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ABSTRACT
A total number of 200 Liza carinata fish of initial weight about 10g were studied.
They were divided by ratio to four densities 50, 100, 150, and 200 fish per cubic
meter in aquaria within a wet laboratory for 45 days. Fish have been fed on
commercial diets 32% crude protein, twice daily for 6 days per week, as 3% of
biomass weight of fish. Total testosterone hormone, FSH, growth hormone,
cortisol, haematological parameters, heavy metal in fish gut, muscles, and liver
and biochemical composition of fish body were measured at the end of the
experiment. Water quality was measured biweekly during the experimental
period. Results showed that FSH and testosterone hormones were significantly
increased (0.96±0.02 IU/ml and 2.85±0.04 ng/dl) in the first treatment for females
and males, respectively. Growth hormone was significantly decreased in (T4)
which recorded 0.57±0.03 ng/ml. Cortisol was significantly increased (70.5±1.3
µg/dl) in (T4), while it was significantly low (56.3±0.9 µg/dl) in the first
treatment. Heavy metals analysis in tissues showed that accumulation of Fe was
highest then Zn and finally Cu. Chemical body analysis showed a significant
increase for crude protein, crude fat, and ash content in (T1), that recorded
(15.6±0.2, 4.22±0.05, and 5.86±0.09 %) respectively. Field visits were performed
that revealed the economic, nutritional importance, and productivity of mullet fish
in the Suez Bay. It was clear that production is in a continuous decrease
throughout the last years.

