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ABSTRACT

The biology of red mullet Mullus surmuletus was studied from collections taken of the
Mostaganem coast (Western Mediterranean) between January and December 2009.
Total length ranged from 12 to 25 cm. Females dominated the larger size-classes (> 20
cm). Length frequency distribution according to sex revealed that the females were
highly representative in the majority of size classes. The reproductive period activity of
the females centers around spring. The total length at 50% maturity for females was 17.5
cm. The length-mass relationship for all individuals can be described by the parameters
a =0.009 and b = 2.934. Fish aged 0-8 years were present in the samples. The
parameters of the Von Bertalanffy growth equation obtained for females were L= 24.70
cm, k=0.37 cm/ year, and ty= - 0.37 year. For males L= 25.52 cm, k=0.32 cm / year, ty=- 0.71
year. Significant differences were found in the growth parameters between males and
females.
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1. INTRODUCTION

Red mullet Mullus surmuletus [1] is a
demersal marine fish that inhabits sandy
and rocky substrata, usually at depths
<200 m [2]. It is distributed along the
European and African coasts of the
Atlantic Ocean, from the English
Channel to Dakar, and around the Canary
Islands. It is also widely distributed in the
Mediterranean and Black seas [3, 4].

Mullus surmuletus biology has not been
extensively studied, and but few papers
deal exclusively with this species. [5]
studied its spawning and larval
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development in captivity, while [6] N'Da
(1992) and [7] studied its diet and sexual
cycle on the Brittany coast, France.

In the Mediterranean, most investigators
have studied Mullus surmuletus jointly
with M. barbatus, and reports are
available comparing chemical
composition [8], age and growth
[9,10,11,12], reproduction [13], trophic
relationships [14,15], and biological and
fishing aspects [16,17] of both species.
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Only [18] and [19] have studied some
biological aspects of this specie in
Algeria.

The present study is an extension of her
work, reproductive and analysing the age,
growth aspects of M. surmutetus in
Mostaganem (Northwest Algeria).

2. MATERIALS AND METHODS

A-Reproduction study

Length frequency data (n =838) were
obtained from red mullet collected
fortnightly  between  January and
December 2009 from small-scale fleets
working from Mostaganem coast (Fig. 1).
A subsample was taken from each
sample for biological examination (n =
838). Total length (7L) was measured to
the nearest millimetre and total body
mass (WT) was recorded to the nearest
0.01 g. Sex and stage of maturity were
then determined macroscopically and
gonad mass (GM) was taken to the
nearest 0.01 g. The stages of maturation
were classified as follows: I, immature;
I1, resting; III, ripe; IV, ripe and running;
V, spent.

The sex ratio was analysed by size-class.
The spawning season was determined by
following the monthly evolution of the
gonadosomatic index (GS/), according to
[20]: GSI=100 GM / WT.

To monitor morphological variations, the
condition index was calculated to assess
the degree of overweight consecutive to
genital development and repletion state of
the target species. Condition factor was
studied in females in order to show dif-
ferences of Kn [21] related to time, ac-
cording to the formula: Kn = W/Wy,
with Wy, = a L1° where “Wr” is the total
weight, “Wy,” is the theoretical weight,
“a” and “b” are coefficients of the re-
lative growth between weight and length
and “Ly” is total length.

For estimation of the length at sexual
maturity (length at 50% maturity), a
logistic function was fitted to the
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proportion of mature individuals (Stages
III, IV and V) by size-class, using a non-
linear regression [22], P =1 / {l + exp [-
b*(L-Lmso)].

Where, (P) is the proportion of mature
individuals at length (L7), a and b is a
parameter determining the slope of the
maturity curve and Lm350 is the total
length at which 50% of the fish are
mature. The relationship between 7L and
WT was established by linear regression
[23], both for males and females
separately and for the whole population.

Figure 1: Study area (Northwest Algeria)

B- Growth study

The values of growth parameters were
calculated using the software FISAT II
(subroutine  ELEFAN) [24]. Tables 3
report values of L, (asymptotic length), k
(coefficient of growth), t, (the theoretical
age at which the size is zero), also for @
(growth index). These values, once
estimated for M. surmuletus specimens,
were then replaced in the equation of
Von Bertalanffy. Parameters obtained
from the equation of Von Bertalanfty did
not differ significantly between the two
sexes; but asymptotic length, growth rate
and growth index resulted slightly
different in males. Length frequency data
were converted to age frequencies using
the estimated Von Bertalanffy growth
parameters [25, 26].

