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Abstract Parasite communities of Raneya brasiliensis are
described and its parasites used as biological tags to
discriminate its populations. Fish were caught in two
zones of the Argentine Sea: one sample from San Jorge
Gulf (Patagonian Region) and three samples from off the
coast of Buenos Aires (Bonaerense Region). A total of 183
fish were examined for parasites and 11 species were
found. Host body size and its ecology are pointed out as
drivers of the paucity of taxa found. Multivariate similarity
analyses allowed the identification of three stocks: one in
the San Jorge Gulf, and two other in the Bonaerense
Region. The parasite species that contributed most to the
separation of the samples were generally those identified
as biological markers in previous studies in the area.
Patterns of distance decay in similarity among communi-
ties in R. brasiliensis were found; with dissimilarity values
between distant localities being higher than between close
ones. Whereas the composition and structure of parasite
assemblages in Bonaerense waters reflect those of other
fish species in this region, being mainly determined by the
composition of the compound community, no repeatable
patterns were found in the composition of parasites
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assemblages when R. brasiliensis was compared with
other hosts species in Patagonia.

Introduction

Parasite communities are highly complex ecological sys-
tems, driven by multiple ecological and evolutionary
processes that interact across different spatial and temporal
scales to create intricate assemblages with many interrelating
entities. These features make recurrent patterns and general
mechanisms less likely or difficult to identify (Poulin 2007).
Furthermore, many parasite species can live in many
different hosts and the dynamics of parasite populations
and of communities they form can be quite different
depending on the host characteristics. Moreover, parasite
species richness and abundance can vary geographically for
the same host species. The distribution patterns of marine
parasites are mainly determined by temperature-salinity
profiles and their association with specific masses of
water (Esch and Fernandez 1993) and therefore the size of
the pool of available species must differ from one
geographical area to the next, limiting the number of
parasite species that a host can acquire over time,
regardless of the characteristics of this host species (Luque
et al. 2004); moreover, their abundance can be influenced
by the characteristics of the local ecosystem and its trophic
web (Luque and Poulin 2004; Marcogliese 2001, 2002).
However, parasite community ecology has concentrated
mainly on local processes instead of on large spatial scales
(Guégan et al. 2005), and much of the available evidence
derives from studies carried out without replication in both
space and time (Gonzalez and Poulin 2005; Poulin and
Valtonen 2002; Timi and Poulin 2003; Vidal-Martinez and
Poulin 2003).
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On the other hand, the existence of spatial variability in
the composition and abundance of fish parasite assemblages
constitutes the basis for the use of parasites as biological
tags for fish stock discrimination (Begg and Waldman
1999; MacKenzie 2002; MacKenzie and Abaunza 1998;
Power et al. 2005). This methodology focuses on the
differences between parasite populations/communities be-
tween zones, but their similarities are commonly ignored.
Similarity in species composition among parasite commu-
nities is expected to decrease with increasing distance
between them (Poulin 2003; Poulin and Morand 1999).
This negative relationship is the outcome of ecological and
evolutionary phenomena shaping spatial patterns in biodi-
versity and biogeography (Nekola and White 1999;
Soininen et al. 2007), and has been recently recorded for
parasite communities in fish from the Southwestern
Atlantic (Timi et al. 2010), with fish samples from the
coasts of the northern Argentine Sea (Bonaerense zone)
being more similar each other than to fish from Patagonian
waters, whereas all samples from Argentina showed higher
similarity than in relation to those from Brazil.

In Patagonian waters, the oceanographic conditions are
different to those from the Bonaerense zone (Acha et al. 2004;
Bakun and Parrish 1991), and have been suggested as
responsible for the differences found in parasitological
studies of all fish species studied comparatively between
these two areas (Timi 2003; Timi and Poulin 2003; Sardella
and Timi 2004; Braicovich and Timi 2008; Timi and
Lanfranchi 2009a, b; Timi et al. 2008, 2009). In Bonaerense
coastal waters, parasitological studies on small sized fish
species with a low level in the food chain have shown that
parasite communities are dominated, in terms of prevalence
and abundance, by non-specific larval stages (mainly
nematodes, cestodes, and acanthocephalans; Lanfranchi et
al. 2009; Timi and Lanfranchi 2009a, b; Timi et al. 2009).
This pattern was also found in this area for others host fishes
belonging to different ecological groups (Sardella and Timi
1996; Cremonte and Sardella 1997; Timi 2003; Timi and
Poulin 2003; Sardella and Timi 2004; Timi et al. 2005, 2008;
Braicovich and Timi 2008) and these parasites have been
proposed as regional tags not only for fish populations but
also for fish communities (Timi 2007). On the other hand, no
such studies have been carried out in Patagonian waters,
except for Pinguipes brasilianus, which shows parasite
assemblages dominated by adult endoparasites in north
Patagonian gulfs (Timi et al. 2010). Therefore, a comparison
of the structure and composition of fish parasite communities
between these areas could reveal the existence of recurrent
patterns allowing the evaluation of the process underlying
them.

