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Abstract The marine catfish Genidens barbus is an
anadromous species from South America. The aim of
the present study was to evaluate the use of lapillus
otolith microchemistry (Sr:Ca; Ba:Ca andMg:Ca ratios)
as an indicator of changes in habitat use and identify the
potential breeding areas and fish stocks of G. barbus
populations from the Plata Basin (Paraná River Delta
and De la Plata River estuary-Argentina) and Lagoa dos
Patos coastal lagoon (southern Brazil). Sr:Ca, Ba:Ca and
Mg:Ca ratios were measured in the core area (inner 4
rings) and external area (outer 3–4 rings) of the otoliths
by ICP-OES. The Sr:Ca ratio tended to be higher in the
otolith external area than in the core area, while the
Ba:Ca ratio followed the opposite pattern. This suggests
the displacement of fish toward higher salinity areas.
The Sr:Ca, Ba:Ca, Mg:Ca ratios in the core and external
areas of the otoliths from the Plata Basin differed sig-
nificantly from those of the otoliths from Lagoa dos
Patos. This may indicate the occurrence of two different
breeding sites and at least two fish stocks in the study
region.

Keywords Anadromous, .Genidens barbus, . Lapillus
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Introduction

The marine catfishGenidens barbus (Lacépède 1803) is
an anadromous species inhabiting estuaries and the ma-
rine continental shelf from Bahía, in Brazil, to San Blas,
in Argentina (17°00’S-40°32’S) (López and Bellisio
1965). It is considered one of the most important fish
resources in Uruguay, Brazil and Argentina (Reis 1986;
Tavares and Luque 2004; Velasco et al. 2007; MINA
GRI 2013). The marine catfish is captured by artisanal
fishermen in the Lagoa dos Patos estuary (Río Grande
do Sul) in Brazil, where the capture dropped from 9,000
tons (t) per year in 1972–1973 to less than 200 t per year
since 1996 (IBAMA 1999; Velasco et al. 2007). Annual
captures in Uruguay ranged from 90 to 150 t between
2005 and 2007 (DINARA 2013). In Argentina, the
species is mainly captured in the lower section of the
Plata Basin (estuarine and freshwater environments),
with annual catches reaching 40–70 t (MINAGRI
2013). There are currently no fisheries regulations for
this species (López et al. 2005).

The marine catfish populations from Uruguay and
the Plata Basin have been poorly studied. However,
some ecological aspects of the population from Lagoa
dos Patos are known from previous studies (Reis 1986;
Velasco and Reis 2004; Velasco et al. 2007). Adults
move into that lagoon system from September to De-
cember for reproductive purposes at an age of 8–9 years
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to breed (Reis 1986). After females spawn in freshwater,
males return to the estuarine portion of the lagoon
carrying the eggs in the oropharyngeal cavity (Reis
1986; Velasco and Reis 2004). Juveniles are then re-
leased in the lower estuary waters and the adult males
move to the continental shelf. Juveniles live in the
estuary until the age of 3–4 years (size: 25 cm), when
they change their habitat use and migrate to the ocean
(Velasco et al. 2007).

Baigún et al. (2012) classified the species as vulner-
able due to its complex life cycle (low fecundity, oral
incubation), its restricted distribution in fresh or estua-
rine waters during the reproductive period, the unknown
environments that inhabits during the non-reproductive
period, and the critical status of the species fishery. All
these factors required the development of management
actions for the sustainable exploitation of the marine
catfish, which relies on a better understanding of the
connectivity of populations between the distribution and
breeding areas in the southwestern Atlantic Ocean
(Lagoa dos Patos estuary in Brazil and the Plata Basin
in Argentina).

