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Summary

            The stock  assessment  of  blue  swimming crabs in Sikao Bay, Trang Province, Southern Thailand consisted of a random sampling of catches using in the main two fishing gear types, i.e. crab gill net and crab trap, to calculate  length-weight  measurements for blue swimming crab from July 2003 to June 2004.  The estimate of growth parameter of blue swimming crab showed that the asymptotic length (CW() was 16.10 cm, the curvature parameter (K) was  1.1 per year, the total mortality coefficient (Z) was 7.00  per year,  the natural mortality coefficient (M) 1.62  per year and the fishing mortality coefficient (F)  5.38 per year.  The exploitation rate (E) was 0.77.  The total stock  of  blue swimming crab  at first catch (Lc)  2.5-3.0 cm. was  4,024,242 .  The result of stock assessment showed that the maximum sustainable yield (MSY) was 120.4 tons and the maximum economic yield (MEY) was 6.4 million Baht (= $US 160,000) and total biomass (B) was 45.7 tons. A 50% decreased level in fishing effort would be advantageous  for ensuring sustainability of the stock.
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Introduction

        The blue swimming crab (Portunus  pelagicus Linnaeus) is an important economic aquatic species of Thailand and in recreational fisheries.  The blue swimming crab is found in sheltered near-shore marine waters and estuaries throughout the Gulf of Thailand. It is utilized by both small-scale and commercial fishers.  The production is used for consumption and export.  The export statistics show that in 2002,  Thailand exported frozen and canned crab in the amount of 4,936.43  MT, with a value of 1,403.57 million Baht (= 35 million $US) [4].  However,  in 2003  exports fell off rapidly, due to low production of crab, and the size of crab caught was smaller than the previous year.  This results from the increasing of total amount of fishing effort of crab fishery, due to an increased number of fishing gears and improvement in efficiency.  However, despite an increasing trend in the total production each year,  the relative CPUE of blue swimming crab fishery in the Gulf of Thailand shows a decreasing trend over the past years.   

         In addition, blue swimming crab fishery  in Sikao Bay Trang Province along the coasts of the Andaman Sea has been done mainly by small-scale fishermen who have low education and have had low income for more than three decades. The majority of small-scale fishermen rely on  income from crab fishery and they try to catch as many crab as possible at any size.  In this case, the problem is a decline in production of blue swimming crab in Sikao Bay.  Therefore,  there is a need for appropriate management measures of blue swimming crab fishery in Sikao Bay to ensure sustainability.

Materials and Methods

        Data collected was for sample size, and samples were selected randomly from all the villages around Sikao Bay in Trang Province, Southern Thailand.  The samples of blue swimming crab were collected for individual measurement and weighing the carapace width; CW (cm.)  and weight (g) of crabs from July 2003 to June 2004.  Prices were recorded by size classes (Baht/kg) at the landing places in the villages.  The analytical models from FAO [6] and the length frequency distribution data of blue swimming crab were used to estimate the parameters of growth (curvature growth ;K and asymptotic ;L( ). Those inputs of K and L( as well as T0  were basically required to determine the further population parameters, such as natural mortality rate (M), total mortality rate (Z), fishing mortality rate (F) and exploitation  rate (E).  Growth is derived from the theoretical of the constant in the Bertalanffy growth model [1].  The model  analysis was applied using the computer software program (FiSAT; FAO-ICLARM Stock Assessment Tools developed by FAO/ICLARM, 2000-2001) [3]. T0 as calculated from the culture of blue swimming crab by the Department of Fishery in Samuth Songkhram Province, Thailand[4], where t0 was estimated to be -0.041 per year, was used as t0 is used in this study. This study applies the surplus production model based on Thompson and Bill [7]  to project maximum sustainable yield (MSY), corresponding to optimum fishing effort using the time series data on the production of blue swimming crabs in Sikao Bay. 

