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   INTRODUCTION  

Egyptian aquaculture stands as the largest producer of fish in Africa and the 

Mediterranean basin. With the continuous growth of the population and the increasing 

cost of food imports, the Egyptian aquaculture industry is striving to establish itself as a 
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Determining appropriate methods to release fish into confined water bodies 

such as lakes necessitates an awareness of the potential impact on local fish and 

the ecosystem in general, as well as a cost-benefit analysis. The purpose of this 

study was to apply various release strategies boosting the survival rate (%) of grey 

mullet (Mugil cephalus) fingerlings in the lower part of Wadi El-Rayan Lake 

(WRL) located in Al-Fayoum Governorate, Egypt. This study involved two 

experiments. The first experiment involved nursing and rearing grey mullet 

fingerlings in net enclosures (NE-CWT) and an earthen pond for 40 days before 

releasing them into the WRL.  In the second experiment, three groups were studied 

before being released into the WRL: the first group underwent a nursing 

experiment (nursing for 40 days for acclimatization), the second group underwent 

grow out rearing for 334 days, and the third group (control group, continued) was 

released directly into the WRL, without extended rearing, acclimatization, or CWT 

recovery. During the first experiment, the growth performance, feed utilization, 

and survival rates of M. cephalus fingerlings were recorded. Throughout the 

second experiment, the fishermen collected monthly samples from the WRL to 

monitor the growth and survival rates of M. cephalus. The data revealed that fish 

temporarily held in NE-CWT had significantly higher (P< 0.05) final body 

weight, total weight gain, specific growth rate, and survival rate. Growth trends 

were similar for the fish temporarily held in EP-CWT. These findings emphasized 

the significance of short-term rearing and acclimation prior to release for 

improving the performance parameters of mullet seed compared to direct release 

into the lake. The study results can be used to increase the effectiveness of future 

grey mullet (M. cephalus) stockings in the Egyptian lakes. Transferring the results 

to fishermen‟s associations in Egypt will provide these groups more time to 

evaluate and improve the stock enhancement technologies. 
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leader in sustaining food supplies not only for the local population but also for the region 

and beyond (Mabrouk et al., 2022; Sharawy et al., 2022). In Egypt's fish production, 

grey mullet Mugil cephalus holds the second position after the Nile tilapia (FAO, 2022). 

Among the prominent species in Egypt and many Mediterranean countries is the grey 

mullet. The current production of mullets heavily relies on inland fisheries in lakes, 

where the main source of mullet seed is wild fry (GAFRD, 2020). On the other hand, 

mullet aquaculture production relies heavily on the capture of wild fry along the 

Mediterranean coast. Despite advancements in fish hatchery technologies, mullet farming 

still heavily relies on the capture of wild fingerlings from coastal waters and their 

subsequent stocking in lakes and ponds (Saleh, 2008). Therefore, the wild populations of 

mullet are yearly experiencing a significant decline (El Basuini et al., 2022; FAO, 2022). 

While captive rearing of fry has improved for many species, rearing mullet fry remains a 

significant obstacle to commercial production (Oz et al., 2022). 

Notably, Egypt's natural fisheries contributed 400,000 tons of mullet production, while 

lake production reached 183,000 tons. However, this dependency on wild larvae poses 

limitations to aquaculture production due to their seasonal and unpredictable nature, and 

this may also impact local capture fisheries negatively (Patil et al., 2022). To address 

these challenges, restrictions have been imposed on the catch of wild mullet fry in Egypt, 

and programs have been developed to enhance stock enhancement in lakes (Goulding & 

Kamel, 2013; Soltan, 2013; Soliman, 2017). The introduction of exotic species and the 

translocation of native species from one drainage system to another throughout the same 

country are widely accepted methods for enhancing natural waters worldwide (Pofuk et 

al., 2017; Abbas et al., 2020; Abo-Taleb et al., 2020; Alprol et al., 2021). Stocking fry 

in closed lakes holds importance for several reasons. It aids in maintaining a healthy 

ecosystem by restoring or enhancing fish populations that may have been depleted due to 

overfishing or other factors. Stocking fry supports local fishermen, boosting their 

economic well-being, while also providing recreational opportunities for anglers and 

outdoor enthusiasts. This, in turn, can stimulate local economies and promote tourism in 

the area (Baird, 2022; Orth, 2023). 

