Abstract—We investigated the use
of 313C and 880 stable isotopes in
otoliths of juvenile tainha (Mugil
liza) as indicators of the stock struc-
ture of this species of mullet in the
southern Atlantic Ocean. Our analy-
sis identified 2 different spawning
stocks along the Brazilian coast:
the southern stock, from Sao Paulo
(25°S) to Chui (33°S), with distinct
seawater temperature requirements
for spawning (18-21°C), and the
northern stock, from Rio de Janei-
ro (23°S) to the north (up to 19°S),
spawning in seawater temperatures
of 21-24°C. These results will con-
tribute to the development of appro-
priate stock management measures.
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The tainha (Mugil liza), also known
as liza (ITIS, website), is distributed
along the coast of South America,
from the Caribbean Sea to Argentina
(Menezes et al., 2010). The artisanal
fisheries for tainha are culturally
and historically important along the
southern and southeastern coasts
of Brazil (Vieira, 1991; CEPSUL?).
Since the early 2000s, this resource
also has been exploited heavily by
the Brazilian industrial purse-seine
fishery during the reproductive
spawning migration of this species

L CEPSUL (Centro de Pesquisa e Ges-
tdo dos Recursos Pesqueiros do Litoral
Sudeste e Sul). 2007. I relatério de
reunido técnica para o ordenamento da
pesca da tainha (Mugil platanus, M.
liza) na regido sudeste/sul do Brasil, 67
p. CEPSUL, Itajai, Brazil. [Available
from website.]

(Lemos et al., 2014, 2016) because
of the high value of its roe, which
is considered a delicacy analogous
to caviar (CEPSUL?®). More recently,
strong signs of a decline in numbers
have been observed for this spe-
cies, and, since 2004, tainha have
been ranked as overexploited (MPA/
MMA?2). The management plan for
this species of mullet (MPA/MMAZ2)
is not effective because of a total
lack of basic information, including
the identification and characteriza-
tion of the stock or stocks of this
fish (Lemos et al., 2016).

2 MPA/MMA (Ministério da pesca e aqui-
cultura/Ministério do meio ambien-
te). 2015. Plano de gestdo para o uso
sustentavel da tainha, Mugil liza Valen-
ciennes, 1836, no sudeste e sul do Bra-
sil, 137 p. MPA/MMA, Brasilia, Bra-
zil. [Available from website.]


mailto:vavadeleom@yahoo.com.br
https://www.itis.gov/
http://www.icmbio.gov.br/cepsul/images/stories/biblioteca/download/relatorio_de_ordenamento/tainha/rel_2007_abr_tainha.pdf
http://www.icmbio.gov.br/cepsul/images/stories/biblioteca/download/relatorio_de_ordenamento/tainha/rel_2015_plano_gestao_tainha_mpa_mma_revisado.pdf
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Figure 1

Map of the 9 sampling sites along the coast of southern Brazil where specimens of tainha
(Mugil liza) were collected in 2011 for this study of the use of stable isotope ratios in otoliths
for discrimination of stocks. Sampling sites: 1) Chui, 2) Patos Lagoon Estuary, 3) Cassino
Beach, 4) Mostardas, 5) Tramandai, 6) Passo de Torres, 7) Laguna, 8) Pontal do Paran4, and
9) Rio de Janeiro. Abbreviations for southwest states: RJ= Rio de Janeiro, SP=Sao Paulo,
PR=Parand, SC=Santa Catarina, and RS=Rio Grande do Sul.

A stock of fish may consist of a single spawning
unit, a biological population, a metapopulation, or
various proportions of all these units (Cadrin et al.,
2014). The identification of discrete units of stocks has
been, for a long time, a basic requirement for fisheries
science and management (Cadrin et al., 2014). Many
genotypic and phenotypic methods have been applied
to identify stocks and distinguish fish populations (Ths-
sen et al., 1981; Cadrin et al., 2014). In recent years,
otolith chemistry has also been used to identify groups
successfully on the basis of the characterization of en-
vironmental conditions at birth and during early life
history stages (Campana et al., 1994; Gao et al., 2001).