The existence of repeatable spatial patterns in commu-
nity structure is evaluated for the parasites of the banded
cusk-eel (local name: raneya), Raneya brasiliensis (Kaup
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1856) (Pisces, Ophidiiformes, Ophidiidae). It is a demersal-
benthic fish (Nielsen et al. 1999), that inhabits coastal
waters, at depth of 40 to 150 m, from Southern Brazil,
about 23°S (Carvalho-Filho 1999) to San Jorge Gulf,
around 46°S (Gosztonyi et al. 2007). This fish is caught
as a part of the by-catch of the hake and the shrimp
fisheries (Graga-Lopes et al. 2002; Menni and Lopez 1974).
Although commercially unimportant, it constitutes a key
link in the food web of the Southwestern Atlantic Ocean
(Gosztonyi et al. 2007). In the Argentine Sea, it has been
cited as an important prey item in a variety of marine
mammals, marine birds and fishes (Gosztonyi et al. 2007
and reference therein). It preys mainly on benthic inverte-
brates (polychaetes, ophiuroides, molluscs, and crustaceans),
as well as teleost fishes (Vera and Soares 2008). Hence, the
raneya occupies the position of secondary consumer in the
food chain (Vera and Soares 2008).

The aim of this study is therefore threefold: (1) to describe
the parasite communities of R. brasiliensis in the southern
boundaries of its distribution (off Buenos Aires and
Patagonian coasts); (2) to identify the existence of different
stocks of raneya in these areas by using its parasites as
biological tags; and (3) to establish whether the parasite
assemblages of raneya show the spatial structure previously
observed for other sympatric fish species in the region.

Materials and methods

A total of 183 specimens of R. brasiliensis were examined
for parasites. Fish were caught by trawl in two zones of the
Argentine Sea (Fig. 1): one sample from the area of San
Jorge Gulf, Chubut Province in the Patagonian region and
three samples from off the coast of Buenos Aires Province
(Bonaerense region), landed at the Port of Mar del Plata
(38°03'S—57°32'W; Table 1); one of these obtained from a
fish market, and therefore with no information on its
geographical origin. Fish were either kept fresh or deep
frozen at —18°C until examination. After defrosting fish
was measured for total length (cm) and sexed. Body
surface, gills, branchial and body cavity, viscera (stomach,
intestine, liver, gall bladder, spleen, heart, gonads and
mesenteries), gas bladder, kidneys and musculature were
examined with the aid of a stereoscopic microscope.

The prevalence, mean abundance and its standard
deviation were calculated for each parasite species. For
those species with prevalence higher than 10% in a given
sample (component species sensu Bush et al. 1990), Chi-
squared analyses and a posteriori multiple comparisons,
with previous angular transformation of each value, and
Kruskall-Wallis and a posteriori Dunn’s tests were used to
test for significant differences of prevalence or abundance,
respectively between samples (Zar 1996).
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Fig. 1 Map showing the study area and the sampling sites: San Jorge
Gulf (square), Mar del Plata October (circle) and Mar del Plata
November (triangle)

The potential effect of host sex on prevalence and
mean abundance of parasites was tested using Chi-
squared analysis and the Mann—Whitney test, respective-
ly and the relationship between host size and abundance
was analyzed by Spearman’s rank correlation coefficients
(Zar 1996).

For each individual fish harboring two or more species
the following community descriptors were calculated at
infracommunity level (Bush et al. 1997): total abundance
(the number of parasites per host, N), species richness (S),
Brillouin’s index of diversity (HB) and Berger—Parker’s
index of dominance (BP; Magurran 1988). The potential
variation of the infracommunity descriptors in relation to
host sex (Mann—Whitney test) and size (Spearman’s rank
correlation coefficients) was also tested.

Multivariate analyses applied to component species
were performed using the PRIMER package V6 (Clarke
and Gorley 2006; Clarke and Warwick 2001). As Scolex
polymorphus is a complex of larval cestode species
(Chambers et al. 2000) that can have different geograph-
ical distributions and cannot be used as reliable indicators

of similarity among host populations (Braicovich and Timi
2008), this species was excluded from multivariate
analyses.

Parasite community composition was compared among
sampling localities by means of a permutation-based one-
way analysis of similarity (ANOSIM, Clarke 1993). The
statistical significance of the differences among zones was
assessed after 10,000 permutations on abundance data.

Non-metric multidimensional scaling (MDS) was used to
visualize differences in the composition of parasite infra-
communities between samples, as well as to identify which
parasite species were responsible for such differences; in
this case the abundance matrix was transposed and parasite
species assumed as samples, whereas individual hosts were
analyzed as variables; the fit of the MDS ordinations were
quantified by a value of stress. Hierarchical agglomerative
clustering was performed for both the samples and the
parasite species using group-average linking and resem-
blance levels were overlaid on the MDS plot.

