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Abstract

Maximum sustainable yield (MSY) was estimated for the two major groups of fishery (inland
fish and small shrimp) of the Pasur River based on four years (from 2011 to 2014) fishery
dependent data of catch and effort records following the unit of effort as 200m> SBN/day
from the Department of Fisheries. Surplus production model (Fox model) was used to
estimate the MSY. Sustainable yield of approximately 4.61 kg of fish taken by 13.51 units
effort of inland fish and 4.46 kg of fish taken by 9.48 units effort of small shrimp. The
obtained MSY were smaller than the recent catch which indicates that this fishery was
overexploited and require some effective management and should maintain sustainable
exploitation of the stocks by reducing fishing effort in the area. The relationship between the
estimated and observed Catch per unit effort (CPUE), Ratio of estimated yield (C;) and MSY
(C/MSY) and Ratio of estimated fishing effort (f) and fiusy (f; ffonsy) for inland fish and small
shrimp were estimated by deterministic approach and it suggested that there were overfishing
in few months of January, February, March, June, July and December for inland fish and
February, March, June, October and December for small shrimp. Furthermore, the mean of
MSY and total allowable catch (TAC) with 95% Confidence interval (CI) for inland fish were
4.53 (4.52-4.54) kg and 4.08 (4.07-4.09) kg with a corresponding effort of 13.22 (13.15-
13.29) units of f.sy and for small shrimp were 4.43 (4.42-4.44) kg and 3.99 (3.984.00) kg
with a corresponding effort of 9.40 (9.39-9.41) units of finsy Tespectively from the stochastic
models. The results suggest that the TAC should be included in current management

measures to ensure a long-term sustainable utilization of these stocks.
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Chapter-1 Introduction

1, Introduction

1.1 Background of the stady

Bangladesh has a vast fisheries resources comprising of fresh, brackish and marine waters
inhabited by 260 fresh and brackish water species, 475 marine species, 12 exotic fish species, 36
marine shrimp species and 24 species of prawn (DoF, 2015). Fish is a source of valuable animal
protein and makes a major contribution to the economy of Bangladesh by eaming foreign
exchange. Bangladesh has earned an amount of tk. 4,898.22 crore in 2015 from its export (FAO,
2015). Fisheries sector contributed 3.69% to national GDP and provides 60% of naticnal animal
protein consumption (DoF, 2015). Inland capture and culture fisheries resources are a vital
component in the livelihoods of people in many parts of the developed and developing world.
Based on current statistical information, inland fisheries account for 2.13% of animal protein
sources. This figure is very likely to be underestimated as compared with their 4.04%
contribution to the annual growth rate, as about 90% of fish from inland capture is for human
consumption. Per capita supply of fish and fishery products from capture and aquaculture
reached for 19.30 kg. The capture and culture fish production of Bangladesh is 9, 95,805 MT and
19, 56,925 MT respectively (DoF, 2015). Fish production from aquaculture has increased to a
great extent but open water fish production is in slow progress. Now only about 28.07% of total
[ish production comes ffom inland open water. With the increase of population, fishing effort or
pressure is increasing. For that reason, maintaining sufficient stocks of target species to ensure a

viable population is required.

In the southwestern part of Bangladesh, the Pasur is one of the most important rivers in Khulna
District. The total length of the river is about 142 km and is blessed with diversified fish species
like Major carp (Ruhi, Catla, Mrigal), Common carp, Orange-fin labeo, Boggut labeo, Yellowtail
catfish, Wallago, Snakehead murrel/Spotted snakehead, Walking catfish, Stinging
catfish/African catfish, other Inland and marine fishes, Giant freshwater prawn, Giant tiger
shrimp etc. A large number of fishermen are harvesting these resources everyday using the gears
like set bag net, gill net and cast net etc. The fish biomass and level of the fish exploitation are
still unknown and ultimately hindering the management of these river fisheries. In addition,
specific gear base in MSY is unknown.
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Chapter-1 Introduction

In general, there are several fisheries management measures that divided into two categories like-
input contro! measure and output control measure. Input controls can include restrictions on the
number of fishing units through limiting the number of licenses or permits issued restrictions on
the amount of time units for fishing, such as individual effort quotas. Output (catch) controls
usually involve setting a total allowable catch (TAC) which is one important management tool in
commercial fisheries. These are intended to allocate fish resources to different member states and
to control the amount of fish removed each year. This tool is central for different types of
management systems ranging from global quotas to individual transferable quotas. In fact, the
decision about the TAC level must reconcile individual demands of different fishermen with the
conservation of a fishing stock. TAC is sub-divided into individual quotas by fishing natien;
fleet, fishing company, or fishermen (e.g. in the case of individual quotas), limiting by catch etc.
(Pope, 1983). This management measures are frequently used for maintaining Maximum
Sustainable Yield (MSY), Maximum Economic Yield (MEY), Surplus Production Model like
Schaefer and Fox model etc. However, the stock status is still little known although several
attempts have been made to estimate the MSY, /., or TAC for fish species.

In population ecology and economics, Maximum sustainable yield (MSY) is, theoretically, the
largest number (weight) of a species that can be taken from the stock of any fishery in such a
way that stock may not be affected for long period of time, which is a key tool for the better
management of a fishery. The concept of MSY aims to maintain the population size at the point
of maximum growth rate by harvesting the individuals that would normally be added to the
population, allowing the population to continue to be productive indefinitely. Under the
assumption of logistic growth (Schaefer), the population size is exactly halfway to its carrying
capacity and it is growing at its fastest rate. But, based on the correlation coefficients of the
linear regressions, the Fox model provides a better fit to data than the Schaefer Model.

Surplus production models also called biomass dynamic models are a traditional first analytictl
tool for stock assessment and are important when age structured data are not easily available
(Haddon, 2011). The objective of the surplus production models is to determine the optimum
effort that produces the maximum yield to sustain without long-term productivity of the stock.
Because fish stock always remain in non-equilibrium state due to the ever changing biological
and environment factors affecting the fish stock therefore, the equilibrium models have been
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Chapter-1 Introduction

failed (Hilborn and Walters, 1992). Basically, Surplus pr-oduction odels (Schaefer & Fox
model) have been widely used in fisheries related applications because they require onky simple
information such as catch and effort data series. The theory behind the surplus production
models I}as been reviewed by many authors, such as Ricker (1975), Caddy (1980), Gulland
(1983) and Pauly (1984). The Schaefer model suggests that yield is related to fishing effort by a
symmetrical parabola. In practice, the approach to Schaefer model is to use a long series of
annual catch and effort data, and assume equilibrium conditions. In Fox production model, an
expression for MSY is obtained by inserting the values of catch and effort data series. The
Schaefer and Fox model suggest that yield is related to fishing effort by a symmetrical and
asymmetrical parabola.

There are three methods widely used to fit the surplus production model such as effort-averaging
methods, process=error estimators and observation-error estimator. Among them, only observed
errors are considered in deterministic and stochastic approaches to estimate fishing parameters.
Deterministic models are usually developed by statistical techniques such as linear regression or
non-linear curve fitting procedures which essentially model the average system behaviors of an
equilibrium or steady state relationship. A deterministic model assumes that its outcomes are
certain if the input to the model is fixed. A stochastic model is a tool for estimating probability
distributions of potential outcomes by allowing random variation in one or more inputs over
time. The random variation is usuafly based on fluctuations ebserved in histerical data for a
selected period using standard time-series techniques. Distributions of potential outcomes are
derived from a large number of simulations (stochastic projections) which reflect the random
variation in the input(s). The Monte Carlo Simulation is an example of a stochastic model uséd.in
probability distributions. It is a problem solving technique used to approximate the probability‘ of

certain outcomes by running multiple trial runs, called simulations, using random variables.

Existing fishery management measures are based on fishermen experience rather than scientific
evidences. Some aspects of renowned researchers contributed to the various production models
have been well documented (Schaefer, 1954; Fox, 1970; Pella and Tomlinson, 1969; Ricker,
1975; Pitcher and Hart, 1982; Hilborn and Walters, 1992; Laloe, 1994; Prager, 1994, 2005;
Walter and Perma, 1996; Quinn and Deriso, 1999; Maunder ef al., 2006; Balli er of., 2011;

Kumar, 2012). But there was no scientific literature on maximum sustainable yield (MSY) for
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the Pasur River fishery in Bangladesh using surplus production models. However, the stock
status is still unknown although several attempts have been made to estimate the maximum
sustainable yield (MSY) or total allowable caich (TAC) of major species. Ricker (1975) opined
that the production of a fish or other aquatic animals is often sought as a means of establishing an
upper limit to the annual harvest. Since the fish stocks remain unstable or at non-equilibrium
state because of natural fish mortality or environmental fluctuations, equilibrium modeling has
failed (Hilborn and Walters, 1992). Sissenwine and Shepherd (1987) demonstrated that there are
two traditional approaches for estimating surplus-production models and maximum sustainable
yield or reference point: a) surplus production models or biomass dynamics models b} biomass-
per-recruit, spawner per-recruit and yield-per-recruit estimators. However, MSY parameters
estimations from the surplus production model can be directly estimated from the catch and
effort or CPUE data (Poia@heek et al., 1993). Recently some published works are available
which have been done on MSY of different aspects of biology of fish species from Pakistani
waters and East China Sea (Panhwar ef @l., 2012a, b; Siyal ef al., 2013; Wang and Liu, 2013). In
only a few papers authors tried to estimate the MSY, fishing effort at MSY (f,.;), and TAC have
been done by different researchers (Chen, 1999; Jong, 2001; Miao ef al., 2006; Hong, 2008; Wu,
C. C. and Ou, C. H,, 2010) using both deterministic and stochastic observation-error estimator
approaches. Despite a huge commercial demand of river fishery, no published information is

available on the stock assessment for the Pasur River or even for river fisheries in Bangladesh.

