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Two stocks of striped weakfish Cynoscion guatucupa in the south-west Atlantic Ocean, were
identified using parasites as biological tags. A total of 297 fish caught in Brazil, Uruguay and
Argentina, contained 29 species of metazoan parasites. Univariate analysis on parasite popula-
tions, as well as multivariate discriminant analysis, calculated for juvenile and adult fish sepa-
rately, allowed the identification of the two stocks, one from Argentina and Uruguay and the
other from Brazil, to be made. Southern samples were characterized by higher prevalences and
abundance of larval endohelminths, whereas in the northern stock, gastrointestinal and ectopar-
asitic species were common. Discriminant analyses on parasite infracommunities of Brazilian fish
showed notable differences between juvenile and adult hosts; no such trend was observed in fish
from Argentina and Uruguay, despite differences between juveniles and adults at the population
level. Different oceanographic conditions and their influence on the distribution of parasites as
well as of other hosts involved in their life cycles could be key factors for the differences observed
among stocks of C. guatucupa. © 2005 The Fisheries Society of the British Isles
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INTRODUCTION

The striped weakfish Cynoscion guatucupa (Cuvier) (= C. striatus) is a demersal
sciaenid whose geographical distribution is restricted to South American
Atlantic waters, from Rio de Janeiro, Brazil, to north Patagonia, Argentina
(43° S) (Cousseau & Perrotta, 1998); like other sciaenids, the striped weakfish
can be found in bays and estuaries during the spawning season (Cassia, 1986;
Cordo, 1986; Lopez Cazorla, 2000). Striped weakfish is carnivorous, as a juve-
nile and as an adult, occupying the third and fourth trophic levels in the food
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chain (Lopez Cazorla, 1996). Its main prey is fishes and crustaceans (Lopez
Cazorla, 2000).

Despite the importance of C. guatucupa in the regional fishery (Lopez Cazorla,
1996), the number of populations or stocks in this area is still poorly known.
Based on meristic and morphometric comparisons, Diaz de Astarloa & Bolasina
(1992) suggested that striped weakfish from southern Uruguay (samples from
34°57" S; 54°14' to 54°15 W) and northern Buenos Aires Province, Argentina
(samples from 36°12" to 36°43" S; 56°30' to 56°37" W) could be a single stock,
isolated from those striped weakfish from El Rincon, southern Buenos Aires
Province, Argentina (39°05" to 39°07' S; 60°55 to 61°00" W). Previous studies
based on fecundity (Cassia, 1986), length-mass ratios and presence of both eggs
and juveniles in both zones (Cordo, 1986), support this view. No studies on stock
composition of C. guatucupa have been carried out in Brazilian waters, although
quantitative aspects of metazoan parasites of C. guatucupa from Rio de Janeiro
have been studied (Sabas & Luque, 2003).

South American Atlantic coasts are orientated along a north-south axis.
Water circulation in the south-west Atlantic Ocean is characterized by two
water currents, both running parallel to the coast, the Brazil Current (warm
and saline waters) and the Malvinas Current (cold, low salinity subantarctic
waters) (Martos, 1989). In this area many oceanographic variables show latitu-
dinal gradients, including water temperature which decreases southwards
(Bakun & Parrish, 1991; Hoffmann et al., 1997). Temperature, as a measurement
of energy input, is a good predictor of latitudinal gradients in species richness
and diversity (Rohde, 1992, 1999).

The thermal gradient, characteristic of the south-west Atlantic Ocean is
expected to have enough influence on the structure of parasite populations and
communities to allow the identification of different stocks of C. guatucupa, by
using parasites as ‘biological tags’ (MacKenzie, 1983, 2002; Williams et al., 1992;
MacKenzie & Abaunza, 1998).

In parasite assemblages, the demographic variables of parasite species tend to
be dependent of host age and size (Guégan ef al., 1992; Lo et al., 1998; Poulin,
2000; Poulin & Valtonen, 2002; Duerr et al., 2003), therefore the possible effect
of host age and size on the geographical differences of parasite communities was
evaluated in the present study by considering juvenile and adult fish separately.

The purpose of this study was to determine if striped weakfish, inhabiting
coastal waters of Brazil, Uruguay and Argentina form a single stock.