Similarity percentages (SIMPER, Clarke 1993), were
calculated within and between areas and used to determine
which species characterized (fypical species contributing
substantially to the average similarity and doing it
consistently by displaying a high ratio between that
contribution and its standard deviation) and discriminated
(discriminator species contributing largely to the average
dissimilarity and displaying a high ratio between that
contribution and its standard deviation) between parasite
assemblages (Clarke and Gorley 2006). All multivariate
procedures were based on the analysis of Bray—Curtis
similarity matrices and applied to both untransformed
abundance values and square-root-transformed data in
order to down-weight the importance of very abundant
species so that the less dominant species played some roles
in determining similarity among samples (Clarke and
Gorley 20006).

Results
General results
Mean host body lengths differed significantly among

samples (F=6.37, P<0.01), with fish from San Jorge Gulf
(SJG) and Mar del Plata—October (MDPoct) being

Table 1 Composition of

samples of Raneya Sample Sample code N Total length + SD Date of capture Latitude, Longitude
brasiliensis in two zones
of the southwestern San Jorge Gulf SIG 107 24.47+1.67 August, 2007 46°00'S—65°00"'W
Atlantic Mar del Plata MDPjun 26 23.02+2.73 June, 2009 Unknown
Mar del Plata MDPoct 30 24.68+2.09 October, 2009 37°50'S-56°54'W
Mar del Plata MDPnov 20 23.24+1.33 November, 2009 38°04'S-56°40'W
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significantly larger than those from Mar del Plata—June
and Mar del Plata—November (MDPjun and MDPnov,
respectively; all P<0.05).

With the exception of four fish from SJG, all the rest were
parasitized by at least 1 of the 11 metazoan parasite species
found (Table 2), all of them at larval stage; except for
Cucullanus genypteri, for which immature adults were also
found encysted in the liver and mesenteries or free in the gut.
Spores of Ceratomyxa sp. (Myxosporea) were found in the
gall bladder of hosts from MDP, this microparasite was not
included in further analyses. Prosorhynchus sp. was found in
the head musculature of hosts, this tissue was not examined
in the sample from SJG, therefore prevalence and abundance
were compared among the three Bonaerense samples only
and this species was excluded from other analyses. A total of
4.618 (5.135 including Prosorhynchus sp.) metazoan para-
sites were found in the overall sample.

Parasite populations

With the exception of Pseudoterranova sp., Corynosoma
cetaceum and the unidentified plerocercoids, most parasite
species reached the status of component species (preva-
lence>10%) in one or more samples (Table 2). Most of

them were present in all samples, except for Anisakis
simplex s.l., which was only found in SJG. Corynosoma
australe was the most prevalent and abundant parasite in
the whole sample, representing 62.6% of all individual
parasites found.

Parasites showed differential distributions among hosts
from Patagonian and Bonaerense zones, and in a lesser
extent among samples landed at Mar del Plata, as evidenced
by comparisons of prevalence (Table 3) and abundance
(Table 4) of component species. Prosorhynchus sp.,
compared among Bonaerense samples only, was similar
between October and November and more prevalent than in
June. Only C. australe showed similar values of prevalence
in all samples; the rest of component species showed
significant variations, with: Grillotia carvajalregorum,
Nybelinia sp., S. polymorphus, and C. genypteri showing
lower prevalence in SJG, whereas the inverse relationship
was observed for A. simplex s.l. and Hysterothylacium
aduncum. No differences were observed for any species
among samples from Mar del Plata for comparisons
involving those of October, and only Nybelinia sp. differed
between samples from June and November. Regarding
abundance, all species varied among samples, but a
posteriori tests failed in finding the samples responsible

Table 2 Prevalence and mean abundance of parasites of Raneya brasiliensis in four samples from the southwestern Atlantic

Prevalence Mean abundance + S.D.

Parasite MDPjun MDPoct MDPnov SJIG MDPjun MDPoct MDPnov SIG

Myxozoa

Ceratomyxa sp. 33.33 84.00 90.00 NE - - - NE

Digenea

Prosorhynchus sp. 33.33 83.33 85.0 NE 1.94+4.22 12.47+20.17 5.40+6.56 NE

Cestoda

Grillotia carvajalregorum 65.38 60.00 50.00 18.69 4.46+6.97 5.67£14.07 1.65+2.37 0.33+£0.95
(Carvajal et Rego, 1983)

Nybelinia sp. 73.08 96.67 100 0.93 3.23+£5.20 8.57+5.75 4.80+3.53 0.01+0.10

Scolex polymorphus 4231 26.67 50.00 7.48 3.11+5.65 1.57+4.64 5.75+£10.74 0.10+0.39
Miiller, 1784

Unidentified plerocercoid 7.69 0.00 5.00 0.00 0.08+0.27 0.00 0.20+0.92 0.00

Nematoda

Anisakis simplex 0.00 0.00 0.00 25.23 0.00 0.00 0.00 0.31+0.57
(Rudolphi, 1809) s.1.