INTRODUCTION
The Gulf of Suez is the northeastern part of the Red Sea. Suez Bay is the northern part of
the Gulf of Suez and provides important nursery areas, feeding sites, spawning grounds,
and shelter for many fish species (Abd EL-Naby et al., 2018). Saber et al. (2020)
recorded that the Small-Scale Fisheries (SSF) are considered the major economic
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activities along the Gulf of Suez and depends mainly on gill nets and trammel nets with
different mesh sizes.
The mullet species are of excessive commercial importance in the Egyptian
market, and they are highly requested by the customer because of their acceptable quality
and prices. Fish production and health are affected by many factors; the most important of
them is heavy metal pollution (Mehanna and Abd El-Azim, 2018). Mullet contributes
about 0.31% of the annual production of the Red Sea, along with GAFRD, 2017
explained by Abd El-Ghaffar et al. (2020
Reproductive hormones and environmental factors are mainly responsible for the
regulation of the seasonal gonadal cycle (Das, 2011). In fish, FSH is commonly important
for early gonadal development and vitellogenesis (Aizen et al., 2007). Growth hormone
(GH) is one of the polypeptide hormones secreted by somatotrophs in the anterior parts of
the pituitary glands of vertebrates, it is involved in the regulation of body growth and
maintenance of protein, lipid, carbohydrate, and mineral metabolisms (Darvish Bastami
et al., 2009). Cortisol, secreted by the internal cells of the head kidney, is a potent gluco
and mineralocorticoid in teleostean fish, it plays an essential role in the stress response
and osmoregulatory processes (Flik et al., 2006; Arjona et al., 2008).
Haematological and biochemical parameters are being used as a guide in the
measurement of health conditions and toxicological signs of organisms (Rao, 2006).
While providing information about the health status of organisms, these parameters may
also indicate exposure to abnormal environmental conditions (Elahee and Bhagwant,
2007). Studies of blood parameters had established to be a valuable method for analyzing
the health status of fish and help in understanding the relationship of blood features to the
habitat and flexibility of the species to the environment (Bahmami et al., 2001; Fazio et
al., 2012). Several factors such as sex, age, reproductive cycle, nutrition behavior,
nutritional status, stress conditions, and water quality, in addition to the habitat of species,
cause differences in blood parameters in fish (Leonardi and Klempau, 2003; Lim and
Klesius, 2003; Cnaani et al., 2004). So, it is essential to examine them for a more
detailed estimation of fish health status.
Heavy metals are natural trace components of the aquatic environment, but their
levels have improved due to industrial, agricultural, and mining activities. As a result,
aquatic animals are exposed to high levels of heavy metals, which accumulate in fish’s
tissues with different magnitudes. Generally, metals accumulation in muscle usually be
lower than in gills (Stancheva et al., 2013). Since heavy metals are not biodegradable,
they could enter the aquatic food chain (Tuzen, 2003; Altındag and Yig, 2005) and
consequently accumulate in organisms of various trophic levels. Consequently, cause
health problems in individuals who consume contaminated seafood (Dural, et al., 2007).
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This work aimed to study the effect of different fish densities of keeled mullet (Liza
carinata) on some reproductive hormones, some heavy metals accumulation in tissues,
haematology, and chemical body composition. Production of keeled mullet in the Suez
Gulf will be investigated.
MATERIALS AND METHODS
This study was carried out on the Keeled mullet, Liza carinata. It was divided
into two parts; the first part inside the wet laboratory of the National Institute of
Oceanography and Fisheries-Suez branch (NIOF) and Central Laboratory for Aquaculture
Research (CLAR), and the second part in the Suez Gulf.
1. First part:
In the wet laboratory of the national institute of oceanography and fisheries-Suez
branch, a total number of 400 fish of initial weight about 10g were used as a stock. After
acclimation for two weeks in fiber containers, fish were divided into four treatments (T1,
T2, T3, and T4), in aquaria (each aquarium 40wX50LX60h Cm), depending on ratio
densities (50, 100, 150 and 200 fish per cubic meter). T1 was in four replicates, each with
5 fish, T2 was in four replicates, each with 10 fish, T3 was in four replicates, each with 15
fish, and T4 with four replicates, each with 20 fish. Fish were fed commercial diets 32%
crude protein twice daily for 6 days per week, as 5% of the fish biomass weight.
At the end of the experiment the following parameters were measured; Follicle
Stimulating Hormone (FSH) and testosterone hormones (for both males, and females),
growth hormone, cortisol, haematological parameters, and heavy metal in (fish gut,
muscles, and liver). Also, water quality was measured every two weeks during the
experiment.
1.1. Haematological and hormonal parameter
Fish were anesthetized by MS-222 then blood samples were collected from the
caudal veins at the end of the experimental period and divided into two portions. The first
part was collected in tubes containing EDTA for haematological parameters
determination. Haemoglobin was estimated by the colorimetric method using Boehringer
Mannheim Kit as described by Vankampen (1961). The count of RBC was determined
by taking 0.5 ml of blood containing the anticoagulant EDTA and counted using a double
hemocytometer under the microscope as described by Dacie and Lewis (1991) and
expressed in million per cubic ml. Hematocrits (Hct) value was measured by centrifuging
the blood containing EDTA in the micro-hematocrit tube, at 5000 rpm for five minutes
until the blood corpuscles were separated from the plasma (Britton, 1963). Blood indices
also were calculated according to Houston (1990) as follows: mean corpuscular volume
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(MCV) (fl) = 10. Hct / RBCs (X106/µl). mean corpuscular haemoglobin (MCH) (Pg) =
10. Hb / RBCs (X106/µl). mean corpuscular haemoglobin concentration (MCHC) (g/dl) =
100. Hb / Hct.
The second part of the blood was collected within clean and dry tubes then
centrifuged for 15 minutes at 5000 rpm. The blood serum was separated, labeled, and
frozen with liquid nitrogen for blood biochemical analysis. Testosterone was measured by
radioimmunoassay using the procedure described by Rinchard et al. (1993). FSH
hormone was measured as described by Levavi-Sivan et al. (2006). The serum GH levels
were measured using enzyme-linked immunosorbent assay (ELISA) according to the
method of Drennon et al. (2003) and Li et al. (2010). Plasma cortisol determination was
measured using a validated and characterized radioimmunoassay (Pickering et al., 1987).
1.2. Heavy meatal analysis:
Fish were dissected after the experimental period. Parts from gills, liver, and
muscles were collected for heavy metal analysis. About 5g from wet organ was dried,
ignited, and digested with concentrated HNO3 and HCL (AOAC, 2003). The digested
tissues were analyzed for Iron (Fe), copper (Cu), zinc (Zn), cadmium (Cd), and lead (Pb)
by atomic absorption spectrophotometer (Thermo Electron Corporation S series AA
spectrophotometer).
1.3. Chemical composition of fish:
Fish’s whole bodies were weighed and frozen till analysis. Moisture, ash, protein,
and fat estimation for fish samples were done according to AOAC (2003).
1.4. Water quality:
Water parameters were measured biweekly as follows, Temperature and dissolved
oxygen using oxygen-meter AQUA LYTIC (model OX 24) instrument. pH was estimated
using portable pH electronic paper apparatus "Hanna instruments. Salinity by portable
salinity-conductivity meter Lovibond Sensodirect "model, Con 200" UK. Nitrite, nitrate,
and ammonium concentration were measured by methods reported by APHA (2000).
2. The second part:
2.1. Study area.
Gulf of Suez is a semi-closed area of length that reaches 250 km, with an average
width of 54.2 km, and an average depth of 40m. Its total surface area of about 10.510 km2.
The study area extends from the Suez Bay at the north to about 30 Km down the Gulf of
Suez. The Suez Bay is the entrance of the Red sea and is limited by longitudes 32o 28\ and
32o 35\ E and latitudes 29o 53\ and 29o 57\ N (fig. 1).
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Fig. 1. Location of the study area.
2.2. Fish production:
Through interviews with the traders and fishermen in landing site Salakhana
during (September 2019 to September 2020). The mullet catch per fishing ground in the
Suez Bay during the last 9 years ago were obtained from fisheries statistical annual
reports of the General Authority for Fish Resources Development (GAFRD, 2018).
Statistical Analysis:
The obtained data of fish were exposed to one-way ANOVA. Differences between
means were tested at the 5% probability level using Duncan test (Duncan, 1955). All the
statistical analysis was done using SPSS version 20 (SPSS, Richmond, USA) as described
by Dytham (1999).
RESULTS
Average means (means±S.D) of some hormones in the blood of Keeled Mullet
fish (FSH IU/ml, total testosterone ng/ml, growth hormone ng/dl, and cortisol µg/dl) at
the end of the experimental period for different treatments were shown in table (1). FSH
hormone values were significant. Treatment (1) showed lowest and highest FSH values
0.22±0.02 and 0.96±0.02 IU/ml for males and females respectively, while its highest and
lowest values for males (0.35±0.02 IU/ml) and females (0.59±0.01 IU/ml) were measured
in (T4). Total testosterone values were significant, showing highest and lowest values for
males (2.85±0.04 ng/dl) and females (0.48±0.01 ng/dl) in (T1). Treatment (4) showed the
lowest and highest testosterone values were 2.15±0.06 and 0.69±0.02ng/ml for males and
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females respectively. Growth hormone values were significantly decreased in T3 and T4,
its highest value 0.91±0.02ng/ml was detected in T1 and the lowest value 0.57±0.03ng/ml
were measured T4. Cortisol values were significant among the four treatments, showed
the lowest and highest values in T1(56.3±0.9 µg/dl) and in T4 (70.5±1.3 µg/dl),
respectively.
Table 1. Average means (Means ± S.D) of some hormones in blood of Keeled
Mullet fish (FSH IU/ml, testosterone ng/dl, growth hormone ng/ml and cortisol µg/dl) at
the end of the experimental period for different treatments.