Biometric relations observed by analysis
of relative growth are shown in Table 2.
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This relationship indicates an upper
bound of allometry (b greater than 3) for
females in all months of the year. We can
say that the weight of the species grows
faster than the cube of length. Such an
allometric relationship was observed also
in males. In fact, the lower bound also
appeared in the allometry of males. The
fitting of a and b (Wy= aLb) was
employed as input data in stock
assessment models.

3. RESULTS AND DISCUISSION

A- Reproduction

1. Size distribution

The total length of red mullet collected
during the sampling period ranged
between 12 and 24 cm. With reference to
the distribution of males and females in
the Mullus surmuletus samples, the
females predominate in all months (Fig.
2). The overall sex-ratio value estimated
as 61.57% in favour to females. Further,
females were dominant in all size classes
(Fig. 3). Results were compared with
theoretical [ (1.96) at a rate of 95%
confidence (Table 1). The calculated
value of [ = 1.62 is less than the value
(1.96) given by the table of the z-score;
this finding indicates that females are, on
average, significantly larger than males.

Table 1: Percentage of sexes in Mullus
surmuletus (*p<0,05)

Sexe Total | Percentage

Females | 516 | ¥61.57+3.29
Males 322 | 38.42+3.29
Total 838 100
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Figure 2: Mean monthly length frequency
distribution of M. Surmuletus
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Figure 3: Monthly sex ratios by length-class of
M. Surmuletus

2. Sexual cycle and spawning period

The gonado-somatic index (GSI) was used
to determine the reproductive period,
which was calculated from samples taken
monthly from males and females. The
maximum GSI value was 2.98 in females
in May. In June, the GSI value decreased
because all samples had presumably
dispensed of their eggs (Fig. 4):

Months

Figure 4: Monthly changes in the gonadosomatic
index (GSI) with standard errors of Mullus
surmuletus
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After July, the gonads began to develop
and the values of GSI again started to
gradually increase until February. Our
findings suggest that the reproductive
period of this species occurs regularly
between March and June.

As regards the sexual maturation of
females, different stages of maturation of
the gonads during different months of the
year are shown in Figure 5:
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Figure S5: Percentages of different stages of
sexual maturity in Mullus surmuletus females per
month

Figure 6 shows the condition factor Kn
by seasons in females sex. The values of
Kn resulted overweight, thus revealing
breeding events and confirming a rapid
maturation occurring from March to
May.
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Figure 6: Condition index (Kn) with standard
error according to the season in Mullus
surmuletus females

3. Size at First Sexual Maturity

The smallest mature female observed
during the present study was 12.3 cm 7L,
whereas the smallest mature male was 12
cm TL. The estimated mean size at which
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50% of females were mature was 17.70
cm (Fig. 7):
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Figure 7: Size at first sexual maturity of Mullus
surmuletus (females)

B- Growth

1. Length-Weight Relationship

Of 838 specimens captured, 516 were
female and 322 were male. Females
measured 12 to 24 cm 7L (X=18.21 cm
TL), males 12.5t0 23.5cm TL (X =17.69
cm 7L). The length-weight relationship
of Mullus surmuletus indicated a positive
allometry for female and a negative
allometry for male by the following
equation:

(Wr = a Ly "). The analysis by sex
showed a significant difference in the b
coefficient (Table 2):

Table 2: Biometric Relations
(Linne, 1758)

M surmuletus

WT =a LT b
Females W, = 0,009L003 02
Males W,.=0,010L,~"

The parameters of the Von Bertalanfty
growth equation determined for males
and females are shown in Table 3.
Significant differences were found
between the growth of males and
females.
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Table 3: Growth parameters for M.surmuletus females and males

Sexe Females Males
Parameters | k (cm/yr) L, (cm) to (yr) 9] k (cm/yr) L, (cm) | to (yr) 0
Results 0,37 24,70 -0,37 2.35 0,32 25,52 -0,71 2.32

Table 4: Von Bertalanffy Equation

Sex

Von Bertalanffy Equation

Females

Lt — 24 70(1_6—0,37 (t+ 0,37))

Male

Lt — 25 52(1_6-0,32 (t+ 0,71))

Table 5: Mullus surmuletus. Length weight and growth parameters in different areas of Mediterranean
Sea (F females; M males; F + M females and males; further abbreviations as in Tables 2 and 3)

