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Abstract. The present paper deals with a surplus production model of Verhulst-Schaefer for Bangladesh
shrimp fishery to develop a static as a well as dynamic framework to investigate the optimal utilization of
the resource, sustainability properties of the stock and the resource rent earned from the resource. The basic
objective of this paper is to provide the way through which long run sustainability can achieve an optimum
exploitation of the resource. For this purpose, a conventional economic model is used together with biolog-
ical population growth model to develop a bio-economic model. Standard reference points are analyzed and
tax policies are introduced to achieve the standard reference points. In order to achieve maximum level of
profit from the fishery, optimal steady state solutions, i.e., optimum levels of stock, harvest and effort are
determined. Sensitivity of the bioeconomic model for separate discount rates and intrinsic growth rates are
discussed. Empirical data of the Bangladesh shrimp resource is used to get the results.

Keywords: shrimp fishery, bioeconomic model, optimal management, reference points, tax policies, sensi-
tivity

1 Introduction

In recent years, the relative economic efficiency of the fishing industry has significantly declined in many
countries. This is due to overexploitation and the consequent reduced yield from fish stocks. During the last
few years, it was observed among the scientists and researchers that there is an increasing call to conserve
and manage fishery resources through proper utilization using time series data collected in a scientific manner
so as to ensure sustainability and economic efficiency of a fishery. Thus, the fundamental objective of most
fishery management is to ensure conservation of fishery resource into the future and to provide a sustainable
flow of benefits to human society. In order to control the stock, catches and fishing effort of the fishery, it
is possible to derive some useful management procedure that can be imposed to the fishery to get protection
from overexploitation. Therefore, it requires some strong scientific research in the field of fisheries biology
and economics. Economic aspects of a resource can be easily examined with the help of a suitable model
using the empirical data of the resource. Conard and Adu-Asamoah examined management policies for the
commercial tuna fisheries from both a single and multispecies perspective[4]. Clarke et al. evaluated different
single species models for the Northwestern Hawaiian Island Lobster fishery[3]. Schnute[15] and Uhler[16] also
considered the statistics of catch and effort data of a fishery. Kar and Matsuda[10] examined the impact of the
creation of marine protected areas (MPAs), from both economic and biological perspectives. The possibility
of existence of bionomic equilibria through a ratio dependent prey-predator model with combined harvesting
was considered by [11]. Kar and Matsuda provided an overview of the bio-economic analysis and different
management techniques for fisheries[8]. They examined the variety of bio-economic analysis that affects the
fishery as a whole.
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Fishery economics theory states that, in open access fisheries, in which fishing cost are assumed to be
proportional to fishing effort, effort will continue to increase even though revenues per unit of effort are de-
clining, and that ultimately revenues will decline until they equal costs[6]. The point at which total revenue
equals total cost is commonly regarded as the bionomic equilibrium, where both industry profits and resource
rents have been completely dissipated. A surplus production bioeconomic model was developed by [5] us-
ing a nonlinear form of the short-run catch align based on the Spillman production function. Two long-run
models were derived using the logistic and exponential growth models. The parameters for the long-run equi-
librium models were estimated from catch and effort data using a disequilibrium form of the model. Ussif
used a dynamic model of commercial fisheries different from most existing models that assume optimizing
behavior[17]. A new approach of fitting model dynamics to time series data was employed to simultaneously
estimate the poorly known initial conditions and parameters of nonlinear fisheries dynamics. The approach is
a data assimilation technique known as the variational adjoint method.

Kar and Matsuda illustrated the way in which an effort tax can achieve an optimum exploitation[9]. They
determined optimum level of stock, effort and tax by fleets using the data from the North-East Atlantic cod
fishery. Kar and Chattopadhyay described a single species model, which followed by two stages, a mature and
an immature stage[7]. They considered the concept of optimal management of resources based on the criterion
of maximization of present values of net economic revenues and using the data from the North-East Atlantic
cod fishery, the results of the optimal stock, harvest and effort level were derived. The exploitation level of
trawl and exploitation by estuarine set bag net (ESBN) fisheries of Bangladesh have been briefly reviewed by
[1] to reveal the stock status of the marine fisheries of Bangladesh and to take necessary step for management
option of the overexploited stocks. They concluded that attempts are needed to culture some other species
specially those, which have market price and growth fast.

