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Abstract

In this study, the determination of growth and reproductive characteristics of the
thinlipped grey mullet (Liza ramada) living in the Gokova Bay (Mugla) were carried
out. For this purpose, 120 individuals were obtained by monthly sampling during the
period between June 2007 and May 2008. The total length ranged from 154 mm to 480
mm and weight varied between 35.0 and 505.5 g. Age groups varied between I and VI
for this species in Gokova Bay, with the second and third year-classes dominating. Sex
ratio was 1.26:1 (M:F), corresponding to 55.84% male and 44.16% female of the
population (P>0.05, )(2 test). The length-weight relation was found as W= 0. 0005L*%
for all individuals. The von Bertalanffy growth equation was calculated as: L=
489.19[1—¢™®21(+100); by using the data of 120 L. ramada specimens. Significant
statistical differences in condition factors between age classes and sexes were not found
(P>0.05, t-test). Monthly examination of condition factor showed that similar condition
cycle is evident in both sexes, peaking in August (1.135 for males and 1.136 for
females). Spawning period of this species in Gokova Bay occured between October and
December, showing a peak in November.
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Giiney Ege Denizi, Gokova Korfezi ( Mugla)'nde Yagayan
Liza ramada (Risso, 1826) nin Biiyiime ve Ureme Ozellikleri

Ozet

Bu ¢alismada, Giiney Ege Denizi, Gokova Kérfezi (Mugla)'de yasayan Liza ramada’
nin biiyiime ve iireme ozelliklerini belirlemek amaciyla, Haziran 2007 ve Mayts 2008
tarihleri arasinda aylik olarak orneklenen 120 adet birey incelenmistir. Incelenen

YHatice TORCU KOC, htorcukoc @hotmail.com

35



KASIMOGLU C., YILMAZ F., KOC H.T.

baliklarin total boylart 154— 480 mm; agirliklart 35.0— 505.5 gr arasinda degismistir.
Gokova Korfezi’'nde bu tiir icin yas gruplari, 1. ve III. yas gruplart en fazla bireyle
temsil edilerek, I. ila VI. arasinda degismistir. Populasyonun % 44.16° simin disi; %
55.84° simin da erkek bireylerden olusmus ve esey oram 1.26:1 (E:D) olarak
saptanmistir (p<0.05, v test). Tiim bireyler icin boy-agirlik iligkisi denklemi W=
0.0005L*% olarak bulunmustur. The von Bertalanffy biiyiime esitligi ise, 120 bireyin
verileri kullanilarak L= 489.19[1—e™**'"*"%V] seklinde hesaplanmistr. Yas gruplart ve
eseyler arasindaki kondisyon faktorii degerleri istatistiki olarak anlamli bulunmamistir
(P>0.05, t-test). Her iki esey icin ortalama kondisyon faktorii (K) degerlerinin aylik
degisimlerinin benzer oldugu ve Agustos ayinda (erkekler icin 1.135; disiler icin 1.136)
pik yaptiklar: belirlenmistir. Gokova Korfezi’deki bu tiiriin yumurtlama periyodu Kasim
aywinda pik yaparak, Ekim-Aralik arasinda olusmaktadur.

Anahtar kelimeler: Gokova Korfezi, Liza ramada, biiyiime, iireme

1. Introduction

The fish of the Mugilidae (grey mullets) are euryhaline and euryterm that enter coastal
lagoons during early life stages to complete growth previous to sexual maturation. The
thinlipped (L. ramada) and the sharpnose (L. saliens) mullets are diadromous species
that enter coastal lagoons during early life stages to complete growth previous to sexual
maturation [1]. This family has also a worldwide distribution in warm waters, where its
members grow well on algae and detritus [2].

Determination of growth and reproduction of fish populations which vary to
physicochemical and hydrographic conditions of water systems is the main subject of
fisheries biology. Fish are an important alternative sources to other food. Therefore, in
order to protect and better use of these available living resources, fish growth,
reproduction time, and condition should be determined. It should be necessary that fish
are allowed to reproduce at least once, and the determination of length restrictions in
natural fish stocks should depend on the age and size of sexual maturity. In water
systems, knowledge of growth, reproduction and fishing prohibition regulations have
great importance for the protection and the survival of natural stocks [3, 4].