Results  and Discussion 

         The stock  assessment  of  blue  swimming crabs in Sikao Bay,  Trang Province, Southern Thailand consisted of a random sampling of catches, where in the main two fishing gear types were utilized,  i.e. crab gill net and crab trap, used for  carapace width -weight  measurement  of blue swimming crab from July 2003 to June 2004.   The carapace width CW) frequency data of crabs collected in Sikao Bay, Trang Province were obtained from catches made using two types of fishing gear.  The total number of 16,878 of blue swimming crab samples caught by crab gill net and crab trap had a carapace width between 2.5-15.0 cm.  The carapace width-weight relationships (Table 1 and Figure 1), where the relationships were isometric, show that the blue swimming crab  in Sikao Bay have a growth rate based on the cube law.

Table 1.   Carapace width–weight relationship of blue swimming crab in Sikao Bay, Trang Province. 

	Crab
	Number 
	Equation in LR
	Equation in Power Function
	 (R2)

	Male

Female

Total
	8,085

8,298

16,383
	lnW = -1.9849 +2.9919 lnCW

lnW = -1.9683 +2.9732 lnCW

lnW = -1.9683 + 2.9784 lnCW
	W = 0.1374CW2.9919

W = 0.1397CW2.9732

W = 0.1397CW2.9784
	0.8896

0.8944

0.8917
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     Figure 1.  Carapace  width (CW) – weight relationship of male and female blue 

                       swimming crabs in Sikao Bay, Trang Province. 

           The growth parameters of blue swimming crabs in Sikao Bay by Bhattacharya’s method [6]  is used to separate the length frequency to determine the mean length of crab cohort. Consequently, model progression analysis is used to link the mean length  of the same cohort which shows monthly growth progression.  The line that is drawn to indicate the growth of the same cohort is further used to estimate the growth parameters (K and CW() by using Gulland-Holt Plot [2]. The linking mean length of the same cohort shows the estimated parameter of K = 1.1 per year and CW( = 16.10 cm. If divided according to sex, the male had the parameter of K = 1.3 per year and CW( = 15.80 cm.  and the female showed the parameter of K = 1.2 per year and CW( = 15.40 cm.  And classifying by fishing gear for blue swimming crab shows that a catch by crab gill net  had a parameter of K = 1.3 per year and CW( = 15.10 cm; for crab trap, the parameter was K = 1.2 per year and CW( = 15.30 cm.  The growth parameters of blue swimming crab caught by crab gill net and crab trap in Sikao Bay were nearly the same.  

Table 2.    Growth parameters of blue swimming crab in Sikao Bay, Trang Province. 

	Blue Swimming Crab
	Carapace width 
(CW(   cm.)
	Curvature growth  
(K : per year)

	Sex  Classification       

                          :   Male

                          :  Female                     

Fishing Gear Classification  

                          :  Crab Gill  Net

                          :  Crab Trap

Total
	15.80

15.40

15.10

15.30

16.10
	1.3

1.2

1.3

1.2

1.1
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Figure 2.  Frequency distribution of carapace  width (CW) and growth curve of  male blue 

                swimming crabs in Sikao Bay, Trang Province. 
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Figure 3.  Frequency distribution of carapace  width (CW) and growth  curve of  female blue 

                swimming crabs in Sikao Bay, Trang Province. 
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Figure 4.  Frequency distribution of carapace  width (CW) and growth  curve of  crab gill net  

                blue swimming crabs in Sikao Bay, Trang Province. 
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Figure 5.  Frequency distribution of carapace  width (CW) and growth  curve of  crab trap blue 

                swimming crabs in Sikao Bay, Trang Province. 
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Figure 6.  Frequency distribution of carapace  width (CW) and growth  curve of  blue swimming 

               crabs in Sikao Bay, Trang Province 

           From the computation, the growth equation of blue swimming crab in Sikao Bay based on Bertalanffy’s model [1] is shown in Table 3, Figures 7-9 . 

