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Background. Reproductive aspects of fishes are very useful in the development of management and conservation
strategies of stocks. The information available on this subject, however, is very limited for tropical species,
especially for those with low economic value, such as the barred grunt, Conodon nobilis (Linnaeus, 1758). This
species is a common member of the family Haemulidae off the coasts of Brazil and it plays an important ecological
role in coastal areas acting as a biological vector of organic matter. Thus, this study was intended to provide data
on the reproductive parameters of C. nobilis to fill the gap in the existing knowledge.

Material and methods. Reproductive traits of C. nobilis were estimated from 410 fish collected in the coast of
Alagoas, during fishery surveys carried out between December 2009 and June 2012. Length—weight relations
(LWRs) for males and females were calculated from the observed length and weight by regression analysis. Data
on the maturity status were used to estimate the size at first maturity for females, males, and pooled sexes. The
fecundity was assessed by the volumetric method, and information on the reproductive period was retrieved from
the gonadosomatic and the reproductive activity indices.

Results. Sex ratio differed between sexes with mature females being more abundant than males. Although no evidence
of sexual dimorphism was found in the length distribution, LWRs showed that males have a negative asymptotic growth
and females present a positive asymptotic growth. The first sexual maturity for females, males, and pooled sexes was
attained at 20.78, 20.57, and 20.72 cm of the total length (TL), respectively. Gonadosomatic and reproductive activity
indices indicated that C. nobilis may be capable of spawning all year round with a more intense activity occurring
between the rainy season in the region studied. The batch fecundity fluctuated between 1640 and 105 471 oocytes with
amean of 45 384 + 16 737 eggs per female and was positively correlated to female size.

Conclusions. Overall, C. nobilis showed an intermediate fecundity rate with reproductive activity throughout all
year round. No evidence of sexual dimorphism in maturity and size distribution was found for the species. We
hope that our findings may be helpful for fishery biologists in the design of effective management strategies for
this ecologically important species.
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INTRODUCTION

The Haemulidae is a diverse and widespread family,
represented by about 145 species distributed worldwide
(Tavera et al. 2012). Commonly known as grunts,
fishes in this family are usually associated with coral
reef ecosystems, but many genera (i.e., Conodon and
Orthopristis) are more typical of brackish waters and sandy
bottoms (Menezes and Figueiredo 1980). Regardless of
playing an important role in the transfer of nutrients and

organic matter across habitat boundaries during feeding
migrations (Appeldoorn et al. 2009), little is known about
the biological parameters of the majority of grunts, with
the bulk of available information for this family restricted
to few species only (Appeldoorn et al. 2009, Shinozaki-
Mendes et al. 2013).

In Atlantic waters, for example, the barred grunt,
Conodon nobilis (Linnaeus, 1758), has no data on its
reproductive biology, despite being one of the most
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abundant haemulid species in the region (Pinheiro and
Martins 2009, da Silva et al. 2013, Souza et al. 2018).
Conodon nobilis is usually found along sandy shores and
over shallow muddy bottoms, using coral reefs mostly as
shelters (Brotto and Zalmon 2008). Even though it is not
targeted by local fisheries (Menezes and Figueiredo 1980,
Rangely et al. 2010), the barred grunt plays an important
ecological role by acting as a biotic vector of organic
matter from reef environments to adjacent areas, or vice
versa, due to its low dependence on rock substrate and
relatively wide diet range, such as mysids, amphipods,
and fish fragments (Brotto and Zalmon 2008, Appeldoorn
et al. 2009, Pombo et al. 2014).

As this fish is commonly caught as bycatch in different
types of harvesting activities along the Atlantic coast
(Freire et al. 2009), the correct estimation of its population
parameters is an important factor for its conservation,
especially since C. nobilis has been characterized as
highly susceptible to stock collapse due to low population
numbers (Pinsky et al. 2011). In this context, the presently
reported study was intended to contribute to the current
knowledge on the reproductive biology of Conodon
nobilis in tropical Atlantic waters by providing data on this
species’ size at first maturation, fecundity, and monthly
variation of gonadal maturation stages.

MATERIALS AND METHODS

Fish sampling and data collection. Specimens were
monthly sampled from December 2009 to June 2012,
during fishery surveys in the coast of Alagoas, north-
eastern Brazil (09°38'S, 035°39'W to 09°59'S, 035°55'W).
The area is characterized by a narrow continental shelf
(50 km) and a tropical semi-humid climate with two well-
defined seasons—dry and rainy (Oliveira and Kjerfve
1993). The fish were sampled in depth zones that ranged
from 13 to 35 m, using different fishing gears (i.e., beach
seine, gillnets, and trawls) to collect a wider size range
of individuals (Froese 2006). The presently reported
study has been carried out in accordance with Brazilian
regulations (Federal Scientific Fish Sampling Licence
1837810).