Liza ramada is one of the target fish species of commercial fishing along Aegean coasts
and Gokova Bay [5]. In the literature, studies carried out in lagoons on the growth and
reproduction of thin-lipped grey mullet were reported by Minos [6] from Greece and
Gorenko et al., [7] from Middle Adriatic Sea. The information about the seasonal
occurrence, composition, growth, reproduction, parasite communities of L.ramada
were published by Torricelli et al., [8], Almeida et al., [9], Dzikowski et al., [10],
Mureno et al., [11], and Mati¢-Skoko et al., [12], from lagoons of Sardinia, Eastern
Middle Adriatic, and El-Halfawy [13] in Timsah Lake. Ergene [14] determined growth,
reproduction, sex maturity age of L.ramada Inhabiting Akgol-Paradeniz Lagoons
(Goksii Delta) while Goger and Ekingen (15) determined the age composition, sex ratio,
age-length, age-weight, length-weight relations and condition factor of L. ramada in the
Mersin Bay.

The aim of the present study was to describe data on age, growth, and sex ratio,
gonadosomatic index, condition of thinlipped mullet from Gokova Bay, located in

36



BAU Fen Bil. Enst. Dergisi Cilt 13(2) 35-49 (2011)

southern Aegean Sea of Turkey. So, it is hopeful that this investigation will contribute
to clarify the population structure of thinlipped mullet in Gokova Bay today, comparing
with the relevant studies.

2. Material and Methods

Aegean Sea is divided to sub-region as northern and southern Aegean Sea due to bio-
ecological differences. Gokova Bay located between Bodrum and Marmaris has total
area of 52000 hectares, including 24500 hectares territorial waters. This area is
declared as “Natural Protection Area” with high biological potential and touristic
importance since 1989. In addition, Gokova Bay is the clearest and the richest in fish
species of Aegean Sea because of the geological structure, nutrients and fresh water
input [16, 17]. (Figure 1).
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Figure 1. Sampling Area

Sampling was carried out monthly at Gokova Bay between June 2007 and May 2008 to
obtain a total of 120 specimens. Fish samples were transported to the laboratory for
analyses of total length (TL) to the nearest 0.1 mm, and weight to the nearest 0.1 g.

Scales were used for determining age, especially due to difficulty of otolith
interpretation [18]. Ten to 15 scales from the left side of the body between the lateral
line and dorsal fin were removed and dry mounted between two slides. for binocular
microscopy. The scales were prepared according to a commonly used method [19, 20].
To determine age, the scale preparations were examined by stereo microscope and
checked by micro projection three times [21]. Bagliniere and Louarn’s [18] methods,
were used with the scale preparations and in annulus determination was used to
determine the age of the fish.

Length-weight relationships were calculated by applying an exponential regression

equation W = alLb, where W is the weight (g), L is the total length (mm), and a and b are
constants,
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Von Bertalanffy growth equations were calculated according to L, = Lo[1 — e ~'] for
FL, where L, is the length of fish in mm at age t, L. is theoretical maximum individual
size, e is the base of natural log (2.71828), t is the fish age (year), ty is the hypothetical
time at which the length of the fish is zero, K is the rate at which the growth curve
reaches the asymptote [22, 23].

Condition coefficients were calculated for both sexes using the equation:
CF= (W/TL?) x100 (24, 25).

Sex was determined by macroscopic observation of the gonads. The overall sex ratio
and stages of sexual maturity were also determined. Gonads were removed and weighed
to the nearest 0.1 g. Deviations from 1: 1 null hypothesis were tested statistically by chi-
squared analyses [22]. The spawning period was determined by identifying monthly
changes in the gonadosomatic index (GSI%). The GSI was calculated using the
equation:

GS1%: Gonad weight/(Body weight-Gonad weight) x100 (25).

Statistical analyses were carried out with SPSS, STATISTICA for Windows V 11.0.

