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Brown shrimp, Metapenaeus monoceros is a major contributor
of shrimp trawling in Bangladesh marine waters. This is a key
fisheries item owing of its fast growth and short life span.
Though, stock assessment is need to be conducted annually, the
present study is the maiden effort on the assessment of the stock
of M. monoceros in marine waters of Bangladesh. Catch per unit
effort (CPUE), the most common pieces of information was taken
from trawl catch log between 1986 and 2017 for assessing the
status of brown shrimp stock using Schaefer biomass model
through MS-Excel and CMSY/BSM interfaces. The standing
stock and fishing mortality were assessed to be around 5960 t and
43 %, respectively. The calculated reference points of maximum
sustainable yield (MSY) with 95 % confidence interval are
optimum biomass Bysy 5060 t (4190-6110 t) and optimum fishing
mortality Fysy = 61 % (51-63 %). The average annual catch of
last two decades was 2793 t, below assessed MSY of 3090 t
(2920-3260 t). The stock is probably going to be of satisfactory
size with sustainable exploitation close to MSY. Thus,
management would be well advised not let to increase catches but
to maintain them at the current level.
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Introduction

The brown shrimp, Metapenaeus monoceros
(Fabricius 1798), is one of the widely distributed
species in the Indo-Pacific area'. It is commonly
known as Brown shrimp (Fig. S1). The major
contributor of shrimp trawling in Bangladesh marine
waters is brown shrimp, which usually accounts for
38 to 52 % of the total shrimp catch’. The modal sizes
in the catch varied from 26 to 80 mm. They feed on
small  crustaceans, algae, small  mollusks,
foraminiferans and on organic detritus with small
crustaceans being the main food item'. They show
diurnal behavior, preference for the muddy bottom

and remained burrowed in the mud fully concealed
during the day and move actively at night. The
species occur in estuary round the year, but the main
fishing season extends from  October to
January/February'. The estimated biomass of M.
monoceros in Bangladesh marine waters was 551 t
after reviewed survey data and the highest abundance
of this was found at 51 to 80 m depth zone”.

Maximum sustainable yield (MSY) is the most
notable piece of information of any stock can be
assessed by the production models, for instance, the
Schaefer’s model 1954™" ¥ Stock production models
(SPM’s) are well known for their simplicity. These
require only two or three types of data like time series
data of abundance and removals in order to calculate
the carrying capacity ‘K’ and the maximum rate of
population increase ‘r’ for a given stock of any
specified ecosystem. Though the assessments of
removals such as the addition of catch and discards
are easy to calculate but the estimates of abundance
are comparatively tough to achieve because mostly
are not under consideration. However, narrow range
of r-k combinations is desirable to maintain the time
series so that it may remain within the expected
carrying capacity. MSY can be estimated from this
reasonable combination of r-k*.

Based on stock reduction analysis, the Catch-MSY
method (CMSY) was suggested by Kimura & Tagart’
and Kimura et al.’. A time series data of removals,
initial ranges of r and k and probable ranges of
relative stock sizes in the initial and final years of the
time series are required as input data in CMSY
analysis. Annual biomasses then derive from a
particular combination of r-k parameters using
Schaefer production model. In most fish stocks, there
are no initial combinations of r and k. Therefore,
random r-k pairs are usually drawn from an evenly
distributed initial distribution. Thereafter a Bernoulli
distribution was used as the likelihood function for
accommodating every r-k pair which can never
collapse the stock or surpass the carrying capacity. In
consequence, it is possible to elucidate a final relative
biomass that falls within the expected limit of
depletion®.

Although, the biology and fisheries of this shrimp
has been studied in Indian and other Mediterranean
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countries, the studies related to Bangladesh marine
waters are too limited. Due to fast growth and short
life span, brown shrimp is considered a key fisheries
item. Therefore, stock assessment need to be
conducted annually. The present study is the maiden
effort on the assessment of the stock of M. monoceros
from the Bangladesh marine waters. The aim of the
study is to assess the status of the exploited stock so
that management measures could be adopted.

