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ABSTRACT
The age, growth and reproductive biology of the Liza carinata from the Suez
Bay were studied. Age determination was based on otolith readings and validated by
the decomposition of the seasonal length frequency distributions collected during the
period from January 2009 to January 2011. The estimated von Bertalanffy growth
-0.463 (t + 0.325)
equation was Lt = 21.279 (1 – e
). The fish grows allometrically (b =
2.8692; 95% CI: 3.1687-3.370) and relatively rapid, achieved more than 50% of the
growth during the first year of life. Seasonal distribution of gonado-somatic index
(GSI) values showed that the main peak of GSI was in autumn. The seasonal
development of maturity stages indicated that the spawning activity occurs during
autumn. The size at which 50% of fishes are mature was 13.3 cm for males and 13.5
cm for females, which indicates that all individuals over two years of age were
sexually mature. The absolute fecundity of the present species ranged from 60732.3 to
98549.3 eggs for fishes in the size ranging from 13.6 to 18.4 cm in total length. This
study recommends altering the closer season in Suez Bay to be during autumn in
order to protect the spawning biomass of Liza carinata resources in the Bay.
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INTRODUCTION
The mullets are worldwide distributed species in tropical and temperate coastal
waters. The keeled mullet Liza carinata locally named "Sehlia" is a mugilid of
commercial value for fisheries and aquaculture in Suez Bay and Suez Canal sector (El
Ganainy and El Boray, 1999). In spite of the importance of mullets to fishery
resources in the Suez Bay, no management policies have been established to protect
this valuable resource in the Bay. L. carinata represented about 18% of the total catch
of the Suez Bay during the last ten years (2002- 2012) (GAFRD, 2012). In spite of its
abundance, this species has been poorly studied, and a few information is available on
its life cycle in capture fisheries. Thus, Salem and Mohammed, 1982; El-Boray, 1993;
El Ganainy and El Boray, 1999; El-Halafawy, 2004; Mehanna, 2004 studied some
biological aspects of the species in Suez Bay and Bitter Lakes.
The aim of this study is to determine the age, growth and reproductive biology
of Liza carinata in Suez Bay in order to establish some management regulations to
protect the spawning biomass of this valuable resource in the Bay.
MATERIAL AND METHODS
Samples used in this study were collected from the commercial fishermen
operating in the Suez Bay using trammel nets. Each Liza carinata specimens was
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dissected to determine the sex, where the sex determination was based on a visual
examination of the gonad, and sometimes it involved the use of a microscope. A total
of 474 specimen were measured to study the length frequency distribution, being
arranged into size groups of I cm intervals. Age was determined by counting the
annual rings on the otolith of L. carinata as the otoliths contain concentric growth
band pairs, including translucent and opaque bands. The growth band pairs on the
otoliths were examined under a binuclear stereomicroscope. The assigned ages at each
length group were used for the estimation of the growth parameters (L∞, K and to)
according to von Bertalanffy (1938) growth formula:
Lt = L∞ (1 – e –K (t –t0))
Where Lt is the length at age, L∞ is the asymptotic length in cm, K is the growth
coefficient and t0 is the age at which length equal to zero.
More insight in the identification of cohorts and age determination was gained
by splitting the pooled length distributions into normal components using
Bhattacharya (1967) method as incorporated in FiSAT software (Gayanilo et al.,
1998).
The condition and development of the gonads were studied by applying the
gonado-somatic index method, in which the gonad weight can be related to fish
weight: [Gonad weight (G Wt) / Total fish weight (Wt)]  100.
About 35 females of Liza carinata in the ripe maturity stage, collected during
this study period, were used for analyzing their ovaries during the spawning season.
From each female, the two ripe ovaries were removed. Each ovary was weighed to the
nearest 0.1gm. The paired ovaries were then preserved in 5% neutral formalin or in
aqueous Bouin's fluid. The ovaries were then weighed and the central region of each
ovary was used as a representative sample for fecundity. A subsample of about 0.1 to
0.2 gm. from each ovary was weighed by using a digital balance to the nearest 0.001
gm. and then crumbled in a large petri-dish containing glycerol. The numbers of
mature ova that are likely to be spawned in each subsample were counted.
The absolute fecundity was calculated using the following equation:
× Number of eggs of the subsample.
RESULTS AND DISCUSSION
Length-Weight Relationship
The total length measurements of Liza carinata ranged from 8.5 to 18.1 cm with
an average of 14.01 + 1.373 cm, while the total weight measurements varied from 5.8
to 72.0 gm, with an average of 31.64 + 10.34 gm. A high degree of correlation was
found between the logarithms of weight and length which indicate that an equation of
the type W = a Lb fits the data well (Fig. 1). The length-weight equation computed
was:W = 0.0055 L 2.8692
(ANOVA, F = 4096.9, P < 0.01) by: (r2 = 0.919, No = 452, SEa = 0.135, SEb =
0.051).
The growth of weight relative to length was negative allometric (b = 2.8692;
95% CI: 3.1687-3.370) as the obtained isometric index value (b) was significantly
different from 3 (Student's t-test; P < 0.01). This value is in close agreement with that
recorded by some authors in different localities (Table 1).
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Table 1: Summary of the recorded length-weight constants of L. carinata in the different localities.
Source
b
a
Locality
Salem and Mohammed (1982)
El-Ganainy and El- Boray (1999)
Taskavak and Bilecenoglu (2001)
Hakimelahi et al. (2010)
Hussain et al. (2010)
The present study