In the last decade, the analysis of the otolith
microchemistry allowed the identification of migrato-
ry routes and displacements (Zlokovitz et al. 2003;
Tabouret et al. 2010; Avigliano and Volpedo 2013;
Avigliano et al. 2014). Fish otoliths are complex
polycrystalline structures, composed of calcium car-
bonate (96 %) deposited as aragonite crystals in a
protein matrix, and small quantities of other minerals
(Campana et al. 1997). The strontium:calcium (Sr:Ca)
and barium:calcium (Ba:Ca) ratios of fish otoliths are
useful for the identification of migratory routes or
displacements between estuarine environments be-
cause changes in these ratios are related to changes
in salinity. In particular, the Sr:Ca ratio is positively
correlated with water Sr:Ca ratio and salinity (Secor
et al. 1995; Zlokovitz et al. 2003; Kraus and Secor
2004; Schuchert et al. 2010; Tabouret et al. 2010),
while the Ba:Ca ratio is negatively correlated with
water salinity (e.g. Miller 2011; Avigliano et al.
2014). In addition, the otolith magnesium:calcium
(Mg:Ca) ratio has been used for the identification of
fish stocks (Schuchert et al. 2010; Ferguson et al.
2011). This ratio has no relationship with water salin-
ity but it can vary with different factors as physiolog-
ical, ontogenetic, temperature and water Mg:Ca ratio
(Martin and Thorrold 2005; Martin and Wuenschel
2006; Miller 2011).

In this context, the objective of the present study
was to evaluate the use of lapillus otolith
microchemistry (Sr:Ca; Ba:Ca and Mg:Ca ratios)
as an indicator of changes in the habitat use of
G. barbus. We preferred using lapillus otoliths
rather than sagittal or asteriscus otoliths because
they were larger and allowed less measurement
error. The otolith chemical signature was compared
between the core and the external areas to confirm
the change in habitat use reported by Velasco et al.
(2007). The chemical signature was also compared
between the core area of otoliths from different
estuaries (Plata Basin in Argentina and Lagoa dos
Patos in Brazil) to identify the potential breeding
areas, and between the external area of otoliths
from those estuaries to determine the occurrence
of different fish stocks. This information is impor-
tant for the sustainable exploitation of the species
and the development of assessment and manage-
ment models.

Materials and methods

Study area

The Lagoa dos Patos is a large coastal lagoon located on
the coast of Río Grande do Sul (Brazil), with a total area
of 10,360 km2. The southern part of the system is
occupied by an estuary, whose total area accounts for
10 % of the lagoon area. The mean salinity is around
15 g/L in the estuary (Burns et al. 2006), while the
maximum depth is 6 m in the estuary (Guerrero et al.
2010) and 18m in the navigation channel. The system is
connected to the Atlantic Ocean by a narrow channel
that is 4 km long and 740 m wide (Fig. 1).

The Plata Basin (3,170,000 km2) discharges into the
De la Plata River estuary (30,362 km2) with an average
discharge of 23,000 m3/s towards the Atlantic Ocean
(Guerrero et al. 1997). This fluvio-marine environment
can be divided into three regions based onwater salinity:
inner, middle, and outer (Fig. 1). The salinity is lower
than 0.2 g/L in the inner section, while it ranges from 0.2
to 10 g/L and from 5 to 25 g/L in the middle and outer
regions, respectively. The outer section is 300 km wide
and the maximum depth of the De la Plata River estuary
ranges between 5 and 25 m (Guerrero et al. 2010). The
most important rivers in the Plata Basin are the Paraná
Guazú and Uruguay Rivers (Fig. 1).
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Sample collection

A total of 68 adult fish were caught with gillnets in the
Lagoa dos Patos estuary in Brazil (Pelotas and San
Lorenzo do Sul localities) (age range: 7–14 years; total
length range: 410–810 mm), at a depth less than 5 m. In
addition, 74 adult fish were collected with longlines in
the Plata Basin in Argentina (Sauce and Paraná Guazú
Rivers in the Paraná River Delta and the De la Plata
River estuary) (age range: 7–13 years; total length
range: 427–791 mm), at depths ranging from 10 to
33 m (Fig. 1). The total length (in mm) of all the animals

collected was recorded and the lapillus otoliths were
removed.

