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Estuaries play an important role in the maintenance of
biological productivity and diversity, being essential habitats for
many species of fish that live in these environments during part
or all of their lifecycles (BLABER 2000). Fish make use of estuaries
essentially as a feeding ground, breeding ground and/or nursery
for larvae and juveniles. Thus, the community of estuarine fish
is made up of migrant, resident and occasional species (ALBARET

& DIOUF 1994, ANDRADE-TUBINO et al. 2008, VENDEL et al. 2010). The
majority of Ariidae fish, which are known as marine catfish, in-
habit shallow coastal areas and estuaries in tropical and temper-

ate regions (MARCENIUK 2007). The most abundant species of the
family use different strategies for coexistence in these environ-
ments, especially temporal separation with regard to spawning,
and some degree of feeding segregation (GOMES et al. 2001).

Studies addressing sex ratios, the determination of stages
of the reproductive cycle and the length at first maturity are
fundamental to the description and understanding of the breed-
ing pattern of a species in its habitat. Determining the lifecycle
strategies of fish allows a better understanding of how species
adapt to different environments (VAZZOLER 1996).
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ABSTRACT. The present study investigated the reproductive biology of Sciades herzbergii in the Paraíba do Norte River

Estuary, Brazil. We aimed to characterize the reproduction of the species with respect to sex ratio, spawning season,

condition factor and length at first maturity. Specimens were captured between August 2009 and July 2010 in a stretch

of the main channel of the estuary. In the laboratory, they were measured, weighed and macroscopically classified with

regard to sex and gonad development stage, and their gonads were weighted. The monthly distribution of the sexes

and their respective stages of maturation were determined. The gonadosomatic index (GSI), condition factor (K) and

the length at first maturity were calculated for males and females. The sex ratio was determined monthly and through-

out the entire study period and the chi-square test was used to evaluate if the sex ratio differed from 1:1. The Pearson’s

correlation test was used to determine the correlation between GSI and K values. A total of 260 individuals were

captured. It was impossible to determine the sex of 32 individuals, possibly due to their young age. The sex ratio did not

differ throughout the overall study period, but significant differences were found in December and May, with a pre-

dominance of females, and in March, when males predominated. Spawning activities were concentrated between

December and March, as determined by the greater incidence of mature females and higher GSI values. The spawning

of the S. herzbergii population is characterized as staggered due to its long duration. For females, K values were not

significantly correlated with the GSI, but the decrease in K values in the spawning period indicates that energy is being

spent in reproduction. With regard to males, the distribution of developmental stages did not follow the same clear

pattern as that seen with females. However, the GSI indicated a greater investment in gonads in October, with a

decrease up to July (end of the data acquisition period). For males, K values exhibited a positive correlation with GSI,

with a gradual decrease beginning in February up to July, indicating energy that energy was being consumed, which

was certainly related to the mouth brooding of eggs and neonates. Mean length at first maturity was 212 mm for

females and 240 mm for males. Sciades herzbergii completes its lifecycle in the estuary and exhibits post-spawning

parental care. This species is abundant in the estuary studied and information on the reproductive biology of this

resident is necessary to the management of the estuarine environment.
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The target species of this study, Sciades herzbergii (Bloch,
1794) is known as pemecou sea catfish and occurs along the
Atlantic coast of South America from Colombia to northeast-
ern Brazil, including the state of Bahia (MARCENIUK 2005). This
omnivorous species is considered a second-order consumer and
specialist in the predation of brachyuran crabs (KRUMME et al.
2008). The pemecou sea catfish is a benthic resident in estua-
rine waters and one of the dominant fish species in intertidal
mangrove creeks in northern and northeastern Brazil (BARLETTA

et al. 2003, KRUMME et al. 2004, GIARRIZZO & KRUMME 2007, ANDRADE-
TUBINO et al. 2008), with considerable influence on the dynam-
ics of these ecosystems. Although not valued commercially, this
species is an important protein source in riverine communities
in northeastern Brazil at the subsistence level, due to its abun-
dance in estuaries (BARLETTA & COSTA 2009).

The present study characterizes the reproductive biology
of S. herzbergii in Paraíba do Norte River Estuary in the state of
Paraíba, Brazil, with a description of sex ratios, gonad develop-
ment stages, spawning season and length at first maturity.