2.8017
2.5897
2.864

0.02136
0.03405
0.0022

2.8233
2.205
2.869

0.0214
0.0887
0.0055

Lake Timsah
Suez Bay
Mediterranean Sea
Bersian Gulf
Northern Arabian Sea
Suez Bay

Age and growth
Otoliths of about 474 fish were used for age determination. Readings showed 4
age classes from 0 to III years. The mean observed lengths at different age classes
were 8.95, 10.22, 14.32 and 16.9 cm, respectively, (Table 2) which indicated rapid
growth in the first year of life as the fish attaining more than 50 % of its maximum
size, whereas in the following years the rate of growth slows down. The aged
specimens were used for estimating the von Bertalanffy growth parameters by the non
linear least squares method (Prager et al 1990). The resulting VBGF parameters are
L∞= 21.279 cm, K= 0.463 year-1 and to= -0.325.
Table 2: Mean lengths at age and standard deviation of the different age groups of L. carinata from the
Suez Bay.
Mean calculated
Mean observed
Age
Number of
S.D.
Length range (cm)
length (cm)
length (cm)
group
fish
0
I
II

12
127
263

8.6 - 10.1
9.6 - 12.3
12.0 - 15.9

9.35
10.59
13.82

8.95
10.22
14.32

0.748
0.653
0.213

III

72

15.1 - 18.1

16.67

16.9

0.198

Salem and Mohammed (1982) studied age and growth of Mugil seheli in Lake
Timsah and they gave lengths of 11.93, 14.79 and 15.91 cm for age groups I, II and
III, respectively. El-Ganainy and El-Boray (1999) assigned two cohorts for L.
carinata from Suez Bay by splitting the length distributions into normal components
using Bhattacharya (1967) method. Mehanna (2004) in the Bitter Lakes recorded a
maximum life span of three years with lengths of 13.10, 17.97 and 20.58 cm for the
1st, 2nd and 3rd years of life, respectively.
Length frequency distribution
The seasonal length frequency distributions (Fig 2) show that the smallest fishes
(< 10 cm) younger than one year old represented by about 23% of the total catch.
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Most of these individuals were caught during autumn, referring that recruitment to the
fishery occurs during this season.

Fig. 2: Seasonal length frequency distributions of L. carinata collected from the Suez Bay during 20092011.