Therefore, the present study aimed at representing an analysis of the data c;onceming catch, effort
and catch per unit of fishing effort (CPUE) for the river of Pasur at the District of Fisheries in
Khulna as well as the estimation of the maximum sustainable yield (MSY), fishing effort at MSY
(fny) and TAC of the major fishing resources by using Schaefer, Fox model and both

deterministic and stochastic observation-error estimator approaches.
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1.2 Objectives of the study

The study was initiated by setting the following objectives:

v Guesstimate the MSY and fishing effort at MSY (fy) for the Pasur River fishery by

using Schacfer and Fox model.

v’ Determination of the fisheries management measures (TAC) with the approaches of
deterministic and stochastic observation-error approaches.

The results obtained in the present study can be used as a reference of setting management

measure for the Pasur River fishery.
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Chapter-2 Literature Review

2. Literature Review

2.1 Theoretical aspects

MSY: Maximum sustainable yield (MSY) is a term used in fishery management to describe the
highest average catch that does not reduce a stock's abundance over time, taking into account the
stocks reproductive and growth capacities under prevailing environmental conditions. MSY is
typically determined for a single species, thereby ignoring effects on or from other species.
Multispecies maximum sustainable yield (M) is the highest average catch (by weight) of all
target species in a region that could be caught over time without causing a decline in any single
species. The idea that fisheries have a “maximum sustainable yield” was first articulated in the
mid-20th Century.

Implication of MSY: Starting to harvest a previously unharvested population will always lead to
a decrease in the population size. It is impossible for a harvested population to remain at its
original carrying capacity. Instead, the population will either stabilize at a new lower equilibrium

size or, if the harvesting rate is too high, decline to zero.

S carnrying capacity of environment (K)

maximum sustainable
wvield, or MSY (&K/2)

population size ()

¥

time ()
Fig-1: MSY is determined between Population size (N) corresponding time (t).

The reason for which populations can be sustainably harvested is that they exhibit a density-
dependent response (Russell, 1931). This means that at any population size below K, the
population is producing a surplus yield that is available for harvesting without reducing
population size. Density dependence is the regulator process that allows the population to return
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to equilibrium after a perturbation. The logistic equation assumes that density dependence takes
the form of negative feedback.

If a constant number of individuals are harvested from a population at a level greater than the
MSY, the population will decline to extinction. Harvesting below the MSY level leads to a stable
equilibrium population if the starting population is above the unstable equilibrium population

size.
Limitations of MSY approach

The concept of maximum sustainable yield is not always easy to apply in practice. Estimation
problems arise due to poor assumptions in some models and lack of reliability of the data.
Biologists, for example, do not always have enough data to make a clear determination of the
population’s size and growth rate. Calculating the point at which a population begins to slow
from competition is also very difficult. As a management goal, the static interpretation of MSY
(i.e. MSY as a fixed catch that can be taken year after year) is generally not appropriate because
it ignores the fact that fish populations undergo natural fluctuations (i.e. MSY treats the
environment as unvarying) in abundance and will ultimately become severely depleted under a
constant catch strategy. Thus, most fisheries scientists now interpret MSY in a more dynamic
sense as the maximum average yield (MAY) obtained by applying a specific harvesting strategy
to a fluctuating resource.

Selection of model in MSY estimation

According to Sparre and Venema (1998) it can be reported that the estimation of maximum
sustainable yield using surplus production model based on Schaefer and Fox model. Both models
conform to the assumption that Y/f declines as effort increases, but they differ in the sense that
the Schaefer model implies one effort level for which ¥/ equals zero, namely when f = -a/b
whereas in the Fox model, Y/ is greater than zero for all values of f. They suggest that if the
fishing effort (f) close to zero then Y/ftakes the maximum value. When increasing f from zero to
level A (Fig. 02) the two curves are approximately equal, but to the right of A the differences
become larger. Thus, the choice between the two models becomes important only when
relatively large values of f are reached. It cannot be proved that one of the two models is superior

to the other. So, I choose the most reasonable in each particular case or the one which gives the
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Mainardi (2010) published that the Traditional surplus production models are based on fish
population dynamics and distribution, fish catch, and fishing effort, and can provide guidelines
for fisheries management. This approach is applied to marine fisheries in Indonesia (Java Sea)

and Papua New Guinea, and results are compared with traditional model.

Lavania-Baloo et al. (2012) published that Maximum Sustainable Yield (MSY) was applied to
investigate the Gracilaria edulis in shrimp pond water for six weeks as phytoremediation agent.
The active and inactive biomass were partitioned and logistic model (R*= 0.980) was modified
when 239.2g of biomass was for inactive propagation. According to the result, MSY was
0.68g/day at 12.02g of active biomass and the simulated logistic model for biomass growth R*=
0.986).

Chakraborty et al. (1996) reported the growth, mortality, recruitment pattern and MSY in fishery
resources of Maharashtra and investigated 18 fish resources of which 11 are optimally exploited.
The penaeid prawn was underexploited and Cephalopods were exploited. The yield of fishes,
prawns, and cephalopods were 65083, 38404 and 11373 tons while the estimated MSY had been
83025, 72460 and 10475 tons.

Whu et gl. (2010) estimated the sergestid shrimp (Sergia lucens) in the southwestern Taiwan and
MSY, TAC and fishing effort at MSY (fi.sy) were estimated to be 1008 tons, 907 tons and 11292
vessel-days, respectively by using the surplus production model based on a catch and effort
series from 1997-2008 with deterministic observation-error estimator. Furthermore, the mean
MSY, TAC, and f,., with 95% CI were estimated to be 1011 (842-1243) tons, 910 (758-1119)
tons, and 11296 (10758-11807) vessel-day, respectively from the stochastic models.

Kanik and Kucuksenel (2013) reported that Common Fisheries Policy (CFP) was supported to
achieve maximum sustainable yield (MSY) for all European fisheries by 2015. If we assume that
fishermen are remaining within their quotas through capturing untargeted fish after targeted fish
is fully caught simply it is derived from catchability coefficients.

Brodziak and Ishimura (2010) reported that Production model of maximum sustainable yield-
were conducted of swordfish in 2009 and 2010 by the Western and Central (WCPO) and the
Eastern Pacific (EPO). They estimated maximum sustainable yield based on Bayesian surplus
production models for the two swordfish stocks by the ISC Billfish Working Group.
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Kalhoro ef al. (2013) published that Maximum Sustainable Yield (MSY) of Bombay duck
(Harpodon neherus) fishery from Pakistan was estimated from the catch and effort data during
1995-2009 by using CEDA and ASPIC non-equilibrivm surplus production models. The
estimated MSY values from Fox model and three error assumptions were 25.57 ton (R%= 0.900),
31.42 ton (R? = 0.916), 29.11 ton (R* = 0.909), respectively, while from Schaefer and Pella-
Tomlinson models were 27.34 ton (R? = 0.895), 36.64 ton (R? = 0.911), 32.54 ton (R* = 903)

from three different error assumptions respectively.

Lugten and Andrew (2008) published that the marine capture fisheries was dominated by
management based on maximum sustainable yield (MSY). This study examines the law, science,
politics and practice of MSY being used in the management of single fish species and as part of

an ecosystem.

Mueter and Megrey (2006) observed that to estimate maximum multi-species surplus production
of the ground fish is complex. Maximum multi-species surplus production was estimated
approximately 2.5%106 ton in the Bering Sea/Aleutian Islands and 330x103 ton in the Gulf of
Alaska. This point estimates were smaller than the sum of single-species MSY proxies from

recent stock assessments, and estimates for the Gulf of Alaska were much smaller than earli

estimates. S A

Die and Caddy (1997) suggested that to calculate maximum sustainable yield from bi
estimates, but the classical approach of Gulland, MSY = 0.5MBy, is still widely us

theoretical and practical evidence but the alternative methods are available.

Puthy (2007) estimated MSY and MEY in mackerel fishery using Schaefer and Fox model and
surplus production and biomass dynamic was used to determine the utilization of mackerel
stocks. The estimated MSY was 5,876 tonnes corresponding to approximately 152 boats of
optimum effort. The virgin stock biomass and maximum profit & economic rents were 15,467
tonnes and US$ 2 million respectively.

Gaertner et al. (2000) suggested that when fishing effort data are not available than catch data is
to used only. Grainger and Garcia showed that the changes in time the rate of caich increase
when a stock reaches its over-fishing level. They studied yellow-fin tuna (Thunnus albacares)
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fishery in the Eastern Atlantic to show the relationship between MSY estimates from standard

equilibrium production models.

Chantarasri (1994) reported that the integrated fisheries resources of some economic species like
finfish, shrimp, prawn, crab etc. were exploited in Sundarbans. Two types of nets were used to
catch the “present yield and MSY of tiger prawn fry”, “Present yield and MSY of oyster’s dead
shell” and “Present yield and MSY of gastropods” were “334 million and 672 million”, “3080
tons and 6076 tons”, ““35 tons and 113 tons” respectively.