Moreover, gonadosomatic index and condition factor values
were determined in order to analyze fluctuations in nutritional
conditions and the association of these fluctuations with re-
productive activity.

MATERIAL AND METHODS

The Paraíba do Norte River Estuary is located between the
municipalities of Bayeux and João Pessoa in the state of Paraíba,
northeastern Brazil (Fig. 1). Specimens of S. herzbergii were caught
along a stretch between the UE point (upper estuary - 07°07’13"S
and 34°54’51"W) and the LE point (lower estuary - 07°01’59"S
and 34°51’45"W) in the one-year period spanning from August
2009 to July 2010. The mangrove in the region is composed of
five dominant plant species: Rhizophora mangle, Avicennia
germinans, A. schaueriana, Laguncularia racemosa and Conocarpus
erectus. Despite the removal of mangrove wood by riverine hu-
man populations and the increasing degree of urbanization, the
environment is still in a good state of conservation.

Figure 1. Geographical location of Paraíba do Norte River Estuary, Brazil. (LE) Lower Estuary, (UE) Upper Estuary.
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To describe the hydrological conditions of the study area,
monthly values were determined for the following variables at
each sampling point: water temperature, pH, salinity and wa-
ter transparency, determined by a Secchi disk.

The specimens were caught monthly at low tide with two
types of gear deployed in marginal areas of the estuary: a) beach
seines (8 m in length and 2 m in height; mesh size: 12 mm
between opposing knots) and b) “tomada”, a net traditionally
used by local fishermen, consisting of the installation of a long
net alongside a small channel in the estuary at low tide; at
high tide, the net is suspended to catch the fishes within the
mangrove, preventing them from leaving the channel at the
next low tide. This technique is non-selective and is widely
used by local fishermen, as it ensures the capture of a large
amount of fish.

The specimens were kept in ice and transported to the
laboratory where they were identified (MARCENIUK 2005) and
had their total weight (0.1 g) and total length (mm) measured.
The specimens were then opened with an abdominal incision,
and the gonads were examined for the determination of the
sex and the maturation stage (VAZZOLER 1996).

After the determination of sex and maturation stage, the
gonads were then removed and weighed on a digital scale (0.001
g). The sex ratio was determined on monthly basis and the chi-
square test (�2) with a 5% significance level was used to evalu-
ate if sex ratio differed from 1:1. The percentage frequency of
each development stage in the period was determined. For the
determination of the participation of the gonads in the total
body weight of each specimen, the gonadosomatic index (GSI)
was calculated using the following equation GSI = GW/TW x
100, in which GW is gonad weight and TW is the total weight
of the individual. The allometric condition factor (K) was cal-
culated to determine the health of the fish throughout the year,
using the formula K = BW/TLb, in which BW is body weight
(total weight minus gonad weight) and b is the regression co-
efficient between BW and TL (total length). Mean GSI and K
values were displayed on graphs, on which respective mean
trend slopes were plotted. The correlation between these val-
ues was determined using Pearson’s correlation test with the
aid of the BioEstat 5.0 software.

Regional monthly rainfall was estimated for the Lower
Paraíba basin (downstream from the Acauã dam, which is the
last dam on the Paraíba River and holds all upstream water,
except in very rainy years). Rainfall data for the 30 days prior
to sampling was obtained from the Proclima database (INPE/
CPTEC 2012) for eight of 38 municipalities along the Paraíba
Basin. Regional rainfall was estimated from the total values at
rainfall gauge stations located downstream from the Acauã dam
(Salgado de São Félix, Itabaiana, Pilar, São Miguel de Taipú,
Cruz do Espírito Santo, Bayeux, Santa Rita and João Pessoa).
These data were compared with the GSI of S. herzbergii females
using Pearson’s correlation test to determine a possible asso-
ciation with reproduction activity.

Mean length at first maturity (L50) was calculated by the
distribution of the cumulative percentage of adults (stages B, C
and D) in seventeen 15 mm length classes for a total of 89
females and 50 males. The values were then plotted and sub-
mitted to allosteric sigmoidal graphic adjustment using the
software GraphPad Prism 5.0, which determined the length at
which 50% of the population was in reproductive activity.