3. Results

3.1. Length—frequency distribution

Of 120 specimens measured, TL of females ranging from 160 to 480 mm; the range
(154-380 mm) for males was lower than for females (Figure 2). However, the
difference between TL means of female and male fish for all year-classes was not
significant (P > 0.05, t-test).
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Figure 2. Length—frequency distribution of males and females of Liza ramada in the
Gokova Bay as determined from monthly samples taken in June 2007 and May 2008.
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3.2. Weight—frequency distribution

Of 120 specimens measured, weight of females ranging from 40.5 to 505.5 g.; the
range (35.0-380.5 g.) for males was lower than for females (Figure 3). However, the
difference between weight means of female and male fish for all year-classes was not
significant (P > 0.05, t-test).
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Figure 3. Weight—frequency distribution of males and female of Liza ramada in the
Gokova Bay as determined from monthly samples taken in June 2007 and May 2008.

3.3. Age composition and sex ratio

Age and sex distribution data are summarized in Figure. 4. Age of captured fish ranged
between I and VI, while the second and third year classes were generally the best
represented and constituted an important proportion of the catches. Because of
selectivity of the nets, the 0 age group was not represented in the samples. There were
about 55.84% males and 44.16% females, and differences between sexes according to
age were not significant (P > 0.05). The sex ratio was skewed in favour of males (1:
1.26) (P > 0.05, y* test).

39



KASIMOGLU C., YILMAZ F., KOC H.T.

35 -
B Male

1 [ ] Female
25 4 o

2

=1

b
1 :

151 oo

Individual Number (IV)

Age

Figure 4. Age and sex ratio of male and female of Liza ramada in the Gokova Bay as
determined from monthly samples taken in June 2007 and May 2008.

3.4. Growth

According to Von Bertalanffy growth equations of all individuals, a theoretically
maximal length of 489.19 mm is realistic because the largest specimen sampled during
the surveys was 480.0 mm.
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Figure 5a. Age-length relationship in all individuals of Liza ramada in the Gokova Bay
as determined from monthly samples taken in June 2007 and May 2008.
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Figure 5b. Age—weight relationship in all individuals of Liza ramada in the Gokova Bay
as determined from monthly samples taken in June 2007 and May 2008.

3.5. Length—weight relationship

Length—weight relationship was calculated by using the data of 120 L. ramada
specimens. This was found to be W= 0.0005L**°. Weight increased negative
allometrically with size since the value of b = 2.253 had a significant difference from
the value 3.0 (t-test , p < 0.05) (Figure 6).
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Figure 6. - Length- weight relationship in all individuals of Liza ramada in the Gokova
Bay as determined from monthly samples taken in June 2007 and May 2008.

3.5. Condition Factor

The mean condition factors for female and male were similiar to each other (Table 1).
Additionally, seasonal variations in the condition coefficients were determined for each
sex (Figure 7). For both of sexes, monthly condition values were generally quite high
during August and early September, declined until October and November and
thereafter started to increase again, showing a similiar pattern.
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Table 1. Min, max, and mean condition factor (CF), standard error (SE) for different age
groups of Liza ramada males and females in Gokova Bay as determined by monthly
samples taken in the year of June 2007 and May 2008.

Male Female
Age Groups CF+SE CF+SE
N : N :
(min-max) (min-max)
1.08£0.16 122015
I 15 (0.75-1.34) 6 0.95-1.34
0.720.09 0.720.06
1 20 0.54-0.86 12 0.65-0.84
0.640.08 0.65+0.10
ol 15 0.52-0.83 12 0.49-0.86
0.620.05 0.620.13
Iv 8 0.53-0.70 7 0.45-0.84
0.61£0.08 0.60£0.05
v 6 0.51-0.71 10 0.52-0.69
0.59+0.08 0.5740.09
Vi 3 0.53-0.69 6 0.45-0.69
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Figure. 7. Monthly variations in condition factor of male and female of Liza ramada in
the Gokova Bay as determined from monthly samples taken in June 2007 and May
2008.