Khan developed a non-linear dynamic model for Bangladesh trawl shrimp fishery for optimal control in
discrete-time frame[13]. The model has been developed on the concept of optimal resource management based
on the criterion of maximization of present values of net economic revenues. The results of the optimal steady
state solutions (i.e. optimal stock, harvest and effort level) for ensuring long run sustainability of the resource
through the model are presented. In order to protect the resource from depletion or other catastrophic collapse,
he pointed out to adopt immediate scientific measures for managing this shrimp resource in Bangladesh.

Again, it is globally accepted that for the long run sustainability of a fishery and enhance the revenue
of the fishery through implementing the sustainable properties, it is necessary to observe the static as well as
dynamic behaviour of the system by achieving the reference points. It should be noted that harvesting has a
strong impact on the population dynamics of harvested species. Tax policies are considered to be a suitable
measure to manage fishery. It can be argued that the market failure is a result of ill defined property rights to
the resources. Therefore, introduction of suitable tax policies are of great concern to overcome property rights
problems. It may be assumed that fishery managers should set taxes on landings, or effort, such that perceived
bionomic equilibrium for the fleet will be the optimal stock. Otherwise if the resource stock is driven below
the optimal stock then the revenue earned by the fishery will not exceed the cost used for fishing. In order to
apply taxes precisely, we have to be conscious about the continuous adjustments required to implement the
policies due to repeated fluctuations in resource and economic conditions. Additionally, as the fisheries are not
identical in order to achieve the optimum outcome we should have separate tax for each fishery. Sensitivity of
the bio-economic model for different parameters is an important tool in fisheries management to measure the
efficiency of the fishery. As discount rate determines the stock level maximizing the present value of the flow
of resource rent over time, therefore sensitivity of the bio-economic model for separate discount rates should
be considered to achieve the efficiency of the fishery in economic sense.

But, we don’t have enough information regarding the aforesaid measures of Bangladesh shrimp fishery
in the study of [13].

In this paper, our objective is to frame a simple bio-economic model that can be used to analyze the effects
of resource stock and fishing capacity on Bangladesh shrimp resource which enhance the revenue function
and reduce the cost function. For this purpose, Gordon-Schaefer model is used together with conventional
economic model to illustrate the comparative static as well as dynamic effects of different type of equilibrium
situations in Bangladesh shrimp fishery. The strategy which enhances the revenue function and reduces the
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cost function is developed through optimal harvesting policy. Finally, suitable tax policies are introduced to
achieve the standard reference points and the sensitivity of the bio-economic model is discussed for separate
discount rates and intrinsic growth rates.

2 The theoretical model

Management of fisheries is generally concerned with implementing an optimal harvesting strategy. This
strategy maximizes the present value of economic rents from the fishery over time. The implications of fishery
management strategy of a fishery can be studied using a bio-economic model. Compared to the conventional
economic models, the bio-economic models are more complicated since it is impossible to formulate any use-
ful bio-economic model without specifying the biological dynamics of a fishery, i.e. it consists of a biological
population growth model as well as an economic production model and the relation between these two. Thus,
our model must include economic variables along with the biological dynamics of the fishery.

Surplus yield models have been developed on the assumption of natural equilibrium of an unexploited
stock where the net growth rate of the stock is related to its biomass. The biomass growth is zero at the carrying
capacity of the environment. Therefore, surplus production is maximized at a lower value of biomass. Thus, if
the stock yield is less than surplus production then the stock biomass will increase but if yield is greater than
surplus production then biomass will decrease. For this study, a single species and constant price model was
selected due to data constraints.

This section is now divided into two parts. In the first part, a simple biological model will be presented,
assuming the main features of the growth rate of the species together with the biological parameters of the
fishery. In the second part, prices, discount rate, management policies and harvesting costs of the species will
be introduced.

2.1 Logistic growth model

Let us first consider the logistic align, as

dx
dt

= rx
(
1− x

K

)
, (1)

where r is the intrinsic growth rate, K is the environmental carrying capacity and x is the biomass. Eq. (1)
implies a parabolic growth curve, where the logistic function is strictly concave from below and exhibits
positive growth for all positive values of 0 < x < K.

We can derive the harvesting function from the following two assumptions[2]:
(1) Catch per unit effort is directly proportional to the density of fish, and
(2) The density of fish is directly proportional to the abundance .