Mullet stocking is a common practice in many parts of the world, particularly in areas 

where mullet is a popular food fish. However, the suitability of mullet stocking in lakes 

depends on various factors, such as water quality, temperature, and habitat availability. 

Producing market-size mullet begins with the stocking of fry or juveniles into a rearing 

environment that assures rapid growth and survival to allow harvest in the shortest 

possible time. After hatching, the wild mullet larvae begin to swim near the 

Mediterranean Sea coast where they usually arrive in mass after 2 months (Meseda & 

Samira, 2006). At this point, they would have reached a size of 25mm. On the coast, they 

form small schools and begin to move toward the estuaries. The capture of wild mullet 

fry for stocking is commonly done as they enter the estuary using seine nets, deep nets, 

among others (Saleh, 2008). Restrictions were imposed on the catch of wild mullet fry in 
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Egypt, and programs were encouraged to stock hatchery-reared mullet to stock the lakes 

in Egypt. Although there have been advances in captive rearing for many marine finfish 

species, hatchery production remains the main challenge hindering the commercial 

production of captive-bred mullet (Oz et al., 2022).  

Coded wire tag (CWT) has been extensively used in fisheries research to study the 

movement and behavior of fish in aquatic environments. Aquatic animal species from at 

least 37 families have been tagged with CWT (Vander Haegen et al., 2011). These 

families include shrimp (Kneib & Huggler, 2001), crabs (Davis et al., 2004), crayfish 

(de Graaf, 2007) amphibian larvae (Martin, 2011), and lobster (McMahan et al., 2012). 

The technique involves inserting a small piece of magnetic stainless-steel wire, measuring 

0.25mm in diameter and 1.1mm in length into the body of the fish. The CWT is detected 

using a handheld magnetometer or a stationary antenna, which can track the fish's 

movement and behavior over time (Lahoz-Monfort & Magrath, 2021). Brennan et al. 

(2005) provided valuable insights into the movement and behavior of fish, such as their 

migratory patterns, habitat preferences, and feeding behavior. Overall, CWTs are a useful 

tool for fisheries research and management that allows scientists to study the behavior 

and survival of fish in their natural environments (Jepsen et al., 2010).    

Wadi El-Rayan Lakes (WRLs) in Al-Fayoum Governorate are economically 

significant due to their shallow depths, good water circulation, and high fertility since 

they are regarded as a natural breeding ground and nursery for a variety of economically 

important fish species (Goher et al., 2019). The Al-Rayyan Valley has a vast limestone 

depression with a drop of 43m below sea level on average. The area, which encompasses 

roughly 1759km
2
, was established as a natural reserve by Prime Minister Decision No. 

943 of 1989, as revised by resolution No. 2954 of 1997 (Kleijn & Dijkema, 1988). 

Yearly, the valley gets approximately 250 million cubic meters of agricultural effluent 

into WRLs. Wadi El-Rayan Lakes get agricultural drainage water from the Wadi drain 

and have different physical and chemical qualities (Shama et al., 2011). Water level and 

quality declines endanger the economic assets (fishing, agriculture, and tourism) that 

support local communities (Goher et al., 2019; Metwally et al., 2020). Temperature is a 

significant factor in aquatic ecosystem health since it affects the pace of chemical 

processes and the metabolic rate of organisms (Abu Salem et al., 2017; Mansour et al., 

2022). It varies within a normal range of 17.80ºC in winter to 32.40ºC in summer with 

large temporal changes. The fisheries production of WRLs (GAFRD, 2020) has 

increased from 1313 tons in 2005 to 6750 tons in 2020. The main fish species captured 

was tilapia spp. (1436 tones), mullet spp. (851 tones), grass carp (776 tones), barges (422 

tones), and the Nile perch (379 tones). Therefore, the objective of this study was carried 

out to investigate the suitability of the effectiveness of tagging M. cephalus fingerlings, 

cultured in the lower portion of Wadi El- Rayan Lake (WRL), using coded wire tags 