Siyal et al. (2013) published MSY estimates of the silver pomfret, Pampus argenteus fishery
based on the time series catch and effort data from 1989 to 2009 in Pakistan. Three surplus
production models and three model error assumptions were estimated by CEDA computer
programme and two SPMs were estimated ASPIC package. Estimated biological reference point
(e.g. MSY) with ASPIC were Fox model 5525 mt and Fysy = 1619, coefficient of variation was
1.0 and coefficient of determination R, = 0.58 and the catch-ability coefficient g = 0.00077 were

estimated.

Garcia et al. (1989) published that maximum sustainable yield (MSY) estimates by using surplus
production models of Schaefer and Fox can be expressed in terms of fishing mortality that yields
maximum sustainable yield (f.,) annual yield and mean biomass. If f,s, is known, it becomes
possible to estimate MSY and describe the surplus production function even when the data are

limited to one year of estimates for catch and mean biomass.
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Chapter-3 Materials and Methods

3. Materials and Methods

3.1 Selection of the study area

Khulna region is located in the southwest part of Bangladesh. There are many rivers found in
Khulna region such as Rupsa-Pasur River, Bhairab River, Shibsha River, Dharla River, Bhadra
River, Ball River and Kobadak River. Among them, the Pasur River is one of the largest and
economically significant rivers in Khulna region. A large number of people directly and
indirectly involved in fishing on this river for their livelihood. But day by day the fish production
of this river was declining drastically. So the people depend on the fishery were facing threat on
their income source. For this reason, this river was selected in the present study. The study area

is shown in the following figure-03.
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- Fig-03: Location of the study area in the Pasur River
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3.2 Study period

The study was based on the Secondary data recorded in the year from the Pasur River during the
fishing seasons from 2011 to 2014.

3.3 Data collection

Secondary data were collected from District Fisheries office in Khulna. The data were based on
the records of catch assessment survey focusing on the Pasur River adjacent to theJeeation
#Village- Khalshi, Union- Chalna and Upazilla- Dacope¥ River wise catch assessment forms are
attached in the Appendix-2. Other Secondary information sources had been reviewed in order to
highlight particular issues and gaps in knowledge. Secondary information was collected from
different pubfications and extension booklets made from Department of Fisheries (DoF), books
and journals.

3.4 Fishing operation

In the Pasur River, the fishermen used different types of net to catch a large number of fish.
These were set bag net, gill net, cast net etc. The present study, only set bag net (behundi jal) was

chosen because the net was mostly utilized for fishing in the Pasur River.

Fig-04: Using set bag net by the fishermen

~ The set bag net (behundi jal) was a fixed tapering net, resembling a trawl net, set in the tidal

stream by attaching it to hold-fasts. It had a rectangular mouth kept open by two vertical bamboo
Page | I3
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the net (wing tips) to hold-fasts by means of long bamboo poles and steel wires. The hold-fasts
were two wooden stakes embedded some distance apart in the sea bed, so that the net was
parallel to the direction of the current. The length and depth of set bag net were 45.72 m and 4.57
m respectively. The mesh size was 2.5 -3.0 inches at the mouth and 1.0-1.5 inches at the cod end.

However, the Specification of net dimension has been described in the following table-1.

Table-1: Characteristics of set bag net

Components Size Range
Mesh size 2.5 -3.0 inch at the mouth
1.0-1.5 inch at the cod end
Length 4572 m
Area of operation 334.45 m"
Depth 4.57Tm
Time of operation 6.00 AM.-12.00 P.M. (at day)
12.00 A.M.-6.00 A.M. (at night)

Calculation of Unit effort:

The unit of effort is an essential part of planning work. Unit of effort might be hours per person,
days, weeks, or something else. For example, some teams use the "ideal hour" as their standard
unit of effort. According to Mickel King (Fisheries Biology, Assessment and Management),
unit was calculated if a fisherman catches 20 fishes per hour in one area and 4( fishes per hour in
a second area the inference is that there are twice as many fishes in the second area. If all these
conditions are met, one unit of fishing effort will catch a constant proportion of a total

homogeneous stock. But this study, unit of effort was calculated in the following way:
Unit of effort = (Length x Depth) m

= (45.72 x 4.5T) m’

~ 200m? SBN/day (Approximately)
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3.5 MSY estimation

Initially species (individual) wise total yield (kg) and effort (units) data were estimated by using
four years records obtained from the monthly (2 days in each month) surveyed catch assessment
form. Then catch per unit effort (CPUE) was estimated by dividing the yield with corresponding
effort and total CPUE was summed by using Schaefer and Fox model.

Schaefer Model
Catch per unit effort was calculated in the following equation,
CPUE = (Y/f) = yield/effort
O L= Cilfi e )]

The Schaefer’s model expresses the yield per unit of fishing effort as a function of effort as

follows:

From the surplus yicld model, equation may be form, CPUE =a + bf

Where Y = catch, /= effort ; a and b are constants whose values can be estimated by least

square method and the corresponding yield curve can be given by the following equation:

Finally slope b and intercept a were calculated using the following equations,

__ n(ECPUEX f)—(Ef XECPUE)

b= MEIOG Y e (did)
@ =CPUE = Bf oottt aes (iv)
Then, MSY and £,,, were calculated from the following equation,
aZ
MSY = == s e )
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a

Optimum effort, £, = — S e i)

In addition, the TAC was assumed to be 90% of the MSY.
Fox Model

A number of variations on MSY modeling exist. Among them was a model by Fox (1970) that

uses an asymmetric effort curve, rather than the Schaefer symmetric parabola.
In Fox Model, the curve may be converted to a straight line by using natural logarithms:
IN[CPUE] =In(Y/f) =@+ 5f ceereeiieiaiieiieieneieeearceaens (vii)

The constants (a and b) of the Fox model (Yield = f exp [a +bf] were estimated by a linear
regression with logarithmically transformed CPUE as the dependent variable (y) and total
standardized effort as the independent variable (x).

In which, MSY and f,,;, in Fox model were calculated from the following equation,

Where, Y= catch, E = effort and a, b = estimate parameters
Deterministic Observation-Error Estimator

In deterministic approach, only observed-errors were considered in the model which assumed
that all of the errors occurred in the relationship between stock biomass and the CPUE. The stock
biomass was estimated by projecting the initial biomass forward under the historic annual
catches. Then, the CPUE could be estimated by the equation below.

fr = éz/ﬂ ............................................................................................. (9]
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Where, [, was the estimated CPUE at year ¢, C, was the estimated catch at year t, f; was the

fishing effort during year t.
Stochastic Observation-Error Estimator

In stochastic approach, a fixed observation-error was also applied in the simulations. Ta avoid
the uncertainty on estimation fishing parameters, the most common way of an estimator, Monte-
Carlo simulation, was applied in the present study. The Monte Carlo simulations consisted of

randomly drawing valucs of the biomass.

The standard deviation (¢) was set to be 0.01 which was equal to incorporate 1% random error of
CV (cocfficient of variation) into the model. The expected values of parameters approximated to

and the 100% were used as approximate 95% confidence intervals.

3.6 Data assessment

Data from Catch assessment records were coded and entered into a database system using
Microsoft Excel-2007 and R software. Analysis and Graphical presentation were also done by
the softwares. The results were prepared in a ranking order with logical explanations.
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4, Results

The results were mentioned in this chapter following the estimation of the Maximum sustainable

yield in the Pasur River fishery.
4.1 Species wise CPUE for the Pasur River fishery

Estimated CPUE in the Pasur River fishery was 1.35 kg/unit for four years records from 2011 to
2014. The results are shown in Table-2. The potential yield estimates were 222.79 kg for the
inland fish, 207.64 kg for small shrimp and 363.79 kg for others species on the basis of the
sampling data. The year wise fishing effort was always same for different species but yields were
varying for their number of sample units. CPUE ranges from 0.00 (lower) to 0.38 kg/unit
(higher). Considering CPUE, the “other inland fish” comprised with Chapila (Indian River
Shad), Bacha (Eutropiichthys vacha), Snakehead (Shol, Gazar, Taki), Catfish (Boal, Pangas,
Silon, Aor, Bacha), Tilapia (Mozambique Tilapia), Silver carp (Hypophthalmicthys molitrix),
Thai Pangas (Pangasius hypophthalmus), Sarpunti (Puntius sarana), Poa (Pama croaker) and
“other small shrimp” comprised with tiger shrimp (Pengeus monodon), the brown shrimp
(Metapenaeus monoceros), and the white shrimp (Penaeus indicus) etc. were highly dominated
groups of species in the Pasur River. Other species like catfish, Pomfret, Bombay duck showed
lower CPUE and was not considered in the present study. Therefore, the present study
considered only the “other inland fish” (here after “Inland fish”) and “other small shrimp” (here
after “Small shrimp™) for further analysis and explanations.

4.2 Estimated parameters for inland fish

Month wise CPUE, MSY and /., for inland fish were estimated and are shown in Table-3. The
CPUE was ranged from 0.54 kg/unit in January to 0.28 kg/unit in September. The estimated
fishing parameters for inland fish using various models are described below.

