana, G. bowersi, and
E. oatesi was different from that in 2002, while in the sam-
ples collected in October 2014—January 2015, the prevalence
was similar to that in 2002. The abundance of these species

Table 2 Prevalence (P, in %) and mean abundance (MA) of ten species of Notothenia coriiceps helminths in the sample of 2002 and subsamples

of 2014-2015

Species Feb.—Mar. 2002,
(n=173)

Apr.—May 2014,
(n=13)

Jun.—Jul. 2014,
(n=17)

Aug.—Sep. 2014,
(n=21)

Oct.—Nov. 2014,
(n=25)

Dec. 2014-Jan. 2015,
(n=25)

Corynosoma spp.
P 100 (94.9-100)
MA  97.6 (81.5-119.9)
M. rennicki
P 0
MA O
M. georgiana
P 97.3 (90.6-99.5)
MA  35.3(27.1-51.1)
Bilocular metacestode
P 75.3 (63.8-84.5)
MA  20.1(10.8-43.2)
M. johnstoni
P 79.5 (68.6-87.4)
MA 4.1 3.1-5.6)
Diphyllobothrium sp.
P 21.9 (13.5-32.8)
MA 09 (04-2.2)
Pseudoterranova sp.
P 80.8 (70.0-88.5)
MA  53(3.6-8.5)
G. bowersi
P 86.3 (76.2-92.7)
MA 7.4 (5.0-12.2)
E. oatesi
P 53.4 (41.7-64.7)
MA  3.0(1.9-5.5)
N. antarctica
P 38.4 (27.8-50.0)
MA  11.0 (4.0-29.9)

84.6 (56.6-97.2)
46.1 (28.7-87.3)

76.9 (48.0-93.4)
15.1 (6.6-31.8)

69.2 (41.3-88.7)
8.31 (3.8-13.6)

7.7 (4.0-34.1)
0.1 (0-0.2)

84.6 (56.6-97.2)
6.8 (3.9-13.4)

69.2 (41.3-88.7)
3.8 (1.3-9.1)

100 (77.5-100)
9.2 (6.1-13.2)

46.2 (22.4-73.9)
6.0 (1.9-12.8)

38.5 (16.6-65.8)
0.7 (0.1-1.3)

0
0

100 (80.4-100)
95.7 (72.7-117.9)

82.4 (58.3-95.0)
6.1 (3.3-10.1)

64.7 (40.6-83.4)
17.8 (11.6-24.4)

35.3 (16.6-59.4)
0.8 (0.2-1.6)

94.1 (71.3-99.7)
13.5 (9.2-18.5)

88.2 (65.0-97.7)
11.2 (5.4-20.8)

100 (80.4-100)
20.4 (15.1-27.1)

64.7 (40.6-83.4)
4.7 2.5-7.9)

23.5 (8.5-48.9)
0.5 (0.1-1.5)

11.8 (2.1-35.0)
0.1 (0-0.3)

100 (80.4—100)
66.0 (48.7-94.5)

95.2 (76.7-99.7)
14.7 (10.4-19.8)

85.7 (64.6-96.0)
14.5 (8.2-26.1)

28.6 (13.2-50.6)
0.6 (0.2-1.1)

95.2 (76.7-99.7)
15.3 (11.0-20.8)

71.4 (49.4-86.7)
6.4 (3.5-12.8)

90.5 (69.5-98.3)
8.2 (5.6-11.9)

57.1 (35.4-76.7)
4.8(2.5-9.5)

38.1 (19.7-59.7)
1.5 (0.6-2.9)

0
0

92.3 (75.4-98.6)
69.8 (51.7-95.7)

88.5 (69.6-96.8)
7.1 (5.0-11.9)

92.3 (75.4-98.6)
24.6 (15.3-37.6)

34.6 (18.8-54.2)
0.8 (0.3-1.9)

88.5 (69.6-96.8)
9.1 (6.1-16.6)

80.8 (61.7-92.1)
8.1 (5.7-11.0)

100 (87.1-100)
11.1 (9.3-13.3)

76.9 (57.8-89.4)
6.5 (4.1-10.7)

42.3 (24.6-61.7)
2.4 (1.1-4.8)

0
0

96.2 (81.2-99.8)
85.6 (67.0-111.0)

96.2 (81.2-99.8)
4.62 (3.15-7.31)

100 (87.1-100)
42.31 (31.3-56.7)

65.4 (45.8-81.2)
1.38 (0.9-2.1)

92.3 (75.4-98.6)
6.8 (4.9-10.0)