Pseudoterranova sp. 0.00 0.00 0.00 0.93 0.00 0.00 0.00 0.01+0.10

Hysterothylacium aduncum 15.38 3.33 5.00 45.79 0.15+0.37 0.03+0.18 0.05+0.22 1.05+1.88
(Rudolphi, 1802)

Cucullanus genypteri 100 83.33 100 8.41 9.96+6.87 4.83+6.88 6.40+3.41 0.09+0.32

Sardella, Navone et
Timi, 1997

Acanthocephala

Corynosoma australe 100 86.67 95.00 95.33 73.46+75.46 5.80+5.45 5.05£6.05 6.41+£5.32
Johnston, 1937

Corynosoma cetaceum 3.85 0.00 0.00 0.00 0.04+0.20 0.00 0.00 0.00

Johnston et Best, 1942

MDPjun Mar del Plata June, MDPoct Mar del Plata October, MDPnov Mar del Plata November, SJG San Jorge Gulf, NE not examined
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Table 3 Comparisons of the prevalence of selected parasites of Raneya brasiliensis among four samples from the southwestern Atlantic
X’ P MDPjun-MDPoct ~ MDPjun-MDPnov MDPjun-SJG MDPoct- MDPoct-SJG MDPnov-SIG
MDPnov
Prosorhynchus sp. 128.04 <0.01 MDPjun<MDPoct MDPjun<MDPnov - NS - -
G. carvajalregorum 33.04 <0.01 NS NS MDPjun>SJG* NS MDPoct>SJG*  MDPnov>SJG*
Nybelinia sp. 152.89 <0.01 NS MDPjun<MDPnov**  MDPjun>SJG* NS MDPoct>SJG*  MDPnov>SJG*
S. polymorphus 3040 <0.01 NS NS MDPjun>SJG* NS MDPoct>SJG** MDPnov>SJG*
A. simplex s.1. 22,50 <0.01 NS NS MDPjun<SJG* NS MDPoct<SIG*  MDPnov<SJG*
H. aduncum 3143 <0.01 NS NS MDPjun<SJG** NS MDPoct<SJG*  MDPnov<SJG*
C. genypteri 132,56 <0.01 NS NS MDPjun>SJG* NS MDPoct>SJG*  MDPnov>SJG*
C. australe 524 >0.05 - - - - - -

MDPjun Mar del Plata June, MDPoct Mar del Plata October, MDPnov Mar del Plata November, SJG San Jorge Gulf, NS P>0.05

*P<0.01
**0.01<P<0.05

for such differences for 4. simplex s.l. The highest number
of differences was observed in those comparisons involving
fish from SJG. Among Bonaerense samples, those of June
harbored more abundant populations of C. australe and less
number of Nybelinia sp. and Prosorhynchus sp. than the
other two, finally no differences were observed between
fish from October and November for any species.

No effect of host sex on prevalence or abundance was
observed for any parasite species from SJG and MDPoct
(all P>0.05). In MDPjun and MDPnov, only four female
hosts were present in each sample and no comparisons
between sexes were made.

No relationships between parasite abundance and host
size were observed in fish from SJG (all P>0.05) whereas
three species, G. carvajalregorum, S. polymorphus, and C.
genypteri showed values of abundance significantly higher
in larger hosts from MDPjun (Rs=0.69, P<0.01; Rs=0.49,
P<0.01, and Rs=0.42, 0.01<P<0.05, respectively). As no
differences in prevalence or abundance were found for any
species between fish from MDPoct and MDPnov, hosts

were pooled for correlation analyses, in this case two parasite
species, C. australe and G. carvajalregorum increased
significantly their abundance with host size (Rs=0.34, P<
0.01 and Rs=0.33, 0.01<P<0.05, respectively).

Parasite communities

As no differences in prevalence or abundance were found
for any species between fish from MDPoct and MDPnov,
hosts were pooled for community analyses (MDP hereaf-
ter). Twenty-eight hosts (27 from SJG and 1 from MDP)
harbored monospecific infections (93% of them represented
by C. australe). The maximum infracommunity species
richness (six species) was found in only three hosts from
the Bonaerense zone, with fish from this zone showing a
higher proportion of richer infracommunities than those
from SJG (Fig. 2). Significant differences were observed
for all infracommunity indices, S (H=71.91, P<0.01), N
(H=91.27, P<0.01), HB (H=56.58, P<0.01) and BP (H=
35.88, P<0.01), when only hosts harboring two or more

Table 4 Comparisons of abundance of selected parasites of Raneya brasiliensis among four samples from the southwestern Atlantic