Page | 18



6I | #3og4

Jeak a1ad sfep 7 wi padaains (12qu0a( 03 Alenue wiol)) AfYIUOA = J10JJ3 B PPIA, .

S€'T 9666 TT'P6L

£0°0 B8S 181 | 98l 991 £91 116 €L 0L'8

zro B8S 80°CL 981 991 €91 £2°6 £L SO'El

<00 885 989 981 991 £91 90'7 £l 0T ¥ dwiyg epieg

700 B8% ST0t 98l 991 £91 00°0 €L §9°0 dulyg eppen

S0'0 R8¢ ZO0E 981 991 01'8 £91 ot £L 05'S | (912 soddo] ‘unyy)) ysy SULIBLE SIAYN0)

000 88¢ o'l 981 991 060 £91 050 £L 000 (JoBung) skes pue s>pVYS

L0°0 885 00'Ey 081 991 il £91 $6'7T £l SLIT (epuey)) 1j04 ‘epuey)y dny)ogwod

0070 B85 T 981 000 991 0o €91 T £L ; (BAYET) UOWIRS WBIPH]

L0°0 835 08’1t 981 000 991 T8 £91 av'LT €L {enoj) yong fequiog

00°0 885 870 981 000 99| 00°0 £91 870 £L eS|TH

£0° 88¢ 9Ll 981 | 000 991 00'0 €9 Ll €L (anirepy 13uig 103) Yysy aAr]

$0°0 88¢ 1€12 981 000 991 000 £91 10°61 €L €7 (I9je 1 ‘rezer) ‘Joys) peay Mrus

10 885 £8'L9 981 000 991 0T's1 £91 88°6€ €L SLTI (uofs ‘ery safue ‘Jeog ‘aay) YsyIr)

200 88< €11 981 000 99 000 €91 €11 €L 00°0 (mueyn) nseqreyy) dm) 1po

000 88$ 000 981 00°0 99| 000 £91 000 €L 00°0 (1pBupy‘epe) ‘wmy) dre) sofey
uoye | pRIA | uopd PIA Hoys plais WOl platA

(man/3y) (yrun) @) PIT £107 20T 1107
ANdD | Moga (moL | PIA EI0L sizal ¢ Aq spiun Sudines o Lol ® PRIA (os1m dnoad) sapoeds sofepy
sa10ads Jo sdnoid Jofew JuaIsyip 10) pioddl sieak mojy Juisn Aq ANdD JO uonewInsy s7-3[qeL
synsay p-121d0Y )
« A A




0z | 288g

Jea£ dad sLep 7 m pasasins (dGWadra(g 03 Arenuep mou)) AJINoy = J40JJd ¥ plaid,

0811~ LS O0°LFT | OLSS | 981 |O6LL | 99T | SLTP | €91 [pEob | €L | 0879 | IFIOL
€0'1- 9t°0 0yl | 9IS | LI | 06§ ! 098 [ #1 ooz | €1 | SV | o0
£0°1- 90 §LTI ¥S'y 9] o1'g €1 $6'L ¥l 09T 8 0% | AON |
SO°E- 560 8s'Tl 6Ly 91 09'€ €1 009 ¥l 0L L §T¢ 9]
T R0 dl 9.2 91 0e'L 21 1] 91 0£'Z v 06'1 dag
1zt 0£0 0sT1 e 9] 09°L v1 ¢LZ ¥l 08’1 9 01s | 8ny
960 8£°0 §LT1 98y 9l | 0oL I $ET €1 02T 8 06L | Anf
BRAL W%y | T} W% | R MO g | oo | sonr | eip | 91 Joee | v | ove [ or [wwc ) ¢ | 008 | ump
80°1- $E0 SLTT 00'd 91 oL 1 05°1 €1 20T 4 00 | Kep |
60°1- ¥E0 0sLI 68'E s1 | 06F ¥l | 0T £1 v9'e v 0Ly | ady
L0 ar'0 €L01 s ¥l 089 ¥l ore It 17°¢ v L9 BN
08°0- SFO 0s'I1 o 12 08 1 002 144 v9'¥ ¥ §LC 94
290 $$0 STl 799 ¥l 06'8 ¥1 061 §1 98'L 9 08'L uef
uoga | pRIA [ Mope [ petA | uoa | ppRIA | uwopR | PRIA| g
A A (304Dl uepy | x| o)) oLl Je0L] fRor | IWOL] et moL) meL) &
B
p 4 _m_ ot _ma ! I pie R F107 1nseq €107 nseg T10T mseg 1107 anseg m
PP X4 IPOID JSJORGPE dAYAA
sy pueju) 'y
yst puejui Joj HdD PAIvWNSd asIM yuout ) Fuimolfo) Y pue ASI ‘€-alqeL
spynsay p-aa3doy )

~

b




CPUE (KgUmntj

Chapter-4 Results

4.2,1 MSY and f,, using Schaefer and Fox Model

Relationship between Catch per unit efforts (CPUE) and Fishing effort (f) applicable for
Schaefer model are shown in Fig-5(a) following linear regression model. From the model, the
intercept “a” and slope “b” were found as 0.746 and -0.030 respectively. The regression model is

also shown in Fig-5(a).

Similarly, Relationship between Log-transformed CPUE {In [CPUE]} and Fishing effort (/)
applicable for Fox model are shown in Fig-5(b) following linear regression model. From the
model, the intercept “a” and slope “b” were found as -0.076 and -0.074 respectively. The
regression model is also shown in Fig-5(b).

Schaefer Model Fox kodel
B ©
y = -0,030x+ 0.746 y =-0.074x- 6,.0758
Ri=g.132 i R*=0.1274
2 E
e O
i Q@
< (]
o % T
- " = :: il e
3
E 4 \.‘_\. @ g . e
@ ' 0® =)
o | o @k‘ o = e.
- @ @ " .
. R o
2 ©
©  *Unit==200w'SBN/day | = @ *Unit==200m’SBN/day
T T T T 7 1 A o ¥ ek T T ¥ 3
10 " 12 13 14 5 19 11 12 13 14 15
Frotmng effort {Unt) Ershing effort {Unith

Fig-S: Relationship between a) CPUE and Fishing effort for Schaefer model and b) Log-transformed
CPUE and Fishing effort for Fox model
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The MSY and optimum effort (f.s,) for inland fish folowing Schaefer and Fox model equations

were shown below.
In Schaefer Model,

MSY=-a%/4b = - (0.746)*/ (4* -0.030) = 4.66 kg
Jsy = -a/2b = - 0.746/(2* -0.030) = 12.49 units
In Fox Model,

MSY= - (1/b) exp [a-1] = - (1/-0.074) exp [-0.076-1] = 4.61 kg
Suse = - (1/b) = - (1/-0.074) = 13.51 umits
Arbitrary effort and the respective yield on basis of the obtained “a” and “b” followed by

Schaefer and Fox model are mentioned in the following Table-4.

Table-4: Worksheet for drawing a Schaefer and Fox yield curve

Effort Schaefer yield = (af +bf*) | Fox yield =fexp (a +bf)
0 0.00 0.00
5 3.00 3.20
10 4.50 4.42
15 4,50 4.58
20 3.00 422
25 0.00 3.64

The effort data and yield records obtained from the Table-4 are plotied in the following graph
(Fig-6) to address the MSY and f,.,,. In Fig-6, X-axis represents the fishing effort (unit) and Y-
axis represents the Yield (kg).
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© @ Fox Model
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Fig-6: Schaefer and Fox equilibrium yield curves
Fig-6 shows the Schaefer and Fox equilibrium yield curves and the observed total yield and total
standardized effort during the time period. The fishing efforts at maximum sustainable yield
were very similar for both models. However, the Schaefer model indicates a higher level of MSY
than the Fox model (Table-5).

Based on the correlation of the linear regressions, the Fox model shows higher value (slope = -
0.074) than Schaefer model (slope = -0.030) and it indicates that the Fox model (Fig-6) provides
a better fit to data than Schaefer Model. However, the Beaverton and Holt model (A recognized
growth estimation model) were more suitable in Fox model, because they have a similar
curvilinear relationship between CPUE and effort. For instance, if observations of Y/f plotted on /'
give a curve complying with the Fox model, this model might be applied without any concern for
a possible biological explanation. From these above results the fox model was applied by
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estimating MSY and fn, for inland fish, Therefore, a sustainable yield of approximately 4.61 kg
of MSY may be taken by 13.51 units of fs.

Table-5: Results of the application of Schaefer and Fox models

Model Effort of f.s (unit) MSY (kg)
Schaefer 12.49 4.66
Fox 13.51 461

The MSY for Schaefer and fox model were 4.66 and 4.61 kg respectively (Table-5). The average
yields of several months such as January (6.62 kg), February (5.15 kg), March (5.22 kg), June
(4.73 kg), July (4.86 kg) and December (5.16 kg) were higher than the obtained MSY. Therefore,
in this process, the fishing effort should be reduced for these months and restriction of the total
allowable catch (TAC) needed to be applied. The CPUE was also higher in several months like
January, February and March which were 0.54, 0.45 and 0.49 kg/units respectively. So in these
few months, species should be closed and catching fish should be reduced in this river. If this

process is fully utilized, the average yield will be balanced with MSY.