Table 3.    Equation growth curve of blue swimming crab in Sikao Bay Trang Province 

	Blue Swimming Crab
	Equation Related between carapace Width-Age
	Equation Related between 

Weight –Age

	Male

Female

Total
	Lt    =  15.80 (1 - e –1.30( t+0.041) )

Lt    =  15.40 (1 - e –1.20 (t+0.041) )

Lt    =  16.10 (1 - e –1.10 (t+0.041) )
	Wt   = 529.97 (1-e –1.30(t+0.041) )2.9919
Wt   = 474.17 (1-e –1.20(t+0.041) )2.9732
Wt   = 549.04 (1-e –1.10(t+0.041) )2.9784
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    Figure 7.  Relationship between carapace width (CW) and age of  blue swimming crabs in 

                     Sikao Bay, Trang Province 
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   Figure 8.  Relationship between carapace  weight  and age of  blue swimming crabs in  

                    Sikao Bay, Trang Province 
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  Figure 9.  Relationship between carapace  width and weight of  blue swimming crabs in  

                  Sikao Bay, Trang Province. 

             The mortality  parameters of capture blue swimming crabs in Sikao Bay ; the natural mortality (M) of crabs (male and female) by Pauly’s model [5]  were 1.62 per year.  The total mortality rate (Z) of crabs was 7.00, male crabs was 7.81 and female crabs was 6.04 per year respectively.  The fishing mortality rate (F) of crabs was 5.38, male crabs was 6.19 and female crabs was 4.42 per year respectively.  The exploitation rate (E) of crabs was 0.77, male crabs was 0.79 and female crabs was 0.73.  The exploitation rate is more than 0.50. This shows that blue swimming crab were overfished and overexploited.

Table 4.    Mortality parameters and exploitation rate of blue swimming crab in Sikao Bay, Trang Province 

	Blue swimming crab
	Z   (per year)
	M  (per year)
	F  (per year)
	E = F/Z  

	Male

Female

Total
	7.81

6.04

7.00
	1.62

1.62

1.62
	6.19

4.42

5.38
	0.79

0.73

0.77


          The exploitation rate of blue swimming crab for one year in Sikao Bay, Trang Province was used to find the numbers of blue swimming crab in each length interval for starting recruitment. This information was used to calculate the number of recruits of blue swimming crab by Jones’ Length-Based Cohort Analysis. The study was assigned the exploitation rate of the last length interval (15.00-∞) at 0.77 per year and discovered that the number of recruits of blue swimming crab (carapace width starting from 2.5 cm) in the fishing area was 4,024,424. Crabs. If classified by gear,  the number of recruits of blue swimming crab (carapace width at 2.5-3.0 cm) by crab trap was estimated at 3,487,525 crabs. In addition, the number of recruits of blue swimming crab (carapace width at 4.0-4.5 cm) by crab gill net  was 536,899 crabs. The coefficient of total mortality and fishing mortality were 1.62-7.04 and 0.002-5.42 per year respectively. 

               The marketing demand of blue swimming crab was specified with a carapace width from 11 cm, which determined the big size. The average price over one year was 94 Baht per kilogram. The coefficients of total mortality and fishing mortality of big size crab were higher than in the case of small size crab. The maximum coefficient of total mortality and fishing mortality of 12 cm carapace width blue-swimming crab caught by crab gill net  was 8.69 and 7.07 per year, while the maximum coefficient of total mortality and fishing mortality of 9 cm carapace width blue-swimming crab caught by crab trap was 8.30 and 6.68 per year. 

