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Abstract. Mugil curema, known as white mullet, is one of the most important fish species from artisanal
seine-net fisheries in Brazilian northeast region. In this study, white mullet population structures was
studied in terms of length and weight, sex ratio, spawning period and size at first sexual maturity (Lso).
Fish were collected using gillnets once a month from April/1996 to March/1997 at the Potengi river
estuary, Rio Grande do Norte, Brazil. Fish were measured and weighted, and gonads were removed to
define sex and sexual maturity stages. A total amount of 483 specimens of M. curema were captured.
Females were larger (t = 3.69, df = 481, p < 0.05) and heavier (t =3.65, df = 481, p<0.05) than males.
The overall sex ratio was 1M: 1.04 F (y* = 0.072; df = 1). The allometric coefficient indicated that both
sexes exhibit a negative allometric growth. The proportion of ripe males and females sampled each month
indicated that spawning may occur from November to March. The total length at first sexual maturity was
estimated at 264 mm for males and 240 mm for females.
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Resumo. Alguns aspectos da biologia da tainha, Mugil curema (Osteichthyes: Mugilidae), na regiéo
nordeste do Brasil. A tainha, Mugil curema, é uma das espécies de peixes mais importante para pesca
artesanal na regido nordeste do Brasil. Em &aguas brasileiras, seu desenvolvimento ovariano €
documentado com sincrbnico, e sua desova como total. A estrutura da populacdo em termos de peso e
comprimento, proporcao sexual, periodo de desova e o comprimento da primeira maturagao sexual (Lsg)
foram estudados durante o periodo de abril / 1996 a margo / 1997 no estudrio do rio Potengi, Rio Grande
do Norte, Brasil. Os espécimes de M. curema foram capturados mensalmente com o auxilio de uma rede
de pesca do tipo tainheira. Os espécimes capturados foram medidos, pesados e as gonadas foram retiradas
para determinacdo do sexo e estagio de maturacdo gonadal. No total foram capturados 483 espécimes de
M. curema. Os exemplares fémeas foram maiores (t = 3.69, df = 481, p < 0.05) e mais pesadas (t = 3.65,
df = 481, p < 0.05) que os machos. A propor¢do sexual da populacdo foi de 1M: 1.04 F (2 = 0.072; df =
1). A proporcdo de machos e fémeas maduros capturados mensalmente indicou que a desova da tainha
deve ocorrer no periodo de novembro a marco. O comprimento da primeira maturacdo sexual foi
estimado em 264 mm para 0s machos e 240 mm para as fémeas.

Palavras chave: Mugilideos, estrutura da populagdo, desova, Lsg, Brasil
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Introduction

Mugil species, commonly known as
mullets, are pelagic-coastal fishes worldwide
distributed. This fish are valuable food sources and
ecologically important as primary consumer at
coastal and estuarine food chains, and also very
representative species for rearing in fish farms
(Collins 1985, El-Halfawy 2004, Thomson 1997,
FAO 2005, Katsugawa et al. 2006). Although
mugilids represent an important source of protein in
many countries, studies on its ecology and
population dynamics are scarce (lbafiez-Aguire et
al. 1999). Mugil curema Valenciennes, 1833,
commonly named as white mullet, is an economic
resource that supports many small communities
through both fishing and aquaculture (Alvarez-
Lajonchere 1982, GOomez & Cervigon 1987);
occurring in tropical and subtropical waters at
Atlantic and Eastern Pacific Oceans (Thomson
1978, Menezes 1983, Ibafiez-Aguire et al. 2006). It
is an euryaline and eurythermic species found
mainly at estuaries and inshore areas, spending most
of the life cycle in protected areas. Sexually mature
adults spawn at the sea after which the recruits
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migrate towards lagoons and estuaries (lbafez-
Aguire 1994, Nelson 1994).

M. curema constitute one of the major
fishery species at the Potengi river estuary
(Ramanathan et. al. 1980), one of the largest
estuaries at Rio Grande do Norte State in Brazil. By
reason of the poor literature information on this
species biology, this study contribute to the
knowledge of population dynamics necessary for a
future development of the stock protection
regulation to be used at the Brazilian northeast
region, where there is high exploitation level. Thus,
the aim of this study was to provide information on
the biological aspects of M. curema, mainly about
its population structure.