3.5. Gonad development and spawning period
Gonad development was followed using the GSI. Monthly changes are plotted in

Figure 8. Spawning occurred between October and December, showing a peak in
November.
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Figure 8. Gonadosomatic index (GSI) changes of Liza ramada in the Gokova Bay as
determined from monthly samples taken in June 2007 and May 2008.

4. Discussion

In this study, a total of 120 specimens of L. ramada from Gokova Bay were examined
from June 2007 to May 2008. The age of captured fish ranged between groups I and
VI. The most of the obtained specimens were between ages Il and III indicates that the
population were young individuals. Ergene [4, 14] and Mureno et al., [11] confirmed
the findings found in this study. The population consisted of 55.84% males and 44.16%
females. In this study, the sex ratio was 1: 1.26 (F: M) and not significantly different
from 1: 1 (p<0.05, y* test). This result may be attributed to the random sampling used
during the study. Although the sex ratio in most of the species was close to 1, this may
vary from species to species, differing from one population to another of the same
species, and may vary year after year within the same population [26]. Brusle [27]
reported that the ratio of males increased during reproduction migration. Generally, the
ratio of males to females is higher in the early stages of life, while at later stages the
situation is reversed, with females becoming more abundant [26]. This situation was
confirmed in the present study, as the sex ratio favored males in the younger age-classes
and females in the older age-classes. Similar patterns have been found in many other
studies [28-30] conducted in Europe. Brusle [27] and Goger and Ekingen [15] also
confirmed the sex ratio found in this study.

Variations in fish growth in terms of length and weight can be explained as an adaptive
response to different ecological conditions [26, 31]. As males were longer and heavier
at earlier life stages, females were longer and heavier at later stages. This situation was
similiar to those reported by Ergene [4, 14], Gocer and Ekingen, [15], and Bilgin et al.,
[32].

As the largest size of Liza ramada reported in Gokova Bay is found as 480 mm at 6
years old, this is higher than the size (364 mm and 42.0 cm at 6 years old, respectively)
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determined by Farrugio [33] from Tunusie and Yerli [34] from Ko&ycegiz Lagoon,
Kalay et al., [35] and lower than growth rates (420 mm at 5 years old, 41.5 cm at 6
years old, 70 cm at 8 years old) from Akgol-Paradeniz [14]. The von Bertalanffy
growth equation was estimated as L= 489.19[1—e '™ for all individuals in
Gokova Bay. The theoretical maximum length was close to those estimated for Cabras
Lagoon in Central-Western Sardinia [11] except for Tagus River [9], the Neretva River
Delta [36]. Differences about the data of age- length-weight relations can be explained
by the various biotic and abiotic factors like adequacy of the food; density of the
population; and peculiarity of physical and chemical of the water [26, 31]. The von
Bertalanffy growth equations were: L= 489.19[1—e '™ for all individuals in
Gokova Bay. The theoretical maximum length was close to those estimated for
L.ramada in Tagus River, Cabras Lagoon, Sibenik Bay (Adriatic Sea) [37] except for
the Krka River [38], North-Western Portugal [39], West Greece [40].

This variation may be due to different stages in ontogenetic development, as well as
differences in condition, length, age, sex and gonadal development [26]. Geographic
location and some environmental conditions such as temperature, organic matter,
quality of food, time of capture, stomach fullness, disease, parasitic loads [41],
temperature, organic matter, quality of food and the water system in which the fish live
[32] can also affect weight at- age estimates.

In thinlipped mullets at Gokova Bay, values of condition factor varied from 0.45 to
1.12. while Goger and Ekingen [15] reported the condition factors of L.ramada between
0.44 and 0.95 in Mersin Bay population, Temelli [42], Sar1 [43], Yerli [44], Akyol [45],
Ergene [14], Hossucu [5] and El-Zaeem [46] mentioned the condition factors of L.
ramada as between 0.82 -1.04, 0.83-0.98, 0.77-0.921, 0.85-1.88, 0.95-0.97, 0.74-0.84,
and 0.42 for Izmir Bay, Bafa Lake, Kéycegiz Lagoon, Homa Lagoon, Akgol-Paradeniz
Lagoon, Giillik Bay, and Egypt, respectively. This case can be attributed to the
richness of nutrients, population density, age, spawning season in studying areas. In
addition, the lowest condition was recorded in autumn months corresponding to the
known spawning period of Liza ramada in Turkish Waters. The findings confirm the
relevant studies by Hossucu [5] and Temelli [42] from izmir and Giilliik Bays, Bruslé
[27] and Farrugio [33] and from North Africa.