Age determination and sample preparation

The otoliths were washed with distilled water and
photographed. The right otolith of each pair was em-
bedded in crystal epoxy resin and sectioned transversely
through the core to a thickness of 1 mm using a rotary
saw equipped with a diamond blade (Dremel® 250 and
300). The number of rings in the section was counted by
two independent observers under a stereomicroscope

Fig. 1 Sampling sites of the marine catfishGenidens barbus. 1) The Plata Basin, Argentina (green shaded area): 1a, Paraná River Delta; 2b,
De la Plata River estuary. 2) Lagoa dos Patos, Brazil (red box): The black dots show the sampling sites (Inset 1a and 2)
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(Leica® EZ4-HD) at 40× magnification. Age determi-
nation by counting the ring number in lapillus otoliths of
G. barbus was validated by Reis (1986). To avoid
possible year-class effects on trace element composition
of lapillus otoliths, only the otoliths with 7 or 8 rings
were selected for the study (see Table 1).

The method applied in the present study allowed for
the isolation of specific areas of the otoliths (e.g. core
and external areas). The left otolith of each pair was
embedded in crystal epoxy resin and two sections (940±
100 μm thick) were obtained per otolith and the number
of rings in each section was counted under a stereomi-
croscope (Leica® EZ4-HD) at 40× magnification
(Fig. 2). The sections were discarded if they differed in
the number of rings. The outer three (in the case of 7-
year-old fish) or four rings (in the case of 8-year-old
fish) were eliminated from one of the two sections and
the inner four rings were eliminated from the other
section using a rotary saw, under a stereomicroscope.
By means of this procedure two areas were obtained for
the left lapillus otolith of each 7 or 8-year-old fish: a
core area containing the inner four rings, and an external
area containing the outer three to four rings (Fig. 2).
Both areas were manually removed from the resin,
washed in distilled water Mili-Q (Millipore, Sao Paulo,
Brazil) and weighed. Those otolith sections in which the
formation of cracks during the polishing process caused
the loss of material were not included in the study. For
this reason, the sample number differs between the core
and external areas (Table 2).

Otolith microchemistry

The core and external areas were digested with 10 %
nitric acid during 48 h. The otolith Sr (407.771 nm), Ba
(233.527 nm), Mg (285.213 nm) and Ca (317.933 nm)
concentrations were determined by inductively coupled
plasma-atomic emission spectrometry (ICP-OES), using
a Perkin Elmer® Optima 2000 DV (Überlingen, Germa-
ny) equippedwith cross-flow nebulizer and a quartz ICP
torch (method EPA 200.7) (EPA 1994). A Perkin-Elmer

AS-90 Plus autosampler was used for automated sample
handling. The equipment was cleaned at regular inter-
vals with MilliQ water (Millipore, Saõ Paulo, Brazil)
and 10 % nitric acid matrix to prevent sample memory
effects. The detection limits of the ICP-OES were 8, 10
and 10 μg/L for Ba, Sr and Mg, respectively. External
calibration was carried out using the atomic spectrosco-
py standard QCS 21 (Quality Control Standard, Perkin
Elmer® Pure, USA). All measurements were performed
in triplicate (RSD<4 %). The digestion and analytical
procedures were checked by the analysis of Otolith
Certified Reference Material for trace elements (FEBS-
1, National Research Council, Canada). Replicate anal-
ysis of these reference materials showed good accuracy,
with the following metal recovery rates: 93 % for Sr;
99 % for Ba; 105 % for Mg; 114 % for Ca.

Statistical analysis

Data were tested for normality and homogeneity of
variance using the Shapiro-Wilk and Levene’s tests,
respectively. The otolith Sr:Ca; Ba:Ca and Mg:Ca ratios
were normally distributed (Shapiro-Wilk test, p>0.05).
However, only the Sr:Ca ratio met the assumption of
homogeneity of variance (Levene’s, p>0.05). For this
reason the Mg:Ca and Ba:Ca ratios were analyzed using
the non-parametric tests because they did not meet that
assumption (Levene’s p<0.05), even after being Log
(x+1) transformed (Longmore et al. 2010).