(CWTs) approach as a sustainable advanced nursing technique to improve and optimize 

the stock enhancement of grey mullet Mugil cephalus fingerlings in WRL. 
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MATERIALS AND METHODS  

1. Selection and characterization of the growing location  

After surveying the natural water body for grey mullet stock enhancement of several 

sites in Egypt's Governorates, as well as based on the previously published works (El 

Bayomi, 2006; Ali et al., 2007; Shama et al., 2011; Mohamed et al., 2015; Abd Ellah, 

2016; Abu Salem et al., 2017; CMFRI, 2017; Goher et al., 2019; Helal et al., 2020; 

Abd Ellah & Haque, 2022), the lower portion of Wadi El-Rayan Lakes (WRL) in the 

Al-Fayoum Governorate were selected to study the CWT in the current for grey mullet 

growing study. The WRLs (Fig. 1) are a part of the Al-Fayoum depression, which is 

located in the Western Desert approximately 80km southwest of Cairo. Water began to 

flow into the Al-Rayyan valley in 1973 through a 9km open channel and an 8km tunnel, 

delivering 31% of the Al-Fayoum depression's drainage water (Hereher, 2015), forming 

two anthropogenic lakes (Fig. 1), one in the north (upper lake) and one in the south 

(lower lake) (El-Shabrawy, 2007). The lakes in Rayan Valley have an annual flow of 

200 × 10
-9

m
3
/ year. The upper lake's salinity ranges from 1,400 to 1,500ppm, whereas the 

bottom lake's salinity ranges from 4,500 to 6,100ppm. After Lake Nasser in southern 

Egypt, the continuous discharge of drainage water into the depression formed Egypt's 

second-largest man-made water body. El-Rayan lakes exhibit dynamic behavior in 

proportion to the volume of drainage water discharged into the depression, as well as 

water losses due to evaporation and seepage into the Earth (El-Shabrawy & Dumont, 

2009). 

 
Fig. 1. Wadi El-Rayan Lakes (29.13, 30.40) 

Al-Fayoum Depression is a confined basin surrounded by hills in the south and a 

cliff in the north, with an active irrigation system. Bahr Yusuf and Bahr Hassan Wasif are 

the main irrigation canals. These channels are regularly separated to supply clean water to 

the entire El-Rayan Valley (Mohamed et al., 2015). The significance of the El-Rayan 

Valley extends beyond the country's borders since these artificial lakes are regarded as a 

haven for migratory birds from the northern hemisphere. The El-Rayan Valley was 

designated a nature reserve in 1989 and is overseen by the Ministry of Environmental 

Affairs. The International Union for Conservation of Nature recognized the El-Rayan 
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Valley as one of Egypt's Important Plant Areas in 2011, and it joined the Ramsar 

Convention as a biodiversity wetland region in 2012 (Afefe, 2020). 

2. Fry capturing, nursing, and feeding program 

A one-acre pond in the Edku area (40km east of Alexandria) was used as a nursing 

unit for growing M. cephalus fry according to Bakeer (2006), using a method of 

fertilization with organic and inorganic fertilizers. Five ponds with a total area of 400m
3
 

each have been used as nursing ponds. The nursery ponds were kept dry, and 15-days 

before the arrival of mullet fry collected from the Mediterranean Sea, the nursing ponds 

were disinfected with quicklime (150kg/ acre) to eliminate any pathogens (bacterial, 

viral, or parasitic). After two days, 800kg of dry chicken manure was added to each pond 

in the form of piles dispersed across the pond. The following day, filtered water was fed 

into the ponds through a tiny mesh (0.7mm) to cover only the top of the pillars, and the 

ponds were filled to a depth of 1m before being left for a day. During this time, chemical 

fertilizers (60kg/ fed triple superphosphate and 40kg/ fed urea) were introduced to the 

pond water. The ponds were left for three days to completely dissolve the organic 

manure. The water turned green, and the turbidity ranged between 28 and 35cm, 

indicating that the amount of plankton in the water was sufficient to meet the nutritional 

needs of mullet fry and that the environmental conditions of the pond water ponds had 

improved enough to accept young mullet. The pH was always kept stable on the alkaline 

side at 7.6 to 8.0. Thirty-two thousand mullet fry, with an initial body weight of 3.3± 