73.1 (53.5-87.1)
6.1 (4.0-9.2)

92.3 (75.4-98.6)
12.3 (9.7-15.2)

88.5 (69.6-96.8)
9.0 (6.3-12.6)

53.8 (34.4-71.8)
1.4 (0.7-2.3)

15.4 (5.4-34.4)
0.6 (0.1-1.6)

Significant differences between subsamples of 20142015 and the sample of 2002 are marked in bold; 95% confidence intervals are given in

parentheses
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changed similarly in 2014-2015, except for the abundance R IS
of G. bowersi which in all subsamples of 2014-2015 was + §
similar to that in 2002. Corynosoma spp., M. johnstoni, ‘;“ ; o
and Pseudoterranova sp. had similar infection rates in the %
subsamples collected in 2014-2015 and in the sample col- 3
lected in 2002, except for the abundance of Pseudoterranova E §
sp. was higher in all subsamples collected in 2014-2015 & E
(Table 2). A 3 v
We analysed the helminth species associations and covar- § = s e <
iations in a whole sample of 196 infracommunities collected 2
in 2002 and 2014-2015. For the analyses, we selected ten -‘.2 g
helminth species that had a prevalence of infection higher = §
than 30%. Interactions of M. rennicki with other species were J! g Coo + o
studied only in the sample collected in 2014-2015 (n=101), &
for this species was absent in 2002. We found a total of 50 E -
statistically significant interactions (36 associations and 14 § §
covariations) out of 90 possible ones; none of 10 species had g S
. ) [ o o o
completely independent occurrence or abundance (Table 3). ]
Metacanthocephalus rennicki demonstrated the least number E] .
of interactions; it had a positive association and covariation E %
only with M. johnstoni. Other species had positive associa- J:; § © <
tions with two or more species. The largest number of inter- 2 S i Lo g + o o o
actions was observed in the nematode Pseudoterranova sp. g
(5 associations and 4 covariations), the trematode G. bowersi % 3
(5 associations and 2 covariations), and the acanthocephalan =z )
M. johnstoni (4 associations and 3 covariations). Negative g §
covariation between M. johnstoni and bilocular metacestode § . ; o 4o 4o
(r¢=—0.24) was the only negative interaction revealed in the 'Tg _§
sample analysed; all other covariations and all associations g § g
were positive. s ; 52
£ |28
55 |88
EEL |@E [ + + oo o +
Discussion SE |,
5 2%
The species composition of N. coriiceps helminth com- ;% § :i o
munity in the area of Galindez Island has changed over z é = HE:
12 years: 20 helminth species were found in 2002, while § g QR[S Seo oo e o
25 helminth species were found in 2014-2015 (Table 1). E‘)E 3
In studies of 2014-2015, seven additional species were w9 § o
recorded, namely the trematode Derogenes johnstoni, mon- ‘g“ § % § ®
olocular metacestode, the nematodes Dichelyne fraseri and el % SE|S o teo t+t+oo +
Anisakis sp., and the acanthocephalans Metacanthocephalus ; %
campbelli and M. rennicki. On the other hand, two species _:% % § o
of acanthocephalans, namely Corynosoma bullosum and C. Té’ g ~§ §
shackletoni, were not found. Analysis of the infection preva- % f E S F +oo+oo ++
lence of helminth species including the calculation of 95% g T
confidence intervals revealed that De. johnstoni, Di. fraseri, § = ®
monolocular metacestode, Anisakis sp., and C. shackletoni u‘:: o g g E
were “statistically insignificant species”, because the mini- éé § 2 § §
mum limit of the confidence interval of their prevalence was 52 S § % TE. L F
lower than the minimum possible prevalence in the sample. =5 % S 3 s 38 E’ é §
Therefore, their contribution to the difference in the spe- % é § "% § :: § §o § § § E §
cies composition was not significant. Also, two species of S 2l& S8 ES S S S S
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acanthocephalans, namely Corynosoma bullosum and C.
shackletoni, found exclusively in cysts collected from the
fish body cavity and internal organs [13] could be easily
missed in samples of 2014-2015 when all 7597 cysts col-
lected were not excysted and identified.