Analysis of covariance (ANCOVA) was used to as-
sure that differences in otolith weight did not confound
any stock-specific differences in elemental composition
(Campana et al. 2000; Kerr and Campana 2013).
ANCOVA is robust to violations of the assumption of
homogeneity of variance (Olejnik and Algina 1984).
The otolith Sr:Ca, Mg:Ca and Ba:Ca ratios varied sig-
nificantly with otolith weight (ANCOVA, p<0.05) and
they were corrected using the common within-group
slope (b) for each variable (element:Ca) on otolith
weight (e.g. Galley et al. 2006; Burke et al. 2008;
Longmore et al. 2010; Kerr and Campana 2013).

Table 1 Descriptive statistics of the individuals used for otoliths analysis. N: sample size; SD: standard deviation; TL: total length

N Age range (year) Age mean±SD TL range (cm) TL mean±SD

Argentina 22 7–8 7.47±0.71 43–59 50.9±4.70

Brazil 14 7–8 7.50±0.50 42–58 48.6±5.36
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In relation to the objectives of this study, we conduct-
ed the following analysis or comparisons: 1) The
element:Ca ratios were compared between the core
and external areas of the otoliths using paired t-Test
(Sr:Ca ratio) or the non-parametric equivalent Wilcoxon
test (Ba:Ca and Mg:Ca ratios) in order to evaluate the
change in habitat use. 2) The element:Ca ratios in the
otolith core area were compared between the study
estuaries (Argentina vs Brazil) to determine the occur-
rence of different breeding sites with t-Test (Sr:Ca ratio)
or the non-parametric equivalent Mann–Whitney U test
(Ba:Ca and Mg:Ca ratios). 3) The element:Ca ratios in
the otolith external area were compared between Argen-
tina and Brazil to determine the occurrence of different

fish stocks with t-Tests (Sr:Ca ratio) andMann–Whitney
U test (Ba:Ca and Mg:Ca ratios). 4) Scatter plots were
used to represent graphically the relationships between
the Sr:Ca, Ba:Ca and Mg:Ca ratios (see Ferguson et al.
2011; Avigliano et al. 2014). 5) The Hotelling T-square
test (Jørgensen and Rajeswaran 2005) was used to eval-
uate the otolith multi-elemental fingerprints and detect
differences in the multi-elemental composition of the
core and external areas of otoliths from different sam-
pling sites. This test is appropriate for small samples and
is robust to violations of the assumptions of normality
and homogeneity of variance (Jørgensen and
Rajeswaran 2005). 6) A Canonical Discriminant Anal-
ysis (CDA) of the elemental concentration of the otolith

Fig. 2 Scheme illustrating the
differential polishing of otolith
transversal sections. A) Lapillus
otolith embedded in crystal epoxy
resin. B) Two sections cut through
the core of the otolith. C) frontal
view of the sections, showing the
growth rings. D) Differential
polishing of sections, with section
one (otolith core area) containing
the inner four rings (first 4 years
of life) and section two (otolith
external area) containing the outer
four rings (5 to 8 years of life)

Table 2 Element:Ca ratios (in
mmol/mol, means±standard de-
viation) in the otolith core and
external areas for each study site.
P: p-value from statistical tests (t-
Tests and paired t-Tests for Sr:Ca
ratio; Mann–Whitney U and
Wilcoxon tests for Ba:Ca and
Mg:Ca ratios); N: sample size.
The asterisk (*) indicates statisti-
cally significant differences
(p<0.05)

