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The aims of this study were (1) to compare the structure and composition of parasite assemblages
of the flounder Xystreurys rasile in two regions of the Argentine Sea in order to evaluate the
hypothesis for the existence of different stocks, and (2) to test the hypothesis for X. rasile migration
from the Argentine—Uruguayan Common Fishing Zone (AUCFZ) towards more southern waters
during spring. Parasitological evidence shows that at least two stocks of X. rasile inhabit the coastal
and shelf waters of the northern Argentine Sea, one in El Rincén and the other in the AUCFZ.
These stocks should be considered as discrete entities in management plans to ensure a sustainable
use of these resources. The results also confirm the existence of migratory patterns in the northern
stock.
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INTRODUCTION

Paralichthyid flounders, mostly Paralichthys patagonicus Jordan 1889, Paralichthys
orbignyanus (Valenciennes 1839), Paralichthys isosceles Jordan 1891 and Xystreurys
rasile (Jordan 1891), are intensely exploited in the south-western Atlantic Ocean,
especially on northern coasts of the Argentine Sea (Diaz de Astarloa, 2002). Despite
flatfishes being mainly taken as a by-catch in the demersal trawl fisheries and repre-
senting only a small fraction of c¢. 7% of the total landings in the region (Rico,
2010), they are considered as fine fishing owing to their value as a food fish,
attaining a high price in the market (Fabré & Diaz de Astarloa, 2001; Diaz de
Astarloa, 2002).

At present no specific assessment methods or fishery management plans are estab-
lished in Argentina for paralichthyid resources (Diaz de Astarloa, 2002; Rico, 2010).
Although they are included in the management of a multispecies fishery named ‘vari-
ado costero’, with maximum catches under government regulation (Rico, 2010), all
paralichthyid species are considered together for management purposes and discrim-
inated only by size (Fabré & Diaz de Astarloa, 1996).
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It has been proposed that in the continental shelf waters P. patagonicus, P. isosce-
les and X. rasile co-occur in two main groups, a northern group between 34° and 38°
S, in the zone known as the Argentine—Uruguayan Common Fishing Zone (AUCFZ),
and a southern group between 38° and 41° S, a zone known as El Rincén (Diaz de
Astarloa, 2002).

In the Argentine Sea, paralichthyid species differ in their latitudinal and bathymet-
ric distributions in relation to environmental factors as well as in their reproductive
periods (Perier & Di Gidcomo, 2002; Diaz de Astarloa & Fabré, 2003). For this
reason, and to ensure a sustainable management of these resources, the stock compo-
sition of each species should be assessed individually. Notwithstanding, little effort
has been made on this, except for P. patagonicus, whose spawning areas were
recently studied in the north Argentine Sea (34°-42° S) (Militelli, 2011), and X.
rasile, whose population dynamics were evaluated in the central and northern areas
of the same region (34°—40° S) (Fabré et al., 2001). These authors compared the
abundance and size structure of catches, sex ratios, gonad maturity and condition
factors between samples caught at different latitudes and depths, in a seasonal sam-
pling programme. On the basis of these analyses, Fabré er al. (2001) concluded that
mature fishes from the northern region of the study area may migrate to shallow
waters at 38° S and southwards, where the spawning area could be localized. The
sampling region encompassed by this study was the AUCFZ, with no samples from
El Rincoén being included.

Parasites have been used previously as tools for discriminating fish stocks between
these two regions (Timi, 2007), as well as to trace migrations of silversides Odontes-
thes smitti (Lahille 1929) along Argentine coasts (Carballo ef al., 2012). The parasite
communities of X. rasile have been studied in coastal waters off Necochea (Szidat,
1961; Alarcos & Timi, 2012), the northern limit of El Rincén, where some systematic
studies have also been carried out on parasitic copepods and cestodes (Menoret &
Ivanov, 2009; Alarcos & Timi, 2011), but there is no information on parasites of this
species in northern regions, apart from a recent taxonomic study on trypanorhynch
cestodes in paralichthyids from Rio de Janeiro, Brazil (Gongalves da Fonseca et al.,
2012).

