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SUMMARY 

 

 Based on length frequency data, growth, mortality, exploitation rates and relative yield per recruit 

were examined for Penaeus semisulcatus collected from Bardawil lagoon for two fishing seasons 2010-

2011. A total of 2451 specimens were collected between April through December of the two fishing 

seasons were measured for carapace length from 26 to 62 mm. The von Bertalanffy growth parameters 

were identified (L∞ = 53.5 & 66.7 mm, K= 0.92 & 1.1 year
-1

, and t0 = -0.154 & -0.022 years of males 

and females respectively). The growth performance index (φ′) was 3.42 for males and 3.69 for females. 

Total (Z: 3.24 & 5.34 yr
-1

), natural (M: 1.05 & 1.16yr
-1

) and fishing mortality (F: 2.18 & 4.17 yr
-1

) for 

male and female respectively. Exploitation rates (E) = 0.67 for males, and (E) = 0.78 for females 

indicated that the population of P. semisulcatus is heavily exploited. Length at first capture (Lc) equal 

32 and 39.6 mm of male and female. According to the relative yield analysis per recruit, for P. 

semisulcatus stock in Bardawil lagoon is overexploited. Thus, the reduction of fishing efforts or re-

evaluation of mesh sizes for bottom trawl fisheries are highly recommended.   
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INTRODUCTION 

 

 Bardawil lagoon is one of the most 

important lagoons in Egypt as a source of 

economic fish and wetland region. It is a hyper 

saline lagoon connected to the Mediterranean 

Sea by two artificial openings. Now, shrimps 

are a dominant species and successful group in 

the lagoon production. The commercial fishing 

of shrimp in Bardawil lagoon began in 1994 by 

about 1.83 ton as 0.12% of total catch 

(GAFRD, 2002). The shrimp fisheries were 

conducted  by small trawlers , and expanded 

rapidly since 1995 with the increase of the 

shrimp abundance in the lagoon to more than 

1221 tons as 25.8% of the total catch in 2010 

(GAFRD, 2010). In spite of shrimp diversity 

(Metapenaeus stbbing Nobili 1904, Penaeus 

japonicus Bate 1888, and Metapenaeus 

monoceros Fabricius 1798), Penaeus 

semisulcatus De Haan 1850) was the major 

contributor in shrimp catches from the 

Bardawil lagoon. Studies on fishery and 

biology of penaeid species in the Bardawil 

lagoon are scarce. However, Ameran (2004) 

studied the fishery of crustaceans Metapenaeus 

stbbing and Portunus pelagicus, while Yassien 

(2004) studied the fishery and population 

structure of   P. semisulcatus and Abdel Razek 

et al. (2008) studied the biological of penaeid 

shrimp population. Also, Ameran et al. (2009) 

studied the population biology and exploitation 

rates of P. semisulcatus.  

 The present study introduces the 

information about age, growth, mortality and 

exploitation rates of P. semisulcatus in 

Bardawil lagoon, which may help to sustain 

and manage this valuable resource.  

 

MATERIAL AND METHODS 

 

 The study area is Bardawil lagoon (Figure 

1). The lagoon is located in north Sinai 

Peninsula, bordered northerly by the 

Mediterranean Sea and southerly by Sinai 

desert. It is approximately 90 km long and 22 

km across its widest point, and covers area of 

approximately 595 km
2
. The lagoon is 

extremely shallow and the water level never 

exceeds three meters in depth.  

 A total of 2451 P. semisulcatus were 

collected monthly from April 2010 through 

December, 2011 (two fishing seasons). The 

study area extended from Zaranik in the north 

to the end south of the lagoon. Monthly 

samplings were obtained from well mixed 

batches of commercial catches. The 

commercial catches were caught by two small 

boats comprised of bottom trawling gear (kalsa 

as locally called) with 60 mm mesh size. The 

carapace length of each sex individuals were 

measured to the nearest mm from the tip of the 

rostrum to the end of the telson., Total weight 

was recorded to the nearest 0.1 g. For each sex, 

the total carapace length - total weight were 

based on the regression formula: W=a CL
b
, 

(Farmer, 1986), where W is the total weight in 
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g, CL is the carapace length in cm, a is the 

intercept and b is the slop (relative growth 

rate).  