The theoretical basis behind stock identification
that is based on otolith chemistry is that otoliths are
deposited at, or very close to, oxygen isotopic equilib-
rium with ambient seawater and thus scientists can
create a record of the environmental changes that an
individual fish experiences through time (Gao et al.,
2005). Carbon isotopes deposited in otoliths come from
dissolved inorganic carbon (DIC) and animal metabo-
lism, reflecting the physiological status of a fish and
trophic changes (Thorrold et al., 1997). The combina-
tion of carbon and oxygen isotopes is commonly used to
reveal the spatial separation of fish resulting from seg-
regation during spawning, and, therefore, can be used
to define populations (Thorrold et al., 1997).

Studies of the biology of tainha along the coast of
Brazil have revealed differences among populations
that occur over the distribution range of the species
and that results from differences in various reproduc-
tive parameters (Albieri and Aradjo, 2010; Gonzélez-
Castro et al., 2011; Lemos et al., 2014; Mai et al., 2014).
For instance, Mai et al. (2014) discovered at least 2 ge-
netically distinct populations between Rio de Janeiro,
Brazil, and Mar del Plata, Argentina, that have dif-
ferent reproductive patterns. The southern population
is distributed between Argentina and S&do Paulo, Bra-
zil, and there is the gradual northward migration of
tainha from Argentina (at around 37°S) to Santa Cata-
rina, Brazil (at around 26°S). This migration has been
reported to occur during a prespawning process that
takes place in high-salinity waters (35) and at sea-sur-
face temperatures ranging from 19°C to 21°C, and peak
spawning occurs in June (Lemos et al., 2014). About
95% of the commercial catch of this species occurs as
fish migrate between the Rio Grande do Sul (33°S) and
the Santa Catarina coast (26°S) (CEPSULY).

A traditional and still widely held view regarding
stock identification is that fish stocks are reproduc-
tively isolated and their own internal dynamics can be
identified by genetic markers of lineage (Thssen et al.,
1981). But, the lack of a global molecular marker that
identifies a reproductive isolation of fish (Waples et al.,
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Table 1

Sites in southern Brazil where juvenile tainha (Mugil liza) were sampled in 2011, the number of fish sampled at each
site (n), and the mean values of the stable isotopes ratios (§13C, §180), salinity (Sal.), total length (TL), and total weight
(TW) of the fish sampled at each site. Standard deviations are given in parentheses.

Sites n 313C (%0) 3180 (%o) Sal. TL (mm) TW (g)

1 Chui 15 -6.716 (0.71) 0.509 (0.16) 28.5 28.2 (0.88) 0.232 (0.03)
2 Patos Lagoon Estuary 16 —-6.793 (0.30) 0.306 (0.20) 7.5 29.5(0.89) 0.284 (0.02)
3 Cassino Beach 18 -6.709 (0.30) 0.451 (0.23) 27.9 28.6 (1.09) 0.200 (0.01)
4 Mostardas 11 -7.057 (0.26) 0.383 (0.16) 29.1 28.0 (1.01) 0.209 (0.02)
5 Tramandai 6 -6.774 (0.43) 0.385 (0.13) 30.2 28.3 (1.21) 0.213 (0.03)
6 Passo de Torres 15 -7.169 (0.47) 0.361 (0.18) 11.0 28.0 (1.19) 0.248 (0.03)
7 Laguna 13 -7.323(0.16) 0.261 (0.11) 31.1 28.0 (0.86) 0.221 (0.09)
8 Pontal do Parana 3 -7.209 (0.62) 0.320 (0.22) 30.0 28.3 (0.57) 0.270 (0.05)
9 Rio de Janeiro 7 -3.754 (0.51) -1.141 (0.20) 30.0 28.1 (0.69) 0.217 (0.02)

2008) has led to an approach to identifying stocks and
population units that is interdisciplinary. These inte-
grated approaches can provide strong evidences for the
identification and delineation of fish stocks (Cadrin et
al., 2014). Chemical analysis, for example, provides a
greater refinement than genetic analysis alone for iden-
tifying a stock (Campana and Thorrold, 2001; Cadrin et
al., 2014), and the combination of both approaches is
encouraged (Campana et al., 1994; Cadrin et al., 2014).