Materials and Methods

White mullet, Mugil curema Valenciennes,
1836, were collected from the Potengi river estuary,
located in the Brazilian Northeast region, Rio
Grande do Norte State (5° 45 '38.45" S and 35° 12'
17.71" W) (Fig. 1) three days per month from April
1996 to March 1997.
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Figure 1. Studied area showing the location of Potengi river estuary, Natal, Rio Grande do Norte, Brazil.

Samples were collected every full moon and
high tide by two fishermen in a canoe. The
specimens were collected using gillnets of 160 to

180m length, 35 cm height and 6.0 mesh size. At the
laboratory, all specimens collected were measured
for total length (TL), to the nearest mm, with the
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help of an ictiometer and total body weight (TW) to
the nearest g. Sex determination was performed
according to the maturity scales proposed by
Vazzoler (1981, 1996).

The sex ratio was expressed as males:
females, following the equation: Sex ratio = M/F;
where M is the number of males and F is the number
of females. Sex ratio was analysed by month and
size interval (length classes). The reproductive
period was defined by the presence of ripe females
(Munro 1983). The pattern was further confirmed by
the presence of ripe males collected together with
females at the same sampling period (Luckhurst et
al. 2000).

The mean size at first maturity (Lsp) was
graphically determined (Finucane & Collins 1986,
Vegas-Cendejas et al. 1997) through adjust to a
sigmoid curve, following the result of the logistic
equation: Y = 1/1+ e ™9 where Lso = length at
which 50 % of the individuals are sexually mature
and r = curve slope, based on the number and
percentage of fish at stages 11-IV (maturing, ripe and
spent) and the length at which 50 % of the fish were
mature estimated. The body size at which 50% of
the fish reach reproductive maturity was considered
the size at first maturity.

Data was verified for normality and
homogeneity by  Kolmogomov-Smirnov  and
Levene’s tests (Zar 1999). For sex ratio, deviation
from 1:1 null hypotheses were tested using the Chi-
square analyse (y?). Student t-test was used to
compare the total weight and length of females and
males. Weight-length relationship, Wt = aLt®, was
transformed to natural logarithm (In): InTw = Ina +
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bInTI. Parameters a and b were calculated by least-
square regression. The differences between a and b
values from males and females growth curve were
tested by ANCOVA. The t-test with a confidence
interval of £ 95 % was performed to confirm
whether the b- values obtained in the linear equation
depart from the isometric value (3) following the
equation: t; = b-3/ s, where t; is the t-test value, b
the slope and s, the standard error of the slope
(Sokal & Ronhlf, 1987). When b value was
statistically equal to 3, growth was considered
isometric.  Conversely, positive or negative
allometric growth occurred when the b value
significantly differed from 3 (Ricker 1975,
Erkoyuncu 1995, Ivo & Fonteles-Filho 1997).
Throughout the text it was always considered a
significance level of 0.05 for rejection of the null
hypothesis.

Results

It was collected 483 white mullet, M.
curema, individuals from April 1996 to March 1997.
The total weight ranged from 20 to 264 g (average
weight 210.4 + 76.72 g) for males and 55 to 695 g
(average weight 239.6 = 96.50 g) for females. The
total length of the males ranged from 116 to 374 mm
(average length 272.8 + 43.4 mm) and females
ranged from 164 to 416mm (average length 286.6 +
39.58 mm). There were significant differences in
average length (t = 3.69, df = 481, p < 0.05) and
weight (t = 3.65, df = 481, p < 0.05) of males and
females. The distributions of the classes of total
length and weight are shown in figure 2.
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Figure 2. Distribution of white mullet (A) weight and (B) total length at the Potengi river estuary at

Brazilian northeast region.