The pooled length frequency distributions were analyzed by Bhattacharya
(1967) method as incorporated in FiSAT software (Fig. 3). Three components could
be identified which were considered as distinct age groups. These groups are almost
well discriminated according to the values of the separation index which must be over
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2 to allow an objective separation of the adjacent groups (Rosenberg and Beddington,
1988) (Table 3).
Table (3) Mean lengths at age, population number, standard deviation (S.D.) and the separation index
for each age group as estimated from Bhattacharya method.
Age group
Mean calculated Length
Population number
S.D
Separation index
I
10.59
127
0.69
II
13.82
263
0.47
3.52
III

16.67

72

1.04

2.76

Fig. 3: Decomposition of the pooled length frequency distributions of L. carinata collected from the
Suez Bay.

The sex ratio
The variations of sex ratio in L. carinata were studied seasonally. The results
showed that females dominant during all the year, particularly in autumn which show
the highest number and percentage of females 81.3 % (Fig 4). The overall sex ratio of
males to females during this study period was 1: 2.24.

Fig. 4: Seasonal sex ratio of L. carinata from the Suez Bay

Gonado- somatic index (GSI)
Analysis of the seasonal variations of the GSI (Fig 5) showed that the average
values of gonad weight percentages increased substantially from spring until autumn.
The maximum values were recorded in autumn; this indicates that L. carinata spawns
during autumn.
Salem and Mohammed (1982) showed that the maximum value of the gonadosomatic index of Mugil seheli in Lake Timsah occurs in December; but El-Boray
(1993) pointed out that the gonado-somatic index peak of Mugil seheli in Suez Bay
extends from November to March. Moreover, Mahmoud (1997) indicated that the
gonado-somatic index peak of Mugil seheli, reared in farms, is sharp in November and
December.
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Season

Fig. 5: Seasonal variation in gonado-somatic index (CSI) of L. carinata from the Suez Bay

Length at first maturity
Analysis of the percentage of mature and immature fish in each length class (Fig
6) showed that the minimum size of maturity is 12.5 and 13.0 cm for males and
females respectively. However, the size at which 50% of fishes are mature is 13.3 cm
for males and 13.5 cm for females. Considering the age groups of these fishes, males
of 13.3 cm and females of 13.5 cm belong to age group II. These results show that for
both sexes of L. carinata, all fishes over two years of age are sexually mature.

Length (cm)
Fig. 6: Length at 50% maturity of L. carinata from the Suez Bay

Fecundity
To determine the egg productivity, the absolute and relative fecundity of 35
ovaries of L. carinata in the ripe maturity stage were counted during the spawning
season. The relation between fecundity (F) and total length (L) of L. carinata from the
Suez Bay was best fitted by a logarithmic plot (Table 4). The formula representing
this relationship is as follows:F = 55879.2 + 28977.6 log L
r2 = 0.98679
The weights (Wt) of the 35 fishes selected for fecundity studies were grouped in
classes of 10 gm interval. The fecundity data obtained were plotted against the mean
total weight of L. carinata. Table (5) shows that the best fit as measured by the
coefficient of correlation, was realized by logarithmic regression between the
logarithm of the total weight and the absolute fecundity. This relationship can be
represented by the following equation:
F = 58018.9 + 108383.7 log Wt. r2 = 0.94563
These results are in accordance with those recorded by Salem and Mohammed
(1982); El-Boray (1993) and Mahmoud (1997).

7

Age, growth and reproductive biology of the L. carinata

Table 4: Mean absolute and relative fecundity of L. carinata in relation to length.
Observed
Calculated
Mid
No.
absolute
absolute
Length Interval
Length
fecundity
fecundity
13.0-13.9
13.6
2
60732.3
57678.9
14.0-14.9
14.5
6
65279.8
66554.0
15.0-15.9
15.7
8
71936.7
74836.9
16.3
12
80830.8
82601.9
16.0-16.9
17.8
6
91064.3
89909.8
17.0-17.9
18.0-18.9
18.4
1
98549.3
96811.5