                From the correlative equation between length and fishing mortality coefficient of blue swimming crab, it is possible to analyze and determine the number of crab in future catches of blue swimming crab by increasing or decreasing the level of fishing effort (X-factor) to calculate the maximum sustainable yield ( MSY), biomass and value. The results such as yield, value of recruits blue-swimming crab, growth parameters and mortality coefficient including the value in each carapace width interval, were used to analyze the MSY and MEY by length-based Thompson and Bell Analysis [7].  The results from analysis were applied to the present situation because this method determined the X-factor as the value that indicated an increment in fishing if X is higher than 1, and decrease in fishing, if X is lower than 1. In the present situation, X-factor was assigned equal to 1, and then the numbers of recruitment of blue swimming crab by crab gill net and crab trap (estimated at 836,899 and 3,487,525 respectively) as calculated by Jones’ Length based cohort analysis were used for this analysis. The results were as follows.

                In the present fishing situation, the biomass, yield and value of blue swimming crab were 45,798,457 kilograms, 120,393,203 kilograms and 6.4 million Baht, respectively. In the case of crab gill net, the biomass, yield and value were 10,417,009 kilograms, 20,974,793 kilograms and 1.3 million Baht, respectively while the biomass, yield and value classified by  crab trap were 35,381,448 kilograms, 99,418,410 kilograms and 5.1 million Baht, respectively. In addition, the increment in fishing effort level led to decreased yield, biomass and value of blue  swimming crab, and vice versa (Figures 10-12). 

                By adjusting the level of fishing effort, the study found that MSY of blue swimming crab would be 131,943,336 kilograms if 50 percent of fishing effort was decreased. The MSY of blue swimming crab caught by crab gill net would be 21,314,528 kilograms if fishing effort was decreased by 30 percent. And the MSY of blue swimming crab caught by  crab trap would be 111,251,240 kilograms if fishing effort was decreased by 60 percent. The MEY of blue swimming crab would be a projected 8.70 million Baht if fishing effort was decreased by 70 percent. The MEY of blue swimming crab caught by crab gill net would be some 1.47 million Baht if fishing effort were decreased by 60 percent. The MEY of blue-swimming crab caught by  crab trap would be 7.3 million Baht if fishing effort were to be decreased by 70 percent. 

           Moreover, the study discovered that present MSY and MEY of blue swimming crab were lower than MSY and MEY generated by the information collected from the fishermen directly, because the length-based Thompson and Bell Analysis proceeds successively from the youngest to the oldest age classes and number of recruits. Blue-swimming crab also affected the final yield. Actually, the recruitment of blue-swimming crab was continual and Sikao Bay also is situated in tropical zone; thus, the spawning season was almost throughout the entire year. Another important problem was the price of blue swimming crab, because small-size crab were boiled and their meat sold at a higher price than fresh crab. 

            At present, the exploitation of blue swimming crab in Sikao Bay is more than recruitment, so the sustainable utilization of blue swimming crab should be carried out by good management. In addition, the level of fishing effort should be decreased 50 percent from the present levels. The fishing effort in crab trap group and crab gill net  group should be decreased 60 and 30 percent respectively.  
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    Figure 10.   Results of Thompson and Bill Prediction Analysis  showing the current status and 

                       the prediction of changes in fishing mortality pattern of  blue swimming crabs 

                       caught by crab gill net in Sikao Bay, Trang Province. 
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Figure 11.   Results of Thompson and Bill Prediction Analysis  showing the current status and 

                    the prediction of changes in the fishing mortality pattern of  blue swimming crabs 

                    caught by crab trap in Sikao Bay, Trang Province. 
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       Figure 12.   Results of Thompson and Bill Prediction Analysis  showing the current status 

                           and the prediction of changes in the fishing mortality pattern of  blue swimming 

                           crabs in Sikao Bay, Trang Province. 

Conclusions

          The management measures for blue swimming crab in Sikao Bay, Trang Province as suggested by stock assessment are to freeze and then the number of fishing gears of small-scale fishermen in fishery by approximately by 50 percent , or even banning them entirely. 
           The decision-making on blue swimming crab management cannot use only biological information, so that the socioeconomic condition of small-scale fishermen in Sikao Bay, Trang Province should be considered to achieve sustainable management of blue swimming crab resource and also to ensure fairness to all stakeholders. 
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