Argentina Brazil p

Sr:Ca Core area 4.66±0.44, N=22 3.60±0.84, N=14 0.0001*

External area 4.76±0.44, N=19 3.65±1.11, N=11 0.001*

P 0.8 0.4

Ba:Ca Core area 0.12±0.04 0.26±0.11 0.0001*

External area 0.05±0.02 0.19±0.13 0.0007*

P 0.001* 0.04*

Mg:Ca Core area 0.72±0.21 0.39±0.23 0.005*

External area 0.29±0.1 0.15±0.09 0.002*

P 0.001* 0.002*
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core and external areas was performed to test the accu-
racy of using that variable (element:Ca) for the identifi-
cation of fish origin site (e.g. Longmore et al. 2010; Kerr
and Campana 2013). To determine the discriminatory
importance of each element:Ca ratios (i.e. the value of
each variable that contributed most to the separation of
the groups) across all discriminant functions, the mean
discriminant coefficient was calculated using the follow-
ing equation (Backhaus et al. 2006): Mean discriminant
coefficient bj=Σ |bjk|*EAKk (k=1, k=….) where bjk is
the standardized discriminant function coefficient for
the variable j with respect to the discriminant function
k, and EAk is the proportion of the eigenvalue of the
discriminant function k in relation to the sum of all
eigenvalues. All statistical tests were performed using
the InfoStat® software.

Results

Element ratios

The Sr:Ca ratio (Table 2) was similar between otolith
areas both (core vs external) in Argentina and Brazil.
Moreover, the Sr:Ca ratio (Table 2) in the core and
external areas was significantly higher in Argentina
compared to Brazil.

The Ba:Ca and Mg:Ca ratios (Table 2) were signifi-
cantly lower in the external than in the core area of
otoliths from both study sites. The Ba:Ca ratio
(Table 2) in the core and external areas was significantly
higher in Brazil compared to Argentina. However, the
opposite pattern was observed for the Mg:Ca ratio
(Table 2).

Furthermore, a separation of values corresponding to
Brazil from those corresponding to Argentina was ob-
served for all the relationships analyzed (Sr:Ca vs
Mg:Ca, Sr:Ca vs Ba:Ca, Ba:Ca vs Mg:Ca) and for both
otolith areas (see Fig. 3). There were four fish collected
in Lagoa do Patos that had isotopic signatures that
differed from the other fish caught at this location
(Fig. 3).

Multivariate analysis

Results from the Hotelling’s T-square test revealed sig-
nificant differences in the multi-element signatures of
the otolith core (p<0.0001) and external (p<0.001)
areas between Argentina and Brazil. The Canonical

Discriminant Analysis showed a separation between
the groups from Argentina and those associated with
Brazil, based on the elemental concentration of both
otolith areas (Table 3). The CDA proved to have greater
accuracy in classifying the fish caught in Argentina than
those collected in Brazil (core area: 71.4 %; external
area: 63.6 %) (Table 3). Based on the mean discriminant
coefficients, the otolith Ba:Ca ratio was identified as the
most important variable, followed by the otolith Mg:Ca
and Sr:Ca ratios, both for the core (bj=0.75, bj=−0.03,
bj=−0.06, respectively) and external (bj=0.57, bj=−
0.13, =bj=−0.86, respectively) areas of the otoliths.

Discussion

Several studies have demonstrated that the otolith Sr:Ca
and Ba:Ca ratios are closely related to the salinity of
water bodies where fishes live (e.g. Kraus and Secor
2004; Miller 2011; Avigliano and Volpedo 2013). Both
the Plata Basin and Lagoa Dos Patos are characterized
by a pronounced salinity gradient, and otolith Sr:Ca
ratio is positively correlated (Albuquerque et al. 2012;
Avigliano and Volpedo 2013). In the present study, the
Sr:Ca ratio in the core and external areas of otoliths from
fish collected in Argentina was significantly higher than
that from fish collected in Brazil, while the opposite
pattern was observed for otolith Ba:Ca. This is in agree-
ment with the wider salinity range of the De la Plata
River estuary in Argentina (2–30 g/L, according to
Guerrero et al. 2010) in comparison to Lagoa dos Patos
in Brazil (2–20 g/L, according to Burns et al. 2006).