MATERIALS AND METHODS

A total of 297 striped weakfish were examined for parasites. Fish were caught by trawl
in three zones of the south-west Atlantic Ocean: Pedra de Guaratiba, State of Rio de
Janeiro, Brazil (23°01’ S; 43°38’ W) (n = 74) caught at irregular intervals between March
2002 and March 2003, Uruguayan coasts (35°38" S; 53°19’ W) (n = 63) caught in July
1993 and Mar del Plata, Argentina (38°08" S; 57°32' W) (n = 160) caught at irregular
intervals between July 1992 and June 2002. Fish were kept fresh, or deep frozen in plastic
bags at —18° C, until examination. After defrosting each fish was measured for total
length (L1, cm). Parasites were recovered from the body surface, gills, branchial and
body cavities and viscera after microscopic examination.
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Following Cassia (1986), Cordo (1986) and Vieira & Haimovici (1997) fish samples
from each zone were divided into juvenile (<30 cm Lt) and adults (>30 cm L) in order
to minimize the influence of host size and age on parasite burden.

Parasites were identified according to Martorelli (1992), Timi & Etchegoin (1996), Timi
et al. (1997, 2001), Navone et al. (1998), Santos et al. (2002), Guagliardo (2003), Sabas &
Luque (2003) and Sardella et al. (2005).

PARASITE POPULATIONS

Ecological terms follow Bush ez al. (1997). Prevalence and mean intensity were calcu-
lated for each parasite species in each area, for juvenile and adult fish separately. For
those species with grevalence >10% in at least one of the zones (component species,
Bush et al., 1990), y“ analyses and a posteriori multiple comparisons for proportions, with
angular transformation of each proportion, were used to test for significant differences of
prevalence between zones. ANOVA and a posteriori Tukey tests for unequal samples on
logio(x + 1) transformed data were used to analyse the effects of locality on abundance
of each parasite species (Zar, 1996).

SIMILARITY ANALYSES

Serensen quantitative indices of similarity (Magurran, 1988), were calculated among
infracommunities within and between zones.

MULTIVARIATE ANALYSES

A discriminant analysis, based on Mahalanobis distances, was used to find differences
between zones and to identify which parasite species were responsible for these differ-
ences. Analyses were computed on square root-transformed data and performed using
the Brodgar 1.8 package (Brodgar, 2000). Discriminant analyses were applied to both
component species and long-lived parasites.

RESULTS

For both juvenile and adult fish, mean 4+ s.0. host Ly from
Brazil (2645 £+ 1-92cm and 40-67 = 4-31 cm, respectively), Uruguay
(2532 £ 1-:57cm  and  40-82 + 4-94 cm, respectively) and  Argentina
(26:96 £ 2-88 cm and 40-65 + 5-33 cm, respectively) did not differ significantly
among zones (595, P > 0-01 and F5 199, P > 0-01, respectively).

PARASITE POPULATIONS

Twenty-nine metazoan parasite species were found in the pooled samples,
including six ectoparasites, 10 gastrointestinal and 11 larval parasites in the
body cavity, with an unequal distribution among the three host populations
(Table I). Two nematode species, Hysterothylacium aduncum and Ascarophis
marina, were found as larvae in the stomach and intestine only when their
intermediate hosts (the anchovy Engraulis anchoita Hubbs & Marini and the
white shrimp Peisos petrunkevitchi, respectively) were present in the stomach
contents of fish. They were considered as accidental infections and excluded
from further analyses. The monogenean Diplectanum squamatum and the cestode
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Dasyrhynchus pacificus were also excluded from analyses because fish from some
zones were not searched for these two parasites.

Only three species, Corynosoma australe, Hysterothylacium sp. and Terranova
sp. were found in both juvenile and adult fish from all the three zones. No other
species were common in both Brazilian and Uruguayan samples of juvenile
hosts, whereas juvenile striped weakfish from Uruguay and Argentina also
shared Grillotia bothridiopunctata, Corynosoma cetaceum, Contracaecum Sp.
and Lernanthropus cynoscicola. Adult fish contained more species in common
between zones, such as L. cynoscicola in all zones, Lecithochirium microstomum
and Cucullanus sp. in Brazil and Argentina and G. bothridiopunctata,
Callitetrarhynchus gracilis, C. cetaceum, Contracaecum sp. and Anisakis simplex
s.l. in Argentina and Uruguay (Table I).