4.2.2 Deterministic Observation-Error Estimator

In the present study, only observed errors were considered in the model which assumed that all
of the errors occurred in the relationship between stock biomass and the CPUE. An observation-
error estimator was constructed by assuming that the biomass was deterministic and all the errors
occurred in the relationship between biomass and CPUE. Estimated CPUE, C/MSY and f; /sy
for inland fish were calculated from the observed CPUE, MSY and f,,,. The estimation is shown
in the following table-6.

Table-6: Estimated CPUE, CYMSY and f; /s, for inland fish

Month Yield ( Effort | CPUE | Estimate | C/MSY | filfmy
(kg) [ (unit) CPUE | =(cys4.61) | =351
January 6.62 12.25 | 054 0.38 1.43 0.91
February 5.15 11.50 | 0.45 0.40 1.12 0.85
March 522 1075 | 049 0.42 L.13 0.80
April 3.89 11.50 | 0.34 0.40 0.84 0.85
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Month Yield | Effort | CPUE | Estimate | C/MSY | fi/fus

(kg) | (unit) CPUE | =(C/4.61) | =(fA13.51)

May 4.00 11.75 | 034 0.39 0.37 0.87
June 4.73 11.75 | 040 0.39 1.03 0.87
July 4.86 12.75 | 038 0.37 1.05 0.94
August 371 1250 | 0.30 0.37 0.81 0.94
September |  3.45 12.50 | 0.28 037 0.75 0.93
October 4.39 1250 | 0.35 037 0.95 0.93
November | 4.54 1275 | 0.36 0.37 0.98 0.94
December | 5.16 14.50 | 0.36 0.31 1.12 1.07

Total 55.70 | 147.00 | 4.57 4.56

*C,= Ratio of estimated yield; *f;= Ratio of estimated fishing effort

The observed CPUE fluctuated in the period of January to December, ranged from the peak of
0.54 in January to the lowest of (.28 in September. The estimated CPUE decreased slightly from
the highest of 0.42 in March to the lowest of 0.31 in December (Fig-7). The observed CPUE was
higher in January, February, March, June, July and December than the estimated CPUE. In these

few months the catch should be reduced and fisheries management measures should be taken.
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Fig-7: The observed and estimated CPUE for inland fish
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The discrepancy between these two series was probably due to the measurement and sampling

error (observation-error) (Fig-7).

The ratio of estimated fishing effort and f.,, was below 1 during the total period of January to
December with the exception in December suggesting that fishing effort was under sustainable
level in Fig-8(a). The ratio of f; and .., during December suggested that the effort was exceeded.

fitmsy CrMSY
@1 r -
«|® |
- f > i I.."\ :E
o o ¢ o ? o
o e s /o
o | - L
J / ‘ P,_.»O !
| _ e | w
@ ¥ L; 1 1 1 :
Jan Febk Mar Api May Jun Ju Aup Ser Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Ser Oct Nov De
Llonth i

Fig-8: The ratio of a) estimated fishing effort () and the effort of MSY (f5,,,) and b) estimated yield
(C,) and MSY for inland fish

Similarly the ratio of estimated yield (C,) and MSY were less than 1 in six (April, May, August,
September, October and November) out of twelve months in Fig-8(b) which suggested that the
stock was not overfishing. But the ratio of C/MSY in several months like January, February,
March, June, July and December were greater than 1 and it was suggesting that TAC should be
maintained for this species. So, in this present study the yield was maximum in several months
above the obtained MSY, the TAC should be included in current management measure to ensure
a long-term sustainable utilization of this stock by close monitoring on this species. The above
findings suggested that the inland fishery for the Pasur River was at a reasonable exploitation

level.
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4,.2.3 Stochastic Observation-Error Estimator

Biomass was one of the factors that may affect the results of surplus production model.
Therefore, it was a necessity to take into account the influence of this uncertainty on estimation
of MSY or TAC due to the difficulty in estimating biomass which may result in high uncertainty.
In the present study, a fixed observation error which was applied in a stochastic approach in the
simulations. The percentile confidence intervals and distributions of the three parameters
estimated based on the stochastic model were showed in Table-7.

The expected values of parameters approximated to the corresponding means obtained from the
Monte Carlo simulations. The distributions for the model outputs such as the biomass, MSY and
Jmsy were based on 100 replications and the 2.5™ and 97.5™ percentiles were used as approximate
95% confidence intervals.

The mean MSY, TAC, and f,,, with 95% CI were estimated to be 4.53 (4.52-4.54) kg, 4.08
(4.07-4.09) kg, and 13.22 (13.15-13.29) units respectively from the stochastic models (Table-7)
and Appendix-4.

Table-7: Summary of output derived from Monte Carlo simulations for inland fish

Stochastic MSY (kg) Joy (unit) TAC (kg)
Mean 4.53 13.22 4.08
95% C1_UP 4.54 13.29 4.09
95% CI_LOW 4.52 13.15 4.97

This Stochastic approach implied that the resuits obtained in MSY, f.., and TAC for inland fish
in current management measure with 95% CI but 5% error were assumed in the present study.
The mean of MSY was higher than TAC and it indicates that if this measure is fully utilized, it
will ensure a long-term sustainable of this stock in spite of no overfishing and overfished

occurrence.

4.3 Estimated parameters for Small Shrimp

In Smal} shrimp, the month wise CPUE, MSY and f,,, were estimated and are shown in Table-8.
The CPUE was ranged from 0.47 kg/unit in March to 0.23 kg/unit in August. The estimated

fishing parameters for small shrimp using various models are described below.
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4.3.1 MSY and fr,, using Schaefer and Fox Model

Relationship between Catch per unit efforts (CPUE) and Fishing effort (f) applicable for
Schaefer model are shown in Fig-9(a) following lincar regression model. From the model, the
intercept “a” and slope “b™ were found as 0.837 and -0.039 respectively. The regression model is

also shown in Fig-9(a).

Similarly, Relationship between Log-transformed CPUE {In [CPUE]} and Fishing effort (f)
applicable for Fox model are shown in Fig-9(b) following linear regression model, From the
model, the intercept “a” and slope “b” were found as 0.242 and -0.105 respectively. The
regression model is also shown in Fig-9(b).

Schaefer Model Fox Model
{ i
y= -0.2-391 + 0.837 } y=-0.105x + 0.242 5
R=0.305 i R=0.257
(5]
© lz ¢
| 5 o
. | =
- ! -
e 5 Tyt
we " o é e ¢ -
= <@
<
= O
¥
() *Unit = 200 SBN/day | ¢  “Unit=200 SBN/dsy
] i3 T [ 'T—"] T T T I i T
10 11 12 13 14 15 0 15 | 12 12 14 15
Fishing effort {Umt) Fishing effort (Ui

Fig-9: Relationship between a) CPUE and Fishing effort for Schaefer model and b) Log-transformed
CPUE and Fishing effort for Fox model
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The MSY and optimum effort (fug) for small shrimp following Schaefer and Fox model

equations were shown below.
In Schaefer Model,
MSY= -a%4b = - (0.837)%/ (4* -0.039) = 4.50 kg
Sy =-a/2b =- 0.837/(2* -0.039) = 10.71] units
In Fox Model,
MSY= - (1/b) exp [a-1] = - (1/-0.105) exp [-0.242-1] = 4.46 kg
Jugy == (1/6) = - (1/-0.105) = 9.48 units

Arbitrary effort and the respective yield on basis of the obtained “a” and “b” followed by

Schaefer and Fox model are mentioned in the following Table-9.

Table-9: Worksheet for drawing a Schaefer and Fox yield curve

Effort Schaefer yield = (af +bf“) | Fox yield = fexp (a +bf)
0 0.00 0.00
3 2.17 2.79
6 3.64 4.07
9 4.40 4.46
12 4.46 434
15 3.83 3.96
18 248 3.46
20 1.20 3.12

The effort data and yield records obtained from the Table-9 are plotted in the following graph
(Fig-10) to address the MSY and fusy. In Fig-10, X-axis represents the fishing effort (unit) and Y-
axis represents the Yield (kg).
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Fig-10: Schaefer and Fox equilibrium yield curves

Fig-10 shows the Schaefer and Fox equilibrium yield curves and the observed total yield and
total standardized effort during the time period. The fishing efforts at maximum sustainable yield
were very similar for both models. However, the Schaefer mode! indicates a higher level of MSY
than the Fox model (Table-10).

Based on the correlation of the linear regressions, the Fox model shows higher value (slope = -
0.103) than Schaefer model (slope = -0.039) and it indicates that the Fox model (Fig-9) provides
a better fit to data than Schaefer Model. However, the Beaverton and Holt model (a recognized
growth estimation model) were more suitable in Fox model, because they have a similar
curvilinear relationship between CPUE and effort. For instance, if observations of Y/fplotted on f
give a curve complying with the Fox model, this model might be applied without any concern for
a possible biological explanation. From these above results the fox model was applied by
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estimating MSY and f,., for inland fish. Therefore, a sustainable yield of approximately 4.46 kg
of MSY may be taken by 9.48 units of fy,
Table-10: Results of the application of Schaefer and Fox models

Model Effort of fysy (unit) MSY (kg)
Schaefer 10.71 4,50
Fox 048 446

The MSY for Schaefer and fox mode! were 4.50 and 4.46 kg respectively (Table-10). The
average yields of several months such as February (4.83 kg), March (5.08 kg), June (4.97 kg),
October (5.06 kg) and December (4.60 kg) were higher than the obtained MSY. Therefore, in
this process, the fishing effort should be reduced for these months and restriction of the total
allowable catch (TAC) needed to be applied. The CPUE was also higher in several months like
February, March and June which were 0.42, 0.47 and 0.42 kg/units respectively. So in these few
months, species should be closed and catching fish should be reduced in this river. If this process
is fully utilized, the average yield will be balanced with MSY.

