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Abstract: Stock of the spangeld emperor (Lethrinus nebulosus) sampled 
from commercial catches at Al-Freya landing site in the Jubail marine 
wildlife sanctuary, east of Saudi Arabia, was assessed from April 2012 to 
January 2013. Length-based stock assessment method using the FiSAT II 
software package showed that the von Bertalanffy growth (L∞) and K were 
56.38 cm TL and 0.203 year -1, respectively. The annual growth rate 
showed that L. nebulosus attained the lengths 10, 18, 25, 31, 35, 39, 42 and 
45 cm at the mean of the relative ages (0–XII), respectively. The total 
mortality, natural mortality and fishing mortality rates were 1.09 year -1, 
0.45 and 0.64, respectively. The current exploitation rate (Ecurrent = 0.59) 
was beyond the optimum exploitation rate (Eopt = 0.522) and marginally 
lower than the maximum exploitation rate (Emax = 0.646). The length at first 
capture (Lc) was 22.24 cm, which is considerably smaller than the mean of 
maturation length (Lm) as reported in the Arabian Gulf (32.5 cm) as well as 
lower than the length at which yield per recruit could be maximized (39.5 
cm). The results suggest that an increase in mesh size regulations for 
gillnets should be rapidly implemented to protect the stock of spangeld 
emperor in the east Saudi coast as immediate management action to be 
adopted by Jubail Fisheries Directorate.  
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INTRODUCTION 
 
       Lethrinidae is a family commonly known as emperors, emperor breams, 
and pigface breams. These fishes are widely distributed in tropical waters 
of the Pacific and Indian Oceans across Red Sea, Arabian Gulf and East 
Africa to southern Japan and Samoa, with lesser extent in the eastern 
Atlantic.  
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     The emperor fishes often occupy marine waters around coral reefs, 
coralline lagoons, seagrass beds, mangrove swamps, flat sand bottoms, and 
coastal rock areas with a depth range 10-75 m and scarcely exist in 
brackish water (Al-Baharna, 1986). The Lethrinidae species have been 
recorded in the FAO area 51 are 20 species (Fischer & Bianchi, 1984).  

 The species Lethrinus nebulosus (Forsskål, 1775) is widely distributed 
within the Indo-West Pacific region extending from the Red Sea and East 
Africa to southern Japan and Samoa (Young & Martin, 1982). In the Arabian 
Gulf, four Lethrinus species have been recorded; L. microdon, L. lentjan, L. 
mashenoides and L. nebulosus (Kuronuma & Abe, 1986). The later is the 
most abundant one throughout the Arabian Gulf. 

As reported in Fishbase, the emperor fishes mature at length 45 cm and 
grow up to 87 cm with lifespan extend to 28 years as maximum. Emperor 
fishes are benthic feeders, prey on  invertebrates particularly molluscs and 
crabs and small fishes (Kulbicki et al., 2005). Studies on age, growth, food 
habit and spawning of L. nebulosus in the Pacific Ocean, Red Sea, Arabian 
Sea and the Arabian Gulf have been carried out by Kuo & Lee (1986), Al-
Sayes et al. (1988), Ibrahim et al. (1988), Morales-Nin (1988), Ezzat et al. 
(1992), Rathacharen et al. (1995), Al-Sakaff & Esseen (1999), Al-Mamry 
(2006), Grandcourt et al. (2006), Taghavi et al. (2010) and Mehanna et al. 
(2012).  
    The catch of spangled emperor is based on monthly data seems to be 
mostly abundant during early summer and fall periods, which largely 
related to recruitment pattern as indicated by Al-Qishawe (2013). The aim 
of the present study is to assess the stock of L. nebulosus in the Jubail 
marine sanctuary park, through providing basic biological reference points 
such as growth, mortality and recruitment and other pertinent information 
on sustainable exploitations including virtual population analysis, optimum 
and maximum exploitation rates and yield per recruitment as part of 
commercial fisheries management required for this protected area.   
 