H P MDPjun-MDPoct MDPjun-MDPnov MDPjun-SJG MDPoct- MDPoct-SJG MDPnov-SJG
MDPnov

Prosorhynchus sp. 13.55 <0.01 MDPjun<MDPoct*  MDPjun>MDPnov** - NS - -
G. carvajalregorum 4190 <0.01 NS NS MDPjun>SJG* NS MDPoct>SJG* NS
Nybelinia sp. 149.49 <0.01 MDPjun<MDPoct** NS MDPjun>SJG* NS MDPoct>SJG* MDPnov>SJG*
S. polymorphus 33.58 <0.01 NS NS MDPjun>SJG** NS NS MDPnov>SJG*
A. simplex s.1. 2228 <0.01 NS NS NS NS NS NS
H. aduncum 3248 <0.01 NS NS NS NS MDPoct<SJG* MDPnov<SJG**
C. genypteri 14393 <0.01 NS NS MDPjun>SJG* NS MDPoct>SIG* MDPnov>SJG*
C. australe 56.13 <0.05 MDPjun>-MDPoct* MDPjun>MDPnov* MDPjun>SJG* NS NS NS

MDPjun Mar del Plata June; MDPoct Mar del Plata October; MDPnov Mar del Plata November; SJG San Jorge Gulf; NS P>0.05

*P<0.01
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Fig. 2 Frequency distribution of infracommunity richness (S) in three
samples of R. brasiliensis from the Argentine Sea. MDPjun Mar del
Plata June; MDP Mar del Plata October+November; S/G San Jorge
Gulf. White S=1-2; gray S=3-4; black S=5-6

parasite species were considered (Fig. 3). A posteriori tests
showed that S, N, and HB were lower in SJG than in
Bonaerense samples, with only N differing between
MDPjun and MDP (all P<0.01); dominance, in turn was
similar between SJG and MDPjun, and higher than in MDP
(P<0.01).

Similarity analyses

Similarity-based multivariate analysis based on untrans-
formed data showed that fish from the three samples differed
significantly in their parasite species composition (Global
Ranosm=0.72, P<0.01), indicating that within-zone simi-
larity exceeded among-zone similarity. In fact, all pair-wise
comparisons between samples were significantly different
(all P<0.01). The same analyses, but considering fish from
MDP (October+November) as different samples yielded
similar results (Global Ranosim=0.69 P<0.01), with pair-
wise comparisons between samples significantly different
(all P<0.01), except that comparing fishes from October and
November (Ranosmni=0.07, P>0.05).

Multidimensional scaling revealed an apparent pattern
of separation between sampling sites, and the stress level
(0.13) indicated that community structure was substan-
tially different from random (Fig. 4a). Fish from Mar del
Plata October and November, although analyzed as a
single locality, are discriminated in the MDS plot, showing
a high overlapping in the bidimensional space. The MDS
applied to parasite species as samples and hosts as
variables showed a clustering of species in relation to
their importance in each zone, with a low stress level (0.0).
Those species associated to the Bonaerense zone (C.
genypteri, G. carvajalregorum, and Nybelinia sp.) clus-
tered together in the plot and separated from SJG
representatives (H. aduncum and A. simplex s.l.), C.
australe, which was distributed in almost all fish, was
ordered far apart although cluster analyses showed it as
slightly more similar to species characteristic of Mar del
Plata (Fig. 5a).
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SIMPER were similar and relatively low within localities
showing that samples were little homogeneous in terms of
parasite assemblages composition (Table 5). The main
contributor to similarity in samples from MDP was
Nybelinia sp., whereas C. australe was the most important
contributor in MDPjun and SJG, but was also relevant in
similarity among infracommunities from MDP; finally, C.
genypteri contributed substantially to similarity within both
Bonaerense samples. All these species contributed consis-
tently to similarity in these inter-comparisons within
localities, as shown by the rate between their contributions
and standard deviations. On the other hand, a high average
dissimilarity was observed among all samples (Table 5), the
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Fig. 3 Mean (+standard deviation) infracommunity descriptors of R.
brasiliensis in three samples from the Argentine sea MDPjun Mar del
Plata June; MDP Mar del Plata October+November; S/G San Jorge
Gulf
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Fig. 4 a Non-metric two-dimensional ordination plot using Bray—
Curtis similarity based on untransformed parasite abundance data for
each of the six most representative species across 179 individual R.
brasiliensis from three samples from the Argentine sea: Mar del Plata
June (triangles); Mar del Plata October+November (squares) and San
Jorge Gulf (circles). Fish from Mar del Plata October (black squares)
and November (empty squares) are discriminated in the figure, but
analyzed as a single locality. b Idem after down-weighting the
importance of very abundant species

highest being that among MDPjun and SJG and the lowest
between both Bonaerense samples. C. australe, despite
being typical of all samples, was important and consistent
discriminator among them; the other important discrimina-
tor species were C. genypteri among all samples and
Nybelinia sp. between MDP and SJG.

