



Original Research Article

Profitability and Sustainability of marine capture fishery of West Bengal : a Bio economic analysis.
Abstract:
Globally the productivity of  marine fisheries has been on the decline. The Fox  surplus production model has been widely used  for the assessment of sustainability of a particular capture fishery. Using this model, MSY (Maximum Sustainable Yield )and  Open Access  yield  (OAY )  which are  the  points of  maximum revenue  and zero profit respectively have  been  calculated  . For calculation of profit, revenue and cost function, data obtained from primary surveys have been  used.This work builds upon  the earlier efforts in this area, the  marine capture  fisheries of coastal  West  Bengal.The basic results  (r=0.95,P<0.001 )indicate that  as of now,severe overcapacity exists in this particular multispecies fishery. Current capacity exceeds not only the point of MSY    but OAY as well, indicating that continued expansion is not feasible from economic point of view. Policy measures  have  also been discussed  taking into consideration  the  above mentioned finds, and the objectives of UN SDG goals 14, part 4, life under water. 
Keywords :Sustainability, Maximum Sustainable Yield, Fox model,,ITQ, Maximum Economic  Yield, Open access Yield.
1 ) Introduction :
The  West Bengal coastal ocean . despite having a relatively  small (158 km) coastline is productive in terms of marine fishery.. The wide continental shelf in the region , and  influx of nutrients fromthe Ganges system, contribute to this productivity. The environmental  parameters affecting the local coastal ecosystem have been discussed(Jutla.,2011; Daset al., 2015;Datta and Hazra ., 2016; Dattaet al ., 2022 ). The major fish species in the region are Hilsa, various   species from the  Marine catfish and Croaker familes,  clupeids like Anchovy and Sardine( Handbook of Fisheries Statistics 2014).. Mechanised Trawlnetters and Gillnetters  account for at least 90 % of the catch.(Ramini et al., 2010 ). The typical duration of the trips is 7 days in monsoon period , and 10-14 days in winter.The seasonal  variation in catch has been discussed in depth  (Mini  and Somy 2013) . The monsoon season catch is dominated by  Bombay duck  and  Hilsa, while  the post monsoon catch  is dominated by croakers and catfishes. Following a rapid period of growth and late 90s, catch increased sharply following which a maximum point was reached in 2008-2010 period( around 2 lakh tones ), after which catches have stagnated and a slow  decline is being observed(Handbooks of Fisheries  Statistics2006-2008 , Handbook of Fisheries Statistics 2014,2017,Govt Of West Bengal ). This corresponds to a  global pattern of decline  of significantpercent of global fisheries (Gulia and William., 2012) ).The impact of overfishing on global marine ecosystems has been well documented ( Worm et al.,2006) ). The concept of Maximum Sustainable Yield(MSY ),  is a significant metric used for evaluating the sustainabilityof a given capture fishery.  It can be said to be the maximum catch that  can be harvested from a system so that the system can replenish itself in the future through natural growth . In  case of the Fox model, the model can be formulated  .The related parameters  like MEY(point of maximum profit ) , and OAY(open access yield ( point of zero profit )can be calculated with additional primary data .They are,  average unit price(p ) of the marine fish in question,and  unit cost of a fishing effort.
When  MSY level of effort (Fmsy)and corresponding yield has been exceeded  the system can be said to be overfished. In an open access  system so  long  as  profits exist effort continues to  rapidly expand  beyond the point of FMSY,  until the point of zero profit(Open Access  Yield )is reached. At this point,  effort(Foay ) is much higher than Fmsy. The Gordon Schaeffer SPM   have been used previously by (Das and Neogy., 2000;  Jana and Ghosh., 2013 ), to study the West Bengal marine capture fishery.They have also been used in international studies like (Sokutta and Aziz 2017 ).In the Bay of Bengal region much work has been done on the sustainability of Hilsa(Das et al.,  2016;  Datta et al., 2020 ). Using the before mentioned surplus production models ,sustainability of fishing of  some  other major local species has been discussed  by (Das and Neogi 2000 ).This works build  upon  the earlier work by using the more advanced Fox model to analyze the economic sustainability of the West Bengal capture fishery. 
The concept of MSY  has limitations , the SPMs assume that environmental conditions , hence carrying capacity is constant throughout the study period . For modeling Profit we assume that  unitprice of the marine fish and marginal cost of Fishing Trips  is  constant throughout the study period.
Therefore the  objectives of this study are:

1 )To estimate the value  of MSY, MEY  and OSY(both corresponding  effort and Yield ),  of  the total annual catch of West Bengal, using the  Fox  model.
2 )To suggest policy for sustainable development of marine Fisheries. This is in particular become very important in the view of UN SDG goal 14, (4 ), life under water. 
 2 )Materials and Methods:
The West Bengal coastal marine fishery is a complex multispecies fishery .  

Fox model description :   The Fox model is an exponential surplus production model. The yield function (Y ), can be calculated  with the help of bi variate OLS regression between ln( catch/boat )and number of boats(E ), ln(Y/E) and Y ). ( Sathaidas et al., 2009 ).
2.1) Calculation of Yield function : The yield function is Y(annual yield )=Eea-bE, where E is the annual effort , a and b determined empiricaly . 
2.2 ) Calculation of Revenue function and Cost function :
For the estimation of MSY , MEY , OAY  and corresponding effort levels  the revenue function and cost function have to be estimated . 
For calculation  of revenue function ,  an average  unit price of the marine species  need to be calculated, for which a weighted average price (p)  was calculated from individual fish prices,. The individual fish prices was estimated from primary surveys conducted in  coastal areas of West  Bengal. Cost of one fishing trip(c ),  and number of trips per season  (k ) was calculated from primary surveys in Digha and Kakdwip, in coastal West Bengal  respectively. This was used to develop the cost function.

Revenue Function :
Price=weighted average price of Marine fish. Y=Annual  Output. E=Annual effort in number of boats .
Annual Revenue=pY.=p Eea-bE                                                                                                            (1)
Cost function :
c=(Total cost)/Trip) per boat=(Fixed Cost)/Trip +(Variable  Cost)/Trip=(10% of(Cost of boat)+30%(Cost of net))+ Annual Maintenance Cost)/Trip+(Sum of Variable Costs per Trip ).
Total  annual cost=cKE. c=Total cost/Trip  K=Number of Trips per year. E= number of boats.

Therefore Annual profit=Total annual Revenue-Total cost=pY-cKE. 
Table 1:Variables. used in calculation of MSY , MEY and OAY . 
Data                                                                           Time Period                      Data source

Annual  landings(Y )                                                1992-2018                      MOA,     WBSF handbooks

Annual Effort (E)2002-2018                                                                     MOA, WBSF handbooks

Unit Price of marine species  harvested                   2020-2022                         Primary survey   

Fixed and variable  cost variables.                           2020-2022                          Primary survey                     
Total catch data was collected from1992 to 2018, however since effort data is only available from 2002 onwards this period(2002-end 2018 ), was used to calculate MSY  ,MEY  and OSY.data was furnished by State fisheries dept.
2.3 )  Derivation of FMSY,Fmey   and FOAY  in Fox Model.

FMSY
The yield function is Ln(Y/E)=a-bE.
The values of a and b was obtained through OLS regression as before .
 The yield function can also be written as Y=Eea-bE                                                                                                                                                
Maximizing  the yield function with respect to E, we get E=Fmsy=1/b .                                        (1a)                                                                                                                                                                                    
Therefore when effort(E) =1/b , yield and therefore revenue is maximised .  
Fmey :

In order to calculate , the effort corresponding to maximum profit we have to first calculate the profit function 
Profit function (in Lakhs )=pY-cE=p(Eea-bE)-cKE.