Thus, we assume the following production function, which is commonly used in fishery management, as

H(t) = qEx, (2)

where q is the catchability coefficient, a constant and E is the fishing effort. If the population described by the
logistic Eq. (1) is subject to harvesting at a rate, then Eq. (1) becomes

dx
dt

= rx
(
r − x

k

)
− qEx. (3)

At equilibrium, from Eq. (3), we get the fish biomass as

xE =
K

r
(r − qE). (4)

Thus, from Eq. (2) harvesting at equilibrium can be obtained as:

HE = qE
K

r
(r − qE). (5)
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2.2 Bio-economic model

For the future management policies of a fishery and sustainable development of ecosystem, only biologi-
cal theory is not sufficient. Biological theory can be accompanied with economics to get a usable bio-economic
theory. In this section, our study is mainly concerned to determine the appropriate level of shrimp fishing effort
in the Bangladesh. In this consequence, the following questions are raised:
(1) What would be the minimum level of effort necessary to achieve Optimal Yield (OY) in the fishery (harvest
sector).
(2) What level of effort would derive the maximum benefits to the fishery (harvesting sector)?

The level of effort and the corresponding harvest at maximum sustainable yield (MSY) can be obtained
from Eq. (5) by differentiating yield with respect to effort and setting the result to zero which gives

EMSY =
R

2q
, HMSY =

Kr

4
.

From an economic point of view, the present values of net revenues over the time of Bangladesh trawl
shrimp fishery is yield dependent and also depend on the growth rate of the species, as well as the costs of
harvesting, the prices of the specimens and the discount rate.

Maximum Sustainable Yield does not imply the efficient harvesting of resources. Efficiency is concerned
with maximizing the net benefits from the use of economic resources, i.e., maximizing the resource rent. To
attain efficiency in the economic sense, we need to take into account the costs of fishing and revenues that
we get from selling the harvested fish. The difference between the revenues generated and the cost of fishing
is the profit earned by the fishery. The concept of MSY implies the catches (population), effort level and net
benefits remain constant overtime. Thus we need to use catch-effort relationship to define revenues and costs
as a function of fishing effort. In our model, total cost is proportional to fishing effort and total revenue is
proportional to catch. Let us assume that the relation between cost and fishing effort is linear. Then the total
cost of fishing effort is defined as:

TC(E) = cE,

where c is a constant representing the unit cost of fishing as well as the marginal cost of effort. We can calculate
the total revenue of the fishery using the following formula:

TR(E) = pH(E),

where p denotes the price of the fish.
The difference between the total revenue of the fishery and the total fishing costs is known as the sus-

tainable economic rent (profit) provided by the fishery resource at any given level of fishing effort E. Thus
sustainable economic rent can be defined as

π(E) = TR(E)− TC(E).

In case of an open access or an unregulated fishery, it is clear that the individual fishers attempt to
maximize their income using maximum level of fishing effort. They will attempt as long as their average
revenue of effortAR(E), i.e., the revenue per unit of effort is greater than their marginal cost of effortMC(E).
Thus the bionomic or open access equilibrium (OAE) can be obtained from the fishery when no economic
rent is obtained from the fishery or profit is zero, i.e., TC(E) = TR(E) or AR(E) = MC(R) which gives
PH(E) = cE implying

EOAE =
r

q

(
1− c

pqK

)
.

Now to get the yield level at open access, let us substitute the effort of open access in the Eq. (5), which
gives
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HOAE =
rc

pq

(
1− c

pqK

)
.

Maximum economic yield (MEY) is defined as the level of landings that would maximize profits to the
harvesting sector. The long term economic optimum can be found where the marginal sustainable yield is
equal in value to the cost of an additional unit of effort. Let us assume MR(E) be the marginal revenue
of effort which is to be the change in total revenue when production of effort changes by an additional unit
and MC(E) be the marginal cost of effort which is to be the change in total cost when the level of fishing
effort changes by an additional unit. Thus the maximum economic yield (MEY) can be obtained from the
fishery when the difference between total revenue and total cost is at a maximum. Therefore, at a point where
MR(E) = MC(E) we get maximum economic yield which implies

dTR(E)
dE

=
dTC(E)

dE
.

Thus,

d
dE

[
p

(
qEK − q2K

r
E2

)]
=

d
dE

(cE)

gives us

p

(
qK − 2q2K

r
E

)
= c.