Our aim was to use isotopic analysis of 3180 and
813C carbonate from otoliths of juvenile fish to test the
hypothesis that there is a single stock of tainha within
the area where 95% of the commercial catch of this
species occurs in southern Brazil.

Materials and methods

Specimens were collected between June and October
2011 at 9 sites along the southern Brazilian coast (Fig.
1) after the reproductive period. One sampling was
performed at each of these sites. A beach seine net (9
m long; 1.5 m high) with 13-mm stretch mesh in the
wings and 5-mm stretch mesh in the center 3-m sec-
tion was pulled perpendicular to the beach. Salinity
was measured at each sampling site. All fish caught
were transported on ice to the laboratory. Individual
fish were identified and weighed (in grams), and their
total length (TL, in millimeters) was measured.

Differences in the lengths and weights of individu-
als between the 9 sampling sites were tested by using
an analysis of variance (ANOVA). All fish were young-
of-the-year ranging in size between 27 and 31 mm TL.
Pairs of sagittal otoliths (right and left) were removed
from each specimen and sent to the Instituto de Geo-
ciéncias da Universidade de Brasilia for analysis. Both
whole otoliths were ground to a fine powder, and iso-
topic ratio mass spectrometry was used for isotopic
analysis of carbonates with Vienna Pee Dee Belemnite
limestone as the standard.

Differences in the isotopic values among sampled
sites were tested by using ANOVA. Isotope values are
described by using the standard “6 per thousand (%0)”
notation defined as

8(%0) = (Riamgte | Ritandara —1) %1000,
where R = 180/160 or 13C/12C.

Results and discussion

The values of 8180 and 813C (from -2 to +4%0 and from
-9 to +1%o, respectively) found in the otoliths of tainha
(n=104) (Table 1) were within the expected ranges for
marine species (Kalish, 1991). The isotopic values of
the carbon and oxygen revealed 2 groups and there-
fore the existence of at least 2 stocks (rather than the
single stock that we had hypothesized) that have 2 en-
vironmentally distinct spawning areas within the over-
all study area. One group, representing samples taken
between the states of Parand and Rio Grande do Sul,
constitutes the southern stock: 0.381%c (standard er-
ror [SE] 0.10) and -6.936%c (SE 0.46), respectively for
8180 and 813C. The second group comprised individuals
hatched in the north near Rio de Janeiro: —1.141%0 (SE
0.20) and -3.754%0 (SE 0.51), respectively for 8130 and
818C.

The values of 8180 and 813C from Rio de Janeiro
and the southern states differed significantly (ANOVA:
23.92 [P<0.0001 and 20.45 (P<0.00001), respectively)
(Fig. 2). Homogeneity among values of 80 and §13C in
the samples from the southern states indicates that all
individuals from this area were hatched in waters with
the same, or very similar, temperatures. Results from
analysis indicated an inverse relationship between the
environmental temperature and values of otolith 3180
(Kalish, 1991; Thorrold et al., 1997), revealing that
southern individuals were hatched in cooler waters
than those waters inhabited by individuals from Rio
de Janeiro. On the basis of the relationship proposed
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Figure 2

Mean values of (A) 8180 and (B) §13C of otolith car-
bonate from tainha (Mugil liza) collected at 9 sam-
pling sites: 1) Chui, 2) Patos Lagoon Estuary, 3) Cas-
sino Beach, 4) Mostardas, 5) Tramandai, 6) Passo de
Torres, 7) Laguna, 8) Pontal do Paran4, and 9) Rio
de Janeiro. Error bars indicate standard errors.

by Kalish (1991), 880 values from otoliths (-1.141%o
[SE 0.20]) corresponded with water temperature values
of 21-24°C, matching the observed sea-surface temper-
ature of the waters off Rio de Janeiro. Similarly, 6180
values of the otoliths (0.381%0 [SE 0.10]) from southern
samples corresponded with water temperature values
of 18-21°C, matching the sea-surface temperature at
the hatching location of tainha as reported by Lemos
et al. (2014).