MATERIALS AND METHODS  

 

   Al-Fery’a at Jubail marine wildlife sanctuary is well-known fishing ground 
in the east coast of Saudi Arabia on the Arabian Gulf. The fishing harbor 
extends for 300 m long and 6 m width berthing approximately 148 fishing 
boats (Jubail Fisheries Directorate, 2012). The fishing grounds within Al-
Fery’a are categorized into two main grounds; the shallow coastal area and 
coral offshore area. The speedboats, < 9 m length, mostly  supplied with 450  
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HP inboard engine, are widely used for multiple fishing gears including 
trawl nets, drift gill nets, wire-metal traps (Gargoor) and hook and lines.  
Fish statistics of L. nebulosus during 2003-2011 has been analysed 
according to landing data from Jubail Fisheries Directorate (2012). 
 
 

 
Figure 1: Location map of Jubail area, Saudi Arabia showing Al-Frey’a fish landing site. 

 
 

The monthly length frequency samples of L. nebulosus in the present 
study were collected from small scale fishermen in Al-Frey’a landing site at 
Jubail marine wildlife sanctuary (Fig. 1) from April 2012 to January 2013.  
Total lengths of individuals  were recorded  to the nearest 0.1 cm. Length 
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measurements of monthly samples were pooled and grouped by 1cm 
interval for stock assessment analysis.   

The growth parameters, mortality rates, length at first capture (Lc) and 
exploitation rates (current, optimum and maximum) were obtained using 
the FiSAT program (FAO ICLARM Stock Assessment Tools), version II 
software package (Gayanilo et al., 2005).  

Bhattacharia’s method was applied to identify the mean of length for 
each cohort (Pauly & Caddy, 1985; Sparre & Venema, 1992). The means of 
length cohorts, were then input for the estimation of growth parameters 
(L∞ & K) using Von Bertalanffy formula using the modal progression 
routine. The Phi-prime index (Ø), was calculated as Ø = log10 K + 2 log10 
L∞ (Pauly & Munro, 1984). 

A catch curve based on net selectivity was constructed by applying linear 
regression fitted to ascending line of input points generated from a plot of 
the capture probability against length group to calculate the length at first 
capture (Lc) and values of the lengths at capture at probabilities of L25, L75 
and L100 as well. 

The length converted catch curve method of Pauly (1983) was applied to 
estimate the total mortality  rate (Z). The natural mortality rate (M) was 
calculated following to the Pauly’s empirical equation (Pauly, 1980) in 
which the mean of annual water temperature used was 22 °C. The annual 
fishing mortality rate (F) was obtained as  F = Z – M following to Beverton & 
Holt (1956). The exploitation rate (E) was calculated as a ratio of the fishing 
mortality rate to total mortality rate (E = F/Z) according to Beverton & Holt 
(1957). The relative yield-per-recruit (Y'/R) was estimated using the knife-
edge method of Beverton & Holt’s model (1957), by which the optimum 
exploitation rate (Eopt) and the maximum exploitation rate (Emax) were 
obtained. 
  
RESULTS 
 
Fish statistics 
   The fish statistics at Al-Frey’a relatively based on monthly records by 
Fisheries Directorate showed an increasing trend up to 2008 followed by 
oscillation pattern during 2008-2011. The annual catch of L. nebulosus in Al-
Frey’a gradually increased during 2003-2010, however the catch started to 
drop in 2011 (Figure 2).  
 
Length frequency distribution 
   The total lengths of L. nebulosus collected during the study period ranged 
from 14 to 50 cm represented by 1569 specimens. As overall, the dominant  
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length groups ranged between 22 and 26 cm (Fig. 3) constituting 
approximately 37%. Other length groups such as 18-19, 30-32 and 34-36 
cm were represented by less abundance comprising 
approximately 10% for each group. However, the rest length groups mostly 
formed < 5% particularly the smallest and oldest ones.  
 
 

 
               Figure 2: Annual catch of L. nebulosus of Al-Freya fisheries in Jubail marine wildlife 

sanctuary. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

        

Figure 3: Length frequency distribution of L. nebulosus in Jubail marine wildlife 
                   sanctuary. 

N = 1569 
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Growth 

The estimates of the growth parameters L∞ and K obtained were 56.38 
cm and 0.203 (Fig. 4). Following to von Bertalanffy growth equation, the L. 
nebulosus in the present study attained the lengths 10, 18, 25, 31, 35, 39, 42 
and 45 cm at the mean of the relative ages (0-7), respectively. The mean of 
lengths at different age groups indicated rapid growth during the first 3 
years at which the fish attains almost 55 % of its maximum length, whereas 
in the following years, the rate of growth slows down. The growth 
performance index (φ) obtained according to growth parameters was 2.81.  
 