4.3.2 Deterministic Observation-Error Estimator

In the present study, only observed errors were considered in the model which assumed that all
of the errors occurred in the relationship between stock biomass and the CPUE. An observation-
error estimator was constructed by assuming that the biomass was deterministic and all the errors
occurred in the relationship between biomass and CPUE. Estimated CPUE, C/MSY and f; /finy
for inland fish were calculated from the observed CPUE, MSY and f.. The estimation is shown
in the following table-11.

Table-11: Estimated CPUE, C/MSY and f;/finsy for small shrimp

Month Yield | Effort | CPUE | Estimate | C/MSY Tfmsy
(kg) { (unit) CPUE | =(C/4.46) | =(/948)
Januvary 417 | 1225 | 034 0.36 0.94 1.29
February | 4.83 | 11.50 0.42 0.39 1.08 1.21
March 508 | 10.75 | 047 0.42 1.14 1.13
April 3.58 | 11.50 0.31 0.39 0.80 121
May 439 [ 11.75 | 037 0.38 0.98 1.24
June 497 { 11.75 0.42 0.38 1.11 1.24
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Month Yield | Effort | CPUE | Estimate | C/MSY S sy
(kg) | ( umit) CPUE | =(C/4.46) | = (f9.48)
July 382 | 1275 | 030 0.34 0.86 1.34
August 2.85 | 1250 | 0.23 0.35 0.64 1.32
September | 4.20 | 12.50 | 0.34 (.35 0.94 1.32
October | 5.06 | 12.50 | 0.41 0.35 1.14 1,32
November | 4.36 | 12.75 | 034 0.34 0.98 1.34
December | 4.60 | 14.50 | 0.32 0.27 1.03 1.53
Total 45.52 | 147.00 | 4.27 4.32

*C,= Ratio of estimated yield; */;= Ratio of estimated fishing effort

The observed CPUE fluctuated in the period of January to December, ranged from the peak of
0.47 in March to the lowest of 0.23 in August. The estimated CPUE decreased slightly from the
highest of 0.42 in March to the lowest of 0.27 in December (Fig-11). The observed CPUE was
higher in February, March, June, October and December than the estimated CPUE. In these few

months the catch should be reduced and fisheries management measures should be taken.
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Fig-11: The observed and estimated CPUE for small shrimp
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The discrepancy between these two series was probably due to the measurement and sampling
error (observation-error) (Fig-11).

The ratio of estimated fishing effort and f5,,, was above 1 during the total period of January to
December suggesting that fishing effort was not under sustainable level in Fig-12(a). The ratio of
Ji and f, during January to December suggested that the effort were exceeded.

This increasing trend implied that this species exceed the optimum level of effort (f; /fmsy > 1) and

close monitoring on this species is needed to ensure long-term sustainable utilization of the

stock.
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Fig-12: The ratio of a) estimated fishing effort (/) and effort of MSY (/i) and b) estimated yield (C,)
and MSY for small shrimp

Similarly the ratio of estimated yield (C;) and MSY were less than 1 in seven (January, April,
May, July, August, September and November) out of twelve months in Fig-12(b) which
suggested that the stock was not overfishing. But the ratio of C/MSY in several months like
February, March, June, September, October and December were greater than 1 and it was
suggesting that TAC should be maintained for this species. So, in this present study the yield was
maximum in several months above the obtained MSY, the TAC should be included in current

management measure to ensure a long-term sustainable utilization of this stock by close
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monitoring on this species. The above findings suggested that the small shrimp for the Pasur
River was at a reasonable exploitation level,
433 Stochastic Observation-Error Estimator

Biomass was one of the factors that may affect the results of surplus production model.
Therefore, it was a necessity to take into account the influence of this uncertainty on estimation
of MSY or TAC due to the difficulty in estimating biomass which may result in high uncertainty.
In the present study, a fixed observation error which was applied a stochastic approach in the
simulations. The percentile confidence intervals and distributions of the three parameters
estimated based on the stochastic model were showed in Table-12.

The expected values of parameters approximated to the corresponding means obtained from the
Monte Carlo simulations. The distributions for the model outputs such as the biomass, MSY and
fnsy Were based on 100 replications and the 2.5™ and 97.5" percentiles were used as approximate
95% confidence intervals.

The mean MSY, TAC, and fny with 95% CI were estimated to be 4.43 (4.42-4.44) kg, 3.9
(3.98-4.00) kg, and 9.40 (9.39-9.41) units respectively from the stochastic models (Table-12) and
Appendix-5.

Table-12: Summary of output derived from Monte Carlo simulations for small shrimp

Stochastic MSY (kg) sy (Unt) TAC (kg)
Mean 443 9.40 3.9
95% CI_UP 4.44 941 4.00
95% CI_LOW 442 9.39 3.98

This Stochastic approach implied that the results obtained in MSY, f,, and TAC for small
shrimp in current management measure with 95% CI but 5% error were assumed in the present
study. The mean of MSY was higher than TAC and it indicates that if this measure is fully
utilized then it ensure a long-term sustainable of this stock in spite of no overfishing and

overfished occurrence.
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5. Discussion

The analysis in the present study was based on the surplus production models (Schaefer and Fox)
where catch and effort (Unit = 200m* SBN/day) data of inland fish and small shrimp were
applied to estimate the MSY of the Pasur River fishery.

The estimation of MSY based on Schaefer model in inland fish was 4.66 kg and optimum effort
was 12.49 units. In Fox model, the MSY was 4.61 kg and optimum effort was 13.51 units.
Similarly in small shrimp, the MSY in Schaefer model was 4.50 kg and optimum effort was
10.71 units, In Fox model, the MSY was 4.46 kg and optimum effort was 9.48 units.

In this study, MSY and f,.;, based on Fox model were considered. According to Beverton and
Holt, the Fox mode] is more suitable for estimating MSY and f,,, as the model provides a better
fit to data than the Schaefer Model (Introduction to tropical fish stock assessment by Sparre
and Siebren C. Venema (1998)). The range of average catch in inland fish was 3.45-6.62 kg
corresponding to MSY (4.61 kg) and small shrimp was 2.85-5.08 kg corresponding to MSY
(4.46 kg). This result indicates that the fish catch was higher than MSY in few months like
January, February, March, June, July and December for inland fish and February, March, June,
October and December for small shrimp. The Pasur River fishery was therefore overexploited in
these months and it requires some effective management measures for those months maintain
sustainable exploitation of the stocks by reducing fishing effort in the area. Moreover, this result
was also similar in deterministic method for both fisheries. In this method, the same management
measures were taken and continued for several months to reduce fish overexploitation.

Kalhoro (2013) et al., Siyal (2013) et al., and Memon (2015) et al. reported that Maximum
Sustainable Yield (MSY) of Bombay duck (Harpodon neherus), Silver pomfret (Pampus
argenteus) and Barramundi (Lates calcarifer) fishery from Pakistan were estimated for Schaefer
and Fox models with three different error assumptions of normal, log-normal and gamma by
using CEDA and ASPIC computer softwares. They suggested that the estimated values of MSY
were smaller than the recent catch which indicated that this fishery in Northern Arabian Sea was
overexploited and required some effective management measures and maintaining sustainable
exploitation of the stocks by reducing fishing effort in the area. Implementing conservation of an
excellent food fish was also required there. Mehanna (2004) applied the surplus production
model of Schaefer (1954 and 1957) to estimate MSY and f,;, and estimated that the stocks of
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round herring and slimy mackerel in the Gulf of Suez were overexploited. According to
Mehanna (2004), 2/3 f,., as a target reference point was safer than the use of the limiting
reference point (f,.,). Garcia (1989) et al. suggested estimating maximum sustainable yield
(MSY) using Schaefer and Fox model and setting a le\‘rel of frnsy (or 2/3 MSY) if the stock is
already being exploited at a relatively high level. According to Jong (2001) and Hong (2008), the
estimation of MSY by using Schaefer model in southwestern part of Taiwan for Sergestid shrimp
was 865 ton and 749 ton and according to Chen (1999) & Hong (2008) it was 876 ton and 732
ton respectively using Fox model. They repored that the Sergestid shrimp fishery in Tongkang
waters is at a reasonable exploitation level (experience no overfishing and overfished
occurrence).

All the biological statistical data or results possess some sort of uncertainty and the estimated
MSY in present work does too. However, no evidence can either accept or reject this hypothesis.
To clarify this problem, a suitable stock identification study with molecular technique such as
DNA analysis will be needed in the future. Similar estimation of MSY and TAC was found from
the deterministic and stochastic methods.

In deterministic method, the results for inland fish suggested that the observed CPUE was higher
in January, February, March, July and December than the estimated CPUE. In these few months
the catch should be reduced and fisheries management measures should be applied. In addition,
two biological reference points C/MSY (for few months like January, February, March, June,
July and December) and f; /fsy (for December) which refer that these species are overfishing and
they were suggesting that TAC should be maintained for these species. In stochastic method, the
means MSY, TAC, and f,,, with 95% CI for inland fish were estimated to be 4.53 (4.52-4.54)
kg, 4.08 (4.07-4.09) kg, and 13.22 (13.15-13.29) units respectively. The stochastic results
suggested that the mean of MSY (4.53 kg) was higher than TAC (4.08 kg) and it indicates that if
the TAC is fully utilized for this fish species, it will ensure a long-term sustainability of this
stock in spite of no overfishing and overfished occurrence.