RESULTS

The mean observed hydrological conditions at the study
area were: water temperature (29.03 ± 1.20, range: 26.8 to
31.6°C), pH (7.39 ± 0.67, range: 5.97 to 8.57), salinity (15.13 ±
7.62, range: 5.0 to 40.0) and water transparency (56.59 ± 22.89
cm, range: 20 to 120 cm).

Between August 2009 and July 2010, 228 specimens of S.
herzbergii whose sex could be identified were selected for this
study. This sample included 123 females and 105 males. For
this sample, mean total weight was 139.57 ± 113.93 g (range:
9.0 to 597.2 g) for females and 114.42 ± 90.39 g (range: 6.7 to
372.9 g) for males. Mean total length was 228.21 ± 59.75 mm
(range: 100 to 370 mm) for females and 214.42 ± 60.47 mm
(range: 90 to 340 mm) for males.

Based on visual morphological characteristics, this study
has identified four gonad development stages for catfishes:
Immature (A): no participation in reproduction; ovaries occupy
less than 1/3 of the body cavity, are filamentous, translucent
and have little vascularization, but are more vascularized than
the testicles; no oocytes are visible to the naked eye; testicles
are slightly whitish; Maturing (B): ovaries are larger, occupy-
ing between 1/3 and 1/2 of the cavity; with a sac-like shape
and more intensive vascularization than in stage A; small oo-
cytes are visible to the naked eye; testicles exhibit more in-
tense white coloration and are more robust; Mature (C): large
ovaries, occupying 1/2 to 2/3 of the body cavity; are quite tur-
gid and of orange coloration due to large size of the oocytes
(0.5 to 1.0 cm in diameter); testicles are quite turgid, with char-
acteristic milky coloration; Spawned (D): ovaries occupy less
than 1/3 of the body cavity, with sac-like shape, but rather
flaccid; hemorrhagic appearance, with occasional presence of
small oocytes; testicles have oval format and hemorrhagic ap-
pearance, but less intensively in comparison to the ovaries in
this stage.

The sex ratio in the population sampled was not signifi-
cantly different from 1:1 (�2 = 1.421; p = 0.233). In the analysis
by month, females were predominant between August and Feb-
ruary (except in September and November, in which no fe-
males were caught) and again in May (Fig. 2). Males accounted
for the majority of specimens captured between March and
July, except May. The monthly proportion between females and
males only differed significantly in December and May, when
females predominated, as well as in March, when males pre-
dominated (p < 0.05).
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The distribution of S. herzbergii females based on macro-
scopic gonad development stage (Fig. 3) revealed that the im-
mature stage predominated in August and October. Females in
reproductive activity predominated in December and March,
but occurred in other months as well. The spawned stage was
observed more frequently between April and July. With regard
to male gonad development (Fig. 4), stages A and B were ob-

served on most months. Maturing specimens were found in
small percentages between March and May and spawned indi-
viduals were found in November, March, April and July.

The GSI was calculated for the 109 female individuals for
which ovarian weight was determined. The trend slope (Fig. 5)
revealed an increase in energy investment in the gonads begin-
ning in December, with a peak in February and a decline at the
end of March. The GSI of males was calculated using 80 indi-
viduals in which gonad weight was determined. High values were
found in October, December and January, with a subsequent
decline through to end of the data acquisition period (Fig. 6).

Figure 2. Distribution of S. herzbergii by sex between August 2009
and July 2010 in Paraíba do Norte River Estuary, Brazil. * Months
in which sex ratio differed significantly from 1:1 (p < 0.05).

Figures 3-4. Monthly variation in frequencies of gonad develop-
ment stages for S. herzbergii females (3) and males (4) in Paraíba
do Norte River Estuary, Brazil. A: immature, B: maturing, C: ma-
ture, D: spawned stages.
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The condition factor (K) was calculated for the same speci-
mens used for the GSI. The trend slope for the monthly K for
females (Fig. 7) revealed higher values between August and
October, followed by a decline through to February, an increase
through to April and stable values between May and July. The
monthly K for males (Fig. 8) tended toward a decline from
August to May, followed by stable values through to the end of
the data acquisition period. There was no significant correla-
tion between GSI and K values for females (n = 109, r = -0.512,
p > 0.05), whereas a significant positive correlation was found
for males (n = 80, r = 0.832, p < 0.05).