FSH

T. Testosterone

T1

T2

T3

T4

Males

0.22±0.02c

0.26±0.01b

0.29±0.02b

0.35±0.02a

Females

0.96±0.02a

0.76±0.03b

0.68±0.03c

0.59±0.01d

Males

2.85±0.04a

2.73±0.07b

2.46±0.08c

2.15±0.06d

Females

0.48±0.01d

0.55±0.02c

0.63±0.02b

0.69±0.02a

Random

0.91±0.02a

0.88±0.05a

0.77±0.03b

0.57±0.03c

Random

56.3±0.9d

59.2±1.1c

66.9±1.2b

70.5±1.3a

(IU/ml)

(ng/dl)

Growth hormone (ng/ml)
Cortisol

Sex

(µg/dl)

*Means have the same letter in the same row for the same parameter are not significant (P>0.05)

Average means (Means ± S.D) of some haematological parameters of Keeled
Mullet fish (haemoglobin g/dl, RBCs X106/cmm, hematocrit %, MCV fl, MCH pg, and
MCHC g/dl) at the end of the experimental period for different treatments were shown in
table (2). Haemoglobin decreased significantly with increasing fish density. Its highest
value 7.9±0.1 g/dl was recorded in the first treatment, while the lowest value 6.7±0.2 g/dl
was in T4. Erythrocytes count had a significant difference, the highest count was observed
among the first treatment (2.765±0.015 X106/cmm), and the lowest one (2.345±0.026
X106/cmm) was noticed among treatment 4. Hematocrits ratio ranged from 19.2±0.6 % in
T4 to 22.9±0.2% in T1. The highest MCV value 84.96±0.8 fl was recorded in treatment 3,
while its lowest value 81.87±0.9 fl was recorded in treatment 4. Treatment 3 had a
significant difference in MCH value which recorded the highest value 29.41±0.3 pg.
while treatments (1, 2, and 4) had no significant difference. MCHC had no significant
difference and ranged from 34.49±1.4 g/dl in T1 to 34.89±1.1 g/dl in T4.
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Table 2. Average means (means±S.D) of some haematological parameters of
Keeled Mullet fish (haemoglobin g/dl, RBCs X106/cmm, hematocrit %, MCV fl, MCH pg
and MCHC g/dl) at the end of the experimental period for different treatments.