Similarly the results for small shrimp suggested that the observed CPUE was higher in February,
March, June, October and December than the estimated CPUE. In these few months, the catch
should be reduced and effective fisheries management measures should be taken and continued.
In addition, two biological reference points C/MSY (for few months like February, March, June,
October and December) and f; /fmsy (all months) imply that this species was overfishing and
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6. Conclusion

MSY (Schaefer and Fox models), fmsy and TAC for inland fish and small shrimp in the Pasur
River fishery is estimated based on four years of average catch and effort data from the
Department of Fisheries. Considering the estimated MSY and f the inland fish are
overexploited in the months of January, February, March, June, July, October, November and
December and small shrimp are overexploited in the months of January, February, March,
May, June, September, October, November and December. TAC is also estimate_d in this
study to reduce the fishing effort for rational exploitation in the above mentioned months. A
limited number of records (monthly average of four years) are considered in this study which
is not sufficient for a reliable MSY. A long time records (around 10 years) may provide a
suitable MSY for river fisheries. However, the study can be a milestone to progress the
population dynamics based work in the Pasur River.
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Appendix- 1: Photo Albums

Appendix

Fishermen use set bag net to catch fish

(4]

After catching fish the accumulation of net

Fill up catch assessment form after catching fish
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Appendix- 2: Catch Assessment Form

GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH

FISHERIES RESOURCES SURVEY STSTEM

DEPARTMENT OF FISHERIES

CATCH ASSESMENT SURVEY

Day

Month

Appendix

Year

Sample Catch Record
¥ RIVET wuivsanisnmas Code 6. Date:
Z.DisteE Code:
3. Upazilla................
LT P
8. VIllge voovissnomen Code
8. Types of gearused ........ Code 9. No. of fishing units operated:

10. No of sample units:

7. Survey Officer's Name: ...........cccvueuin

11. Encircle number observed

I

5

12. Name of the head fisherman

13. Number of fishermen on the boat

14. Local name of gear used

15. Catch in number and weight No. Kg | No. Kg [ Ne. Kg | No. No. Production
price in Tk/kg

(01) Major Carp (Ruhi, Catla, Mrigel)

(02) Other Carp (Kalbasu, Ghania,

Kalia)

(03) Catfish (Aire, Boal, Panges Rita,
Silon)

(04) Snake Head (Shol, Gazar, Taki)

(05) Live fish (Koi, Singi, Margur)

(06) Other Inland Fish (Chapila,
Bacha, Phali, Poa)

(07) Hilsa,Illish

(08) Bombay Duck (lotia)

(09) Indian Salmon (Lakhya)

(10) Pomfret(Rup Chanda, Foli
Chanda, Hali Chanda)

(11) Sharks and rays (Hungor)

(12) Others marine fish (Chhuri,
Topposi, Chela etc)

(13) Galda Shrimp

(14) Bagda Shrimp

(15) Other Big Shrimp (10 cm+)

(16) Other Small Shrimp (less than 10
cm)

(17) Crab

Total
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Table: Comparison of estimated parameters for the pasur river fishery

Species wise Estimation of some parameters
Schaefer model Fox model
MSY T MSY Jmsy
Inland Fish 4.66 12.49 4.61 13.51
Small Shrimp 4.50 10.71 4.46 9.48
Catfish 1.62 17.57 1.55 21.28
Pomfet 1.45 34.08 -0.29 -20.62
Bombay Duck 0.39 4.40 -.001 -3.07
Other Big Shrimp -0.59 4.27 0.41 -16.61
Other Marine Fish 0.63 12.63 2.38 125
Other carp 0.00 -0.26 2.95 26.73
snake fish 0.63 8.38 0.903 5.05
Live fish 0.54 8.21 -0.004 -2.94
Hilsha 0.01 8.05 -0.133 -5.423
Indian salmon 0.22 6.52 -0.022 -3.29
Sharks and Rays -0.05 5.12 -.0003 0.81
Galda 0.39 5.48 .35 1.21
Bagda 0.97 7.49 7.15 0.72
Crab -0.50 5.32 2.76 4.98

**Unit= = 200m’ SBN/day, fos,= Optimum effort, MSY= Maximum sustainable yield.

}ppendix—h
{able-7: Estimation of mean MSY, fus, and TAC from Monte Carlo simulations for inland fish
Mcate Mean STD. Mean STD. STD.
| of DEK(G) B DEYV (o) aax DEV ()
A
'- g i Jor | =z ~aF)N2
[ 448 0.0025 | 1275 0,0225 4.05 0.0009
( 1.60 0.0049 12.85 0.0025 .15 D.0049
. 457 0.0016 12.74 0.0256 4.13 0.0025
| 447 0.0036 12.90 0 403 0.0025
' 4350 0.0009 13.00 0.01 4.04 0.0016
451 0.0004 12.91 1E-04 4.05 0.0009
| 454 1E-04 12.84 0.0036 4108 0
, 4.60 0.0049 13.10 0.04 413 0.0049
435 0.0004 12.83 0.0049 409 1E-04
459 0.0036 13.09 0.0361 213 0.0025
453 0 12.88 0.0004 410 0.0004
457 0.0016 12.96 0.0036 4.12 0,0016
461 0,0064 12.99 0.0081 415 0.0049
462 0.0081 13.40 025 418 001
351 0.0004 1332 0.1764 406 0.0004
167 0.0196 12.94 0.0016 a2l 0.0169
346 0.0049 12.98 0.0064 4.03 0.0025
- 350 0.0009 311 0.0441 4.08 0
I ,- 457 0.0016 13.35 0.2025 412 0.0016
465 0.0144 13.20 0.09 4.17 0.0081
l 4.61 0.0064 13.00 0.01 | 416 0.0064
| \.&o 0.0049 1339 ; 02401 | 4.15 0.0049
I ‘19 0.0016 i 13.50 , 036 | 4,04 0.0016
\
!
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24 4.60 0.0049 13.40 0.25 415 0.0049
25 4.54 1E-(4 13.25 01225 4.11 0.0009
26 4.4% 0.0025 13.29 0.1521 4.04 0.0016
27 4.51 0.0004 13.30 0.16 4.07 1E-04
R 4.45 0.0064 13.43 02809 4.01 0.0049
29 4.53 1] 13.45 0.3025 4.09 1E-04
30 4.63 0.01 13.46 03136 4.18 0.01

31 4.59 0.00356 13.2 0.09 4,13 0.0025
32 4.43 0.0025 13.46 03136 4.05 0.0009
33 4.57 0.0016 12.97 0.0{49 411 0.0009
34 4.50 0.0009 13.41 0.2601 4.06 0.0004
35 4.53 0 13.29 0.1521 4.00 1E-04
36 4.44 0.0081 13.24 0.1156 4.04 0.0016
37 447 0.0036 13.37 0.220% 4,02 0.0036
38 4.50 0.0009 13.39 0.2401 4.03 0.0025
39 4.48 0.0025 12.93 0.0009 4.04 0.0016
40 444 0.0081 1326 0.1296 4.00 0.0064
41 440 0.0169 13.37 0.2209 3.92 0.01

42 4.49 0.0016 13.27 D.1369 4.04 0.0016
43 4.54 1E-04 12,89 1E-04 4.13 0.0025
44 4.49 0.0016 13.20 0.09 4.03 0.0025
45 461 0.0064 13.29 0.1521 4.15 0.0049
46 446 0.0049 13.37 0.2209 4.02 0.0036
47 4.52 0.0001 13.49 0.3481 4.04 0.0016
48 4.41 0.0144 13.46 0.3136 3.97 0.0121
49 448 0.0025 13.40 0.25 4.05 0.0009
50 4.50 0.0009 13.51 0.3721 4.04 0.0016
51 4.50 0.0009 13.42 0.2704 4.04 0.0016
52 4.53 0 13.35 0.2025 4,13 0.0025
53 449 0.0016 13.30 0.16 4.06 0.0004
54 4.45 0.0064 13.35 0.2025 4.06 0.0004
55 4.62 0.0081 12.96 0.0036 4.16 0.0064
56 4.58 0.0025 13.00 0.01 4.14 0.0036
57 4.46 0.0049 11.27 0.1369 4.00 0.0064
58 4.40 0.0169 13.46 0.3136 395 0.0169
59 4.53 1] 11.49 0.3481 4.14 0.0036
60 443 0.01 13.36 02116 3197 0.0121
61 448 0.0025 13.41 0.2601 4.05 0.0009
62 4.46 0.0049 13.29 0.1521 307 0.0121
63 4.44 0.0081 13.10 0.04 4.01 1.0049
o4 4.60 0.0049 12.93 0.0009 4.15 0.0049
65 447 0.0036 13.17 0.0729 4.03 0.0025
66 4.43 0.01 13.10 0.04 4.00 0.0064
67 4.54 1E-04 13.14 0.0576 4.13 0.0025
68 4.63 0.01 13.17 0.0729 4.18 .01