Hence,

EMEY =
r

2q

(
1− c

pqK

)
.

Consequently maximum economic yield (MEY) can be obtained by substituting EMEY in Eq. (5) which
gives

HMEY =
r

4

(
K − c2

p2q2K

)
.

From an economic point of view MSY doesn’t imply efficient harvesting, relating efficiency to maxi-
mizing the net benefit from the use of economic resources, i.e., maximizing the resource rent. Resource rent
is maximizing at lower level of effort, the MEY level. The MEY point yet depends on prices and costs, and
therefore is not constant overtime, rather it varies as price of fish and input change.

When we consider time as a variable, it is possible to establish dynamic reference points in addition to
the static reference points MSY, MEY and OAY. Present valuation of capital flow over time depends over
discount rate, The discount rate would therefore determine the stock level maximizing the present value of the
flow of resource rent over time. This reference point is referred to as the optimal economic yield biomass.

3 Optimal sustainable yield (OSY)

The equation that maximize the present value (PV) of the fishery can be expressed as

maxPV =
∫ ∞

0
e−δt

(
pH(t)− c

qx(t)
H(t)

)
,

subject to dx/dt = rx(t)(1 − x(t)
K ) − H(t) and control constraints 0 ≤ H ≤ Hmax with initial condition

x(0) = x∗. It is assumed that the Bangladesh shrimp fish population initially takes its optimal and steady-state
value x∗ and the instantaneous annual discount rate is δ. Hence, the current-value Hamiltonian for this control
problem is
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maxPV =
∫ ∞

0
e−δt

(
pH(t)− c

qx(t)
H(t)

)
,

where λ is the adjoint variable. The Hamiltonian must be maximized for Hε[0,Hmax]. Let us assume that the
control constraints are not binding (i.e. the optimal solution does not occur at 0 or Hmax) and is called the
switching function (see [2]).

Since HamiltonianL is linear in the control variable, the optimal control will be a combination of extreme
controls and the singular control. The optimal control H(t) that maximizes L must satisfy the following
conditions:

H = Hmax, when µ(t) > 0, i.e. λ < p− c

qx

and

H = 0, when µ(t) < 0, i.e. λ > p− c

qx
.

The above condition simply states that the resource should be harvested if and only if the net revenue
per unit harvest exceeds the shadow price of the resource stock. When µ(t) = 0, the Hamiltonian L becomes
independent of the control variable H , i.e., ∂L∂H . This is the necessary condition for the singular control H∗(t)
to be optimal over the control set 0 < H∗ < Hmax.

Thus the optimal harvesting policy is

H(t) =


Hmax, when µ(t) > 0
0, when µ(t) < 0
H∗, when µ(t) = 0

Again, the optimal stock level is such that the rent earned by the stock equals the social rate of discount. The
optimal stock solution is given by

x∗ =
K

4

(
1− δ

r

)
+

c

4pq
+

√(
K

4rp

)2(
p(δ − r)− cr

qK

)2

+
(
K

4rp

)2 8rpδc
Kq

.

It is noted that the optimal stock solution depends only on the bio-economic parameters c, p, q, δ, r and K.
Consequently, the optimal yield and optimal effort are respectively given by

H∗ = rx∗(1− x∗

K
) and E∗ =

H∗

qx∗
.

Thus, the optimal profit of the shrimp fishery of Bangladesh is given by

π(p, q,K, r, c, x∗) = pH∗ − c

qx∗
H∗.

The present value of profits of the shrimp fishery of Bangladesh is reduced to

PV =
∫ ∞

0
(π)e−δt =

1
δ
π.

4 Tax policies to achieve reference points

The main objective of fishery regulations is to convert an open access solution in a common resource
which is socially optimal. To control resource exploitation, it is necessary to impose fishery regulations over
the resource owned by a collective group. Thus, it is evident to support a strategy designed to achieve some
predefined objectives through imposing fisheries regulations on a particular fishery. In general, we have two
types of regulations one is used to control fishing effort and another is used to control catch. Theoretically, a tax
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placed on fishing effort has the potential to provide a socially optimal outcome. Under the fishery regulations,
we may consider different types of tax imposed on a fishery. The tax value should be increased in order to
achieve the reference points of the fishery. Again, it is required to increase the current tax in a particular
time to achieve selected reference points. These taxation policy should be applied to the fishery until the
harvest reaches the HMSY, HOSY or HMEY by incorporating the fishing effort equally EMSY, EOSY or EMEY.
Theoretically, it is difficult to impose tax regulations in case of open access fishery since fishers can not achieve
the profit up to the mark their profit may be a very low quantity. Hence, it is possible to achieve the reference
points of the Bangladesh shrimp fishery by effectively using landing tax, effort tax, entry tax, etc.