Comparative analysis of two samples of helminths in N.
coriiceps revealed significantly larger species richness in
the component community in 2014-2015. We presume that
the increase in the infection of fish could be associated with
both an increase in organic pollution in the water area of the
UAS “Akademik Vernadsky” over a 12-year period [45] and
with global ecological changes in the coastal ecosystems of
the Antarctic and the Argentine Islands. Similar tendencies
of increase of N. coriiceps infection with acanthocephalans
associated with organic pollution were previously observed
near the Polish Antarctic research station on King George
Island [24]. In addition, over the past decades, the increasing
number of birds, in particular, gentoo penguins (Pygoscelis
papua) and Antarctic shags (Phalacrocorax bransfieldensis)
and seals has been observed in the area of UAS [46—48].
Fish-eating birds and seals are definitive hosts of diphyllobo-
thriid cestodes, anisakid nematodes, and acanthocephalans
of the genus Corynosoma. Therefore, the growth of their
populations undoubtedly increases the contamination of the
coastal environment with the eggs of these parasites and,
ultimately, increases the infection of teleost fish with their
larvae. However, more data collected over a longer period
of time are needed to clarify the trends in the species rich-
ness and structure of the N. coriiceps helminth community.

Despite the species richness in the helminth component
community was different in the two studied samples, the
diversity indices appeared to be rather similar. This may
suggest that no dramatic changes have occurred in the
helminth community of N. coriiceps during 12-13 years.
Besides, we observed the similarity also in the abundance
in helminth infracommunities in the two samples. On
the other hand, the species richness in the infracommu-
nities was higher in the sample collected in 2014-2015.
The difference was confirmed by two statistical tests: the
Mann—Whitney U test and ANOSIM routine and, there-
fore, is considered as significant. SIMPER analysis named
ten helminth species contributing to the differences. An
increase of species richness in the infracommunities might
have occurred due to the higher prevalence of at least some
of those species. The difference might be either due to
seasonal changes in helminth prevalence of infection or
because of the long-term changes of the prevalence. We
analysed seasonal changes in prevalence and abundance
of those 10 species in 2014-2015 to found the species
which influenced the differences in the species richness in
infracommunities. Only three species, namely the cestode
larvae Diphyllobotrium sp., the acanthocephalan Mera-
canthocephalus rennicki, and the trematode Neoleoburia

antarctica, had the prevalence constantly different in
2014-2015 compared to that in 2002. We conclude, there-
fore, that those three species contributed to the long-term
changes in the helminth community in N. coriiceps. Fur-
thermore, the two former species had a significantly higher
prevalence in 2014-2015, therefore, they apparently con-
tributed to the higher species richness in the infracommu-
nities in the sample. We suppose that an increase in the N.
coriiceps infection with the cestode Diphyllobotrium sp. is
associated with an increase in populations of the seals, in
particular, the Weddell seals Leptonychotes weddellii near
the UAS “Akademik Vernadsky” over the last few decades
[47]. Seals are the definitive hosts of these cestodes in the
Argentine Islands region.

In the present study, the co-occurrence of ten helminth
species in N. coriiceps was investigated based on the com-
bined sample collected in 2002 and 2014-2015. Helminth
species with a high prevalence of infection, e.g., Pseudo-
terranova sp., M. johnstoni, G. bowersi, and M. georgiana,
expectedly had the largest number of interspecific associa-
tions due to more probable co-occurrence with other spe-
cies (Table 3). However, larval nematodes Contracaecum
sp. were found to have positive associations with five spe-
cies: the nematode Pseudoterranova sp., bilocular meta-
cestodes, the trematodes G. bowersi and E. oatesi, and the
acanthocephalan M. campbelli, though the prevalence of
infection in Contracaecum sp. was just 31.6%. Presum-
ably, those positive associations are based on using the
same intermediate hosts by Contracaecum sp. and associ-
ated species.

The least number of interspecific associations was
observed in the acanthocephalan M. rennicki; it showed
positive association and covariation only with M. johnstoni.
In our opinion, this positive interaction between these two
species suggests that they have the same species of interme-
diate hosts (Amphipoda), and no competition within the host
intestine exists between them. Interestingly, the third spe-
cies of the genus Metacanthocephalus, M. campbelli showed
no associations with its congeners (see Table 3); instead, it
presumably shared the transmission routes and intermediate
hosts with the nematodes Contracaecum sp. and Pseudoter-
ranova sp., and with bilocular metacestodes.

Thereby, the detailed analysis of the species composition
of helminths parasitizing the Antarctic rockcod N. coriiceps
and the parameters of fish infection, as well as the analysis
of helminth infracommunities, component communities,
and species co-occurrence yielded new information on the
helminths communities of this fish species in the region of
Argentine Islands. We believe that these data will be useful
as the baseline for future long-term monitoring studies of tel-
eost fish helminth communities in the region, and for future
analysis of the role of helminths as indicators of ecological
changes in the marine ecosystems of West Antarctica.
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