69 4.58 0.0025 13.39 0.2401 4.12 0.0016
70 4.50 0.0009 13.34 0.1936 4.04 0.0016
71 448 0.0025 13.46 0.3136 4.03 0.0025
72 4.65 00144 13.49 0.3481 4.15 0.0049
73 4.47 0.0036 13.41 0.2601 4.05 0.0008
74 4.50 0.0009 12.84 00036 4.05 0.0009
75 4.63 0.01 12.96 (0.0036 4,18 0,01

76 4.44 0.0081 13.18 0.0784 4.01 0.0049
77 4.59 0.0036 13.38 0.2304 4.14 0.0036
T8 462 0.0U81 13.45 0.3025 4.17 0.0081
79 4.60 0.004% 13.43 0.3364 4.15 0.0049
80 4.51 0.0004 12.87 0.0009 4.06 0.0004
81 448 0.0025 12.96 0.0036 4.07 1E-04
82 4.66 0.0169 12.99 0.0081 4.16 0.0064
£3 4.53 0 13.07 0.0289 4.9 1E-04
84 449 0.0016 13.24 0.1156 4.06 00004
85 4.59 0.0036 13.26 0.1296 414 0.0036
86 4,51 0.0004 13.36 02116 4.03 D.0025
87 4.56 0.0009 13.47 0.3249 4.10 0.0004
88 4.45 0,0064 13.36 02116 394 0.0196
£9 4.59 0.0036 13.49 0.3481 4.12 0.0016
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i 0.0081 1352 03844 401 5.0049
. .61 0.0064 13.39 0.2401 412 0.0016
[ 9 < 251 0.000% 13.06 0.0256 4.01 0.0049
22 .63 001 13.19 0.0841 415 0.0049
] 4.40 0.0169 13.32 0.1764 3.92 0.0256
% 455 0.0004 12.97 0.0049 4,08 0
9 .62 0.0081 13.44 0.2916 414 0.0036
o7 341 0.0144 1341 0.2601 4.00 0.0064
98 449 0.0016 13.23 0.1089 4.05 0.0009
%9 440 0.0169 12.90 0 402 0.0036
100 4.53 0 13.15 0.0625 4.09 1E-04
Total 452.50 G =0.0638 1321.68 o=0.3826 407.76 0 = 0.9631
Mean = 4.53 Mean =13.22 Mean =4.68
Appendix-5:
Table-12: Estimation of mean MSY, fs, and TAC from Monte Carlo simulations for small
shrimp.
Replicate Mean §TD. Mean STD. STD.
of DEV (o) of DEV (o) TAC DEV (0)
A —
MSY ~(xr®)"2 it ()2 ~(x%)"2
1 445 0.0009 9.50 001 4,00 0.0004
2 435 0.0049 9.33 0.0049 3.92 0.0036
3 440 0.0004 9.45 0.0025 3.96 0.0004
4 446 0.0016 936 0.0016 4.01 0.0009
5 4.38 0.0016 940 i 3.94 0.0016
6 439 0.0009 9.46 0.0036 3.95 0.0009
7 442 0 9.38 0.0004 3.98 0
8 348 0.0036 9.35 0.0023 4.03 0.0025
9 443 1E-04 9.39 1E-04 399 0.0001
10 447 0,0025 943 0,0009 402 00016
i 441 1E-04 9.39 1E-04 3.97 TE04
12 445 0.0009 5.42 0.0004 4.00 0.0004
13 4.48 0.0036 9.40 [0 3.95 0.001
14 4.50 0.0064 941 1E-04 398 0
15 439 0.0009 9.33 0.0049 3.95 0.0009
16 435 0.0049 939 1E-04 4.10 0.0144
17 434 0.0064 9.46 0.0036 3.88 0.01
18 438 0.0016 9.41 1E-04 405 0.0049
) 435 0.0049 943 0.0003 4.09 0.0121
20 453 0.0121 934 0.0036 397 1E04
21 439 0.0009 949 0.0081 3.96 0.6004
22 148 0.0036 943 0.0008 398 a
23 437 0.0025 937 0.0009 4,01 0.0009
24 448 0.0036 934 0.0036 4.08 0.01
25 442 0 9.50 0.01 4.04 0.0036
26 446 0.0016 9.43 0.0009 3.94 0.0016
27 449 0.0049 939 1E04 391 0.0049
28 439 0.0009 938 0.0004 4.05 0.0049
2 441 1E-04 9.44 0.0016 4,01 0.0009
30 51 0.0081 947 0.0049 4.05 0.0049
31 447 0.0025 5.46 0.0036 4.02 0.0016
32 4.36 0.0036 5.47 0.0049 3.93 0.0025
33 445 0.0009 9.40 0 400 0.0004
34 438 0.0016 935 0.0025 396 0.0004
35 451 0.0081 942 0.0004 4.06 0.0064
36 442 0 936 0.0016 401 0.0009
37 435 0.0043 939 1E-04 399 0.0001
38 448 0.0036 946 0.0036 395 0.0009
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“"\.{' 19 1.46 0.0016 042 0.0004 4.07 0.0081
40 4.42 0 9.42 0.0004 357 1E-04
41 434 0.0064 5.38 0.0004 4.00 0.0004
42 4.47 0.0025 9.35 0,0025 4.04 0.0036
43 4.52 0.01 9.42 0.0004 4.10 0.0144
14 4.40 0.0004 9.44 0.0016 3.93 0

435 4.36 0.0036 9.47 0.0049 3.94 0.0016
46 4.39 0.0009 9.37 0.0009 3.99 0.0061
47 4.50 0.0064 931 0.0081 4.04 0.0036
< 48 439 0.0009 9.46 0.0036 3.99 0.0001
49 436 0.0036 940 0.0081 3.94 0.0016
50 4.46 0.0016 9.38 0.0004 4.07 0.0081
51 4.43 1E-04 9.42 0.0004 4.01 0.0008
52 4.51 0.0081 9.40 0 4.09 0.0121
53 447 0.0025 9.30 0.01 4.07 0.0081
54 4.43 LE-04 9.32 0.0064 4.03 0.0025
55 445 0.0009 9.48 0.0064 395 0.0009
56 4.50 0.0064 9.46 0.0036 4.03 0.0025
] 57 434 0.0064 9.38 0.0004 3.97 1E-M4
58 4,33 0.0016 9.36 0.0016 3.92 0.0036
. 59 451 0,0081 9.34 0.0036 4.02 0.0016
60 437 0.0025 928 00144 3.88 0.01
61 446 0.0016 9.48 0.0064 3.93 0,0025
62 434 0.0064 9.46 0.0036 3.94 0.0016
63 442 0 9.46 0.0036 4.04 0.0036
64 438 0.0016 936 0.0016 3.39 0.0081
65 445 0.0009 9.39 1E-04 4.00 0.0004
_ 66 4.41 1E-04 9.45 0.0025 3.97 1E-04
67 452 0.01 9.40 0 3.95 0.0009
68 433 0.0016 9,40 0 3.94 0.0016
(/ 69 445 0.0009 936 0.0016 3.99 0.0001
70 448 0.0036 9.32 0.0064 4.09 0.0121
T 446 0.0016 9.40 ¢ 4.04 0,0036
72 4.38 0.0016 9.48 0.0064 4.06 0.0064
73 4.45 0.0009 9.45 0.0025 4.07 0.0081
74 438 0.0016 9.42 0.0004 4.00 0.0004
75 441 1E-04 9.46 0.0036 3.99 0.0001
76 442 0 9.34 0.0036 4.03 0.0025
1 437 0.0025 935 0.0025 3.94 0.0016
78 4.50 T 0.0064 938 0.0004 3386 0.0144
79 438 0.0016 937 0.0009 3.97 1E-04
80 4.39 0.0009 9.41 1E-04 3.94 0.0016
21 4.46 0.0016 9.53 0.0169 4.04 0.0036
82 444 0.0004 9.37 0.0009 3.92 0.0036
33 4.51 0.0081 938 0.0004 4,08 0.0049
7] 447 0.0025 9.35 0.0025 403 0.0025
85 443 1E-04 9.42 0.0004 3.99 0.0001
] 86 4.49 0.0049 9.40 ] 4.10 0.014
87 4.39 0.0000 9.43 0.0009 3.91 0.0049
33 443 1E-04 9.39 1E-04 3.9 0.0036
89 447 0.0025 9.31 0.0081 4.06 0.0064
90 4.42 0 9.34 0.0036 403 0.0025
91 439 0.000% 9.46 0.0036 4.04 0,0036
92 449 0.0049 9.38 0.0004 4.08 0.01
03 4.41 1E-4 9.48 0.0064 3.97 15-04
o4 4.33 0.0016 9.44 0.0016 1.89 0.0081
. 95 243 1E-04 9.41 1504 4.04 0.0036
5» 96 433 0.008] 0.39 1E-04 3.89 0.0081
97 4.29 0.0169 9.42 0.0004 399 0.0001
f [ 447 0.0025 9.38 0.0004 3.91 0.0049
. [ 428 0.0196 9.83 0.0009 402 0.0016
l f—u 100 441 1E-04 941 1E-04 4.02 0.0016

Total 442.51 o =0.0552 940.49 o= 0.0511 399.33 o = 0,053

Mean = 4.43 Mean = 9,40 Mean = 3.09
Page| 50