The structure and composition of parasite assemblages in a sample from Necochea,
caught during autumn (Alarcos & Timi, 2012), were compared with those of other
two samples, one from the same season but from the AUCFZ and the other from
the same region (Necochea) but caught during spring. The aims were to evaluate the
hypothesis that different stocks exist in both regions and to test the hypothesis that
X. rasile migrate from AUCFZ towards more southern waters during spring.

MATERIALS AND METHODS

Fish samples were taken from catches made by trawlers of the coastal fleets operating at
the ports of Mar del Plata and Necochea (Argentina). These vessels, known as coastal ice
chilled vessels, perform fishing trips for periods of 3—4days covering distances <200km
from the port, during which several trawls are carried out. This means that samples may
come from different localities in a wide area. Fishes are landed classified by species, except
for paralichthyids which are classified by size so it is not possible to know the exact location
where each fish was caught.

One hundred and thirty-three specimens of X. rasile were collected in three samples from
two different localities in the north Argentine Sea (Table I). Data from autumn samples from
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TaBLE I. Sample details for Xystreurys rasile from two regions of the Argentine Sea

Sample Latitude and Date Mean Ly
Region Locality code longitude n (season) (range) (cm)

Northern  Villa Gesell VGA 36° 44" S; 55° 44 W 55 March 2011 32-1 (27-5-35-5)

(autumn)

Southern Necochea NEA 38° 36’ S;58° 42’ W 48  May 2009 29.2 (25-39)
(autumn)

Southern Necochea NES 38° 52/ S;58° 100 W 30  October 2009  30-3 (25-37)
(spring)

n, sample size; Lr, total length.

Necochea were taken from a previous study by Alarcos & Timi (2012). Fish examination and
parasitological analyses were carried out as described by Alarcos & Timi (2012).

Samples from commercial catches do not allow programming sampling designs, so replicate
samples in each area are desirable to avoid pseudoreplication problems (Millar & Anderson,
2004), because fishes were caught by trawls with different (unknown) positions in each area,
however, it is expected that they will incorporate some of the true structure of randomness
present in fish communities in each zone, diminishing the possibilities of inflating type I errors.

Total lengths (Lt) were compared between samples by means of a one-way ANOVA (Zar,
1999). Prevalence and mean abundance were calculated for each parasite species in each
sample following Bush et al. (1997).

Differences in community structure among samples were tested by means of a one-way
permutational multivariate analysis of the variance (PERMANOVA; Anderson et al., 2008)
on parasite abundances. The structures of parasite infracommunities between samples (1 x 3
factorial design, ‘samples’ as fixed factors) were compared, testing for main effects after 9999
permutations. According to the information available on the possible migratory patterns of
X. rasile in the study region, the sample caught in Necochea during spring could belong to
either of the northern or southern areas. Therefore, it would have been logical to treat the
factor ‘sample’ as random and nested in ‘area’ (NES + VGA nested in ‘northern region’ in
the first case, or NES + NEA nested in ‘southern region’ in the second). In the present design,
with only two samples from the same area, inferences concerning inter-seasonal variation in
general could not be considered as precise. Thus, ‘sample’ was treated as a fixed factor, which
focused the analyses on results obtained for the available samples only.

Following Anderson et al. (2008) a permutation of residuals under a reduced model was
used as the method of permutation. A sequential sum of squares (type I SS) was applied
because host size was introduced as a covariable (ANCOVA model) and because samples
were unbalanced (different numbers of fish examined by sample). Lt was included as a
covariable because of the known effect of size and age on fish parasite burdens. Where
differences were detected by PERMANOVA, pair-wise comparisons were used to determine
which samples differed. The Bray—Curtis index was used as similarity measure, because the
Bray—Curtis coefficient is undefined when two samples contain no individuals (e.g. uninfected
fish) (Clarke et al., 2006); only fish harbouring at least one parasite species were included in
the analyses. These procedures were repeated by applying the Jaccard index as a similarity
measurement. This index uses binary presence or absence data (Magurran, 1988) to compare
species composition between samples.

As PERMANOVA is sensitive to differences in multivariate dispersion between groups
(sensu homogeneity of variances, which can inflate type 1 error even when centroids have
identical locations), the same models were tested for differences in dispersion using the routine
PERMDISP (Anderson et al., 2008). Dispersions were measured as distances to the centroids
and each term in the analysis was tested using 9999 permutations.