Relative
fecundity
F/Lcm
4465.6
4502.1
4582.0
4958.9
5116.0
5663.8

Table 5: Mean absolute and relative fecundity of L. carinata in relation to weight.
Weight interval
Observed
Calculated
Average
No.
absolute
absolute
weight
fecundity
fecundity
20.1-30.7
25.4
2
58497.6
54242.1
22.4-41.2
31.8
5
63568.2
64819.6
30.3-50.3
40.3
9
70589.3
75969.9
40.1-56.1
48.1
13
78365.9
84298.1
40.2-65.6
52.9
5
90658.8
88775.5
45.0-68.6
56.8
1
98549.3
92123.8

Relative
fecundity
F/W(gm)
2303.1
1999.0
1751.6
1629.2
1713.8
1735.0

REFERENCES
Bertalanffy, L. V. (1938). A quantitative theory of organic growth. Hum. Biol., 10 (2):
181-213.
Bhattacharya, C. G. (1967). A simple method of resolution of a distribution into
Gaussian components. Biomet., 23:115-135.
El-Boray, K. F. (1993). Reproductive biology and physiology characters of Mugil
seheli. M. Sc. thesis, Fac. Sci., Tanta Univ., Egypt.
El-Ganainy, A. A. and El-Boray, K. F. (1999). Population dynamics of Liza carinata
(Valenciennes, 1836) from the Gulf of Suez, Egypt. Egypt. J. Aquat. Biol. Fish.,
3(4): 157-172.
El-Halfawy, M. M. (2004). Reproductive biology of Mugil seheli (Family: Muglidae)
reared in fish farm. Egypt. J. Aquat. Res., 30(B): 234-240.
GAFRD (General Authority for Fish Resources Development). (2012). Annual report
for country fish production in 2012.
Gayanilo, F. C. Jr., Sparre, P., and Pauly, D. (1998). The FiSAT user’s guide. FAO
computerized information series fisheries. 99, ICLARM, DIFMAR, Rome.
Hakimelahi, M.; Kamrani, E.; Taghavi Motlagh, S. A.; Ghodrati Shojaei, M. and
Vahabnezhad, A. (2010). Growth parameters and mortality rates of Liza
klunzingeri in the Iranian waters of the Persian Gulf and Oman Sea, using length
frequency data. J. Fish. Sci., 9(1): 87-96.
Hussain, S. M. Paperno, R. and Khatoon, Z. (2010). Length–weight relationships of
fishes collected from the Korangi-Phitti Creek area (Indus delta, northern
Arabian Sea). J. Appl. Ichthyol., 26: 477–480.
Mahmoud, W. F. (1997). Reproductive and physiological characters of Mugil seheli in
fish farms. M. Sc. thesis, Fac. Sci., Suez Canal Univ., Egypt.
Mehanna, S. F. (2004). Population dynamics of keeled mullet, Liza carinata and
golden grey mullet, Liza aurata at the Bitter Lakes, Egypt. Egypt. J. Aquat.
Res., 30(B): 315-321.

Azza A. El-Ganainy et al.

8

Prager, M.H.; McConaugha, J.R.; Jones, C. M. and Geer, P. J. (1990). Fecundity of
blue crab, Callinectes sapidus, in Chesapeake Bay: Biological, statistical and
management considerations. Bull. Mar. Sci., 46(1): 170-179.
Rosenberg, A. A. and Beddington, J. R. (1988). Length Based Methods of Fish Stock
Assessment. In: “Fish Population Dynamics: The Implications for
Management”. 2nd edition. Gulland, J. A. (eds.). John Wiley and Sons, London,
83-103.
Salem, S. A. and Mohammed, S. Z. (1982). Studies on Mugil seheli and Mugil capito
in Lake Timsah. I. Age and growth. Bull. Inst. Oceanog. Fish. A.R.E., 8 (1): 2948.
Taskavak, E. and Bilecenoglu, M. (2001). Length–weight relationships for 18
Lessepsian (Red Sea) immigrant fish species from the eastern Mediterranean
coasts of Turkey. J. Mar. Biol. Ass. U.K., 81: 895-896.
ARABIC SUMMARY