0.34g, were stocked at a rate of 2400 fish/ pond in the five nursery ponds. For six days a 

week, the fry were fed rice bran at a rate of 15% of their biomass, which was lowered to 

10% of their biomass after one month. Fry were kept in the nursery ponds for two months 

until their average body weight reached 7- 9g (temperatures ranged between 20 and 

24°C). The grey mullet fingerlings were tagged at the end of the nursing period. 

3. General tagging procedure  

Grey mullet Mugil cephalus fingerlings were anaesthetized for 1- 4 minutes in 30ppm 

clove oil. For each tank, the weights and lengths of anesthetized fish were recorded and 

tagged (Fig. 2) as follows: CWTs were injected free-hand using Mark IV tagging devices 

(Northwest Marine Technology, Anacortes, WA, USA, (Figure 3a). A needle guard was 

employed to control the depth of needle penetration, and the presence of tags was 

confirmed using a magnetic field detector (both from Northwest Marine Technology 

Shaw Island, WA, USA). The CWTs were inserted posteriorly into the anterior epaxial 

nose tissue or “nape” (Fig. 3b) tissue. Immediately after the tag was inserted and scanned 

for retention, fish were placed in recovery water. Tag codes were recorded, and the 

number of fish per code was determined (Fig. 4). 
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Fig. 2. Photographs showing how to tag grey mullet Mugil cephalus fingerlings 

A b 

   

Fig. 3. (a): CWTs were injected free-hand with Mark IV tagging machines; (b): showing 

the location where the tag is placed in mullet 

   

 Fig. 4. Grey mullet nursing ponds and net enclosures  

 

Coded Wire Tag in 

Nasal Cartilage 
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4. Approaches for acclimating tagged, wild fry before release 

Two release strategies were evaluated using CWTs, involving 40 days of extended 

nursery and acclimation of grey mullet fingerlings in net enclosures and small earthen 

pond (Fig. 5) before release into WRL. A third tagged group (experimental control group) 

was tagged and released directly into WRL after two days.  The recovery of the tags from 

fingerlings was conducted after 40 days (Fig. 6). 

    

Fig. 5. Photos showing direct release of grey mullet fingerlings after the tagging with 

CWTs 

 

 
Fig. 6. Recovering the tags from grey mullet fingerlings after 40 days 

5. Experimental design and fish rearing facility 

This study was designed with two experiments to evaluate the effectiveness of tagging 

grey mullet fingerlings cultured in the lower portion of WRL, using the coded wire tags 

(CWT) approach as a sustainable advanced nursing technique to improve and optimize 

stock enhancement of grey mullet. The first experiment involves nursing and rearing grey 

mullet fingerlings in net enclosures (NE-CWT) and an earthen pond for 40 days before 

releasing them into the WRL. In the second experiment, three groups were studied before 

being released into the WRL: the first group involved a nursing experiment (nursing for 

40 days for acclimatization), the second group involved a grow out rearing for 334 days, 
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and the third group (control group, continued) was released directly into the WRL 

without extended rearing, acclimatization, or CWT recovery.  