Multivariate PERMANOVA analyses were applied to untransformed data for long-lived
larval parasites because this group of parasites is recommended for studies on fish stock
discrimination (Lester & MacKenzie, 2009). These analyses were repeated on short-lived
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parasites to reveal possible differences due to seasonality in their abundance, because samples
were caught in autumn and spring.

Differences between infracommunities among samples from autumn were examined in
more detail using canonical analysis of principal coordinates (CAP) (Anderson & Willis,
2003; Anderson et al., 2008). Potential overparameterization was prevented by choosing the
number of principal coordinates axes (m) that maximized a leave-one-out allocation success
to groups (Anderson & Robinson, 2003). CAP analyses were based on abundance data using
Bray—Curtis dissimilarity coefficient and repeated on qualitative composition of samples using
Jaccard coefficients. To test for significant differences between infracommunities among the
samples, a permutation trace test (sum of squared canonical eigenvalues) was applied, the
P being obtained after 9999 permutations. In order to estimate if fish from northern and
southern zones mix during spring—summer south of 38°, X. rasile from NES were included
in the adding new samples subroutine of the CAP analyses, and the new samples were placed
onto the canonical axes of the obtained CAP model, which classified each of them into one
of the existing groups. CAP analyses were carried out including all parasites, because both
short- and long-lived species displayed the same results in previous comparisons.

Multivariate analyses on parasite infracommunity data were implemented in
PERMANOVA+ for PRIMER package (Anderson et al., 2008).

RESULTS

Mean host Lt were significantly different between samples (F; j30=16-84;
P <0-01), with samples from VGA being significantly longer than those from NEA
(P <0-01) and NES (0-01 <P <0-05). The two samples from Necochea showed
no significant difference in Lt (P > 0-05).

Eight individuals of X. rasile were uninfected, six in the sample from NES and two
in VGA, the rest being infected by at least one of 18 parasite species (Table II), 16
of which were harboured by fish from NEA, five of them being found exclusively in
this sample, including Derogenes varicus and Anonchocephalus argentinensis with
prevalence >10%. Samples from NES and VGA had poorer communities, with 12
and 13 parasite species, respectively, most of them shared except for Hysterothy-
lacium aduncum, which was found only in VGA at very low prevalence.

After selecting hosts with one or more long-lived parasite species, 21 fish from
VGA, 17 from NES and seven from NEA were excluded from analyses. Results of
PERMANOVA analyses on abundance data (Table III) showed a strong effect of host
size on the response variables, and therefore on the parasite community structure.
The interaction of host Lt with samples showed that the nature of the relationship
between the covariate and the multivariate response differs within different levels
of the factor. Furthermore, taking into account the variations among samples due
to host size, significant variability was detected among the parasite assemblages.
Pair-wise tests between host samples showed that there were significant differences
for those comparisons involving fish from NEA, but not between VGA and NES
(Table V).

After selecting hosts with one or more short-lived parasite species, 26 fish from
VGA, 12 from NES and four from NEA were excluded from analyses. Results
of PERMANOVA analyses on abundance data (Table V) showed a strong effect of
host size on the response variables, although in this case no interaction was observed
between host Lt and samples. After taking into account the variations among samples
due to host Lr, significant variability was detected among the parasite assemblages.
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TaBLE II. Prevalence (P) and mean =+ s.D. abundance (A) of metazoan parasites in three sam-
ples of Xystreurys rasile from the northern Argentine Sea, south-western Atlantic Ocean

Necochea autumn Necochea spring Villa Gesell

Parasite species Stage Site P A P A P A
Digenea
Derogenes varicus Ad St 37 1-29+£2.29 0 0 0 0
Lecithochirium Ad St 10 0-17+0-56 0 0 0 0

microstomum
Cestoda
Scolex polymorphus Pl St-In 46 4.42+9.39 3 023+128 2 0-02+0-13

Tentaculariidae gen. sp.* Pc Me-In 50 1.60+2-18 63 3.80+6:07 62 3-05+3.73

Grillotia carvajalregorum® Pc  Me 56  5:04£9.75 10 293+11.66 9 029+1-40

Unidentified larva* Pl Me 2 0-02+0-14 0 0 0 -

Anonchocephalus Ad In 15 0-23+£0-79 0 0 0 -
argentinensis

Nematoda

Contracaecum sp.* LII Me 13 0-21£0-62 3 0-03+0-18 9 0-11£0-37

Pseudoterranova sp.* LIOI Me 2 0-06 £0-43 0 0 0 0

Hysterothylacium LII Me 31 0-65+1-34 7  013+£0-57 18 0-20£045
deardorffovertsreetorum*