However, Individual Transferable Quotas (ITQs) can also be considered as a fishery regulation which is
usually a fraction of the total allowable catch (TAC) set by the regulation authority for a particular species.
Though it is considered that if TAC corresponds to the optimal steady-state fishing stock or corresponds to
the optimal path reaching the steady state stock then ITQs will lead to an optimal resource allocation. The
economic rent then will be maximized because the individual fishing firm will include all user costs into
their objective function. But it is necessary that the fishery is perfectly monitored and enforced. In case of
Bangladesh shrimp fishery, it is not possible to impose ITQs due to the problem of monitoring.

The total revenue (TR) is derived when total catch is multiplied by the price of fish. Total cost (TC)
is derived by multiplying fishing effort used to harvest with the unit cost of fishing. If a constant price and
effort level is taken into account, it is observed that the resulting TR curve will be U-shaped and the TC curve
will be a straight line with upward slope. This is because initial increase in effort brings good catch restoring
increased revenue and later TR will increase with decreasing rate. Thus maximum economic yield can be
obtained from the aforesaid curve when the difference between total revenue earned by the fishery and total
cost used to harvest is at a maximum.

In an open access fishery, both new entrants and existing fishers are further attracted to be engaged in
fishing with higher effort by increased profits and continued fishing beyond MEY pushing into next optimal
level Maximum Sustainable Yield (MSY) which is the biological optimum level of the fishery. At the MSY
level, it still generates positive profits. So it induces further fishing until the open access yield (OAY) is reached
where there is the long term equilibrium point of the fishery. At this point, total revenue equals total cost. No
profits are earned in the fishery.

Let us now assume that the shrimp fishery of Bangladesh is in open access situation and the controlling
agency of Bangladesh shrimp fishery levis a tax (T > 0) in order to achieve HMSY, HOSY or HMEY by
incorporating the fishing effort equally EMSY, EOSY or EMEY. Here we derive the expressions to calculate
different type of tax policies using HMSY and EMSY only, but we evaluate the following three types of tax to
achieve MSY, OSY and MEY for the shrimp fishery of Bangladesh.

Landing tax If (T > 0) is the landing tax that needs to be imposed to achieve HMSY or HMEY by
incorporating the fishing effort equally EMSY or EMEY, then we get the following equation:

(p− T )HMSY = cEMSY, which gives T = p− c
EMSY

HMSY
.

The intercept between TR1 = (p− T )H and TC = cE will give us (EMSY, (p− T )HMSY).
Effort tax

If (T > 0) is the effort tax that needs to be imposed to achieve HMSY or HMEY by incorporating the
fishing effort equally EMSY or EMEY, then we get the following equation:

pHMSY = (c+ T )EMSY, which gives T =
[
p
HMSY

EMSY

]
− c.

The intercept between TR = pH and TC1 = (c+ T )E will give us EMSY, pHMSY.
Entry tax

If (T > 0) is the entry tax that needs to be imposed to achieve HMSY or HMEY by incorporating the
fishing effort equally EMSY or EMEY, then we get the following equation:

pHMSY = cEMSY + T, which gives T = [pHMSY − cEMSY] .

WJMS email for contribution: submit@wjms.org.uk



World Journal of Modelling and Simulation, Vol. 7 (2011) No. 1, pp. 58-69 65

0 2000 4000 6000 8000 10000 12000 14000
0

0.5

1

1.5

2

2.5

3

3.5

4
x 10

7

Fishing effort

TR
,T

C

EMSY

(p-T)*HMSY

TR=p*H
TC=c*E
TR1=(p-T)*H

π=TR-TC

 

Figure1. Landing tax to achieve MSY, where discount rate is 0.1. 
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Figure2. Effort tax to achieve MSY, where discount rate is 0.1. 
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Figure2. Effort tax to achieve MSY, where discount rate is 0.1. 
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Fig. 2. Effort tax to achieve MSY, where discount rate is 0.1