 
 
 
 
 
 
 
 
 
 
 
 
                    Figure 4: Growth curve of L. nebulosus by Munro plot in the study area.  

 
     The mean length at first capture (Lc) was 22.24 cm (TL) and the lengths 
at capture for probabilities of L25, and L75 were estimated to be 19.78 and 
24.59 cm, respectively (Fig. 5). Fishes under fully probability of capture 
(L100) were initiated at length of 27.3 cm. 
 
Mortality rates 
     The total mortality rate (Z) estimated from the length converted catch 
curve was 1.09 (Fig. 6). The solid line shows the regression equation fitted 
to data for length converted catch curve. The length groups involved to 
estimate the total mortality rate are 26-45 cm. The natural mortality rate 
(M) was 0.45. The fishing mortality rate (F) was found to be 0.64 and the 
current exploitation rate (Ecurrent) was 0.59. 
     The virtual population analysis indicated that the majority of removal in 
the L. nebulosus stock up to 15 cm size was attributed to natural causes (Fig. 
7). Fish individuals > 15 cm become more vulnerable to the fishing gears 
particularly from 24 cm onwards with a peak at 38 cm where maximum 
fishing mortality (1.7) was recorded. 
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                Figure 5: Selectivity catch curve of L. nebulosus in Jubail marine wildlife   

sanctuary. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     Figure 6: Length converted catch curve of L. nebulosus in Jubail marine wildlife       

sanctuary. 
 
 

Relative yield per recruit (Y’/R) 
    The relative yield per recruitment (Y'/R) was estimated as a function of  
Lc/L∞ and M/K (Fig. 8). The current exploitation rate (Ecurrent) of L. 
nebulosus (0.59) was relatively higher than the optimal exploitation rate  
(Eopt = 0.522) and marginally lower than the maximum allowable limit (Emax 
= 0.646), which drives to the maximum sustainable yield (MSY). These 
findings indicate that the stock of L. nebulosus is relatively overexploited in 
the fishing ground at Jubail marine sanctuary park. 
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                           Figure 7: Virtual population analysis for L. nebulosus in Jubail marine 

 wildlife    sanctuary. 
         
 

 
 
 
 
 
 
 
 
 
 
 

                    Figure 8: Relative yield per recruit (Y’/R) of L. nebulosus in Jubail marine 
wildlife sanctuary. 
           

 

     Several values of length at first capture (Lc) ranging from 21 to 45 cm 
were run against current, optimum and maximum exploitation rates to find 
out the length at which maximum relative per recruit (Y’/R) could be 
obtained. The results revealed that the (Y’/R) gradually increased within Lc  
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increase up to the length 39.5 cm (Fig. 9), at which the maximum (Y’/R) 
could be achieved where the level attains 0.074 and 0.068 for (Ecurrent) and  
(Eopt), respectively. However, the level seems to be the maximum (Y’/R) 
could be attained when the catch adjust on Lc equal to 40.5 cm. The (Y’/R) 
levels dropped down with any further increase in Lc indicating that these 
lengths are the optimum length at first capture to maintain the sustainable 
exploitation of L. nebulosus in the fisheries of Jubail marine sanctuary park 
on east coast of Saudi Arabia. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Relative yield per recruit (Y’/R) at current, optimum and maximum 
exploitation rates of L. nebulosus in Jubail marine wildlife sanctuary. 

 
     In the present study, as illustrated in Fig. (10), the current length at first 
capture (Lcurrent = 22.24 cm) of L. neblosus is attained before the 2nd age 
group. However, the length at first maturation (Lm) of L. nebulosus in the 
Arabian Gulf is attained at 32.5 cm, i.e. between 3rd and 4th age groups.  
Moreover, the length vulnerable to fishing gears (24 cm) is largely smaller 
than the Lm. As a result the low current, Y’/R at 0.044 is obviously could be 
increased up to 0.068 based on optimum Lc of 39.5 cm. 
 