Treatment group: Thirty-two thousand grey mullet fingerlings, with initial body 

weights of 8.66± 0.84  and 7.34± 0.91g, were tagged and reared in three earthen ponds 

(400m
3
 each) and three net enclosures (50m

3
 each) for 39 days, respectively, before being 

released into WRL to investigate the effect of short-term nursing and acclimation before 

release in WRL. The fish were fed rice bran at a rate of 3% daily for six days a week 

during this entire period. Water quality was also examined to ensure that it was suitable 

for mullet growth and survival. The water temperature ranged from 24 to 27°C, the 

dissolved oxygen in the water was not less than 5.12mg L
 -1

, and the ammonia 

concentration did not exceed 0.31mg L
-1

. The water had a salinity of 1.05ppt and a pH 

that was always on the alkaline side (7.90- 8.76). These parameters have consistently 

remained within internationally permissible ranges. The growth performance and survival 

rate (%) of mullet fingerlings were determined at the end of the rearing period. The 

sample for validating the successful CWT was determined, as well as the number of fish 

per code. Control group: A third group of thirty-two thousand grey mullets, with an initial 

body weight of 7.5± 0.8g, were tagged and then released two days after tagging directly 

into the WRL. During the first experiment, growth performance, feed utilization, and 

survival rates of M. cephalus fingerlings were recorded. Throughout the second 

experiment, and after the release of the tagged mullet into the WRL, the fishermen 

collected monthly samples from the WRL to monitor the growth and survival rates of M. 

cephalus over 334 days. 

6. Water quality parameters 

In WRL, the water quality indicators of water temperature, pH, dissolved oxygen 

(DO2), and total ammonia nitrogen (TAN) were weekly measured. Temperature and pH 

were measured by a portable pH Meter (HI 8424) (HANNA Instrument). DO2 was 

measured by a HI-9142 (HANNA Instrument). Salinity was measured using a YSI 

EcoSense EC300 conductivity/ salinity meter. TAN was monitored using a YSI 9300 

photometer and YSI Professional Plus. Using the data of pH, temperature, salinity, and 

total ammonia nitrogen (TAN), the concentration of un-ionized ammonia-N was 

calculated as a percentage of TAN according to the following software: 

(https://floridadep.gov/waste/district-business-support/documents/un-ionized-

ammoniacalculator). 

7. Growth performance indicators 

Growth performance parameters of total weight gain (g fish
-1

), average daily gain (ADG, 

g fish
-1

), specific growth rate (SGR, % days
-1

), condition factor (K), survival rate (%), 

and recovered CWT (%) were calculated using the methods of Aboseif et al. (2022),  as 

follows: 
 

 
(1) 

https://floridadep.gov/waste/district-business-support/documents/un-ionized-ammoniacalculator
https://floridadep.gov/waste/district-business-support/documents/un-ionized-ammoniacalculator
https://www.scopus.com/authid/detail.uri?authorId=57217229739
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(2) 

 

(3) 

×100    (4) 

Survival rate (SR, %) = No. of surviving fish/total No. of fish at the beginning ×100 (5) 

Recovered percentages are plotted relative to the beginning day of observations during 

that season.  

8. Statistical analysis 

Data were processed using a one-way analysis of variance (ANOVA), followed by 

Duncan's post hoc test which was used to rank the means. P< 0.05 was regarded as 

statistically significant. All statistics were processed using the SPSS package (version 

23.0).  

   RESULTS AND DISCUSSION 

 The water quality parameters of WRL are detailed in Table (1). The results revealed 

that the temperature, salinity, pH, ammonia, and DO levels were within the acceptable 

limits for mullet fish production as mentioned by Boyd and Tucker (2012).  

Table 1. Physicochemical parameters recorded in WRL 

Parameter* Value 

pH 8.18 ± 0.05 

Temperature (
◦
C) 26.8 ± 2.0 

Salinity (ppt) 21.5 ± 3.25 

DO (mg L
-1

) 5.56 ± 3.33 

BOD (mg L
-1

) 5.05 ± 2.06 

(NH4 mg L
-1

) 0.8 ± 1.17 

NO2 (mg L
-1

) 0.08 ± 0.01 

NO3 (mg L
-1

) 0.19 ± 0.03 

PO4 (µg L
-1

) 76.66 ± 0.66 
*Data are presented in (Mean ±SD) 

For more than a century, Egypt has used wild-caught mullet seed for the annual 

replenishment of inland lakes and the aquaculture sector. The impact of wild seed 

fisheries on mullet wild stocks has received little attention. The Fisheries Law No. 