Haemoglobin (g/dl)
RBCs (X106/cmm)
Haematocrit
(%)
MCV
(fl)
MCH
(pg)
MCHC
(g/dl)

T1
7.9±0.1a
2.765±0.015a
22.9±0.2a
82.82±1.2b
28.57±0.3b
34.49±1.4a

T2
7.7±0.1a
2.695±0.019b
22.3±0.3b
82.74±0.9b
28.57±0.4b
34.52±1.6a

T3
7.2±0.2b
2.448±0.022c
20.8±0.4c
84.96±0.8a
29.41±0.3a
34.61±1.3a

T4
6.7±0.2c
2.345±0.026d
19.2±0.6d
81.87±0.9b
28.57±0.5b
34.89±1.1a

*Means have the same letter in the same row for the same parameter are not significant (P>0.05)

Fig. 2. Iron (Fe) in gut, liver and muscles of Liza carinata after the experimental
period.
Some heavy metals (iron, zinc, copper, cadmium, and lead) were measured in
different fish organs (gut, liver, and muscles) after the experimental period. Data were
shown in fig. (2, 3, and 4). Cadmium and lead concentrations were too low that couldn’t
be detected. Iron concentrations in different organs were significant, showing its highest
values (1460±12, 960±23, and 935±35µg/kg) for gut, liver and muscle, respectively in T1,
while its lowest values for the same organs (562±28, 488±28, and 266±27 µg/kg
,respectively) were determined in T4. Zinc highest concentrations for gut, liver and
muscle (113±8, 83±6, and 60±4 µg/kg, respectively) were found in T1, while its lowest
values for the same organs (75±6, 33±9, and 43±5 µg/kg, respectively) were determined
in T4. Copper highest significant concentrations were obtained in T1 from gut (47±5
µg/kg) and from liver (46±3 µg/kg), while its lowest values for the same organs
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respectively (12±3 and 7±3 µg/kg) were determined in T4. Copper values in muscles were
non-significant for (T2, T3, and T4), while its significant highest value was obtained in
T1 (15±2µg/kg).

Fig. 3. Zink (Zn) in gut, liver and muscles of Liza carinata after the experimental period.

Fig. 4. Copper (Cu) in gut, liver and muscles of Liza carinata after the experimental
period.
Average means (means±S.D) of some biochemical parameters of Keeled Mullet
fish (moisture %, crude protein%, crude fat %, and ash %) at the end of the experimental
period for different treatments were shown in table (3). The fish body moisture ratio was
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increased significantly from 74.2±0.3% to 76.1±0.3% in T1 and T4 respectively. Crude
protein ratio was significantly decreased with increasing fish density showed its minimum
ratio14.4±0.1% in T4 and a maximum value 15.6±0.2% in T1. Crude fat ratios were
significantly decreased with increasing fish density showing its maximum value of
4.22±0.05% in T1 and minimum ratio 3.82±0.08 in T4. Ash content was significantly
decreased, its highest ratio 5.86±0.09% while its lowest ratio 5.64±0.08% was recorded in
the 4th treatment.
Table 3. Average means (means±S.D) of some biochemical parameters of Keeled
Mullet fish body (moisture %, crude protein%, crude fat % and ash %) at the end of the
experimental period for different treatments.

Moisture
(%)
Crude protein (%)
Crude fat
(%)
Ash
(%)

T1
74.2±0.3c
15.6±0.2a
4.22±0.05a
5.86±0.09a

T2
74.9±0.2bc
15.1±0.2b
4.12±0.04b
5.82±0.07a

T3
75.3±0.4b
14.8±0.2b
4.02±0.03c
5.81±0.09ab

T4
76.1±0.3a
14.4±0.1c
3.82±0.08d
5.64±0.08b

*Means have the same letter in the same row for the same parameter are not significant (P>0.05)