DISCUSSION 
 
      The shrimp trawlers and drift nets constitute the majority of the annual 
catch approximately formed 33.2% and 22.9%, respectively (Al-Qishawe, 
2013). The variation of annual landing of L. nebulosus in Al-Freya may 
largely correlated to fluctuation in fishing effort exerted. However, the drop  
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in 2011 may indicate the impact of increasing pattern of fishing effort along 
the previous years on sustainable exploitation of the fish stock in the years 
after (Al-Qishawe, 2013).  
 

 

 
             Figure 10: Age groups and lengths related to first capture (Lc) and (Y’/R) of  

L. nebulosus in Jubail marine wildlife sanctuary. 

 
     The use of length-based method is spreading widely and successfully 
adopted particularly in tropical and subtropical regions providing set of 
options for fish stock assessment (Ali, 1999). 
The growth rate of L. nebulosus found by Taghavi et al. (2010) in the coastal 
waters of Hormozgan Province, southern Iran indicated that this species 
attains 19.6, 26.7, 32.7, 37.8 and 42.1 cm as fork length, respectively for 
relative ages 1 - 5 years, which more or less showed no real variations from 
the length at age estimated in the present study. The growth rate obtained 
in the present study (0.203) revealed that the spangled emperor in the 
Jubail marine wildlife sanctuary can be characterized as low growth rate 
fish. Such findings have reported by Rathacharen et al. (1995) in Mauritius 
and Taghavi et al. (2010) in the Arabian Gulf and Sea of Oman.  
     The value of growth performance index GPI (Ø) obtained in the present 
study (2.6-3.44) is located within the range obtained in other regions as 
presented in Table (1) suggesting a similar growth pattern for stock of L. 
nebulosus in this region. The relative spatial variations in these values could 
be attributed to physiological conditions, food availability, fishing pressure 
and analytical methods as well.   

Beverton & Holt (1956) elucidated that (M) is directly related to (K) and 
contrary related with the (L∞) and the lifespan longevity as well. 
Accordingly, L. nebulosus, which characterized by relatively low growth rate  
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(0.203) and lifespan extends to eight years was found to have considerable 
fraction of natural mortality coefficient (M) as 0.45 per year out of the total 
mortality (1.09). The M/K ratio obtained in the present study (2.22) seem 
to be close to the upper limit of the normal range of 1-2.5, as pointed out by 
Beverton & Holt (1959). With the exception of studies undertaken by 
Aldonov & Druzhinin (1979), Grandcourt et al. (2003) and Taghavi et al. 
(2010), all the M/K values presented in Table (1) are within the range. The 
Z/K ratio equal to 1.0, is representing stock of growth dominated model and 
stock characterized by Z/K ratio > 2 is considered of mortality dominated 
model. The ratio obtained in the present study was equal to 5.37 indicating 
that the fishery of L. nebulosus is considered as mortality dominated stock.  
The results revealed that the length at first capture (Lc) of L. nebulosus 
(22.24 cm) is lower than the length at first maturation (Lm) reported in the 
Arabian Gulf (32.5 cm) as reported by Lee & Al-Baz (1989), which 
confirmed that the majority of the stock tends to behave mortality 
dominated trend due to removal of pre spawning fishes. Similar finding 
obtained by Mehanna et al. (2012) on the stock of L. nebulosus in the 
Arabian Sea coast of Oman, in which Lc for males (31.85 cm) and females 
(32.28 cm) are lower than their relevant Lm estimated as 33.9 and 36.3 cm, 
respectively. Grandcourt et al. (2006) found that Lc of L. nebulosus stock in 
the southern Arabian Gulf needs to be increased to 36.9 cm to maximize the 
yield per recruit.  
     The present results suggest that the stock of L. nebulosus is being 
exploited beyond the optimum exploitation level (0.5) defined by Gulland 
(1969), where the current exploitation rate was 0.59. This finding 
confirmed by the yield per recruitment results, where the current 
exploitation rate is higher than the optimum exploitation rate (Eopt = 0.522) 
and marginally lower than the maximum allowable exploitation rate (Emax = 
0.0646). Information about status of L. nebulosus in Arab Emirates 
according to Grandcourt et al. (2003) and Qatari waters following to 
Abdullah et al. (2010) indicated that the stocks are overexploited, as E = 
0.64 and 0.67, respectively. Moreover, the exploitation rates of spangled 
emperor stock on the Arabian Sea coast of Oman estimated by Mehanna et 
al. (2012) were 0.72 for males and 0.78 for females emphasized an 
overfishing exerted in this region. Such results, in addition to present study, 
revealed that the spangled emperor stocks around Saudi, Qatari and Arab 
Emirates waters are overexploited. However, the exploitation rate of L. 
nebulosus stock in the coastal waters of Hormozgan Province in the Arabian 
Gulf and Sea of Oman seems to be at optimum level (0.5) as found by 
Taghavi et al. (2010) indicating rational exploitation of this stock in this 
region.  
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Table 1: Growth performance index (Ø) of L. nebulosus from different regions. 
  