This  equation was solved numerically  to obtain the profit maximizing level of E.                                         
 Foay :
This is the effort level  at which   profit is zero(that is total revenue=total cost ) ..  This occurs as long as there are profits , in the long run profits decline to zero as  a result of unrestricted expansion of the fishing fleet . The average catch composition of the years 2000-2017 has been used  to calculate  the weighted average   price per kilo of marine fish.
For calculation as earlier we set profit=0,  setting p(Eea-bE)-cKE=0, or ln(p)+ln(E )+a-bE=ln(ck) )+ln(E ).
Or E=(a-ln(ck/p) )/b. 
   Assumptions when calculating OAY(Open acsess yield ):We assume that price(p ), per unit catch remains the same throughout the study period, current prices have been used to estimate revenue for the entire study period. Also since the Marine fishery market structure is similar to Perfectly competitive, there is free entry and exit into the system, that is production units(mechanized boats   here ) , are free to enter into the market without restriction                                                                                                (1b ).
Beyond this point expansion of  effort in terms of boats in not feasible  from economic point of view . 
3) Results  and Discussion 
The catch of Bengal marine fisheries  sharply grew during the late 1990s  and early  2000s(West Bengal  State Fisheries  Handbooks ) , due to intensive mechanization. This growth continued until   around 2009, following which the growth stagnated, and became independent of the number of boats, and is in slow decline since around 2013.The best years were in 2008 and 2010(due to abnormally high Hilsa catch .Fig 1 illustrates the growth in catch of the Marine capture fisheries of West Bengal(handbooks of ministries of agriculture).The rapid growth in catch during the early 90s can be seen. The rapid mechanization of the fishing fleets  during this period was the  likely driving force ,behind the rapid increase from the year 1990 to 2010, there is a clear positive trend. In the catch(r2=0.7 ), in the catch. after  this   point there is significanttrend, since the point of MSY has been crossed, the number of boats has however kept on increasing , resulting in steep fall in catch/boat.
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Fig I : Annual  Catch from Marine capture Fisheries in 10,000 tonnes of West Bengal from 1990 to 2018.
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Fig II : Average annual marine catch per boat  of West Bengal  in  tonnes  from 2002 to 2018.
The sharp fall in harvest  per trip can be seen , assuming 20 trips per year. From around 6000 kg/trip , catch (Y ) has come down around 800kg/trip.This is because boats have increased from less than 2000 in 2002 to more than 12000 in 2018.(Wb state fisheries handbooks )
Types of mechanized boats operated in West Bengal coast:

There has been a sharp increase in mechanization since the late 1990sand  early 2000s(Wb State Fisheries Handbooks ). From  motorized boats , with around 100 hp , engines which can harvest 500 kgs of fish per trip to the biggest  multiday  trawlers which can hauls around 4000-5000 kg per trip.The biggest mechanized Trawlers  can have engines upto 400-500 hp.an average trip duration lasts 7 days in monsoon  and 10-14 days in winter.  so we can assume 20 trips on an average for the bigger boats . The boats  can venture out at least 100 km from the coast. The Gill Netter boats cost anywhere between 30 and 40 lakhs, nets can cost around  15-20 lakhs . lakhs(Gillnets cost more , and are maintenance intensive ). Trawl   nets are more used in the Digha area, Gillnets(used for important species like Hilsa ) are more dominant by tradition in the Sunderbans. Trawl netters can cost almost  1crore to build.(Primary survey )
Calculation of Cost Function :

Cost per trip calculation  :Total Cost per trip was estimated as Fixed Cost/trip+Variable cost/trip

 Annual Fixed cost per trip:  ((10% depreciation on (cost of boat)+30% ( cost of net)+annual maintenance)/Number of Trips per year .
Variable cost :Fuel+labour+other expenses

Table II: Costs: Total Annual Trips(K ) is assumed to be 20.Fuel cost is taken as rs 90/litre.
Fixed costs(per annum )in rs lakh     Gillnetter/Trawler    2 cylinder boat      Non Motorised
Cost of boat:                                   30 /70                               15                                    0.5
Cost of net:                                     15 /15                                1.5                                  0.5
 Annual Maintenance                      10 /10                               0.75                                0.25
Fixed cost per trip (in Rs lakh )       0.9 /1.1                            0.12                                  0.06
Variable costs(per trip )  in rs.
Fuel                                                  70000/200,000                2500

Labour                                               60000/100000               2500                               800
Other expenses                                   15000/15000                 1000                             200
Total  Variable Cost(in rs lakh )          1.45/3.15                       0.06                              0.01
Total cost per trip=(fixed cost +variable cost)/Trip:
Gillnetter/Trawl netter       2 Cylinder Boat     Non Motorised.