124/1983 governs wild fry collecting in Egypt. It is illegal to fish, collect, handle, or 

transport wild fish fry without an official permit from the GAFRD (2020). As a result, 

when farmers are unable to obtain official permission to cover the required amount of 

mullet seed, they turn to illegal sources of seed supply. Unlicensed fishermen use seine 

nets, light boats, and small trucks to infiltrate coastal areas or the borders of drainage 

canals. The fry are caught, carried in buckets filled with seawater, and maintained for a 
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few hours in hapas or collection tanks on the seashore. Illegally harvested fry are brought 

early in the morning via country roads to the secret shop, where they are sold by the 

thousands. At this point, the fry are either sold to clients or loaded onto transport trucks 

for sale in fish farms. Seed stocks are also trucked to separate nursery units or nurseries 

on fattening farms for fingerling production. The quantity of mullet fry collected through 

this black-market distribution is incalculable and uncontrolled. These illegal market 

transactions are estimated to be substantial, and the number of illegally caught fish may 

surpass those collected through regular channels. In developed nations, stocking 

programmers should ideally be limited to small quantities of larger fish to support native 

species or recover endangered species. Pre-conditioning and acclimatizing stocked fish to 

the conditions of the receiving water bodies may improve their chances of survival 

(Cucherousset et al., 2012). Table (2) illustrates the growth performance and 

characteristics of the „Treatment group‟ grey mullet that were CWT after the extended 

rearing and acclimation in earthen ponds or net enclosures for 40 days. The data revealed 

that fish nursing in net enclosures had the highest significant differences (P< 0.05) in 

their final body weight (g fish
-1

), weight gain (TWG, g fish
-1

), specific growth rate (SGR, 

% days
-1

), and survival (SR, %). Furthermore, these fish had an excellent condition 

coefficient (1.16), indicating that the aquatic and feeding environment provides sufficient 

stimulation for fish growth and survival (%) as well as good health conditions.  

 

Table 2. Growth performance and characteristics of the grey mullet M. cephalus tagged 

with magnetic wire codes, as well as the control group evaluated after the nursing 

methods period 

 First experiment (40 days ) 

Item Control group* Earthen ponds Net enclosures 

Number of tagged fish  ~32,000 ~32,000 ~20,000 

Initial length (cm fish
-1

) 8.50±0.12 7.30 ± 1.11 8.12 ± 1.21 

Final length (cm fish
-1

) - 11.50 ± 1.45
 b
 12.25 ± 1.36

a
 

Initial weight (g fish
-1

) 7.50 ±0.8
 

8.66 ± 0.84 7.34 ± 0.91 

Final weight (g fish
-1

) - 16.30 ± 1.37
 b
 21.30 ± 1.52

a
 

weight gain (WG) (g fish
-1

) - 7.64 ± 1.35
 b
 13.96 ± 1.47

a
 

Average daily gain (g/fish/day) - 0.19 0.35 

Specific growth rate (SGR, % days-1) - 1.58± 0.42
 b
 2.66± 0.39

 a
 

Condition factor (K) - 1.07 ± 0.05 1.16 ± 0.08 

Number of stocked fish - 16,000 ± 0.00 16,000 ± 0.00 

Number of fish after nursing - 11,500 ± 23.18 13,000 ± 18.23 

Successful fish tagging (%) - 94.33 ± 0.52
 b
 97.42 ± 0.50

a
 

Survival rate  (%) - 71.88 ± 2.50
 b
 81.75 ± 2.25

a
 

* This group was not recaptured until the end of the experiment. Means in the same column bearing 

different superscripts differ significantly at P˂ 0.05 level. Values are means ± SD.   