The Sr:Ca ratio tended to be higher in the otolith
external area than in the core area, while the Ba:Ca ratio
followed the opposite pattern. These trends are consis-
tent with the change in habitat use throughout ontogeny,
from a low salinity environment (estuary) to a high
salinity one (continental shelf). This agrees with the
displacement pattern previously reported by Velasco
and Reis (2004) for G. barbus from Brazil, based on
fish length distribution and growth parameters. They
found that juvenile catfish (up to 4 years old) inhabit
lower salinity (estuarine) waters, while pre-adults and
adults (over 4 years of age) are distributed in coastal.

The change in habitat use has been reported by other
authors for euryhaline species from Lagoa dos Patos and
Plata Basin as Lycengraulis grossidens (Mai et al. 2014)
and Micropogonias furnieri (Albuquerque et al. 2012).
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Like catfish, some populations of these species migrate
from the estuaries to ocean during ontogeny.

Mg incorporation into carbonates is affected by ki-
netic and metabolic effects. There is evidence of

temperature effects on the incorporation of Mg in biotic
aragonite as well as ontogenetic, growth, and precipita-
tion rate effects (e.g. Martin and Thorrold 2005; Martin
and Wuenschel 2006; Miller 2011).

Fig. 3 Relationships between the element:Ca ratios (mmol/mol). N (sample size): 22 (core area) and 19 (external area) for the Plata Basin,
Argentina; 14 (core area) and 11 (external area) for Lagoa dos Patos, Brazil

Table 3 Classification matrix of the CDA for Argentina and
Brazil populations of Genidens barbus (a), otolith core area (b)
otolith external area. The percentages in rows represent the

classification of each group given in columns. Corresponding
numbers of individuals are given in brackets. N: sample size

a-core area b-external area

Locality Argentina Brazil Ntotal Argentina Brazil Ntotal

Argentina 100 (22) 0 22 100 (19) 0 19

Brazil 28.6 (4) 71.4 (10) 14 36.4 (4) 63.6 (7) 11

Environ Biol Fish (2015) 98:1623–1632 1629



In this study, the otolith Mg:Ca ratio was higher in
the otolith core area than in the external area (Table 2).
This could be due to different factors, for example a
change in the rate of incorporation of Mg during ontog-
eny, or it could be related to habitat use change (e.g.
temperature, water Mg:Ca).

The water temperature varied from 12 °C in winter to
27.5 °C in summer in Laguna dos Patos (Brazil)
(Muxagata et al. 2012), when this varied from 8 °C to
24 °C in Plata Basin (Argentina) (Guerrero et al. 1997).
In this paper, otolithMg:Ca ratio was significantly higher
in fishes from Argentina than in fishes from Brazil.
These results are consistent with those reported by
Gaetani and Cohen (2006), where a negative effects of
temperature on Mg incorporation in abiotic aragonite
have been reported. However, for juvenile anadromous
Chinook salmon (Oncorhynchus tshawytscha), otolith
Mg:Ca was positively correlated with temperature and
mean daily otolith and somatic growth rate (Miller
2011). Furthermore, Mg incorporation was not related
to the effect of temperature on otolith Mg:Ca in euryha-
line species (spot Leiostomus xanthurus, gray snapper
Lutjanus griseus and chinook salmon Oncorhynchus
tshawytscha) (Martin and Thorrold 2005; Martin and
Wuenschel 2006;Miller 2011). In conclusion, the factors
affecting the incorporation ofMg in the otolith are highly
variable among species and should be tested experimen-
tally. However, the differences found in theMg:Ca ratios
between the otolith core and external areas may also
reflect a change of habitat use consisting in the displace-
ment from an estuarine to a marine environment.

The different Sr:Ca, Ba:Ca, Mg:Ca ratios and chem-
ical signature of the core and external areas of otoliths
from Argentina compared to those from Brazil may
indicate the occurrence of two different breeding sites
and two populations of the species in the southwestern
Atlantic Ocean. According to our results, the two pop-
ulations remain separated during the breeding and adult
periods. This could be an indication that most fishes
tend to select as spawning site, the estuary where they
were born. This hypothesis should be tested with other
methodologies, such as tagging or genetics analysis.