Thirteen and 16 parasite species reached the status of component species in at
least one of the zones for juvenile and adult fish, respectively (Tables II and III).
For both juvenile and adult fish, the higher number of differences in prevalence
(10 and 14 parasite species, respectively) occurred between Brazil and Argentina,
whereas nine and 13 species, for juvenile and adult respectively, differed between
Brazil and Uruguay and only three for juvenile and one for adult respectively,
between Uruguay and Argentina. Most gastrointestinal and ectoparasitic species
had higher prevalences in Brazilian juvenile striped weakfish, whereas larval
endohelminths showed no such trend. Similar results were observed for differ-
ences in abundance (Table II). Similarly for adult hosts most gastrointestinal
species were more prevalent and abundant in Brazil, whereas the inverse was
observed for larval endohelminths and no differences were observed for ectopar-
asites (Table III).

SIMILARITY ANALYSIS

A high degree of variability was observed in the analysis of similarity (Fig. 1)
(see s.p.); comparisons within zones showed that Brazil was the most hetero-
geneous group, whereas the highest similarity was observed among striped
weakfish from Uruguay [Fig. 1(a)]. Analyses between zones showed that simi-
larity values between infracommunities from Uruguay and Argentina were
higher than those involving striped weakfish from Brazil, even those within
Brazil [Fig. 1(b)].

MULTIVARIATE ANALYSES

The first two discriminant variables explained 93-26% of the variance, con-
tributing to 78-17% (eigenvalue = 6-12) and 15-09% (eigenvalue = 1-18),
respectively. A significant overall group effect was observed (Wilks’
lambda = 0-04, Fyg 1334, P < 0-01). Individual fish were distributed mainly
along the first two axes (Fig. 2). Dimensionality tests for group separation
showed that the zones were significantly separated in both dimensions (%2,
d.f. = 51, P < 0-01), although fish from Argentina and Uruguay were clumped
together independently of their developmental stage [Fig. 2(a)]. Each fish was
classified correctly to the six component communities with an accuracy of
64-65% (Table 1V), while the percentage of correctly classified samples relative
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to chance was 45-79%. None of the Argentinian or Uruguayan fish was assigned
to Brazil, however, three hosts from Brazil were assigned to Uruguay.

The importance of each parasite species with respect to discrimination
between groups [Fig. 2(b)], evaluated as the contribution of each variable to
the total sum of Mahalanobis distances, showed that G. bothridiopunctata, the
most important in determining the position of samples, was related to
Argentinian and Uruguayan samples and directly correlated to both Scolex
polymorphus and C. australe, but inversely correlated to the characteristic species
of Brazilian juvenile fish (Cynoscionicola jamaicencis, Prosorhynchus osakii and
Hargicotyle louisianensis). On the other hand Progrillotia dollfusi and
Parahemiurus merus were important in determining the position of adult fish
from Brazil, whereas Cucullanus sp. and Hysterothylacium sp. showed a position
between adult fish from Brazil and those from Argentina and Uruguay, but
closer to Brazilian samples. Nine species (4. simplex, Contracaecum sp.,
Terranova sp., Callitetrarhynchus sp., C. cetaceum, Opecoeloides polynemi, L.
microstomum, L. cynoscicola and Nybelinia sp.) whose removal resulted in a
small decrease in the total sum of Mahalanobis distances, were excluded from
Fig. 2(b).

When only long-lived parasites were included in the analysis, the first two
discriminant variables explained 94-99% of the variance, contributing to 81-59%
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Fic. 2. (a) Sample scores of the first two discriminant functions for juvenile and adult specimens of
Cynoscion guatucupa in three zones of the south-west Atlantic Ocean. Numbers represent groups
averages, circles around group means represent the 90% tolerance regions (e.g. 90% of the
observations in a group are expected to lie in this region). 1, Argentinian juvenile; 2, Argentinian
adults; 3, Uruguayan juvenile; 4, Uruguayan adults; 5, Brazilian juvenile; 6, Brazilian adults.
(b) Canonical correlations between the first two discriminant functions and the parasites.
Cor, Corynosoma australe, Cuc, Cucullanus sp.; Cyn, Cynoscionicola jamaicencis, Gri, Grillotia
bothridiopunctata; Har, Hargicotyle louisianensis; Hys, Hysterothylacium sp.; Par, Parahemiurus
merus; Prog, Progrillotia dollfusi; Pros, Prosorhynchus osakii; Sco, Scolex polymorphus.