Upon capture, fishes were stored on ice to aid
preservation until further analysis. In the laboratory,
each individual was identified to species level following
Menezes and Figueiredo (1980), measured to the nearest
1 cm (total length), weighted (total and somatic weight;
in grams), and sexed. Specimens were then assigned to
a maturity stage using macroscopic gonadal examination
following (Menezes and Paiva 1966): 1 (immature), 2
(maturating), 3 (mature), 4 (resting). Whenever necessary,
the maturity status was confirmed by histological analyses
of gonads’ morphology, organization and development
(Vazzoler 1996).

Statistical analyses. A chi-square test (y2) was performed
to identify whether the operational sex ratio of mature
female and male individuals differed from the expected 1
+ 1 proportion (Zar 2010). As total length (TL) data did not
meet the assumptions of normality and homoscedasticity
even after several transformations, differences in size

distribution between sexes were assessed by the non-
parametric Kruskal-Wallis test.

Length—weight relations for females, males, and the
whole population (pooled sexes and individuals that could
not be sexed) were estimated by fitting a linear model of
length against weight. Prior to analysis, length and weight
data were plotted for visual inspection and removal of
outliers (da Silva et al. 2017). Parameters a and b were
then estimated by linear regressions using the equation

log =loga+blog TL

where I is the body weight, TL is the total length, a is the
intercept, and b is the slope (Le Cren 1951, Froese 2000).

Length at first maturity (L,) and maximum maturity
size (L,,) were estimated by fitting a logistic model using
the logarithm percentage of mature individuals (Y) per 1
cm size class (X) following King (2007)

1

—(a+bX)

Y:
l+e

The values of L, for females, males and the pooled
sexes were assessed by the ratio between estimated
constants

L,=-a-b"'

Subsequently, sexual size  dimorphism in
LWR parameters, L , and L, were tested by analysis of
covariance (ANCOVA).

Gonadosomatic index (GSI) was calculated for
females of C. nobilis as an indicator of seasonal variability
of reproductive status

GSI =100/, - W,

where W is the gonad weight and W_ is the total body
weight (Shinozaki-Mendes et al. 2013). We also estimate
reproductive activity by using the index of reproductive
activity (IRA) per month following Dei Tos et al. (2002)

InN mo M| GSI,
dn N, | GSI,
IRA =
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where N, is the total number of females in a month i, n, is
the number of mature females in the sample unit i, N is
the number of females in the largest sample unit, n_ is
the number of mature females in the sample unit with the
largest n, GSI is the mean gonadosomatic index of mature
females for a month i, GSI_ is the largest female value of
GSI. Subsequently, differences in the monthly GSI were
tested with the non-parametric Kruskal-Wallis test and
IRA values were evaluated to estimate spawning period.

x100
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The fecundity was determined by the volumetric
method described in Vazzoler (1996). In this analysis,
30 ovaries of mature females (stage 3) were kept in vials
with Gilson’s solution for 24 h to promote dissociation of
oocytes from stromal tissue and ovarian follicles. During
this time, vials were periodically shaken to help the
detachment process and the volume necessary to promote
complete dissociation (S) was measured in mL using a
pipette. A subsample of this suspension (1 mL) was taken
and then photographed under a microscopic in a petri dish
against a black background to assist in counting oocytes.
Total number of oocytes was extrapolated by using the
formula

N=S><E
s

where n_is the total number of oocytes counted in a sample
of a volume s (1 mL) from the total volume necessary to
promote complete dissociation (S).

A subsample of 100 oocytes was randomly selected
from each sample and measured (um) using an ocular
micrometre (at x10 magnification). Mature oocytes were
only considered to be those greater than or equal to the
size of the last mode of the distribution (Souza et al. 2015).
Batch fecundity was then estimated as

F=0'xN

where o’ is the proportion of mature oocytes estimated
within each ovary, and N is the total number of oocytes
(Vazzoler 1996). Moreover, the relation between batch
fecundity and total length and somatic weight was tested
by regression analyses in order to test variability in
fecundity according to female size.

All statistical analyses were performed in the software
R statistics at a significance level of P < 0.05. Length at
first maturity (L,,) and maximum maturity size (L,,) were
estimated using the package FSA”.

RESULTS

A total of 410 specimens (including mature and
immature individuals) were caught during the period
studied, and although Conodon nobilis was found in
almost all samples, no specimens were captured during
samplings carried out in January. Out of all individuals,
179 were females, 127 males, and 104 could not be sexed.
The total length ranged from 2.8 to 35.4 cm, and the largest
individual was female (Fig. 1). No evidence of sexual
dimorphism was found in the size distribution (P < 0.05),
however, the length—weight relation was significantly
different between sexes (P < 0.05). LWR data and related
statistic for C. nobilis are summarized in Table 1.