Data in Table (4) showed the average means (means±S.D) of some
physicochemical parameters of water inside the laboratory (Ph, dissolved oxygen mg/l,
temperature ºC, salinity ppt, nitrate mg/l, nitrite mg/l, and ammonia mg/l) during the
experimental period for different treatments of Keeled Mullet Fish. Physico-chemical
parameters of water were monitored bi-weekly during the study period. pH values were
non-significant, its values were in between 7.12 ± 0.53 and 7.74 ± 0.35 in T4 and T3
respectively. Dissolved oxygen showed no significance and its measurements ranged from
5.08 ± 0.26 mg/l to 6.66 ± 0.21mg/l in T4 and T1 respectively. Water temperature was
ranged from 26.53 ± 1.52ºC in T4 to 27.27 ± 1.46 ºC in T2. Water salinity values were
recorded between 41.12 ± 2.34 ppt to 41.16 ± 3.22 ppt in T3 and T2 respectively. The
values of nitrate were ranged from 0.15 ± 0.01mg/l in T1 to 0.21 ± 0.02 mg/l in T4. The
concentration of nitrite was ranged from 0.12 ± 0.01mg/l to 0.23 ± 0.02 mg/l in T1 and T4
respectively. Concentrations of total ammonia were ranged from 0.27 ± 0.02mg/l to 0.49
± 0.02 mg/l in T1 and T4 respectively.
Mullet production:
The Suez Bay has one main landing site; Salakhana. The yield of mullet was
composed of at least 4 species. However, almost all yield in the Salakhana of catching
composed of L. carinata fish. Where, L. carinata was the most abundant species as it
accounted for about 95% of the catch of mullet from the Suez Bay according to what was
observed on the field visits also from an interview with traders and fishermen (fig. 6). The
time series data on the mullet catch showed that there is a fluctuation in the catch during
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the last 9 years where only 177 tons were landed in 2010 to 66 tons in 2018 according to
GAFRD (2018) (Fig. 5).

Table 4. Average means (means±S.D) of some physico-chemical parameters of
water inside the laboratory (Ph, dissolved oxygen mg/l, temperature ºC, salinity ppt,
natrate mg/l, nitrite mg/l and ammonia mg/l) during the experimental period for different
treatments of Keeled Mullet Fish.

PH
Dissolved oxygen (mg/l)
at
Salinity
(ppt)
NO3
(mg/l)
NO2
(mg/l)
NH3
(mg/l)

T1
7.55 ± 0.42 a
6.66 ± 0.21a
26.67 ± 1.36 a
41.13 ± 2.21a
0.15 ± 0.01b
0.12 ± 0.01c
0.27 ± 0.02d

T2
7.54 ± 0.61 a
6.14 ± 0.16 b
27.27 ± 1.46 a
41.15 ± 2.51a
0.17 ± 0.01ab
0.14 ± 0.01c
0.31 ± 0.01c

T3
7.74 ± 0.35 a
5.51 ± 0.12 c
26.53 ± 1.42 a
41.16 ± 3.22a
0.19 ± 0.01a
0.18 ± 0.02b
0.38 ± 0.01b

T4
7.12 ± 0.53 a
5.08 ± 0.26 d
26.53 ± 1.52 a
41.12 ± 2.34a
0.21 ± 0.02 a
0.23 ± 0.02a
0.49 ± 0.02 a

*Means have the same letter in the same row for the same parameter are not significant (P>0.05)