The intercept between TR = pH and TC1 = cE + T will give us (EMSY, pHMSY). The result of
different type of taxes to achieve MSY, OSY and MEY are given in Tab. 2. Following figures are drawn to
achieve MSY, OSY and MEY using the tax values given in Tab. 2. It is clearly observed from the figures
that the fishing effort used to achieve maximum sustainable yield, optimal sustainable yield and maximum
economic yield are respectively 6808.42, 6355.59 and 5963.11 (fishing days) where discount rate is 0.1. Here
it is noted that through incorporating tax values in fishing effort it is also possible to observe the estimated
values of fishing effort to achieve MSY, OSY and MEY in the following figures.

5 Results

In order to evaluate the optimal steady state solutions and economic equilibria of Bangladesh shrimp
fishery, it is necessary to assign some numerical value to the corresponding biological growth parameters of
the above logistic growth model. The value of the biological parameters are considered as r = 1.330818,
K = 11400 and q = 0.0000977332[14]. The price (p) of the shrimp fish of Bangladesh used in our study is
p = 8362.3 (Taka) which is the estimated value of shrimp fish price for the year 2005-06 in [13]. The unit cost
of fishing (c) incorporates the value of labour, capital, materials and energy inputs used in Bangladesh shrimp
fishery but it is difficult to collect those data. Therefore we take the harvesting cost in Taka, c = 1156.76
estimated by [12]. The price of shrimp fish and unit cost of effort are assumed to be constant over the years.

Table 1. MSY, MEY, OAE levels and economic rents for shrimp fishery of Bangladesh

Harvest condition MSY MEY OAE
Fishing effort (fishing days). 6808.42 5963.11 11926.2
Harvest (tons of shrimp fish). 3792.83 3734.37 1649.76
Total revenue (TR) of the fishery (in Taka). 31716800 31227900 13795800
Total operational cost (TC) of shrimp fishing (in Taka). 7875710 6897890 13795800
Economic rent (TR-TC) of the shrimp fishery (in Taka). 23841100 24330000 0

6 Discussions

The point where resource exploitation exceeds the maximum economic yield (MEY) is equal to the
maximum rent obtainable from the fishery, computed as the largest positive difference of total cost and total
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Figure3. Entry tax to achieve MSY, where discount rate is 0.1. 
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Figure4. Landing tax to achieve OSY, where discount rate is 0.1. 
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Fig. 3. Entry tax to achieve MSY, where discount rate
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Figure3. Entry tax to achieve MSY, where discount rate is 0.1. 
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Figure4. Landing tax to achieve OSY, where discount rate is 0.1. 
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Fig. 4. Landing tax to achieve OSY, where discount
rate is 0.1
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Figure5. Effort tax to achieve OSY, where discount rate is 0.1. 
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Figure6. Entry tax to achieve OSY, where discount rate is 0.1. 
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Fig. 5. Effort tax to achieve OSY, where discount rate is
0.1
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Figure5. Effort tax to achieve OSY, where discount rate is 0.1. 
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Figure6. Entry tax to achieve OSY, where discount rate is 0.1. 
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Fig. 6. Entry tax to achieve OSY, where discount rate
is 0.1

Table 2. Tax policies to achieve MSY, OSY (where discount rate is 0.1) and MEY levels for shrimp fishery of Bangladesh

Landing tax Effort tax Entry tax
Tax to achieve MSY 6285.83 3501.70 23841100
Tax to achieve OSY 6415.32 3811.54 24224600
Tax to achieve MEY 6515.16 4080.08 24330000

Table 3. Optimal values of biomass, effort, harvest and profit in Bangladesh shrimp fishery for different discounting
rates

δ x∗ H∗ E∗ Profits
0 6407.69 3734.37 5963.11 24330000

0.01 6374.37 3739.74 6002.91 24328900
0.05 6242.10 3758.53 6160.91 24303200
0.10 6079.11 3776.05 6355.59 24224600
0.50 4886.46 3715.57 7780.16 22070900
∞ 1415.39 1649.76 11926.2 0
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Figure7. Landing tax to achieve MEY, where discount rate is 0.1. 
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Figure8. Effort tax to achieve MEY, where discount rate is 0.1. 
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Fig. 7. Landing tax to achieve MEY, where discount rate
is 0.1
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Figure7. Landing tax to achieve MEY, where discount rate is 0.1. 
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Figure8. Effort tax to achieve MEY, where discount rate is 0.1. 
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Fig. 8. Effort tax to achieve MEY, where discount rate
is 0.1
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Figure9. Entry tax to achieve MEY, where discount rate is 0.1. 