ﻣﻌﺪﻻت اﻟﻌﻤﺮ و اﻟﻨﻤﻮ و ﺑﯿﻮﻟﻮﺟﯿﺔ اﻟﺘﻜﺎﺛﺮ ﻷﺳﻤﺎك اﻟﺴﮭﻠﯿﺔ )ﻟﯿﺰا ﻛﺎرﯾﻨﺎﺗﺎ( ﻣﻦ ﺧﻠﯿﺞ اﻟﺴﻮﯾﺲ ،اﻟﺒﺤﺮ اﻷﺣﻤﺮ،
ﻣﺼﺮ
ﻋﺰه ﻋﺒﺪ اﻟﺤﻤﯿﺪ اﻟﺠﻨﺎﯾﻨﻰ ،١ﻓﻮزﯾﮫ ﻋﺎﺷﻮر ﻋﺒﺪ اﻟﻐﻔﺎرﻋﺒﺪ اﻟﺮﺣﻤﻦ ،٢وﻟﯿﻢ رزق ﷲ ،٢ﺣﻤﺰه أﺣﻤﺪ اﻟﺸﺒﻜﺔ،٢
٢
ﻣﺰاﯾﺔ اﻟﺴﯿﺪ أﺑﻮ ﻣﺴﻠﻢ
 -١ﻣﻌﮭﺪ ﻋﻠﻮم اﻟﺒﺤﺎر واﻟﻤﺼﺎﺋﺪ اﻟﻤﺎﺋﯿﺔ ﻓﺮع اﻟﺴﻮﯾﺲ -اﻟﺴﻮﯾﺲ  -ﻣﺼﺮ.
 - ٢ﻗﺴﻢ ﻋﻠﻢ اﻟﺤﯿﻮان  -ﻛﻠﯿﺔ اﻟﻌﻠﻮم  -ﺟﺎﻣﻌﺔ ﻋﯿﻦ ﺷﻤﺲ  -اﻟﻘﺎھﺮة.
ﺗﻤﺖ دراﺳﺔ اﻟﻌﻤﺮ و ﻣﻌﺪﻻت اﻟﻨﻤﻮ و ﺑﯿﻮﻟﻮﺟﯿﺎ اﻟﺘﻨﺎﺳﻞ ﻟﺴﻤﻜﺔ اﻟﺴﮭﻠﯿﺔ )ﻟﯿﺰا ﻛﺎرﯾﻨﺎﺗﺎ( ﻣﻦ ﺧﻠﯿﺞ
اﻟﺴﻮﯾﺲ.
و ﻟﻘﺪ ﺗﻢ ﺗﺤﺪﯾﺪ اﻟﻌﻤﺮ ﻋﻦ طﺮﯾﻖ ﻗﺮاءة ﺣﻠﻘﺎت اﻟﻨﻤﻮ اﻟﻤﺘﺮﺳﺒﺔ ﻋﻠﻰ اﻟﺤﺼﺎة اﻷذﻧﯿﺔ )اﻷوﺗﻮﻟﯿﺚ( و ﺗﻢ
ﺗﺄﻛﯿﺪ ھﺬه اﻟﻨﺘﺎﺋﺞ ﻋﻦ طﺮﯾﻖ ﻓﺼﻞ اﻟﺘﻮزﯾﻊ اﻟﺘﻜﺮارى اﻟﻤﻮﺳﻤﻰ ﻷطﻮال اﻻﺳﻤﺎك اﻟﻰ ﻣﺠﺎﻣﯿﻊ ﻋﻤﺮﯾﺔ ﺧﻼل اﻟﻔﺘﺮة
ﻣﻦ ﯾﻨﺎﯾﺮ  ٢٠٠٩ﺣﺘﻰ ﯾـــــــــــﻨﺎﯾـــــﺮ  .٢٠١١ﻛﻤﺎ ﻛﺎﻧﺖ ﻧﺘــــــــــــــــﺎﺋﺞ ﻣﻌﺎدﻟﺔ ﻓـــﻮن ﺑـــﺮﺗـــﻼﻧــــﺲ = Lt