Lemos et al. (2014) suggested that the peak spawn-
ing of the southern population of tainha occurs in
June off the coast of the states of Santa Catarina
and Parand. According to our results, this reproduc-
tive event provides the annual supply of juveniles of
tainha for the entire southern stock. Young-of-the-year
disperse southward and are distributed among differ-
ent nursery areas along the southern coast of Brazil.
Vieira (1991) has described the process of dispersion of
juvenile tainha along the coast.

The correlation of 813C between 8§80 in biological
carbonates may indicate kinetic and metabolic ef-

fects (McConnaughey, 1989). In otoliths, the correla-
tion between 8180 and 813C is not entirely dominated
by kinetic effects, such as it is in corals (Devereux,
1967; Kalish, 1991; Gao and Beamish, 2003). This
correlation is induced by biological fractionation and
may exhibit different relationships (Gao et al., 2005;
Deutsche and Berth, 2006). In contrast to 3180, §13C
from otoliths are not in equilibrium with §13C values
of sea water (Kalish, 1991). About 30% of aragonite
carbon is derived from metabolism and is directly
related to changes in diet (Kalish, 1991; Gao et al.,
2001). The remaining 70% of aragonite carbon comes
from DIC (Kalish, 1991). The isotope ratio of otolith
carbonate is a mixture of these 2 fractions; therefore,
the interpretation of 813C is not as straight forward as
it is for 880 (Kalish, 1991).

As with most species of mullets, for tainha, the in-
gestion of diatoms and the presence of inorganic sedi-
ment in the stomach starts at about 30 mm TL, when
juveniles begin to feed near the bottom at the surf zone
(Vieira, 1991). There were no significant differences
(ANOVA: P>0.05) in sizes and weights of individuals
among sites (Table 1) that could represent differences
in metabolic rates (Campana, 1999). Most of the 313C
incorporated into the otolith is derived from DIC (Ka-
lish, 1991). The 8'3Cp;c may be subjected to small iso-
topic variations at different latitudes and in different
water masses (Kroopnick, 1980; Thorrold et al., 1997).
For instance, 8'3Cp;c values in the open ocean are fair-
ly uniform, around 1%o; however, in environments with
variable freshwater input, 813Cpjc may vary from -5
to —10%0 (Michener and Lajtha, 2007). The 813C val-
ues found in our otolith samples (Fig. 2B) indicate that
southern waters were influenced by estuarine inputs
more than waters near Rio de Janeiro.

Genetic markers provide an important tool for iden-
tifying the degree of reproductive isolation between
groups (Cadrin et al., 2014). Nevertheless, the study
of the life history of an individual fish through otolith
chemistry provides fine-scale geographic differences
that genetic studies may not be able to detect (Conover,
1998). In our study, there was a great advantage in
using phenotypic methods, such as isotope analysis of
otoliths, for identifying stocks of tainha. Because the
growth patterns of fish groups can be different and
strongly influenced by the environment (Campana and
Thorrold, 2001) and because fishing acts as a source of
recent pressure on evolution (Rijnsdorp, 1993), pheno-
typic methods are relevant and useful in analyses of
fish resources.

Isotopic analysis of 8180 and 8!3C in otoliths of ju-
venile tainha revealed 2 stocks along the southern and
southeastern Brazilian coasts. The results from this
study confirm the observation of Mai et al. (2014) and
provide a first biological explanation for the mainte-
nance of genetic difference between these 2 popula-
tions. Considering the economic importance of this
species for the southern coast of Brazil (from 33°S to
26°S), managers should consider the southern stock as
a distinct unit for management purposes.
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