 2.35/4.25                                0.18                     0.07.

Cost function:  To calculate the  weightedcost function we assign weights , assuming 75   % is caught from  mechanized boats (trawlers and gillnetters), 20 % and 5 % from the other two catagories.. Also  primary surveys indicate that of the percentage caught by mechanized boats(75% ): 65% is from gillnetters, and 35 % from Trawl netters. Therefore the weights are 0.75,0.2,0.05.
Therefore the weighted cost per trip is: 0.75[(0.65(2.35)+0.35(4.25))]+0.2(0.18)+0.05(0.007)=2.3 lakhs per trip. 
Cost function is 2.3KE,K  being number of annual  trips, E being the number of boats.The cost function is 2.3KE, where K is the number of trips per year, and E the number of Boats.The value of K estimated from primary surveys is 20, hence the Annual  cost function for  E  boats is 2.3(20 )=46.E
Calculation of Revenue Function :
 Annual  Revenue=pY , where p is the  weighted  average price , Y is the annual catch .
Table III:Typical wholesale  Prices of Marine Fishes.
  Type Price /KG(Season/Off season )                  Percentage of catch      Price weighted/kg

Hilsa,                                      500/800                           1.5                                     750
Pomfret,                                  500                             5                                    600
Prawn( p prawn ),                   400                             5                                    400 
Mackarel,                               350                              6                                    350
 Barramundi.                    500/350                             6                                    400
Catfishes                             350                                 14                                   350
Croakers                             250                                  11                                   250
Mullet,                               160                                     4                                  160
Other marine sp                 160                                    10                                  160
Ribbonfish.                        120                                      2                                   120
Anchovy, Sardine,             120                                     15                                  120
B duck                                 75                                       5                                  175
For calculating percentage of catch of individual species , a typical  annual catch of 180,000 tonnes has been considered. 

Weighted average price :Using the above data, the weighted average price(wholesale ), for the Total  catch was found out to be Rs 305/kilo, or RS  3.05 lakhs/Tonne.Therefore the price available to the Trawler owners is around RS  254/kilo.(wholesale price is 20 % higher ).
If Y is the total annual catch, then 

annual revenue is  Rs 2.54Y lakhs. It follows thatAnnual  Profit =(annual revenue-annual cost)=(2.54Y-46)lakhs .

Fox model:
The Fox model  is a exponential  surplus production model. Unlike the GS model, the yield curve is asymmetrical in nature.  The equation of the model is empirically estimated by calculating the regression equation between ln(Y/E ), and E, using standard ols regression. 
The modelequation  was estimated to be  ln(Y/E)=4.58-0.00017E, or Y= Ee4.58-0.00017E , with the help of standard OLS  regression. ( r=0.95, P<0.001) .The model  coefficients are a=4.58, and b=0.00017.
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Fig III: Revenue , profit and cost  in Rs crore  for the Fox model, versus number of boats(in thousands )
3.1 ) Calculation of  Fmsy and MSY
Fmsy (optimum E), is  is 1/0.00017=5882 boats.                                                                    (1a )                                                                                MSY  is   5882e4.58-0.00017(5882 )=210,805 tonnes.Max Revenue is  pMSY=Rs  2.54(210,805 ) lakhs =5334 crores.
3.2 ) Calculation of Fmey and MEY
The profit function is  : 

                        Profit(in Lakhs )=2.54Y-45E=2.54 (Ee4.58-0.00017(E)-46E.

Numericaly solving(by iterative method ),  for the value of E,profit is maximized for E=3790.
    Hence Fmsy=3790(boats ).                                                                                                       Substituting the value of E in the profit function, the profit  obtained is  3185 rs cr.