 Electronic length frequency analysis 

(ELEFAN I) method (Pauly and Morgan, 

1987) using the FiSAT program  (Gayanilo et 

al., 2005) was used to estimate the asymptotic 

carapace length (CL∞) and growth coefficient 

(K) for both males and females. The 

asymptotic length (L∞) was estimated as total 

length = carapace length × 3 (Waffy, 1990). 

Input data were separated by sex and the 

values of K and L∞ were estimated for each 

sex by the von Bertalanffy growth equation: Lt 

= L∞(1 − e 
− K ( t - t

0
)
) where, Lt is the carapace 

length at time t, L∞ is the asymptotic carapace 

length, K is the growth coefficient, and t0 is the 

hypothetical age when the size is zero.  

 The growth performance index, φ′ = log k 

+ 2log L∞, was computed using the L∞ and K 

values according to the formula of Pauly and 

Munro (1984). The length-converted catch 

curve method (Pauly, 1984a) was used to 

estimate the instantaneous rate of total 

mortality (Z) by using the FiSAT program. The 

instantaneous rate of natural mortality (M) was 

obtained using two methods: 1) Pauly’s 

empirical formula (1980) as log M = −0.0066− 

0.279 log L∞ + 0.6543 log K + 0.463 log T; 

and 2) Ursin (1967) formula as M = W
-1/3

 

where W is the mean weight of the whole 

sample.   The fishing mortality coefficient (F) 

was estimated as F = Z - M. The exploitation 

rate "E" was estimated using the formula of 

Gulland (1971) as E = F / Z.  

 The probability of capture was estimated 

from length-converted catch curve, using the 

running average technique to determine Lc 

(Pauly, 1984b). Relative yield per recruit 

(Y/R)' and relative biomass per recruit (B/R)' 

were estimated using the model of Beverton 

and Holt (1966) as follows: 

Y′/R = EU
M/K

 {1- (3U/1+m)+(3U
2
/1+2m)-

(U
3
/1+3m)}  

(B/R)' = (Y/R)'/ F 

where m = (1-E)/(M/K) = )K/Z) 

U = 1 - (Lc/L)   

 Z, M and F are the total, natural and fishing 

mortality coefficients respectively, E is the 

exploitation rate and K is the growth parameter  

 

RESULTS AND DISCUSSION  

 

Length-weight relationship and growth 

parameters: 

The carapace length (Figure 2) ranged 

from 26 to 50 mm for males and ranged from 

23 to 62 mm for females (males individual 

weight ranged from 3 to 24 g, and 2 to 63 g for 

females). The length frequency distribution 

showed that the largest female weighed more 

than 50 mm CL, which was represented in the 

sample with low numbers. However, the young 

and mid-sized individuals weighed less than 40 

mm CL were the dominant. The decline in size 

of adults, and the increase of young in size in 

the catch could be attributed to the increasing 

of  the exploitation effort on the young stock of 

P. semisulcatus. Thus, in the near future this 

species may be in danger of severe declines. 

The carapace length–weight relationship of 

males and females are shown in Figures (3) 

and (4) and calculated as  W = 0.0003L 
2.87

  for 

males  and   W = 0.0002 L 
2.99

   for females, 

showed the close of isometric growth where 

the value of the parameter (b) of the length–

weight relationship characterizes an isometric 

growth when equal to three (Ricker, 1975).  In 

the present study, the values of (b) were 2.87 

for males and 2.99 for females showed a 

slightly negative allometry in the growth of 

both sexes. These values differ from the 

values, which were obtained by Ameran et al. 

(2009) (b = 2.21, 2.17) for males and females. 

These differences may be due to the unstable 

environmental conditions of the Bardawil 

lagoon. 

 

Growth parameters: 

The growth curve is superimposed on the 

restructured length–frequency data for males 

and females (Figure 5). The constant of the 

von Bertalanffy’s growth model was estimated 

and the obtained equations were: 

Lt =53.5 (1-e
-0.92(t +0.154)

) for males and Lt 

=66.7 (1-e
-1.1(t +0.022)

) for females. 

The value of growth performance index 

(φ′) was calculated as 3.42 and 3.69 of males 

and females, respectively. 

In the present study, length frequency 

method was used to estimate the growth 

parameters of P. semisulcatus where that 

method is suitable for species for which 

recruitment occurs over a short time period and 

growth rates are relatively high (King, 1984). 