There were no CWT recoveries from the monthly samples by fishermen for the CWT 

„Control group‟ released two days after tagging directly into WRL. Fish temporarily 

reared in ponds had the highest significant survival differences (P< 0.05) in recovered 

CWT percentage (Fig. 7). The remarkably high survival rate (81.25%) of these mullets is 

very compelling. These findings emphasize the significance of short-term rearing and 
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acclimation in improving the performance parameters of mullet seed as compared to 

direct release after tagging in the lake (Table 2). 

 

Fig. 7. Mean recovered (%) by season for gray mullet stocked into lower Lake of Wadi 

El-Rayan in Al-Fayoum. Recovered percentages are plotted relative to the beginning day 

of observations within that season 

Table (3) shows the results of the growth performance and production performance 

characteristics of grey mullet fingerlings 334 days after restocking in Wadi El-Rayan 

lakes. Fish nursed in net enclosures before restocking in Wadi El-Rayan Lakes had the 

highest (P< 0.05) FBW, TWG, ADG, SGR, and K by 2020, the overall number of fry 

collected from the Mediterranean had reduced from 83.2 million in 1985 to 46.68 million 

(GAFRD, 2020).  

The majority of the collected fry (75% of the total number of fry collected) 

was utilized for aquaculture, with the remainder used for stock enhancement for inland 

lakes. The use of wild fry was previously linked to substantial seed mortality as a result 

of trauma caused by rough handling during collection and delivery. For wild mullet seed-

based aquaculture, the fry normally acclimatizes to the pond conditions upon arrival. 

Dead and weak larvae are usually removed, and the number of larvae held in each pond is 

recorded. Due to poor acclimatization, most fish farms have a significant percentage of 

fry mortality. In the present study, the stock enhancement results showed that 

improvement in the outcome of grey mullet stocking in Wadi El-Rayan Lakes in the Al-

Fayoum Governorate could be obtained by holding the mullet fry for 39 days before 

releasing them into the WRL. The improved survival rates after re-stocking were likely a 

result of treatments performed during the 39-day nursed period to (1) obtain a more 

optimum size-at-release (SAR) of the grey mullet fingerlings and (2) acclimate the 

fingerlings to the specific release-site in the LWRL. 
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Table 3. Growth and production performance parameters of grey mullet fingerlings 

evaluated 334 days after restocking in LWRL 

 Second  experiment (334 days) 

Control group Earthen ponds Net enclosures 

Final length (cm fish
-1

) 24.2 ± 0.97
c
 30.1 ± 2.28

b 
33.24 ± 3.06

a
 

Final weight (g fish
-1

) 164.82±1.13
c
 257.11 ± 3.25

b 
350.72 ± 3.05

a 

daily gain (g fish
-1

) 0.42 ±1.26
c
 0.75± 0.06

b 
1.02±0.10

a 

Weight gain (g fish
-1

) 157.32±1.13
c
 248.45 ± 3.22

b
  343.38± 3.03

a
 

Average daily gain (g/fish/day) 0.47 0.74 1.03 

Specific growth rate (SGR, % days
-1

)   0.93±1.10
 c
 1.02±0.06

b 
1.16± 0.04

a 

Recovered CWT (%) 4.00
 c
 13.00

a 
9.00

b 

Condition factor (K) 1.16
 c
 0.94

b 
0.95

a 

Means in the same column bearing different superscripts differ significantly at P˂ 0.05 level. Values are 

means ± standard error. 

Over 334 days, the CWT fish were recovered from the fishermen's catch (Fig. 8), then 

the tags were extracted from the mullet head and decoded in the laboratory (Fig. 9).  

Given the absence of CWT recoveries from the control group (unacclimated) of fish 

released directly into WLR after tagging, it is likely that the current government plans to 

increase Egyptian lake fish production by releasing millions of small, wild mullet spp. 

collected from natural resources each year will be unsuccessful, or at the very least 

inefficient.  