The slope (b) value of the length—weight relationship in all individuals showed that
weight increased with length in negative allometry. b value for L.ramada population in
Gokova Bay was different from those found by Hossucu [5] and Katselis [40].

The b values are often 3.0 and generally between 2.5 and 3.5. As the fish grows,
changes in weight are relatively greater than changes in length, due to approximately
cubic relationships between fish length and weight. The b values in fish differ according
to species, sex, age, seasons and feeding [22; 41]. In addition, changes in fish shape,
physiological conditions, different amounts of food available, life span or growth
increment can all affect the b growth exponent [47; 48].

In the present study, spawning season of L.ramada in Gokova Bay extended from
November to December on the basis of GSI values (Figure. 8). Spawning season of L.
ramada in Timsah Lake extended from November to January [13], while spawning
season of this species in Akgol-Paradeniz Lagoon was found to be November and
December [4]. Sagi and Abraham et al. [49] reported that Liza ramada has maximum
GSI values during period of migration to the sea in order to reproduce. Slastenenko
(50) mentioned that Liza ramada reproduction continues in the Black sea during July
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and September. Katavic [51] evaluating the time of emergence of fingerling Liza
ramada and suggested that spawning occurs between late December, January and
February. Yerli [34] found that the values of GSI was 18.96 at November and 16.17 at
December while Salem and Mohammed [52] at Crocodile Lake (Egypt) found the GSI
% values of Liza ramada in October, November and December to be 2.2 %, 4.3 % and
2.2 % respectively. The GSI % values found in Gokova Bay are lower than the values
found in the studies mentioned above. It was found that spawning period as reported for
Eisawy et al. [55]; Salem and Mohammed [52]; Yerli [34]; Buhan [56]; Sar [43]; Zaki
et al. [57], Ergene [4], and El-Halwawy et al., [13] are all in agreement with each other
and with the present study. However, due to different ecological and climate
conditions, the starting and finishing time of reproduction may include different months.
Spawning periods of fish vary with respect to their species; the ecological
characteristics of fish are determined by such ecological differences as stagnant or
running water, as well as altitude, temperature and quality of food [26].

5. Conclusion

As a result of the mullet species in this study, especially in the Gokova Bay, V-VI age
groups, and more at the arrest of individuals belonging to the older age groups are
noteworthy. Decreasing of population of this age group indicates the over-fishing. The
releasing of the thinlipped mullets in small quantities from nets may be recommended.
However, this rootstock is left to nature, especially of those who have matured
gonadlara marine environment and can be hunted again considering the possibility it
may not be the solution. Therefore, the sexually matured individuals can be supported
to spawn in natural enviroment by establishing net cages to areas suitable for laying
eggs and, to catch the newly spawning fishes inside the cage can be recommended for
the sustainable yield.

The fishing size of mullets has been given as 20 cm by Ministry of Rural Affairs [58].
In spite of these prohibitions and regulations related to mullet fishes, the fact that the
substantial as many fish under this lenght limit was encountered revealed the
unconscious fishing of mullets and more stringent precautions to be taken in this subject
should be thought. The fisherman should use the more open-area fishing nets and
release the fish under the lenght limit caught incidentally, to the sea by according to
fishing bans. It is tought that the needed training and awareness-raising work by the
authorities will be good to make for chance of continuing mullet generations. If the
mullets are persisted to catch unconsciously, economically important fishes will be
endangered.

Starting from this idea, long-term precautions should be taken for mullet populations.
Therefore, as a priority, water quality, micro and macro studies of flora and fauna
should be carried out. Planning for the future will be done, taking account of the
scientific data obtained from these studies by experts.
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