Materialsand Methods

Data sour ces

A series of annual catch and effort data of
Metapenaeus monoceros of industrial catch log in
Bangladesh marine waters since 1986 to 2017 (Fig. 1)
were taken from logbook datasheet from Marine
Fisheries Office (Table S1). The catch data were
converted from headless weight to total weight using
the conversion factor of 0.66 for brown shrimp’.
Shrimp trawlers are allowed to fish in marine waters

of Bangladesh beyond 40 meter depth contour.
Shrimp trawlers usually have 150-250 tonnes gross
tonnage capacity including main engine power of
500-900 BHP. The maximum days of fishing per trip
are 30 days. In active fishing days, shrimp trawler
generally completes 5-6 hauls and each haul usually
takes 3-4 hours. However, the fishing days and
number of hauling completely subject to condition of
weather and sea worthiness of the vessel itself®.

The catch is expressed in metric tons (t), and effort
as the number of fishing days. Those data provided
e.g. catch per unit effort (CPUE) which was required
in the CMSY and Bayesian Schaefer Model (BSM)
analysis using R studio software’. Data file and ID file
were two core files initially constructed. Four
columns i.e. stock, year (yt), catch (ct) and CPUE (bt)
were formed in the data file. Resilience ‘r’ was the
main input parameter of the ID file adapted from
FishBase (www.fishbase.org) and the remaining cells
were marked as default values.
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Fig. 1 — Map showing trawl fishing zone in Bangladesh EEZ’
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Results and Discussion

For sustainable management of capture fisheries
need to know the status of stock. An important method
to assess the stock of capture fisheries is surplus
production models (SPMs) or biomass dynamic models
(BDMs). This model is beautiful for its simplicity and
gives some essential information on the given stock
including stock status, MSY reference points and
related uncertainties'’. In general, production models
have simple equation incorporating two or three
parameters. The status of population and fishing
performance could easily be defined by a single
variable''. The model fits the biomass index quite well
and corresponded well to the observed data (Fig. 2).

Points estimate of parameters and key quantities
are addressed in Table 1, along with 95 % confidence
intervals. The r and K parameters are calculated as
1.22 and 10000, respectively. The calculated harvest
rate in 2017 is 0.43 lower than uygy at 61 % while the
calculated biomass is 5960 t, higher than Bygsy at

Table 1 — Point estimates and 95 % confidence intervals of
estimated parameters of M. monoceros, biomass in 2018 and
reference points.

Quantity Estimate 95 % CI
r 1.22 1.03-145
K 10000 8380 — 12200
q 0.000102 0.000088 — 0.000119
sigma 0.109 0.084 —0.142
Fao17 0.43 0.38-0.55
Baois 5960 4760 — 6830
MSY 3090 2920 — 3260
Busy 5060 4190-6110
Fusy 0.61 0.513-0.725
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Fig. 2 — Observed (black) and fitted (grey) biomass indices
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5060 t. The calculated MSY is 3090 t, which is close
to the average catch from 1986 to 2017 was 2898 t.

Estimates of population trajectories and exploitation rate

Initially the biomass over Bysy was more than 1.0
which had declined to 0.75 and kept maintained static
biomass upto the year 2007. The biomass over Bysy
has gradually increased to 1.2 in 2012 and maintained
the same trend upto the present year of study (Fig.
S2). The harvest rate over Fysy calculated to have
fluctuation above 1.0 in the year 1985 to 2004. Since
then, the current harvest rate got reduced trend close
to 0.5 in 2017 (Fig. S3).

The catch was above MSY (3020 t) during initial
years of study. Then, the catch showed fluctuation
below MSY scale except little mount over MSY in the
year of 2012 (Fig. 3). In 2017, stock size was
relatively higher than that of 1986 where more efforts
had been engaged in than 2017. This indicates
stability of stock in current years (Fig. 4). But, the
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Fig. 3 — Estimates of MSY with 95 % confidence bands over
catch
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Fig. 4 — Relative stock size over relative effort
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stock was in an alarming state from beginning of
study to the year of 2001.

Conclusion

The stock has been overexploited in the past.
But now, the stock is likely to be of good size with
sustainable exploitation near MSY. The wide range
of uncertainty associated with stock size and harvest
rate correspond with unsustainable levels. Thus,
management would be well advised not let to increase
catches but to maintain them at the current level.

Supplementary Data

Supplementary data associated with this article
is available in the electronic form at http://
nopr.niscair.res.in/jinfo/ijms/IIMS_50(03)258-261 _
SupplData.pdf
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