(eigenvalue = 3-25) and 13-40% (eigenvalue = 0-53), respectively. A significant
overall group effect was observed (Wilks’ lambda = 0-13, Fs 1299, P < 0-01).
Dimensionality tests for group separation showed that the zones were
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TaBLE IV. Discriminant analysis classification showing the numbers and percentages of
fish classified in each zone (rows correspond to group memberships)

BR juv BR ad UR juv UR ad ARjuv AR ad Per cent*

BR juv 35 4 2 0 0 0 85-37
BR ad 3 29 1 0 0 0 87-88
UR juv 0 0 24 1 5 2 80-00
UR ad 0 0 5 23 2 3 69-70
AR juv 0 0 7 1 14 2 58-33
AR ad 0 0 17 34 18 67 49-26

BR, Brazil; UR, Uruguay; AR, Argentina. juv, juvenile; ad, adults. *Percentage of correctly
classified fish per zone.

significantly separated in both dimensions (37, d.f. = 24, P < 0-01), although
fish from Argentina and Uruguay were clumped together independently of their
developmental stage [Fig. 3(a)] and juvenile fish from Brazil partially overlapped
southern samples, specially juvenile ones. Each fish was classified correctly to the
six component communities with an accuracy of 54-17% (Table V), while the
percentage of correctly classified samples relative to chance was 45-79%. None
of the Brazilian fish was assigned to either Argentina and Uruguay, however two
hosts from Argentina were assigned to Brazil

The importance of each parasite species with respect to discrimination
between groups [Fig. 3(b)], evaluated as the contribution of each variable to
the total sum of Mahalanobis distances, showed that G. bothridiopunctata, the
most important in determining the position of samples, was related to
Argentinian and Uruguayan samples and directly correlated to C. australe, C.
cetaceum, A. simplex, C. gracilis, Contracaecum sp. and Terranova sp. but
inversely correlated to the characteristic species of Brazilian juvenile fish
(Nybelinia sp.). On the other hand P. dollfusi and Hysterothylacium sp. were
important in determining the position of adult fish from Brazil.

DISCUSSION

Ideal tag parasites for fish stock identification must meet some requisites, such
as life spans of >1 year and constant infection levels from year to year
(MacKenzie, 2002). In the present work samples from different localities were
not taken at the same time. Fish from Argentina, however, were caught over a
long period of time overlapping the dates of capture of striped weakfish from
both Uruguay and Brazil. The presence of many long-lived parasites, such as
larval endohelminths (anisakids, juvenile Corynosoma, larval trypanorhynchs),
which where among the most abundant and prevalent species and accounted for
a high proportion of the differences among zones, overcomes the possible effects
of the different years and seasons of capture on parasite community structure.
Both similarity and multivariate analyses showed that Argentinian fish, sampled
over a long time period (>10 years) were similar to Uruguayan fish, caught in a
single catch, whereas they were more homogeneous in terms of parasite commu-
nity structure than Brazilian striped weakfish, caught during a 1 year period.
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FiG. 3. (a) Sample scores of the first two discriminant functions for juvenile and adult specimens of
Cynoscion guatucupa in three zones of the south-west Atlantic Ocean based on long-lived parasites.
Numbers represent groups averages, circles around group means represent the 90% tolerance
regions (e.g. 90% of the observations in a group are expected to lie in this region). 1, Argentinian
juvenile; 2, Argentinian adults; 3, Uruguayan juvenile; 4, Uruguayan adults; 5, Brazilian juvenile; 6,
Brazilian adults. (b) Canonical correlations between the first two discriminant functions and the
parasites. Ani, Anisakis simplex; Cal, Callitetrarhynchus gracilis; Con, Contracaecum sp.; Cora,
Corynosoma australe; Corc, Corynosoma cetaceum; Gri, Grillotia bothridiopunctata, Hys,
Hysterothylacium sp.; Prog, Progrillotia dollfusi; Nyb, Nybelinia sp.; Ter, Terranova sp.

Therefore, differences in sampling periods seem to have no marked effects on the
parasite community structure, allowing the identification of fish stocks in the
study area.