Analyses after down-weighting the importance of dom-
inant species showed similar patterns. Fish from all
sampling localities differed significantly in their parasite
species composition (Global Ranosmv: 0.77, P<0.01) with
all pair-wise comparisons showing significant differences
(all P<0.01) and MDS showed a clear separation between
samples, although in this case the stress values was
somewhat higher (0.15; Fig. 4b). Ordination of parasite
species showed a similar pattern to that of untransformed
data, also with a low stress level (0.0) and a higher
similarity between C. australe and species typical from the
Bonaerense zone (Fig. 5b). Similarity percentages increased

within localities (MDPjun: 66.24; MDP: 64.36; SJG: 61.47)
but dissimilarity between zones decreased (MDPjun-MDP:
48.87; MDPjun-SJG: 67.59; MDP-SJG: 69.02), however
the same subset of typical and discriminator species was
observed within and between samples, respectively, al-
though G. carvajalregorum and H. aduncum were also
discriminator species in those comparisons involving fish
from MDPjun.

Discussion

The total sample of R. brasiliensis harbored 11 metazoan
parasites species, all of them constituting new host records.
Nonetheless, all these parasite species have been previously
recorded in other host species inhabiting the Argentine Sea.

The raneya showed low values of both species richness
and abundance in relation to other fish species from the
same region, but similar to those recorded in other small-

a
H. aduncum
G. carvajalregorum [®
C. genypteri
A. simplex
C. australe
> Similarity
O 10 @ 20
Il 40 W 50
b o
H. aduncum
Similarity :
I 20 @ 40 Asimplax,
l 50 M 60

Fig 5 a Non-metric 2-dimensional ordination plot using Bray—Curtis
similarity based on untransformed parasite abundance data for each of
the 179 individual R. brasiliensis across six parasite species in three
zones of the Argentine sea. Results of a hierarchical agglomerative
clustering performed for parasite species is overlaid on the MDS plot
with similarity levels represented by a gray scale. b Idem after down-
weighting the importance of very abundant species
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Table 5 Breakdown of average similarity and dissimilarity of parasite infracommunities of Raneya brasiliensis within and between three

sampling localities into contributions from each species

Average similarity/ MDPjun MDP SIG MDPjun-MDP MDPjun-SJG MDP-SIG
dissimilarity

52.37 48.39 53.44 73.16 80.30 77.13

AS/DS % AS/DS % AS/SD % AD/SD % AD/SD % AD/SD %
C. australe 1.88 79.46 1.17 23.31 2.23 91.58 2.24 70.30 2.54 70.99 1.23 26.16
C. genypteri 1.73 15.14 1.12 27.84 0.07 0.14 1.27 10.27 1.85 14.92 1.39 22.76
Nybelinia sp. 0.75 2.70 1.40 43.03 - - 0.93 10.35 0.89 4.55 1.52 32.81
Grillotia sp. 0.52 2.64 0.50 5.82 0.17 0.68 0.64 8.64 0.51 6.71 0.71 11.37
H. aduncum 0.10 0.06 0.03 0.01 0.47 6.08 0.32 0.44 0.52 2.18 0.61 5.07
A. simplex s.l. - - - - 0.23 1.52 - - 0.41 0.66 0.49 1.63

Species ordered in decreasing contribution to within MDPjun similarity

MDPjun Mar del Plata June; MDP Mar del Plata October+November; SJG San Jorge Gulf; AS/DS average contribution to the total average
similarity/standard deviation; DS/DS average contribution to the total average dissimilarity/standard deviation;% percentage of total similarity or
dissimilarity contributed by each species. Values for typical and discriminator species are presented in italics

bodied fishes that also occupy a low level in the regional
trophic web (Lanfranchi et al. 2009; Timi and Lanfranchi
2009a). Host features are important determinants of parasite
species richness (Poulin 2004; Poulin and Morand 2004);
some studies have shown that the deciding factors for
explaining parasite species richness in fishes are the host
size and its ecology (Guégan et al. 2005; Luque et al.
2004). Host body size has proved to be positively
correlated with parasite diversity in several studies,
although this tendency is far from being universal (Poulin
2000). In larger hosts, the available niches for parasites
colonization are more diverse, which in turn allows hosts to
harbor greater species richness (Poulin 2004). On the other
hand, trophic level of a fish host in the food web may be a
good indicator that fishes at higher levels should be
exposed to more infective helminth larvae from a broader
range of parasite taxa via their diet than those at lower
trophic levels over evolutionary time (Luque and Poulin
2008). Thus, the paucity of taxa found in the raneya can be
explained by its small size and low level in the food chain.

Most parasites found in R. brasiliensis were at larval
stage, the exception being C. genypteri, which was found as
larvae as well as immature adults free in the intestines or
encapsulated in the intestine wall and liver. Thus, by the
nature of their different life cycles, parasites in a host
population provide information about the role of the host in
the food webs (Campbell et al. 1980; Marcogliese 2002;
Marcogliese 2003; Marcogliese 2001; Marcogliese and
Cone 1997). Many helminths use fish either as their second
intermediate or as a paratenic host (Marcogliese 1995;
Poulin and Valtonen 2002). The use of organisms
as paratenic hosts serve to promote transmission and
maintain parasites in the environment even at low densities
(Marcogliese 1995). Given that larval helminths in fish
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hosts are transmitted to their definitive hosts by predation,
clearly the more adequate fish species to act as intermediate
hosts would be small-bodied enough to serve as prey, and
they should be near the bottom or middle of the food chain
(George-Nascimento 1987; Marcogliese 2002). All these
features are present in the raneya, and could explain the
larval composition of their parasite communities.