3.3 )Calculation of OAY(Open Access Yield ):

Total Revenue=Total cost at this point.
 Foay=(4.58-ln( (46/2.54) )/0.00017)=9941 boats .                                                                     (1b  
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Figure IV: Growth in number of of Boats versus  Fmsy, Fmey, and Foay(Fox model ).
The rapid growth of mechanized boats after 2009 is unsustainable. From primary surveys it is evident that The productivity of a single worker is very low. In  a   typical mechanized gillnetter for example ,  a total of 17 fisherman  may typically land around 800 -1000kg in around 7-8 days.  This equates to   around 50 kg/landings  per fisherman, which is very low.The number of licensed boats at the end of 2018, is actually significantly much larger than actual number of boats engaged in fishing, falling cpue has forced a large number of  mechanized boat  owners  to  withdraw
From the above figure it is evident that Fmsy was reached in 2009-2010 .
Table IV: Summary  Of Results 
Units                         Fox model       

MSY(Tonnes)                     210,805
Fmsy(boats )                     5882                 
Foay( boats )                     9941
Fmey(boats )                    3790
Max revenue(rs cr)          5334.
Max Profit (rs cr )             3185

It can be seen. that Foay>Fmsy>Fmey, as can be expected.  Information obtained from primary surveys  indicate that 30-40 % of boats may have  been withdrawn. So the actual  number of operating boats may be close to 9000-9500. The concepts of  marine fisheries sustainability has been a major issue all over the globe .  The main forces driving it are :  1) lack of Incentives for sustainable  development. 2 )Poverty and lack of alternative livelihoods . 3 ) Lack of adequate control , administration and implementation.This is especially a problem in rural coastal  areas in less developed countries, where lack of economic development has resulted in surplus labour which has  been contributed to the unrestricted expansion of the Marine capture fisheries sector.    Marine fisheries are very difficult  to monitor, accurate estimates of stock and landings are very difficult to estimate.  At the international level the concept of ITQS , individual transferable quotas  have been implemented in some developed  countries based on the concept of TAC ( Total),  allowable catch is calculated ) .  Individual quotas are  calculated  for the fishermen, on the basis of division of TAC , where  the value of TAC  is   based on estimates of MSY. The concept of ITQ  has been discussed widely( Aranson.,2008;Amstrong., 2013 ; Acheson., 2015 ; Garrity., 2020). ITQs prevent the “race to the fish “ problem that may occur with if only a TAC is imposed on the marine fishermen .ITQ gave some property rights over a open access system which is the marine capture fishery. ITQ s can be tradable, the value of ITQS may come to reflect the value of the marine fishery in the long run. Iceland was one of the first countries to  implement ITQs  (Aranson.,2006 ). They have  resulted in reduction of overcapacities in some cases, but may not be an ideal  solution in all cases. Indian policy initiatives have been discussed by ( Salim.,2012) .in general the point of MSY has been exceeded for most of the Indian marine fisheries, so the policy should be towards protection of the existing yield,  prevention of population crash of the local biomass  through overfishing , implemented through strict output controls. In short term if the concept of TAC is not implementable ,measures should be taken to limit the further growth of mechanized Trawlers. This has been suggested ( Obegi et al .,2020 ). Increase of revenue should be  through improvements in Post  harvest infrastructure , increase in Value addition through food processing, better marketing , and Export Promotion ( Salim., 2012 ). Economic development should be also be a priority in  coastalareas in which people engage in fishing, despite falling profits, because they  lack  alternative livelihoods, is one of the primary reasons for over fishing and excess capacity .
4 ) Conclusions :

It is evident from both the models that Fmsy has been exceeded from around the year 2010 onwards, but presently even the predicted  Foay of both the models has been exceeded . The Fox model has a very good fit  to the actual data, r=0.92, p<0.001, The severe overcapacity in the current situation has lead to destructive fishing practices like bottom trawling, lack of adherence to mesh size regulation  and other problems, also some of the boats have been grounded, as well as  severely reducing   the number of trips taken in a year. 
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