Mature individuals were found in almost all samples,
with the smallest specimen being a male of 17.2 cm and the
largest a female of 35.4 cm. Mature females were typically
more numerous than males, resulting in an operational sex
ratio of 1 + 0.5 (F + M, P <0.05). The first maturity (L)

for females, males, and pooled sexes was attained at the
TL of 20.78, 20.57, and 20.72 cm, respectively, whereas
the estimated length where all individuals are mature (L,,)
was 29.8, 25.45, and 27.99 c¢cm for females, males, and
pooled sexes (Table 2, Fig. 2). The gonadosomatic index
(GSI) of females varied significantly between months,
with the lowest values recorded in February, steadily
increasing in subsequent months, and reaching its peak
in June (Fig. 3, P < 0.05). Meanwhile, the reproductive
activity (IRA) started in March, and was more intense in
May (Fig. 4).

Fecund females were sampled within the size range
of 18.8-35.4 cm. The total number of oocytes varied
between 3038 and 195 316 per ovary, and batch fecundity
fluctuated between 1640 and 105 471 oocytes per female
with a mean of 45 384 + 16 737 eggs. The fecundity was
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Fig. 1. Length frequency distribution of mature and
immature females (A), males (B), and individuals that
could not be sexed (C) of Conodon nobilis sampled in
tropical waters of the Atlantic Ocean

" Ogle D.H. 2019. Package ‘FSA’: Simple Fisheries Stock Assessment Methods. https://cran.r-project.org/web/packages/FSA/FSA .pdf
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Table 1

Descriptive statistics and estimated parameters of length—weight relations for females, males, and the whole
population (pooled sexes and individuals that could not be sexed) of Conodon nobilis sampled from 2009 to 2012 in
tropical waters of the Atlantic Ocean

Sex Length [cm] Weight [g] a+CI b=+ CI 7 P-value
Females 9.2-35.4 11.01-649.6 0.014 £ 0.002 3.01 £0.05 0.98 0.01
Males 10.8-31.2 17.24-411.2 0.020 £ 0.003 2.89 +0.06 0.98 0.01
Population 2.8-35.4 0.09-649.6 0.007 £ 0.001 3.20+0.01 0.99 0.01

a = regression intercept, b = the slope of the regression coefficient; a and b values are given with their confidence intervals; 7’ = correlation

coefficient, P is the P-value.
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Fig. 2. Size at first maturity (L) and size where all
individuals are mature (L,,) of Conodon nobilis sampled
in tropical waters of the Atlantic Ocean
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Fig. 3. Monthly distribution of gonadal maturation stages
in percentage (I = immature, 2 = maturating, 3 =
mature, 4 = spawning) and gonadosomatic index (mean
+ standard error of the mean) of females of Conodon
nobilis sampled in tropical waters of the Atlantic Ocean

Table 2

Length at first maturity (L, ) and maximum maturity size

(Ly,) of Conodon nobilis sampled in tropical waters of the
Atlantic Ocean

Sex n L, +CI [cm] Ly, +CI [cm]
Female 179 20.78 £ 1.11 29.80 +£2.02
Male 127 20.57+0.85 25.45+2.87
Pooled sexes 306 20.72 £ 0.60 27.99 +£1.42
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Fig. 4. Monthly variation of the index of reproductive
activity (IRA) for females of Conodon nobilis sampled
in tropical waters of the Atlantic Ocean

positively related to the fish length and somatic weight,
with higher fecundity rates found in individuals of greater
sizes (P < 0.05, Fig. 5). However, the coefficients of
determination (#?) for both relations were 0.55 and 0.62
for length and weight, respectively, which indicates that
only about 50% of the variation in the fecundity can be
explained by these variables.

DISCUSSION

Mature females of C. nobilis were more numerous
than mature males in almost all samples and operational
sex ratio differed from the expected 1 + 1 proportion.
Higher proportions of adult females in natural populations
may be associated with many factors, such as the birth
rate, growth characteristics, mortality, and fish behaviour
(Dala-Corte and Azevedo 2010). This predominance of one
sex in fish populations, however, may also be an indicator
of stress caused by natural and anthropogenic activities
(Vasconcelos et al. 2011). Specifically, when faced with
high predation rates and/or overexploitation, a species
may display differences in the sex ratio as a compensatory
response to the quickly increasing population size (Stiarez
etal. 2017). In the particular case of C. nobilis, this species
is often caught as bycatch throughout the Atlantic coast,
which typically affects fish populations by removing a
huge number of juveniles (da Silva et al. 2013, Duarte et
al. 2013). Therefore, the greater number of females found
in our study may indicate that the burred grunt is highly
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Fig. 5. A relation between batch fecundity and total length
(A) and somatic weight (B) for females of Conodon
nobilis sampled in tropical waters of the Atlantic
Ocean

vulnerable to fishing pressure and the sex ratio of the adult
population may be associated with sex-specific mortality
in juveniles (Olsen et al. 2006). Nonetheless, we have to
take in account the great number of individuals who could
not be sexed due to limitations of macroscopic analysis
(Klibansky and Scharf 2015), thus, the information herein
should be treated with caution.