Fig. 5. Comparison between Attaka and Salakhana landing sites of mullet production
during nine years ago.
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Fig. 6. yield of L. carinata and other mullet species from Salakhana landing site during the
period study in Suez Bay.
DISCUSSION
In the present study, FSH was significantly decreased in males from T1, while it
was significantly increased in females of the same treatment. Total testosterone was
significantly increased in (T1) males and significantly decreased in females of the same
treatment. Serum growth hormone (GH) was significantly decreased in (T3 and T4). The
serum growth hormone concentration increased with decreasing stocking densities, the
present findings are in agreement with those of Wang et al. (2017) in the African catfish
Clarias gariepinus. According to Reading and Sullivan (2017) follicle-stimulating
hormone (FSH) will induce theca cells to release testosterone hormone which in turn
stimulates granulosa cells to produce estradiol-17β hormone.
Cortisol is the main adrenocortical hormone of the interregnal gland in teleosts
(McCormick, 2001; Reinecke et al., 2006), in the mullets, cortisol may also be involved
in vitellogenesis and ripening of oocytes because cortisol level was raised in the breeding
phase (Das et al., 2013). Cortisol may also play some metabolic role in respect of energy
manufacture by stimulating glucose creation through gluconeogenesis from amino acid
and fatty acids (Bloom et al., 2000). Cortisol also causes hyperglycemia in wide varieties
of fish (Zena et al., 2018). In the present study, cortisol was significantly increased by
increasing the fish density which caused fish stress.
Fish density has a negative effect on normal ranges for various blood parameters
that have been established by different investigators in fish physiology and pathology
(Darvish Bastami et al., 2009; Satheeshkumar et al., 2011). Hematological studies help
in understanding the association of blood characteristics to the habitat and adaptability of
the species to the environment. Several factors cause normal and abnormal differences in
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hematologic data (Clauss et al., 2008) such as fish species and strain (Langston et al.,
2002), temperature (Langston et al., 2002; Magill and Sayer, 2004), age (Svetina et al.,
2002), stress (Cnaani et al., 2004), photoperiod (Leonardi and Klempau, 2003),
nutritional state (Svetina et al., 2002; Lim and Klesius, 2003), the cycle of sexual
maturity, health condition (Rey Vazquez and Guerrero, 2007), and water quality. Blood
parameters in fishes may be affected by sampling way, analysis procedures, age, habitat,
and diet (Sakamoto et al., 2001). In the present study, hematological parameters were
significantly affected by fish densities as high fish density caused stress on fish leading to
decreased the hematological parameters.
In the present study, five metals (Fe, Zn, Cu, Cd, and Pb) were measured in three
different organs (gut, liver, and muscles) of experimental fish. Cd and Pb measures were
too low that couldn’t be read by the instrument. The heavy metals concentration in the
measured organs were all lower than permissible values established standard for the
aquatic environment by WHO and FAO (1989). The iron accumulation followed the
order of gut ˃ liver ˃ muscles, this patteren may be related to the fact that gut is the first
receptor for aquatic environmental heavy metals, and the liver is responsible for
detoxification while muscles are inactive organs contained the lowest heavy metals
concentrations. The lowest values were recorded among T4, where a higher stocking
density was used. The accumulation of heavy metals in the measured organs showed that
Fe was the highest one followe by Zn while the lowest one was Cu. This result agreed
with that obtained by Mehanna and Abd El-Azim (2018) in keeled fishs’ muscles, but
differ for liver, this is may be due to the condition of sampling. High levels of Zn and Cu
in liver are always related to a natural binding protein such as metallothioneins (MT)
(Gorur et al., 2012), which act as a vital metal store (i.e., Zn and Cu) to fulfill enzymatic
and other metabolic requirements. liver is the greatest suggested tissue as environmental
indicators of water pollution (Karadede et al., 2004). Besides, muscle usually exhibited
low metal levels, which may be attributed to the fact that muscle is not an active tissue
concerning metal accumulation (Visnjic-Jeftic et al., 2010). Nevertheless, metal analysis
in muscle remains important due to flesh is the part that is used for individuals
consumption (Mehanna and Abd El-Azim, 2018).
Results showed that the moisture was significantly increased by increasing fish
density. The crude protein and crude fats were significantly increased by decreasing the
fish density.
According to Avelar De Carvalho et al. (2019), the parameters of water quality
during the larvae culture of mullet Mugil liza in the laboratory conditions were within the
permissible limits. Water quality parameters in this study were measured biweekly, and
the mean measurements were shown in table (4). pH was non-significant, dissolved
oxygen was significantly increased by decreasing fish density. Water temperature and
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salinity were in the same range for the four treatments. Nitrite, nitrate, and ammonia were
significantly increased in (T4) by increasing fish density.
The present results showed that the mullet family production in 2018 was very low
compared to the previous year. This is due to several factors (a)- the capture of fry from
the Suez Bay, which is one of the most important areas for spawning of mullet fish
(especially the Sehlia fish), (b)- the pollution level as this area of the Suez Bay is
containing more than one source of pollution according to Mehanna and Abd El-Azim
(2018), (c)- overfishing. Also, Holden and William (1974) mentioned that practically,
fisheries are dealing with the data collected to answer two main questions: “How much
fish is there in the area that is intended to fish and What is the maximum amount of fish
which can be caught annually without affecting the ability of the stock to produce that
yield”.
CONCLUSION
Fish density negatively affects reproductive hormones, growth hormone, and
physiological state of keeled mullet Liza carinata, but it has a positive effect on the heavy
metals accumulation in different fish organs in the presence of suitable conditions of
water quality. It was clear that production was continuously decreasing during the last ten
years and therefore, we recommend rationalizing fishing in the Gulf to preserve this
economic family and ensure the optimal and sustainable exploitation of it.
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