 

Fig. 8. Identifying the coded-wire tags on grey mullet fingerlings samples from fishermen 

catch by tagging viewer in WRL 
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Fig. 9. The extraction and identification (CWT) number of tagging in the laboratory 
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Fig. 10. The identified CWT number of some tagging from grey mullet fingerlings 

samples either earthen ponds or net enclosures 
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This study suggests that the majority of these fish may be lost due to their inability to 

adapt to new habitat conditions, particularly if the fry are extremely young. According to 

(Kleijn & Dijkema, 1988), over four months, the mortality rate of fry in nursery farm 

ponds surpassed 35%. Regarding the restocking of wild fry in inland lakes, Saleh (1991) 

observed that mortality rates of up to 96% of transferred fry might occur within the first 

seven days if the fry were instantly transported to the lakes or farm without a gradual (6- 

8 hours) acclimatization. According to a study by Runge et al. (2008), selecting the most 

successful release strategy and establishing a protocol for time and technique of release, 

is key to the survival of stocked fish. Fish must be stocked at a period when they can 

quickly acclimatize to their new environment and so learn to feed on natural food. 

Regarding species-specific considerations, different fish species have different size-

related shifts in feeding behavior and habitat use. Some species, switch from feeding on 

plankton to larger prey as they mature, while others might migrate from shallow to deeper 

waters. When deciding the appropriate size of fish for release, several considerations 

must be taken into account, including information on their expected impact on local fish 

and the ecosystem in general, as well as a cost-benefit analysis. The impact of the size or 

age of fish released is particularly apparent in species that undergo size-related or 

ontogenetic changes in feeding behavior or habitat utilization. As shown in this study, 

preliminary pilot-scale release experiments are critical for determining effective release 

strategies, such as size-at-release, release habitat, and timing of releases at the sites 

intended for stock enhancement (Leber et al., 2016). 

Stocking initiatives in developed nations should ideally be limited to small numbers of 

fish to help native species or restore endangered species. Improving supplied fish survival 

by pre-conditioning and acclimating fish to the conditions of the receiving water body 

may boost their chances of survival. Acclimatization is required for the fish to adjust to 

their surroundings, according to this study‟s results. Acclimatization, however, must be 

accompanied by a release strategy that minimizes stress on the provided fish. Allowing 

for acclimatization before release should result in significant decreases in post-release 

mortality. Concerning the precise length of acclimatization required to maximize 

survival, we found that confining fish in ponds, cages, or enclosures for seven weeks 

before being released, significantly enhanced survival rates, boosted growth rates, and 

improved recapture rates, all of which are desirable characteristics of effective stocking. 

This should be a fruitful topic for future research to optimize the time allotted for 

acclimatization.  

Holding the fish before releasing them decreases the stress produced by bringing the 

fish to the release location. Fish that have been transplanted from still to moving water 

and from a farm or the wild should be exposed to running water conditions for an 

extended period before release. This strengthens the fish's muscles, allowing it to swim 

for longer periods. The present results indicated that an acclimatization period before 

release can be used to improve the effectiveness of future stockings of grey mullets in 

WRL. The results obtained from the pilot release-recapture experiments of grey mullet 

fingerlings in WRL will be used in other Egyptian lakes to improve the effectiveness of 

restocking in the future. There is a need to transfer these results to fishermen‟s 

associations, which will continue the improvement of mullet stock enhancement over a 

longer time frame. 
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      CONCLUSION 

 Based on the current findings, it is possible to conclude that using various CWT-

tagged strategies to release grey mullets (Mugil cephalus) fingerlings in enclosed 

Egyptian lakes, especially the lower part of Wadi El Rayan Lake (WRL) in Fayoum 

Governorate, Egypt, is critical for increasing survival rates (%) and improving stocking 

rates. The following is a future view for employing different approaches with coded wire 

tags (CWTs) to release fingerlings of M. cephalus into closed Egyptian lakes to increase 

the survival rate of stocked fish: 

1. Progressive release of a small number of fish over time, allowing the fish to adjust to 

their new environment while lowering the risk of predation and resource competition.  

2. The appropriate time to release, when the water temperature in confined Egyptian 

lakes drops. It is better to release grey mullet fingerlings in the early morning or late 

afternoon since this reduces stress for the fish and increases their chances of survival 

for longer periods of time. 
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