Figure 9 displays the total rainfall values in the study
period. An increase in rainfall was observed beginning in Janu-
ary, which was prolonged until the end of the data acquisition

Figures 5-6. Mean + standard error of GSI and respective trend
slopes (dashed line) for S. herzbergii females (5) and males (6) in
Paraíba do Norte River Estuary, Brazil.
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period, with the greatest rainfall recorded in June. Pearson’s
correlation between rainfall and GSI values was non-signifi-
cant (n = 10; r = -0.453; p = 0.09).

Mean length at first maturity was approximately 220 mm
for females (Fig. 10) and 231 mm for males (Fig. 11).

DISCUSSION

The proportion of S. herzbergii females to males caught
between August 2009 and July 2010 was 1:1, which is the ex-
pected result for most fish species (NIKOLSKY 1963). According
to VAZZOLER (1996), the sex ratio may reveal an absence of pre-
dominance of one gender over the other when assessing the
total catch, but unequal occurrences may be found in monthly
assessments. In the present study, significant differences in the
sex ratio were found in December and May, when females pre-
dominated, and in March, when males predominated. This
inequality may result from behavioral differences between the
sexes (VAZZOLER 1996). CHAVES (1994) stressed the importance of

correctly managing catfish fisheries, because their peculiar re-
productive behavior makes them very dependent on popula-
tion density.

7 8
Figures 7-8. Monthly condition factor + standard error and respective trend slopes (dashed line) for S. herzbergii females (7) and males
(8) in Paraíba do Norte River Estuary, Brazil.

Figure 9. Regional total rainfall (shaded area) and GSI (dashed line)
for females of S. herzbergii, between August 2009 and July 2010 in
Paraíba do Norte River Estuary, Paraíba, Brazil (INPE/CPTEC 2012).

Figures 10-11. Mean length at first maturity (L50) for S. herzbergii
females n = 123 (10) and males n = 105 (11) in Paraíba do Norte
River Estuary, Brazil.
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Based on the occurrence of mature and spawning females
and high GSI values, the spawning period for S. herzbergii in
the study area spans from December to March. Females of this
species produce few oocytes. Like in other representatives of
the family, the reproductive strategy of S. herzbergii tends to K,
(GOMES & ARAÚJO 2004, FÁVARO et al. 2005).

With the exception of the prevalence of females in May,
males predominated from March to July, although the differ-
ence only achieved statistical significance in March. These find-
ings indicate alternations in the sex ratio, which may be
associated with the characteristic male behavior of mouth
brooding eggs and embryos (CHAVES 1994) predominant in the
estuary for about two months due to the favorable conditions
for offspring development. Among species of the family Ariidae
for which parental care does not occur and the participation of
males is limited to the fertilization of oocytes, the predomi-
nance of females in the population is common (BARBIERI et al.
1992, CANTANHÊDE et al. 2007).

With regard to gonad development, mature females had
greater representation in the sampling in December, January and
February, whereas only one mature female was captured in
March. There was a gradual decrease in the number of mature
females and an increase in the number of spawned females,
which were more frequent between April and July, with a lower
incidence in August. These findings offer further evidence that
the spawning period occurs from December to March.

A long spawning period is characteristic of K strategist
species and represents staggered spawning, such as described
for Cathorops spixii (AGASSIZ 1829), which reproduced from Janu-
ary to April (GURGEL et al. 2000). However, this result does not
reflect the type of spawning of Ariidae from the individual
standpoint, as females of this family exhibit total spawning
(GOMES et al. 1999, GOMES & ARAÚJO 2004, FÁVARO et al. 2005).
Thus, histological analysis of the ovaries is recommended for
the confirmation of this apparently distinct behavior between
the type of spawning of the population and the individual.

Unlike the clear pattern of distribution of male gonad
development stages, the pattern of female gonad development
was not clear. This could be associated with the small number
of males sampled, which may have biased the analysis.