5. Results 

In order to evaluate the optimal steady state solutions and economic equilibria of 
Bangladesh shrimp fishery, it is necessary to assign some numerical value to the 
corresponding biological growth parameters of the above logistic growth model. The 
value of the biological parameters are considered as 330818.1=r ,  and 

 (Ray and Khan, 2003). The price (p) of the shrimp fish of Bangladesh 
used in our study is (Taka) which is the estimated value of shrimp fish price 
for the year 2005-06 in Khan (2007). The unit cost of fishing (c) incorporates the value of 
labour, capital, materials and energy inputs used in Bangladesh shrimp fishery but it is 
difficult to collect those data. Therefore we take the harvesting cost in Taka,  
estimated by Khan and Hoque (2000). The price of shrimp fish and unit cost of effort are 
assumed to be constant over the years. 

11400=K
0000977332.0=q

3.8362=p

,76.1156=c

Table1. MSY, MEY, OAE levels and economic rents for shrimp fishery of Bangladesh. 
 

Harvest condition MSY MEY OAE 
Fishing effort (fishing 
days). 

6808.42 5963.11 11926.2 

Harvest (tons of 
shrimp fish). 

3792.83 3734.37 1649.76 

Total revenue (TR) of 
the fishery (in Taka). 

31716800 31227900 13795800 

Total operational cost 
(TC) of shrimp fishing 
(in Taka). 

7875710 6897890 13795800 

Economic rent (TR-
TC) of the shrimp 
fishery (in Taka). 

23841100 24330000 0 
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Fig. 9. Entry tax to achieve MEY, where discount rate is 0.1

Table 4. Optimal values of biomass, effort, harvest and profit in Bangladesh shrimp fishery for different intrinsic growth
rates where discount rate is 0.1

r x∗ H∗ E∗ Profits
1.400818 6095.28 3973.13 6669.56 25509400
1.250818 6058.45 3550.73 5996.72 22755500
1.150818 6028.68 3268.93 5548.06 20918000
1.050818 5993.36 2986.9 5099.27 19078700
0.150818 3974.28 390.432 1005.18 2102160
0.050818 2249.29 91.7514 417.374 284451

revenues but it is observed that effort level corresponding to MEY is lower than the effort level corresponding
to maximum sustainable yield (MSY). In an open access fishery, for existing fishers we have a short-run effect
of creating economic rent. However, entry of new participants attracted by the increased profits resulting a new
equilibrium where no rent is yielded from the fishery and consequent fishing effort is increased up to a level
which is more than the levels associated with the maximum sustainable and economic yields. Furthermore
the stock level is shifted further away from the level associated with MSY. Again the long-run effects of
enhance revenue and cost reducing factors in an open-access fishery, are responsible for decreasing stock levels
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and increasing size of the harvesting industry. The long run equilibrium harvest may decrease or increase,
depending on the size of the stock. The fish stock is biologically over-fished in an open access situation and
these fisheries are normally characterized by high unit prices relative to the harvesting costs and, are open to
long term biological exploitation.

It is observed from Tabs. 1 and 3 that the values of HMEY and fishing effort applied to achieve MEY for
Bangladesh shrimp fishery are obtained using dynamic model with zero discounting rate are equal to the values
of HMEY and fishing effort applied to achieve MEY is obtained by means of the static model for the same
fishery. Again it is noted that the values of HOAE and fishing effort applied to achieve OAE for Bangladesh
shrimp fishery are obtained using dynamic model with infinite discounting rate are equal to the values of
and fishing effort applied to achieve OAE is obtained by means of the static model for the same fishery. It is
also observed from Tab. 3 that when rate of discounting is gradually increased up to δ = 0.1, corresponding
harvesting of the resource increases and the consequent fishing effort is simultaneously increased. As a result,
the stock of the resource gradually decreases as the rate of discounting increases. Again for δ = 0.5, it is
noted that the stock is heavily collapsed and it is obvious that the harvesting of the resource is decreased
though the fishing effort is simultaneously increased. It depicts from Tab. 3 that the fishing effort tends to its
maximum level when rate of discounting is considered to be infinite where as for zero discounting rate, the
fishing effort is at its maximum value as expected. It is interesting to see that the revenue earned from the
fishery gradually decreases as the rate of discounting increases and at the infinite discounting rate, i.e., at the
open access equilibrium, revenue earned from the fishery tends to zero where as at the zero discounting rate,
the revenue earned from the fishery takes its maximum level.