Sex Lo k(cm/year) to o a b Area Source
(cm) (year)
F+M  32.52 0.1097 -3.64  2.06 0.0073 3.10 Catalonia  Sancez et al.
(1983)
F 29.75 0.49 -0.31 Sicilian ~ Andaloro and
M 26.25 0.41 -0.23 Channel Giarritta
(1985)
F 21.82 0.51 -0.112  2.38 0.1403 3.351  Tunisia Gharbi and
M 19.87 0.49 -0.025 228 0.1443 3.28 Ktari (1981a)
F+M  21.51 0.50 -0.116  2.36
F 31.90 0.20 -2.60 232 0.0095 3.1090 Majorca Renones
M 25.54 0.27 245 225 0.0104 3.0672 (1995)
F+M  31.28 0.21 -2.34 231 0.0091 3.1203
24.70 0.37 -0.37 235 0.009 3.02 Algeria  Kherraz et al.
25.52 0.32 -0.71 232 0.010 2.98 (2014)

4. DISCUSSION

Mullus surmuletus 1s distributed along
the continental shelf and slope down to
a depth of > 400 m [27]. In
Mostaganem  waters, the highest
concentration of this species is found
between 15 and 60 m depth. Below this
depth, the species is replaced by the
other mullid species (M. barbatus)
present in the area. The same features
have been observed by [28] for red
mullet in Tunisian and Majorcan

waters, where they are found at depths
between 30 and 90 m and more than
90% of the fish are 0-4 years old.

In the depth strata where the
Mostaganem trawling fleet exploits
Mullus surmuletus, the more frequent
lengths in the catches are between 12
and 25 cm. In the age-length
relationships these correspond mainly
to specimens between 0 and 4 years of
age. The results are similar to those
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obtained by [10] in Tunisian waters.
These authors found that between
depths of 30 to 90 m, 90% of the
individuals were between 0 and 4 years
of age.

The proportionately larger red mullet
were caught between February and
May. These seasonal differences in the
length distribution of the catches may
be explained by a concentration of
adults due to reproduction in spring,
whereas at the end of summer and
autumn the recruits resulting from the
annual spawning enter the fishery. [10]
Also indicated a migration towards
shallow waters (from 15 to 60 m in
depth) by mature adults in spring and
summer, and a concentration of
summer and autumn. Recruitment to
the bottom takes place in shallow
areas, with a displacement towards
deeper waters as mullet size increases.
The monthly changes observed in the
GSI and the percentage of mature
specimens recorded are very similar to
results obtained in other areas of the
Mediterranean [13,17] and in the
Atlantic [7], where this species has also
been studied on a microscopic scale.
The reproductive activity of females
centres around spring.

Red mullet attain sexual maturity
during their second year of life, at
around 17.70 cm. Similarly; in the
Mediterranean they attain  sexual
maturity between the first and the
second years of life [29, 30, 17, 31, and
32].

We observed the presence of gravid
females with a maximum of 1.60 RGS
in April also, there are resting females
in spring and summer; these
observations could be explained by the
fact that after spawning adult females
would regain deep waters. Our results
are almost similar to those obtained by
other authors. They all define clearly
the spawning period in spring; this
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situation is common to the complete
the Mediterranean coast [33] and in the
Ionian Sea [34].

The results of the study of the
condition index (Kn) in females, set
and confirm the spawning period in the
range from March to May, the value of
Kn begins to decrease with a minimum
in May, which could be explained by a
loss of organic matter associated with
the laying period.

The positive allometry of the length
weight relation-ship for the whole
population agrees with results of other
studies (Table 5). The differences
between females and males, with a
larger allometric coefficient in females
than in males, are probably due to the
different length distributions of the two
sexes. In the size weight relationship,
this difference between females and
males as a whole means that the
portion of the population > 21 cm in
length has a very low proportion of
males (Fig. 2).

As a whole, growth of Mullus
surmuletus 1s fast, with females
growing at a slightly slower rate than
males. There is no apparent difference
in the maximum age between sexes,
but females are predominant in Age
Classes IV and V. The growth of
Mullus  surmuletus recorded in our
study is very similar to that reported
for this species in other areas, except in
Catalonia where it is lower (Table 5).
However, the calculated growth
parameters describe the exploited
population for the trawl fishery, where
the oldest fish were 7 yr of age.

Finally, our results suggest a life cycle
for Mullus surmuletus similar to that
proposed for M. barbatus [10, 13], the
other mullid species present in the
study area. These two species also
display a high dietary overlap [14, 15].
However, two mechanisms enable the
coexistence of both species in the same
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area. First, spawning and the
recruitment of both species are
temporally separated. M. surmuletus
begins reproduction in March, with
recruitment to the bottom from August
onwards, whereas M.  barbatus
reproduces from April to July and
recruits to the bottom in September-
October. Moreover, differences in their
bathymetrical distribution allow the
coexistence of different length ranges

of each species, which probably
enables the partitioning of food
resources.
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