Moreover, L∞ (CL) and K estimated as 53.5 

mm and 0.92 yr
-1

 for male and 66.7 mm and 

1.1 yr
-1

 for female. The growth parameters L∞ 

mm as CL and K of P. semisulcatus are 

different between localities, where, L∞ equal 38 

and 50.4 mm for males and females in the 

Persian Gulf (Niamaimandi et al., 2007), equal 

66.15 for both sexes in Arabian Gulf (Hosny, 

2007) and equal 51 and 62 mm for male and 

female in the eastern water of Yemen (Abdul-

wahab, 2005). The value of K is a relatively 

low compared with studies in the Persian Gulf, 

K equal 1.8 and 2.6 for male and female 

(Niamaimandi et al., 2007) but similar to those 

from Arabian Gulf, K equal 1.2 yr
-1

 (Hosny, 

2007). The difference in growth parameters 

between different localities can be attributed to 

the difference in size-composition of the 

species. L∞ is interpreted by the mean length of 
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very old fish and k determines how fast the 

fish approaches its L∞ (Sparre and Venema, 

1992). The relatively low K indicated the slow 

attainment of maximum size. The growth 

performance index value (φ′ = 3.39 and 3.69 

for male and female) of P. semisulcatus in 

Bardawil lagoon illustrates that the growth is 

faster in female and higher compared with that 

obtained by Ameran et al. (2009) φ′ = 2.22 but 

the values are similar to results from previous 

investigation at Arabian Gulf in Bahrain (φ′ = 

3.53); Qatar (φ′ = 3.23) and KSA (φ′ = 3.72) as 

recorded by Kisr (2001). 

 

Mortalities and exploitation rates 

Total mortality (Z) from length-converted 

catch curves was estimated as 3.24 and 5.34 

yr
1
 for males and females, respectively (Figure 

6), while natural mortality (M) was determined 

as 1.05 and 1.16 yr
-1

 and the fishing mortality 

rate (F) was 2.18 and 4.17 for males and 

females, respectively. Exploitation rate (E) was 

computed as 0.67 of males and 0.78 of 

females. The current exploitation rate was 

heavily exploiting stock according to Gulland 

(1971) who suggested that the optimum 

exploitation rate for any fish stock is about 0.5 

at F=M and more recent, Pauly (1987) 

proposed a lower optimum F that equal to 0.4 

M. Patterson (1992) reported that an 

exploitation rate of about 0.4 is safe for the 

stock. 
 

 Length at first capture (Lc) and relative yield 

per recruit 

The length at first capture (Lc) at which 

50% of the fish are vulnerable to capture for P. 

semisulcatus was estimated at 32 and 39.6 mm 

as a carapace length (Figure 7). Length at first 

capture is an important factor where it is a 

function of mesh size and gear selectivity 

(Beverton and Holt, 1966). At 32 and 39.6 mm 

as a carapace length, the relative yield-per-

recruit (Y′/R) and biomass per-recruit (B/R) of 

P. semisulcatus vs. the exploitation rate (both 

sexes) gave an:  Emax = 0.78,  E0.1 =  0.66 and 

E0.5   = 0.389            (Figure. 8). 

The present study indicated that the 

computed current exploitation rates (Ecur= 0.67 

of males and Ecur.= 0.78 of females) are higher 

than that produces the economic relative yield-

per-recruit (E0.1  =  0. 66) and higher than the 

exploitation rate (E0.5   = 0.389) which 

maintain 50% of the stock biomass as 

spawning stock. Thus the current exploitation 

rate should be reduced at least from 0.78 to 

0.66 (16 %). This means that the value of Lc 

(whish is a proxy of mesh size) and the current 

exploitation rate (which is a proxy of effort) 

indicated that the small shrimp are caught at 

higher effort level.  

It is not easy to balance between the 

reduction of effort and socio-economic needs 

of the fishermen. The application of optimum 

mesh size is recommended where increase of 

Lc to 45 mm for both sexes may be balanced 

between current exploitation rate and socio-

economic needs. Also, an increase of Lc to 45 

mm would be associated with an increase of 

Y′/R by 4 % (Figure 8).     
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                   Figure 1.  Bardawil lagoon, showing the Bughaz1 and Bughaz2 
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Figure 2. Carapace length distribution of P.  semisulcatus  (▬ males) and (▲ females) in 

Bardawil lagoon during the two fishing season of 2010 – 2011  

 

 

 

 

 

 
 