Larval helminths complete their life cycle when the
raneya is ingested by their definitive host: marine mam-
mals, marine birds and fishes. However, due to the parasites
of raneya are widely distributed among fish species in the
region, its importance in the parasite’s life cycles depends
on the relevance that this fish has in the diet of the
definitive hosts. Trophically transmitted parasites provide
natural biological indicators of trophic links between organ-
isms within ecosystems (Lafferty et al. 2008; Marcogliese
2003; Marcogliese and Cone 1997). Indeed, the raneya is
one of the most important prey items in Patagonian waters
for both the South American sea lion Otwria flavescens
(Koen-Alonso et al. 2000) and the South American fur seal
Arctocephalus australis, this fish could have some relevance
serving as paratenic host and source of the acanthocephalan
C. australe for these definitive hosts in this zone. In fact, and
contrarily to the findings of the present paper, C. australe
shows low levels of parasitism in other fish species
from Patagonian waters in relation to northern zones (Timi
2003, 2007).

C. genypteri is only known at adult stage as a parasite
of two ophidiid species in the Southwest Atlantic, the
kingclips Genypterus blacodes and G. brasiliensis (Sardella
et al. 1997). Although knowledge about the life cycle of
cucullanids is still scarce, there is some evidence that this
group is primitively heteroxenous and uses vertebrates as
intermediate hosts, but in some species the intermediate
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host has been replaced by a histotropic phase in the
definitive host (Anderson 2000). This nematode probably
attain an adult stage in the raneya because of the
phylogenetic affinities between this fish and Genypterus
spp.; however, the histotropic nature of these adults, as well
as the fact that no gravid females were found in the gut,
indicate that the raneya is an unsuitable definitive host for
this species. In any case, this fish could serve as a paratenic
host for C. genypteri, with the advantage of a developmental
precocity of this parasite when is consumed by the definitive
hosts.

Several authors have claimed that the lack of replication
is the rule in studies on parasite community structure and
that their short-scale spatial and temporal variations have
usually been neglected (Diaz and George-Nascimento
2002; Vidal-Martinez and Poulin 2003). In fact, whereas
steady patterns of parasite community structure have been
found in some studies where more than one sample have
been analyzed in a single place or in localities situated close
each other (Chavez et al. 2007; Diaz and George-
Nascimento 2002; Flores and George-Nascimento 2009),
the opposite trend has been observed in others (Ferrer-
Castell6 et al. 2007; George-Nascimento et al. 2009). This
lack of repeatability has been claimed as a flaw in
comparative studies, such as those designed to discriminate
fish populations, carried out with single samples in each
place or by pooling samples from the same locality,
and suffering therefore from pseudoreplication problems
(Ferrer-Castelld et al. 2007).

In the present study however, and in spite of the
differences found in fish size between samples caught in
Mar del Plata in October and November, no differences
were observed in comparisons of their parasite populations,
as well as of infracommunity descriptors, showing clearly
that these hosts from close localities (distant about 37 km
each other) belong to a single population. This repeatability
was also demonstrated by similarity analyses, validating the
assumption that infection levels are more similar between
samples from the same locality than between samples from
different localities (Chavez et al. 2007), and making reliable
the inferences about stock structure in the other two
identified populations of raneya based on single samples
from each locality.

Despite the low number of individuals in the sample
from MDPjun, which could affect the results of the
comparisons of population and community indices, the
differences observed between samples were strong enough
to consider them as the result of genuine biological
processes. These differences cannot be attributed to the
variability in the size of hosts between regions, since
the abundance of most species did not vary with fish
length. Furthermore, and as an example C. australe, G.
carvajalregorum, C. genypteri, and S. polymorphus, which

displayed a cumulative effect with host size, were more
prevalent and abundant in MDPjun than in SJG, where fish
were larger.

The most conspicuous result of the analyses is the
difference in parasite community structure between fishes
from the Bonaerense and Patagonian regions. At the
parasite population level, significant differences in popula-
tion descriptors, especially the prevalence, as well as in
infracommunity indices, between both regions for all
parasite species demonstrate their potential for discriminat-
ing discrete stocks of raneya, each having their own
indicator species. Evidence supporting the existence of
different stocks was also obtained by multivariate analyses.
The parasite species that contributed most to the separation
of the samples in the MDS analysis agreed with those
identified as potential biological markers in the analyses at
population level, being C. australe and C. genypteri
identified as the best indicator species in similarity analysis.
The dominance and high prevalence of C. australe in the
parasite assemblages from both zones was responsible of
the similarity within component communities, however the
differential abundance of this species, even after down-
weighting its importance was the main determinant of the
observed geographical variations.