Reference Region 
 
M/K 

 
M 

GPI 
(Ø) 

 
K 

 
L∞ 

Aldonov & Druzhinin 
(1979) 

Gulf of Aden 3.17 0.32 2.87 0.101 85.9 FL 

Loubens (1980) New Caledonia 

2.45 
2.43 

0.54 
0.51 2.76  

2.79  

0.22 
0.21 

50.9 SL 
(Males) 
54.3 SL 
(Females) 

Sanders et al. (1984) Red Sea, Egypt - - 2.91 0.11 86.0 

Baddar (1987) Kuwait 2.47 0.47 2.87 0.19 62.7 FL 

Dalzell et al. (1989) Gulf of Aden - - 2.83 0.09 87.0 FL 

Sharma (1990) Fiji 2.03 0.73 3.13 0.36 61.5 FL 

Rathacharen et al. 
(1995) 

Mauritius 

1.90 
1.89 

0.38 
0.53 3.09  

3.31  

0.20 
0.28 

78.3 
(Males) 
85.0 
(Females) 

Al-Sakaff & Esseen 
(1999) 

Gulf of Aden 2.22 0.20 2.83 0.09 87.0 

Grandcourt et al. 
(2003) 

Abu Dhabi, UAE  3.36 0.47 2.72 0.14 61.1 

Grandcourt et al. 
(2006) 

Southern 
Arabian Gulf, 
UAE 

1.82 0.20 2.68 0.11 66.2 

Taghavi et al. (2010) 

Southern 
Arabian Gulf, 
Iran 

3.63 0.58 2.86 0.16 67.2 

Abdullah et al. (2010) Qatar 1.84 1.36 3.44 0.74 61.12 

Al-Mamary (2011) Oman - - 2.65 0.086 72.2 

Mehanna et al. (2012) 
Arabian Sea 
Coast, Oman 

1.17 
1.16 

0.34 
0.29 3.14  

3.17  

0.29 
0.25 

69.29 
(Males) 
77.33 
(Females) 

Present study 
Jubail, Saudi 
Arabia 

2.22 0.45 2.81 0.203 56.38 
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To maintain sustainable exploitation it is of great importance the Lc being 

larger than the Lm. In the present study, the current Lc of L. nebulosus need 
to be increased over 32.5 to give an opportunity for fish to reproduce at 
least once during its lifespan to recruit the stock. Moreover, the virtual 
population analysis showed that the L. nebulosus in Al-Fery’a fishing ground  
being vulnerable to fishing gears at length 24 cm, and the fishes at length 
27.3 cm seem to be under fully probability of capture (L100) with a peak of 
fishing mortality found to be at length 38 cm.  

The results of the present study revealed that the optimum Lc to be 
adopted is 39.5 cm. This optimum Lc may provide an opportunity to avoid a 
removal of pre spawning fishes (< 32.5 cm). It will also alleviates the fishing 
pressure on new maturing fishes (32-36 cm) and at the same time will 
improve the Y’/R from current level (0.045) to an optimum level (0.068) to 
achieve the sustainable exploitation. 

The spawning season of L. nebulosus in the southern Arabian Gulf as 
pointed by Grandcourt et al. (2006) occurred from April to May and in the 
Iranian waters (Hormouzgan province) extends from March to June 
(Taghavi et al., 2010) indicating that the seasonal reproductive cycle is 
nearly common among tropical fishes.  

Consequently, an immediate management action, regarding regulations 
on fishing nets need to be considered by Jubail Fisheries Directorate by 
increasing the mesh of the nets used to an appropriate size to avoid 
removal of pre-spawner fishes particularly during the spawning season 
from April to May to sustain as possible as could the new recruits to 
enhance the fish stock.  
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