Withrespect to the size structure of the studied population,
the length range recorded in our study for C. nobilis (2.8 to
35.4 cm) differed from the one reported for Pombo et al.
(2014) in the south-eastern Brazil (4.9 to 18 cm) and for
Passos et al. (2012) in the southern Brazil (4.6 to 15.2 cm),
with a new maximum total length of 35.4 recorded for the
species. Differences in the size structure of C. nobilis between
different locations may result from a variety of factors, such
as, latitudinal variation, environmental conditions, and food
availability (Jeppesen et al. 2010, de Queiroz et al. 2018),
but especially from the applied sampling methods (Le Cren
1947, Beamesderfer and Rieman 1988). For instance, in both
studies cited earlier (Passos et al. 2012, Pombo et al. 2014),
specimens were sampled using only trawl nets, whereas in
our study a variety of fishing gears were used (i.e., beach
seine, gillnets, and trawls) for sampling individuals from a
broader size range.

The beginning of sexual maturity is a crucial part
of the population’s dynamics and it influences species’

survival, growth and fitness (Suarez et al. 2017). Although
a few females showed greater sizes than males, both
sexes attained maturity at similar lengths, showing no
evidence of sexual dimorphism in gonadal maturation
(Ls, =20.72 cm for pooled sexes). This absence of sexual
size dimorphism appears to be a common pattern among
Haemulidae species (Palazon-Fernandez 2007, Pitt et
al. 2009, Shinozaki-Mendes et al. 2013, Eduardo et al.
2018), and it can be related to many variables, such as
environmental conditions, growth characteristics, fishing
pressure and predation rate (Estlander et al. 2017).

Monthly distribution of gonadal maturation stages
combined with gonadosomatic index values (GSI) and
the index of reproductive activity (IRA) indicate that
C. nobilis may be capable of spawning all year round
with a more intense activity occurring between May and
September, during the rainy season of studied region (da
Silva et al. 2018). Relations between spawning period and
rainfall rates have been reported for many tropical fish
species (Khan et al. 1990, Muchlisin et al. 2010, Freitas
et al. 2011, Pérez et al. 2012). Such relation is usually
related to increases in productivity levels and changes in
environmental variables caused by rainfall (Robins et al.
2005), which provides better feeding condition for species
and improves the quality of spawning habitats (Bergenius
et al. 2005, Robins et al. 2005).

In comparison to other haemulid species, such as
Haemulon plumierii (Lacepéde, 1801) (197 704 = 16 145
eggs) and Pomadasys jubelini (Cuvier, 1830) (35 744 +
626 eggs), C. nobilis (45 384 + 16 737 eggs) showed an
intermediate fecundity with great variability (Palazon-
Fernandez 2007, Falahatimarvast et al. 2012). Changes
in the fecundity rate among species in the same family
may occur due to many factors, such as distinct
reproductive behaviours (Vazzoler 1996) and differences
in environmental conditions (Cowen and Sponaugle
1997). In addition, body length and weight were both
positively correlated to batch fecundity, indicating that
larger individuals produce more eggs. Although the
great variability in egg production (3038—195 316 eggs
per ovary) found for C. nobilis may be partly explained
by these relations (* for both models only explained
about 50% of variance), other factors can be related to
this variability, such as constant changes in primary and
secondary productivity levels (McBride et al. 2015).
Indeed, many studies have shown that intraspecific
changes in the fecundity depend mainly on local food
availability (Rideout and Morgan 2010, Somarakis et al.
2012). The area studied, for instance, is characterized by
continuous changes in the productivity due to its narrow
shelf and intense estuarization process (Passos et al. 2016),
thereby, it appears that there is a strong relation between
the available food, fish condition, and the reproductive
potential for C. nobilis.

This study represents the first north-eastern Brazilian
report of reproductive aspects of Conodon nobilis, a
common species often caught as bycatch throughout the
Brazilian coast. Overall, C. nobilis showed an intermediate
fecundity rate with reproductive activity throughout all
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year-round. Mature females were more predominant in
the studied population, and no evidence of size sexual
dimorphism in maturity and size distribution was found
for the species. As samples encompassed different years
and seasons, we hope that information herein may be
useful for this species management and conservation.
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