The homing behavior was previously reported for other
large Silurids from Plate Basin as Pseudoplatystoma
corruscans (Pereira et al. 2009). Furthermore, homing
and anadromy are two behavior life-history trails that are
well attested in various group of fish, especially the family
Salmonidae (e.g. Salmo, Salvelinus, Oncorhynchus), but
also in other groups as Clupeidae (American shad Alosa

spadissima) (Marschall et al. 1998; Quinn et al. 1999;
McDowall 2001). Marschall et al. (1998) and Quinn
et al. (1999) reported that the Atlantic salmon (Salmo
salar) and sockeye salmon (Oncorhynchus nerka) show
a strong tendency to return to their natal site. The anadro-
mous behavior provides fish the opportunity for more
rapid growth, and higher fecundity through the exploita-
tion of rich food resources, while homing fosters adapta-
tion of stocks to favorable local spawning conditions
(McDowall 2001).

Furthermore, four marine catfish collected in Brazil
showed the same chemical signature of the otolith core
and external areas as those collected in Argentina. These
specimens were also assigned to the Argentina group
based on the CDA results (see Fig. 3a, b, f and Table 3).
It is possible that they were born and stayed in Argentina
until they became adults and then moved to Brazil,
where they were collected. This may explain present
results. However, there is no previous evidence suggest-
ing the displacement of juveniles or adults between the
two study sites, since this is the first study that directly
examines the migratory behavior of G. barbus. In this
regard, we hope that the information reported in the
present study will serve as a basis for future researches
(e.g. tagging studies) focused on the species displace-
ments. The diversion of homing behavior would not be a
novelty, especially in salmonids (Cury 1994; McDowall
2001). According toMcDowall (2001), a low percentage
of straying in species that he may have long-term evo-
lutionary advantages. This way the fish could move into
new environments, and perhaps more beneficial in terms
of food and reproduction, especially if the natal site has
changed. Furthermore, a low migration rate between the
spawning sites also would increase the genetic variabil-
ity of populations (Cury 1994). Some studies on Atlantic
salmon estimated that to maintain a genetic homogeneity
within subpopulations of 2500–10,000 individuals, the
migration rate between the populations has to be less
than only one individual per year (see Cury 1994).

The method applied (polishing of the otoliths in thin
layers and the analysis of the Sr:Ca, Mg:Ca and Ba:Ca
ratios in the two delimited areas) proved to be a good
indicator of fish habitat and a useful tool to identify
potential fish stocks and study the displacements of
G. barbus. Other authors have developed similar
methodologies, for example, Arslan and Secor (2008)
has isolated the otolith core of blackfin tuna using
different milling methods. However, this is the first time
that otolith rings are mechanically separated. In
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principle, it would be possible to isolate the core, rings,
or a combination of these, which are needed to study.
We recommend the use of this methodology to other
species, especially for anadromous fish. However, there
are some limitations, for instance, the methodology
could be very laborious for species with small otoliths.

In conclusion, the results showed that the habitat use
differed among the two age classes that were assessed.
Moreover, the element fingerprints differed between fish
caught in Argentina and those caught in Brazil. The data
suggests that the fishes caught in Argentina and Brazil
are from separate breeding sites and represent two sepa-
rate stocks. Present results should be taken into account
for sustainable and conservation management policies.
As a contribution, we recommend stocks-specific regu-
lations for the marine catfish. On the other hand, we also
recommend defining areas for temporary closure (during
reproductive migration) and species-specific regulations
to ensure the spawning and breeding. Limit or control
fishing in areas where fishes migrate between stocks
could help to maintain genetic exchange. Furthermore,
an increase in oversight and control practices should be
present among the measures to be taken by the
policymakers and stakeholders due to the lack of agents
in the fishing area. Also a strong educational campaign
about Best Management Fishing Practices for this re-
source will generate a population awareness of the actual
situation and future options. Finally, the creation of legal
fish landing ports in both estuaries will contribute to
generate reliable fishing statistics and ensure the proper
management of the two stocks identified in this study.
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