)).21.279 (1 – e-0.463 (t + 0.325
و اﺗﻀﺢ ان ﻧﻤﻮ اﻟﺴﻤﻜﺔ ﺳﺮﯾﻊ ﺣﯿﺚ ﺗﺤﻘﻖ أﻛﺜﺮ ﻣﻦ  %٥٠ﻣﻦ ﻧﻤﻮھﺎ ﺧﻼل اﻟﺴﻨﺔ اﻻوﻟﻰ ﻣﻦ ﺣﯿﺎﺗﮭﺎ.
ﻛﻤﺎ أظﮭﺮت ﻧﺘﺎﺋﺞ اﻟﺘﻮزﯾﻊ اﻟﻤﻮﺳﻤﻰ ﻟﻤﻌﺎﻣﻞ اﻟﻤﻨﺎﺳﻞ -اﻟﺠﺴﺪى ان ﺗﻜﺎﺛﺮ اﻟﺴﻤﻜﺔ ﯾﺘﻢ ﺧﻼل ﻣﻮﺳﻢ اﻟﺨﺮﯾﻒ و ان
ﺣﻮاﻟﻰ  % ٥٠ﻣﻦ اﻻﺳﻤﺎك ﺗﺼﺒﺢ ﻧﺎﺿﺠﺔ ﺟﻨﺴﯿﺎ ﻋﻨﺪ طﻮل  ١٣.٣ﺳﻢ ﻟﻠﺬﻛﻮر و  ١٣.٥ﺳﻢ ﻟﻺﻧﺎث اى ان ﻛﻞ
اﻻﻓﺮاد اﻻﻛﺜﺮ ﻣﻦ ﻋﺎﻣﯿﻦ ﻓﻰ اﻟﻌﻤﺮ ﺗﻜﻮن ﻧﺎﺿﺠﺔ ﺟﻨﺴﯿﺎ.
ﺗﻢ ﺣﺴﺎب اﻟﺨﺼﻮﺑﺔ اﻟﻤﻄﻠﻘﺔ ﻟﻠﻨﻮع ﻣﺤﻞ اﻟﺪراﺳﺔ ووﺟﺪ اﻧﮭﺎ ﺗﺘﺮاوح ﺑﯿﻦ  ٦٠٧٣٢.٣و ٩٨٥٤٩.٣
ﺑﯿﻀﺔ ﻟﻸﺳﻤﺎك اﻟﺘﻰ ﺗﺘﺮاوح ﻓﻰ اﻻطﻮال ﺑﯿﻦ  ١٣.٦و  ١٨.٤ﺳﻢ.
ﺗﻮﺻﻰ ھﺬه اﻟﺪراﺳﺔ ﺑﺘﻐﯿﯿﺮ ﻣﻮﺳﻢ ﺣﺬر اﻟﺼﯿﺪ ﻓﻰ ﺟﻮﻧﺔ اﻟﺴﻮﯾﺲ ﻟﯿﻜﻮن ﺧﻼل ﻣﻮﺳﻢ اﻟﺨﺮﯾﻒ ﻣﻦ اﺟﻞ
اﻟﺤﻔﺎظ ﻋﻠﻰ اﻟﻜﺘﻠﺔ اﻟﺒﯿﻮﻟﻮﺟﯿﺔ اﻟﺘﻨﺎﺳﻠﯿﺔ ﻷﺳﻤﺎك اﻟﺴﮭﻠﯿﮫ )ﻟﯿﺰا ﻛﺎرﯾﻨﺎﺗﺎ( ﻓﻰ اﻟﺠﻮﻧﮫ.