Differences found in the structure of parasite communi-
ties between zones are a consequence of the presence of
latitudinal gradients in the oceanographic conditions in the
study area, mainly related to water temperature; which in
turn influences the latitudinal distribution of parasites (Timi
2007). In fact, C. australe, Grillotia sp., Nybelinia sp. and
S. polymorphus have been always recorded at higher
abundance and prevalence in Bonaerense waters in relation
to Patagonian ones, in all fish species analyzed compara-
tively between these zones, whereas A. simplex and H.
aduncum showed the opposite pattern (Timi 2003; Sardella
and Timi 2004; Timi et al. 2008; Timi and Lanfranchi
2009b). These differences between zones can be due to the
influence of environmental conditions on the fitness of
parasite species, as well as on the biota in general, and
consequently, on the distribution of other hosts for these
species. In fact, samples from both zones can be assigned to
different faunistic provinces in the Atlantic environment of
South America: those from the Bonaerense region belong to
the Argentine Province (Bonaerense region), and those
from Patagonia to the Magellanic Province (Bogazzi et al.
2005; Floeter and Gasparini 2000).

Despite samples were obtained in different faunistic
provinces, variations in composition of parasite assemb-
lages between both zones were less important than differ-
ences in abundance and/or prevalence, as well as in
infracommunity descriptors. Parasite communities in the
same host species form interconnected networks of com-
ponent communities or metacommunities which are linked

@ Springer



270

Parasitol Res (2011) 108:261-272

by migrations of individual hosts between host populations
or via other dispersal routes, such as migrations of other
hosts involved in the life cycle of the parasites (Poulin
2007). No migratory behavior is known to occur in R.
brasiliensis, therefore the similarity in species composition
of parasite communities between both zones is expected to
be the outcome of migration of definitive hosts for the
parasites harbored by the raneya, such as marine mammals.

Focusing in the comparisons among Bonaerense samples,
an in spite of being more similar each other than in relation to
those from SJG, they showed differences of abundance for C.
australe, Nybelinia sp. and Prosorhynchus sp., with the latter
two species also differing in prevalence. These differences,
especially the abundance of C. australe, were responsible for
both the higher total abundance and dominance values in
MDPjun and the separation of this species from the other
indicator species of the Bonaerense region in the MDS
analyses. Therefore, the raneya from MDPjun should be
considered as members of a different population than those
of MDP.

As the coastal fleet operating at the port of Mar del Plata
changes its fishing stations depending on fishing success,
vessels can move northwards to the vicinity of Villa Gesell
(37° 15'S, 57° 23'W), a zone greatly influenced by the
Brazil current (tropical warm and saline waters), and also
affected by the discharge of the Rio de la Plata (Bakun and
Parrish 1991; Guerrero and Piola 1997).

In this zone, fish assemblages show temporal persistence in
species composition and geographical location (Jaureguizar et
al. 2006). In fact, discrete populations, discriminated by their
parasites, have been recorded for other host species in the
Bonaerense zone (Timi and Lanfranchi 2009b; Timi et al.
2009). Furthermore, C. australe displays higher values of
abundance in several host species in the northern boundaries
of this region (Timi 2003; Braicovich and Timi 2008; Timi
and Lanfranchi 2009b; Timi et al. 2009, 2010). The notably
higher levels of parasitism by C. australe could indicate that
these samples come from this zone. This is also supported by
the dissimilarity values among samples, which are much
higher between distant localities (between regions) than
between close ones (between localities within the same
region), being the maximum value observed for the
comparisons between MDPjun and SJG. This is a result
of distance separating samples, a common phenomenon
that usually emerges as the best predictor of similarity in
analyses of parasite communities in relation to the
characteristics of the habitat (Poulin and Morand 1999;
Poulin 2003). Patterns of distance decay in similarity
among communities of other fish species have been found
in the southwestern Atlantic (Timi et al. 2010), and as the
lowest the similarity the highest the distance, the geo-
graphical origin of the samples from June should be
located at the north of Mar del Plata. Further analyses of
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samples from the northern limit of the Argentine sea are
necessary to test this hypothesis.

The dominance of larval and little specific parasite
species seems, therefore, to be a recurrent pattern in the
Bonaerense region, and as it was observed in other species
of small benthic fishes (Lanfranchi et al. 2009; Timi and
Lanfranchi 2009a). In this region the composition and
structure of parasite assemblages of R. brasiliensis are
mainly determined by the composition of the compound
community. The same reasoning applies to raneyas from
Patagonian waters, although also depending from parasite
species typical from this zone, namely H. aduncum and A.
simplex s.l. However, in this case this pattern differs from
other fish species for which the guild of adult endoparasites
is the most important component (Timi et al. 2010).

Whereas the occurrence of recurrent patterns appear to
be the rule in parasite communities of several fish species in
Bonaerense waters; no repeatability in the composition of
such assemblages was found in Patagonia; further studies
including different host species are needed to shed some
light on the apparently contingent patterns in this region.
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