The length-weight function calculated for
males and females were: Wty = 0.00005* Lty
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parameters from male and female equation
(ANCOVA, F = 1.03, df = 1, p > 0.05). The
allometric coefficient (b values) found were: 2.7061
for males and 2.7591 for females. The t-test
indicated that the b-values found for both sexes of
M. curema departed significantly from the isometric

value (3). The equation parameters of the weight-
length relationship, the t-test results and the type of
growth can be verified in table 1. The linear
equation after In- transformation and its respective
residuals are shown in figure 3.

Table 1. Estimated parameters of weight-length relationship for M. curema from the Potengi river estuary, northeastern
region, Brazil (S.E.: standard error; a: intercept; b: slope; C.I.: Confidence interval; r2: determination coefficient; d.f.;
degree of freedom). *Significant difference at the level of 0.01.

Equation parameters

Mugil curema t-test (d.f.) Growth

a b T S.E. of b (95%C.1. of b)
Males 0.00005 2.7061 0.9581 0.0534 (2.6565 - 2.8671) t =4.52* (234) - Allometry
Females 0.00004 2.7591 0.9201 0.036 (2.6354 - 2.7775) t =-8.19* (247) - Allometry

In general, it was sampled a total of 248
males and 235 females M. curema specimens. The
overall sex ratio was 1:1.04 and chi-square analysis
did not show significant difference from the
expected ratio 1:1 (y* = 0.072, df = 1). A monthly
analysis showed high amount of females in January
(66.7 %) and September (61.5 %), whilst males

predominated in November (63.4 %), December
(62.2 %) and February (63.8 %) (Fig. 4A). Males
predominated at lower length classes. Intermediate
length classes were equally represented by males
and females, except for class ranged from 170 to 190
mm. Females were more numerous at larger length
classes (Fig. 4B).
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Figure 3. Relationship between the total weight (Tw) and total
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length (TI) of white mullet, Mugil

curema (data was In transformed). Graphs A-B show linear equation and coefficient of determination (r?)
for males and females, graphs C-D show residues from the linear equation of males and females,

respectively.

The analysis of gonad maturity for both
sexes showed that 25.4 % of fishes were immature
(), 60.4 % were maturing (1) fish, 8.12 % were ripe
(1) and 6.1 % were spent (IV) fish. However, 81.4
% of males and 90.6 % of females were registered as

immature and maturing stages; 18.5 % of males and
9.3 % of females were at ripe and spent stages,
respectively. The maturity stages for both sexes
varied monthly throughout the studied period. Stage
Il was recorded throughout the whole year, with
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higher abundance (73.3 %) in April. Stages Il and
IV were more representative from November to

March. Macroscopic ovarian maturity variation in  males and 240 mm for females (Fig. 6).
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Figure 4. White mullet, Mugil curema, sex ratio. A - Monthly variation, and B - Length classes
variation between males and females sampled at Potengi river estuary, Brazil. Statistical
differences in gender proportion from the expected ratio 1:1 are indicated by *.
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Figure 5. White mullet, Mugil curema, maturation distribution indicated by macroscopic gonad stage for
both sexes. The x-axes are months of collection and y-axes are percentage of the gonads at different
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Figure 6. White mullet, Mugil curema, length at first sexual maturity (Lsg) for grouped fish (A), only
males (0) and only females (®) sampled at Potengi river estuary, Rio Grande do Norte State, Brazil.
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Discussion

Knowledge of fish weight, length and
gender to establish population structure are essential
to management of fish stocks. In the present study,
developed at Potengi river estuary, Rio Grande do
Norte - Brazil, female specimens of M. curema were
larger and heavier than males. This result is in
agreement with the study realized in the Southern
Caribbean by Solomon & Ramnarine (2007), which
showed M. curema females from 260 to 405 mm in
length and 260 to 800 g in weight. Changes in
female’s body most probably reflect the
reproductive cycle, since ovaries maturity well
correlates with fish weight. This is a typical pattern
found for many mugilid species and gonochoristic
teleosts (Brusle 1981, Chan & Chua 1980, llkyaz et
al. 2006)

When information about fish weight is
required, it can be estimated from length if the
weight-length  relationship is known for the
population under concern (Jobling 2002). The b
exponent (b = 2.7252) from the length-weight
relationship function was estimated as a value lower
than 3, which indicates that M. curema growth
performance shows negative allometric pattern,
indicating that fish becomes “slimmer” as it
increases body length (Jobling 2002). Similar result
was observed by Giarrizzo et al. (2006) in a study
carried out at Curugd Estuary in NE Pard, Brazil,
which registered a negative allometric growth for
both sexes of M. curema (b = 2.80).