Comparisons between juvenile and adult fish showed that parasite burden was
dependent on fish size or age. Prevalence and abundance of many parasite
species were largely higher in adult fish. This is not surprising as a cumulative
effect has been commonly reported for fish parasites in the literature. Larger
fishes tend to harbour more parasites due to higher feeding rates, larger surfaces
for parasite contact and attachment, a broader range of prey items (including
larger ones), and higher levels of activity and vagility (with access to different
areas and potentially new parasites) (Guégan et al., 1992; Poulin, 2000). Some
parasites, however, were markedly more prevalent in juvenile fish from Brazil
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TaBLE V. Discriminant analysis classification showing the numbers and percentages of
fish classified in each zone (rows correspond to group memberships), including only long-
lived parasites

BRjuv  BR ad URjuv URad ARjuv ARad  Percent*

BR juv 35 6 0 0 0 0 85-37
BR ad 4 29 0 0 0 0 87-88
UR juv 0 0 19 2 9 0 63-33
UR ad 0 0 4 22 3 4 66-67
AR juv 0 0 9 2 13 0 35-29
AR ad 2 0 22 48 20 44 54-17

BR, Brazil; UR, Uruguay; AR, Argentina; juv, juvenile; ad, adults. *Percentage of correctly
classified fish per zone.

(i.e. P. osakii, C. jamaicencis, H. louisianensis) and Argentina (Opecoeloides
feliciae, Dichelyne spinicaudatus). These parasites are probably lost in larger
fishes as a consequence of changes in diet (gastrointestinal species), habitat
shifts, and increase of physical constraints with host size or host immunity
(ectoparasites).

Evidence from parasitological analyses clearly showed that two stocks could
be identified. Striped weakfish samples from Brazil showed sufficient differ-
ences from those from southern waters to be considered a different stock. For
example G. bothridiopunctata was present in 100% of fish from Uruguay and
Argentina but was absent in fish from Brazil, on the other hand P. dollfusi was
present in 90% of adult fish from Brazil, but absent in samples from Uruguay
and Argentina. Thus these two parasites alone could indicate little exchange
between the two regions. Some species showed differences of prevalence and
abundance between Uruguayan and Argentinian samples. Differences of pre-
valence or abundance of a single (or a few) parasites, between zones, however,
can be an unreliable indication of stock discreteness (Sardella & Timi, 2004).
Both similarity and multivariate analyses yielded further evidence that two
stocks (Brazil and Argentina plus Uruguay) can be differentiated in the three
areas studied.

Similarity within Argentinian and Uruguayan samples was similar to those
between them, indicating the integrity of the southern stock. The low values of
similarity between zones involving Brazilian striped weakfish support their
separation as a different stock. Analysis within Brazilian infracommunities
showed low average similarity indices, even lower than those between
Argentina and Uruguay. Ecological factors are important determinants of para-
site community structure in hosts inhabiting the boundaries of their geographical
distribution (Kennedy & Bush, 1994). Rio de Janeiro is the northern limit of
distribution of C. guatucupa (Cousseau & Perrotta, 1998), and the heterogeneity
in the infracommunity structure could be explained by the characteristics of the
local ecosystem and its trophic web. For instance the coastal area of Rio de
Janeiro is strongly influenced by upwelling systems and by the subtropical
convergence (Luque et al., 2004).
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Results of discriminant analysis clearly showed that striped weakfish from
Brazil represented a separate stock, with evident differences between adults and
juveniles, supporting the heterogeneity in these infracommunities observed in
similarity analyses. Fish from Argentina and Uruguay clumped together to form
another stock unit, with the expected higher similarity between fish of the same
developmental stage. The parasite species that contributed most to the separa-
tion of the samples were those identified as dominant in most infracommunities
within each zone, followed in importance by species with high prevalence in each
area. When only long-lived parasites were included in the discriminant analysis,
a similar picture was observed. Despite the differences between juvenile and
adult fish from Brazil and among juveniles from all zones, the two stock units
remained clearly identifiable.

It is concluded that the striped weakfish inhabiting coastal waters of Brazil are
members of a stock independent of those from Uruguay and Argentina. The
presence of a single stock in southern Uruguay and northern Buenos Aires
Province (Argentinian-Uruguayan Common Fishing Zone) agrees with previous
ichthyological studies (Diaz de Astarloa & Bolasina, 1992), which identified a
third stock at El Rincon, south of Buenos Aires Province. Parasite assemblages
of juvenile and adult fish show similar geographical differences, confirming the
value of biological tags for stock discrimination at any stage of development.

Further studies including samples from northern Uruguay and southern Brazil
are necessary to determine the boundaries between Brazilian and Uruguayan-
Argentinian groups, or to determine if C. guatucupa inhabiting these areas
constitute different stocks to those identified here.
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