Hysterothylacium aduncum* LIII Me 2 0-02+0-14 0 0 2 0-02£0-13

Ascarophis marina Ad In 2 0-02+£0-14 7 0-40£2-.01 18 047+1-50

Dichelye sp. Ad In 0 0 13 040£130 7 0-09+0-35

Cucullanus bonaerensis Ad In 60 1-19+£1.33 17 030+067 7 0-09£0-35

Acanthocephala

Corynosoma australe* Ju Me 90 923+£938 53 1-67+3-12 71 3-:20£7-39

Corynosoma cetaceum™ Ju Me 2 0-04 £0-29 7 037183 15 0-22+0-66

Copepoda

Acanthochondria sagitta Ad Gi 2 0-06+043 10 0-10£0-30 24 0-27+£0-52

Isopoda

Gnathiidae gen. sp. Pr Gi 0 0 3 003+0-18 7 020£0-87

Ad, adult; Ju, juvenile; LIII, third-stage larva; Pc, plerocercus; Pl, plerocercoid; Pr, praniza; Gi, gills; In, intestine;
Me, mesenteries; St, stomach.
*Long-lived larval parasites.

Pair-wise tests between host samples showed the same results as those comparisons
of long-lived parasites (Table IV).

None of these differences can be attributed to differences in multivariate dis-
persions of parasite infracommunities in terms of their deviations from centroids,
because PERMDISP results were not significant when only long-lived parasites were
included in the analyses (F 116 =0-25, P (perm) > 0-05), as well as for those anal-
yses restricted to short-lived parasites (F,g0 =3-09, P (perm) > 0-05).

Similar results were obtained when analyses were applied to composition of infra-
communities (presence—absence data) (Tables III and IV), but in this case no effect
of host Lt was observed for assemblages composed of long-lived parasites and no
interactions were observed between Lt and samples. PERMDISP results were also
similar for all long-lived parasites (F2116 =0-76, P (perm) > 0-05). Nevertheless,
differences in multivariate dispersions could be affecting the results of comparisons
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TaBLE III. One-factor PERMANOVA results of infracommunity data of parasites of Xys-
treurys rasile in three samples based on Jaccard dissimilarity measures with host total length
(Lt) as covariable. P-values obtained after 9999 permutations

P
Infracommunity Source d.f. SS MS Pseudo F  (perm)
Long-lived larval Host Lt 1 33769 33769  1-8489 >0-05
parasites Host sample 2 22132 11066 6-0586 <0-0001
Host Lt x sample 2 4696-6  2348.3  1.2857 >0-05
Residual 113 2:0639¢> 18265
Total 118 2-3659¢°
Short-lived parasites Host Lt 1 25706 25706 8-47 <0-0001
Host sample 2 39709 19 855 6-54 <0-0001
Host Lt x sample 2 79902  3995-1 1.32 >0-05
Residual 77 2-3369¢> 3035
Total 82 3.071¢

Lrt, total length.

for short-lived species, as they were significantly different (/g0 =5-29, 0-01 <P
(perm) < 0-05), although these differences were observed for comparisons between
NEA and NES (0-01 <P (perm)<0-05 in both cases), but not for the pair
NES-VGA (P (perm) > 0-05).

The CAP analysis based on parasite abundance showed significant differences
between samples (tr=0-75; P <0-001). The selected orthonormal PCO axes
(m = 12) described 96-5% of the variation in the data cloud, with a high percentage
of correct allocations (91:09%). Cross-validation results showed that 94-3% of fish
from VGA and 87-5% from NEA were correctly allocated to their own sample.
Fish from NES were mainly allocated to the sample from VGA (79-2% of them),
with only 20-8% of fish associated with NEA.