Again, all the bio-economic factors of a fishery are immensely dependent on the intrinsic growth rate
of the resource. It is shown from Tab. 4 that when intrinsic growth rate of the resource with 1% discounting
rate gradually decreases, corresponding stock and harvest of the resource also decrease. Thus the consequent
fishing effort also decreases. It is also clear from Tab. 4 that the revenue of the fishery decreases with decreased
intrinsic growth rate of the resource.

7 Conclusions

The objective of our study is to empirically analyze the over-exploitation of Bangladesh shrimp fishery. It
is deemed important to undertake this type of study for the purpose of investigating the applicability of some
fishing models in a small scale fishery like Bangladesh shrimp fishery. Economic models and the models of
population growth may be used in the management and regulation of such fisheries.

Through overfishing, effort is wasted and it leads to the extinction of fish populations. Harvesting invari-
ably at the maximum sustainable rate would be very dangerous. However, if the population fails to regenerate
itself fully for over some time, or if the maximum rate of harvesting is exceeded momentarily, then the pop-
ulation would be driven to extinction. It is clear from our study that, if the yield falls below the 3792.83 tons
for the shrimp resource of Bangladesh, then the rate at which the population regenerates itself will fall below
the rate of its extraction, and therefore the stocks will head for extinction. The conclusion is that a stable equi-
librium can only be reached if the rate of extraction is less than the maximum rate. Another aspect of fisheries
management is that of maximizing the economic rent by attaining the economic equilibrium, referred to as
the maximum economic yield (MEY). According to the results obtained from our study, it is required that
Bangladesh shrimp fishery should be on an intensive management from the interested fishery managers and
stakeholders with strong emphasis in enforcement of the existing regulations.

It is also evident from the obtained results that the shrimp resource of Bangladesh is not sustainably
managed to achieve the reference points. Again, for the conservation, restoration and enhancement of shrimp
resource, it is necessary to enforce sustainability with respect to the reference points. In this respect, it is noted
that our study provides an estimated value of fishing effort to achieve MEY and it should be remembered
that at the present scenario maximum economic yield (MEY) is globally accepted fishery management tool
to manage the resource sustainably. To maximize the yield and resource rent dynamically, we have used
optimal sustainable yield strategy. The estimated values of optimal stock, effort and yield are provided through
considering separate discount rates. It is evident from the obtained results that the existing fishing effort to

WJMS email for contribution: submit@wjms.org.uk



World Journal of Modelling and Simulation, Vol. 7 (2011) No. 1, pp. 58-69 69

harvest shrimp resource should be reduced to achieve MSY, otherwise for a constant period, the population
should fail to regenerate itself fully; consequently the resource will collapse as well as the fishery will not be
able to fulfill commercial purposes. Tax policies are discussed and suitable tax values are estimated to achieve
the reference points. Here it should be noted that the introduction of suitable tax policies is of great concern
to overcome property rights problems. It may be assumed that fishery managers should set taxes on landings
or on effort, such that the perceived bionomic equilibrium for the fleet will be the optimal stock.

It is observed from the obtained results that effort reduction is a primary goal in Bangladesh shrimp
fishery, the impact of such reduction in terms of equity is important. That is, there should be a strong balance
between efficiency and equity objects. An isolated policy to simply lower effort will likely be more difficult to
implement because shrimp fishing of Bangladesh is largely subsistence in nature and a matter of survival for
fisherman community. Hence, a retaining and employment program may be necessary. A potential option is
to pool their resources and organize such programs as promotion of eco-tourism and dispersion of industrial
development into Bangladesh’s shrimp fishing areas.

Hence, the obtained results of our study are not only feasible to assess the biological, social and economic
impacts of existing shrimp resource of Bangladesh, but also provide appropriate measures to maintain long
run sustainability of the resource.
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