The sexual proportion provides important
information to the portrayal fish population
structure. Overall, it’s expected that the sexual
proportion of 1:1 for a population in which the
prediction birth number of females and male are the
same (Vazzoler 1996). For M. curema, the sexual
proportion was 1 male for 1 female, as expected,
but, however, variation in the sexual proportion was
found when considering length classes and the
amount of fish collected each month. It may have
occurred due to various factors such as mortality,
growth and spawning migration that act differently
on each sex during the fish life cycle, as stated by
Vazzoler (1996) and Souza et al. (2007).
Nevertheless, it is evident that the sexual proportion
of M. curema varied in relation to size and month at
Potengi river estuary probably due to its
reproductive strategy.

Spawning migrations of mugilids is usually
related to the movement of ripe fish from their
feeding area (generally estuaries) to the open sea.
Some authors report that the white mullet spawning

occurs in the ocean and shoals forms in preparation
for leaving in the coastal lagoons (Jacot 1920,
Anderson 1957, Ditty & Shaw 1996, Ibafiez-aguire
& Gallardo-Cabello 2004, Ibafiez-aguire & Benitez
2004). In accordance with Marin et al. (2003), the
spawning of M. curema in lagoon is not indicated by
any increase in the frequency of fish in advanced
stages, but rather is associated to the disappearance
of maturing and mature fish from coastal areas. In
this study, ripe and spent stage fish were recorded
more frequently during the period ranged from
November/1996 to March/1997.

Solomon & Ramnarine (2007) reported M.
curema in the Southern Caribbean as a multiple
batch spawner with a protracted spawning season
ranged from November to July, in which the gonadal
development was annual and each female appears to
spawn at least twice a year. On the contrary, Ibafiez-
Aguire & Gallardo-Cabello (2004) registered M.
curema spawning period between February and
May, with a peak in April, at a Mexican coastal
lagoon. Hence, it seems that white mullet
reproductive periodicity varies over its geographic
distribution (Marin et al. 2003). Our data is in
accordance with several studies that have reported
mugilids protracted reproduction in tropical waters,
and also showing two spawning peaks per year
(Anderson 1957, Angel 1973, Alvarez-Lajonchere
1976, Garcia & Bustamente 1981, lIbafiez-Aguire
1993, Rheman et al. 2002, El-Halfawy 2004,
Chelemal et al. 2009). Thus, the monthly variation
in the proportion of M. curema ripe males and
females indicated an extended reproduction period
normally occurs from November to March, showing
two peaks of spawning, one in November and other
in March.

Information of the mean size at which
individuals reach sexual maturity is valuable for the
control of exploitation. In this study, the size at first
sexual maturity of males and females of M. curema
were 264 mm and 240 mm, respectively. This result
indicates that males reach sexual maturity larger
than females at Potengi river estuary, in Brazil. Even
though it’s not commonly found mugilid males
greater than females at first maturity (Anderson
1957, Edimar 1973, El-Halfawy 2004, Kendall &
Gray 2008), our results are similar to those observed
by Ibafiez-aguire & Gallardo-Cabello (2004) for M.
curema in a coastal lagoon in the Gulf of Mexico.
According to Araljo & Chellappa (2002),
differences in males and females body conditions
may provide mechanisms for adaptive phenotypic
response to tropical coastal environment changes.
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Fish size at first sexual maturity is affected by
genetic, physiological and environmental factors
(Nikolskii 1969).

Therefore, we could conclude that Mugil
curema from Potengi river estuary present
population structure pattern similar to those found
for this species in other regions. Concerning the
reproductive period, it could be suggested that it is
linked to seasonal rain variation, which occurred at
the beginning of the summer time at the northeast
region in Brazil, but, however, more studies are
needed to confirm this hypothesis
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