Similar results were obtained for the CAP analysis based on parasite composition,
which showed significant differences between samples (tr=0-71; P <0-001). The

TABLE IV. One-factor PERMANOVA results of pair-wise comparisons between samples of

Xystreurys rasile based on abundance (Bray—Curtis dissimilarity) and presence—absence (Jac-

card dissimilarity) measures with host total length (Lt) as covariable. P-values obtained after
9999 permutations

Bray—Curtis dissimilarity Jaccard dissimilarity
Long-lived Short-lived Long-lived Short-lived
parasites parasites parasites parasites

Comparison t P (perm) t P (perm) t P (perm) t P (perm)

VGA-NEA 2.76 <0-0001 3-28 <0-0001 2-49 <0-0001 3-46 <0-0001
VGA-NES 0-93 >0-05 1-19 >0-05 1.07 >0-05 1.25 >0-05
NEA-NES 3.24 <0-0001 2-11 <0-001 3-03 <0-0001 2-23 <0-001
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TABLE V. One-factor PERMANOVA results of infracommunity data of parasites of Xys-
treurys rasile in three samples based on Bray—Curtis dissimilarity measures with host total
length (Lt) as covariable. P-values obtained after 9999 permutations

P
Infracommunity Source d.f. SS MS Pseudo F (perm)
Long-lived larval Host Lt 1 87977 8797-7 3-8434 <0-001
parasites Host sample 2 33472 16736 7-3113 <0-0001
Host Lt x sample 2 12123 6061-3 2-648 <0-01
Residual 113 2-5866¢> 2289
Total 118 3.1305¢°
Short-lived parasites Host Lt 1 21953 21953 6-63 <0-0001
Host sample 2 39036 19518 5-89 <0-0001
Host Lt x sample 2 9469-1 4734-6 1-43 >0-05
Residual 77 2-5513¢> 33134
Total 82 3-2559¢°

Lr, total length.

selected orthonormal PCO axes (m = 6) described 76% of the variation in the data
cloud, with a high percentage of correct allocations (93-07%). Cross-validation results
showed that 96-3% of fish from VGA and 89-6% from NEA were correctly allocated
to their own sample. Fish from NES were mainly allocated to the sample from VGA
(83:3% of them), with only 16-7% of fishes correctly associated with NEA.

DISCUSSION

Xystreurys rasile has a wide distribution in the south-eastern Atlantic Ocean,
inhabiting waters at a depth range between 71 and 100 m, from Cabo Frio, State of
Rio de Janeiro, Brazil to the latitude of 47° S in Patagonia, Argentina (Figueiredo
& Menezes, 2000; Diaz de Astarloa & Fabré, 2003). In the northern Argentine Sea,
the water mass between these depths is known as continental shelf waters, which
extends into the northern continental shelf from the south-west and occupies the
central portion of the shelf. It is separated from coastal waters by the 50 m isobath,
with the exception of the coast between 38° 30/ and 37° 30’ S (between Necochea and
Mar del Plata), where it reaches the coast (Guerrero & Piola, 1997). The penetration
of shelf waters into the coastal region around 38° S is due to the closeness of the
50m isobath to the coast, which generates a marked bathymetric gradient (Lucas
et al., 2005). Two of the samples (NEA and NES) were caught in this region.

Both coastal zones, separated by continental shelf waters, represent different basins
with contrasting oceanographic and biological characteristics. The AUCFZ is greatly
influenced by the Brazilian current (tropical saline and warm waters), as well as by
the discharge of the Rio de la Plata (Bakun & Parrish, 1991; Guerrero et al., 1997).
El Rincon is a semi-enclosed area that generates its own oceanographic features.
In both zones, locally modified waters create frontal zones with important bio-
logical properties (Acha et al., 2004), providing breeding grounds and zones of
concentration for juveniles of several fish species by promoting retention of larvae
(Piola & Rivas, 1997). These zones, with different oceanographic characteristics, har-
bour distinct fish populations, mainly of resident species (Jaureguizar et al., 2006), as
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has been demonstrated in some ichthyological studies (Diaz de Astarloa & Bolasina,
1992; Perrotta & Ferndndez-Giménez, 1996; Militelli & Macchi, 2006; Volpedo &
Fernandez Cirelli, 2006; Sabadin et al., 2010). These include P. patagonicus, for
which it has recently been shown that discrete populations inhabit these regions, one
in the AUCFZ (34°-38° S) and the other in El Rincén (38°—42° S), based on the
identification of spawning areas and reproductive biology (Militelli, 2011).