Figure 3. Length-weight relationship (males) of P.  semisulcatus in Bardawil lagoon during the 

two fishing season of 2010 – 2011  
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Figure 4. Length-weight relationship (females) of P. semisulcatus in Bardawil lagoon during the 

two fishing season of 2010 – 2011.  
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Figure 5. Length frequency curves of male (a) and female (b) of Penaeus  semisulcatus in 

Bardawil lagoon during the two fishing season of 2010 – 2011  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 6. Length-converted catch curves for estimating total mortality rates males (a) and 

females (b) of  P. semisulcatus  from Bardawil lagoon 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Length at first capture for males (a) and females (b) of  P. semisulcatus  from Bardawil 

lagoon 
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Fig. 8. Yield per recruit analysis of P. semisulcatus  ( Males and Females) from Bardawil lagoon 

 
 

Figure 9. Yield per recruit analysis of P. semisulcatus  ( Males and females) using Lc = 45 mm. 

 

انًستغهت بجزافت انجًبزي  Penaeus semisulcatus دَُبيُكُت انعشبئز وادارة يصبَذ انجًبزٌ انسىَسً 

 يصز -بًُخفط انبزدوَم ـ شًبل سُُبء
 

يحًذ سبنى أحًذ
1

انعُبط, عطُت عهٍ 
2
 

 

 انهُئت انعبيت نتًُُت انثزوة انسًكُت  -2، جبيعت قُبة انسىَس، انبُئُت تُانشراععهىو انكهُت  -1

 

 حى حدًُع عُُاث  % يٍ الإَخاج انعاو.26وًَثم اندًبزٌ يُفزدا حىانٍ % يٍ إَخاج بحُزة انبزدوَم  56حشكم انقشزَاث حىانٍ  

عُُت فٍ انفخزة يٍ  2451( نخقُُى حانت انًصُذ فٍ هذا انُىع انهاو. حى حدًُع 2011 – 2010اندًبزي انسىَسً نًىسًٍُ يخخانٍُُ )

يخغُزاث اعخًذث نخقذَزاث  يثم يى نهذكىر والاَاد.  62انً  26انذرقت يٍ  طىل أخذث قُاساث  .سى صُذابزَم حخً دَسًبز نكم يى

. أظهزث انُخائح أٌ انُسبت اندُسُت نلإَاد أعهً يٍ نهذرقت فً انعُُاثعهً انخكزار انطىنٍ  انًُى, يعذلاث انُفىق ويعذلاث الاسخغلال

، يُحًُ يى 53.5انذكىر فٍ انًصُذ وكاَج يخغُزاث انًُى فٍ يعادنت فىٌ بُزحلاَفً نهذكىر هٍ: انطىل عُذ يا لاَهاَت =

/سُت 1.1انًُى= سى، يُحًُ  66.7انطىل عُذ يا لاَهاَت = ونلإَاد هٍ: سُت 0.154 -/سُت، انعًز عُذ انطىل صفز =0.92انًُى=

, 1.05انُفىق انطبُعٍ=  5.34، 3.24نلإَاد. انُفىق انكهً=  3.69نهذكىر و  3.42يعذل انًُى=   0.022 -انعًز عُذ انطىل صفز  =

نلإَاد   7.78نهذكىر و 7.67 يعذل الاسخغلال فٍ انًصُذ=   نهذكىر والإَاد عهً انخزحُب. 4.17،   2.18وانُفىق بانصُذ=  1.16

اندًبزٌ فٍ بحُزة  يخزوٌث اعهٍ يٍ يعذل الاسخغلال اأميثم ويعذل الإَخاج الاقخصادٌ انًسخًز.  يٍ انذراست َخح  أٌ وهً يعذلا

يى بذلا يٍ  45 ذرقٍانطىل انعُذ  هذا انُىع صُذنتكىٌ بذاَت وتىصً انذراست بتعذَم فتحبث انشببك  انبزدوَم ححج يصُذ خائز.

ُذ صالاَخفبض بجهذ ان نُس يٍ انسهم تحقُق انتىاسٌ بٍُ لأَه انحبنٍبجهذ انصُذ  ستًزاروالا يى(39.6) انحبنٍانذرقٍ انطىل 

  %. 4يع انعهى اٌ تعذَم فتحبث انشببك سىف َشَذ يٍ يعذل الإَتبج انُسبٍ بقًُه  .قتصبدَبإجتًبعُب وإ وظزوف انصُبد انحبنٍ
 