The highest GSI values for S. herzbergii females were re-
corded between December and March. The small catch in Feb-
ruary led to the highest standard error. Moreover, only one
female was collected in March. Nonetheless, the data suggest
that the breeding season for S. herzbergii occurs in this interval,
as registered for other populations of ariids in northeastern
Brazil (GURGEL et al. 2000, PINHEIRO et al. 2006). This period co-
incides with the beginning of rainfall in the region (December
and January) and continues with the period of greatest rainfall
(May to July). It is probable that spawning activity in the early
rainy season favors the development of juveniles, allowing them
take advantage of the nursery conditions of the estuary (BLABER

et al. 1995) at the peak of the rainy season. This fact suggests

that the reproductive activity of S. herzbergii follows the gen-
eral pattern seen in tropical catfishes, which reproduce in the
rainy season (RIMMER & MERRICK 1983).

The GSI for S. herzbergii males peaked two months prior
to the maturity period for females. Studying populations of
the catfish Genidens genidens (VALENCIENNES 1839) and Cathorops
spixii in Sepetiba Bay in the state of Rio de Janeiro (Brazil),
GOMES et al. (1999) distributed the GSI values in a bi-monthly
regimen and found that peak male maturity occurs after that
of females. The authors associate this finding with the period
of fasting, stemming from the mouth brooding performed by
the males. Studying the reproduction of C. spixii in Pinheiros
Bay in the state of Paraná (Brazil), FÁVARO et al. (2005) deter-
mined monthly GSI values and found that the maturity period
coincides between sexes, attributing the result of the GOMES et
al. (1999) study to the bi-monthly distribution used in the
analysis of the data. The present study also determined GSI
values on a monthly basis and nonetheless found that peak
male maturity did not overlap peak female maturity, which is
in agreement with the finding described by GOMES et al. (1999).
However, in this study, the peak of maturity in males occurred
before the females, which suggests the need for deeper physi-
ological studies.

While the condition factor (K) for S. herzbergii females
did not exhibit a significant correlation with the GSI, lower
coinciding values were found in the period of gonad matura-
tion, indicating the mobilization of energy reserves for ova-
rian maturation (LIMA-JÚNIOR & GOITEIN 2006). In males, the K
value was significantly correlated with the GSI. Moreover, the
K value for males exhibited a decline between December and
February, which was similar to what was observed with the
females. This finding indicated simultaneousness in the en-
ergy investment spent on reproduction for males and females,
even though the male GSI fluctuated separately from that of
females.

The male K values demonstrated a decreasing tendency
beginning in February. This may be associated to the fact that
S. herzbergii males protect the offspring through mouth brood-
ing, with the embryos maintained in the oropharyngeal cavity
(personal observation). While immature males (which consti-
tuted the percentage majority in this period) do not partici-
pate in mouth brooding, the low mean monthly K values in
this period may be attributed to males in the spawned stage.
BARBIERI et al. (1992) report that mouth brooding in Genidens
genidens prevents males from feeding, thereby reducing K val-
ues in this period. The same may occur with S. herzbergii in
Paraíba do Norte River Estuary. CANTANHÊDE et al. (2007) studied
the reproduction of Hexanematichthys proops (Valenciennes,
1840), also a catfish on the coast of the state of Maranhão
(northern Brazil) and found a reduction in male K values in
the post-spawning months, but did not observe parental care
in the species. Moreover, the authors found higher K values for
males in comparison to females. This result was also explained
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by the absence of paternal care of the offspring. In the present
study, male K values were discretely lower than those of the
females, possibly due to the need for energy allocation females
need for oogenesis, as species of Ariidae have the largest oo-
cytes among Osteichthyes (REIS 1986), which requires a greater
energy storage capacity in females in comparison to males. The
reduction in K values for males may be explained by mouth
brooding, which completely occupies the oropharyngeal cav-
ity. According to CHAVES (1994), males likely completely cease
to feed during the incubation period.

Mean length at first maturity (L50) of S. herzbergii was 220
mm for females and 231 mm for males. The larger L50 for males
may be related to mouth brooding, as males exhibit greater
efficiency in this activity (BARBIERI et al. 1992, CHAVES 1994).

In summary, the S. herzbergii population in Paraíba do
Norte River Estuary exhibits reproduction characterized by the
spawning activity described as well as the behavior of post-
spawning offspring care. These factors are a certainly related
to the considerable abundance of this species in estuaries. The
present investigation is one of the first studies on the repro-
ductive biology of S. herzbergii. Further studies on this species
are needed, which would enhance both the understanding and
preservation of estuarine environments.
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