Parasites have been used to identify stocks of several fish species in these zones,
including the anchovy Engraulis anchoita Hubbs & Marini 1935 (Timi, 2003), two
species of sandperch, Pseudopercis semifasciata (Cuvier 1829) and Pinguipes brasil-
ianus Cuvier 1829 (Timi & Lanfranchi, 2009; Timi et al., 2009, 2010), the flathead
Percophis brasiliensis Quoy & Gaimard 1824 (Braicovich & Timi, 2008, 2010) and
the rough scad Trachurus lathami Nichols 1920 (Braicovich et al., 2012). As in these
previous studies, the significant differences observed between parasite assemblages
of X. rasile from both zones, but caught during the same season, support the hypoth-
esis that two stocks of X. rasile inhabit these regions. These differences indicate
that in each zone fish are exposed to qualitatively different assemblages of infective
stages of parasites. Indeed, the marine fronts formed in both coastal basins influence
the distribution of mesozooplankton, leading to their classification as different fau-
nistic areas (Marrari et al., 2004). These fronts can also act as barriers for parasite
dispersal, leading to significant differences in composition of their assemblages.

The differences recorded between the two samples from Necochea, especially for
long-lived parasites (e.g. those parasites not expected to be influenced by seasonal
oscillations), indicate that there is no temporal component in such variations. On the
other hand, the similarity between fish caught during spring and samples from the
AUCFZ, especially when short-lived parasites were considered (e.g. those prone to
undergo seasonal variations included), supports the hypothesis that spring migrations
of the northern stock towards shallow waters at 38° S and southwards (Fabré et al.,
2001) occur.

Despite the transient nature of short-lived species, the lack of seasonality in
abundance and composition of their assemblages could be explained by the fact that
spring samples were caught at the beginning of the warm season, and some inertia
in community composition could be expected, as time elapsed in southern waters
could be not long enough for losing seasonal parasites or acquiring parasites in the
new region. Furthermore, the dynamics of the oceanographic regimes in the northern
Argentine continental shelf maintain the stability of environmental conditions, and
therefore of parasite assemblages. Waters across this region undergo a seasonal
oscillation in distribution and extension that implies a spring—summer reversal of
the characteristic shelf-wide north-northeast direction of flow within the coastal zone
(Jaureguizar et al., 2006). This warmer period is characterized by Rio de la Plata
waters flowing to the south and east, and an invasion of continental shelf waters into
the coastal areas (Lucas et al., 2005), meaning that northern flatfishes are to a certain
degree accompanied by their winter habitat during their spring migration. This syn-
chrony of geographic displacements between flatfishes and habitat could explain the
maintenance of parasite infracommunity structure and composition during migrations.

Stock discrimination can be complicated by the occurrence of migratory cycles that
include regions inhabited by other stocks. Therefore, consideration of stock structure
should incorporate the effects of migration behaviour in population dynamics (Secor,
1999). This is the case with X. rasile, for which the migratory patterns of the northern
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stock proposed by Fabré et al. (2001) are in agreement with the present results.
Management plans for this species, when applied, should consider that in the region
of Necochea, two stocks are being exploited in different seasons.

The spawning area of the southern stock is still unknown, as the work by Fabré
et al. (2001) did not cover this region. Further studies should incorporate samples
from southern areas of El Rincdn to assess whether movements towards these lat-
itudes occur in the southern stock during the warm season. The spawning area for
this stock could be located at San Matias Gulf, a north Patagonian gulf located in
the southern limit of El Rincén. This hypothesis is based on the increase in relative
abundance and the maximum reproductive activity of X. rasile observed in this gulf
during the warm season (Perier & Di Gidacomo, 2002).

A more extensive sampling programme, in both time and space, is desirable to
accurately assess the stock composition and migratory routes of X. rasile in this
region, as well as their temporal persistence in geographical locations and the possible
mixture of stocks during migrations. The results validate the utility of parasites
as biological markers in the region, confirming their value as ancillary tools to
be combined with other methodologies of stock identification. They constitute a
step forward towards understanding the stock dynamics of X. rasile in the northern
Argentine Sea.

The authors thank K. MacKenzie for his valuable suggestions on the manuscript. Financial
support was provided by grants from CONICET (PIP 112-200801-00024) and Universidad
Nacional de Mar del Plata (EXA 621/12).
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