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Abstract

The life history of Kiddi shrimp (Parapenaeopsis stylifera) was assessed using length-
based data from the commercial trawlers operated along the Digha waters (West Bengal,
India). Growth parameters were estimated as L_= 14.26 cm, K = 1.77 yr", = -0.001 yr",
t .. =1.5yrand ¢ = 2.56. Mortality rates were M =3.00 yr™, F = 411 yr', Z=7.11 yr", with
an exploitation rate (E) of 0.58. The species matures early (L ., = 8.15 cm, 0.48 yr) and
attains peak biomass (L, = 8.0 cm, 0.47 yr). A high M/K ratio (1.7) indicates r-selected
traits-fast growth, high mortality, and peak yield at high fishing mortality. Cohort biomass
declines rapidly to 1% within 0.65 yr, yet the short generation time allows reproduction under
current exploitation. Stock status from the Bayesian Schaefer Model using catch-based data
(2007-2021) showed current biomass (B/B, | = 1.15) is 15% higher, whereas the effort (F/F _ =
0.85) is 15% lower than required level for MSY. Kobe plot also indicates a higher probability
(57.9%) that the stock is in the healthy and sustainable green zone. Thompson and Bell
analysis suggested fishing mortality could increase by 8%, raising yield marginally by 1.6% to
2442 t and revenue by 1.3% to 423 million, while maintaining safe spawning biomass (SSB/
SSB, =30%). However, due to its short generation time and recruitment sensitivity, P. stylifera
requires adaptive harvest control rules with annual or biannual assessments to ensure
long-term sustainability.

Introduction

West Bengal, with a 158 km coastline and
a 17,049 km? continental shelf, is part of
the Bay of Bengal Large Marine Ecosystem
(BBLME). Nourished by the Ganges-
Brahmaputra riverine systems, it hosts the
Sundarbans mangroves and the Hooghly-
Matla Estuary, which provide ideal breeding
and nursery grounds for important fisheries
in the region (Dutta et al., 2016; Datta et al.,
2022). About 3.7 lakh fisherfolk depend
on this sector, which contributes roughly
2 lakh t (around 7% of India’s total marine
fish landings). The catch mainly comprises
pelagic (52%), demersal (32%), and crustacean

(14%) resources (CMFRI-FSI-DoF, 2020; CMFR),
2022). Among the crustaceans, Parapenaeopsis
stylifera (Milne-Edwards, 1837), commonly
known as kiddi shrimp, accounts for about
1% of the state’s total marine fish landings.
However, it is regarded as a commercially
important species because it contributes
nearly 10% of the annual crustacean catch
in West Bengal.

P stylifera belongs to the family Penaeidae
and is widely distributed across the Indian
Ocean from Kuwait to Indonesia. Unlike other
penaeid shrimps, the species is a purely
marine species, as it completes all of its
early life developmental stages in marine
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environment (Rao, 1965). This is a benthic-dwelling species that
prefers soft substrata ranging from muddy to sandy bottoms and
is usually found at a depth of 50 m (Holthuis, 1980; Carpenter et al.,
1997). Considering the fisheries significance of P stylifera, several
studies have been made to understand its larval development in Kerala
waters (Muthu et al., 1978); growth performance in Mangalore (Anantha
et al.,, 1997), Calicut (Sarada, 2002) and Saurashtra (Dineshbabu, 2005)
coasts; population dynamics in Kerala (Suseelan et al., 1998; Sarada,
2002); reproductive biology in Kerala (Geetha and Nair, 1992) as well
as feeding behaviour in Visakhapatnam (Sudha et al., 2013) coasts
of India. There are few studies from abroad where observations
have been made to understand the population dynamics of
P stylifera in Kuwait (Mathew et al., 1987; Mohammed et al., 1998),
Iran (Safaie, 2017), Indonesia (Suradi et al., 2017) and Pakistan
(Mohsin et al., 2017) coasts.

Nevertheless, despite its commercial importance along the north-
east coast of India, there is still no scientific information about the
life history characteristics, population dynamics and status of the
species in the region, which necessitates a focused study on this
species, especially under the present scenarios where the overall
marine landings are fluctuating erratically. Therefore, the present
study was envisaged to generate information on the life-history
parameters and exploitation status of P stylifera in West Bengal
waters which was used both in the data-poor Bayesian Schaefer
model (Froese et al., 2017) and the data-moderate dynamic pool
analytical model (Thompson and Bell, 1934) to derive a decision
support framework so that appropriate management strategies
can be developed for ensuring the sustainable utilisation of the
resource.

Materials and methods

Temporal size composition, fishing effort and landings data were
collected at fortnightly intervals for a period of about 3 years from
July 2018 to March 2021 from the commercial trawlers operated
along the Digha coast in West Bengal, India. The total body length
(TL) of 3853 specimens was measured as the straight-line distance
from the tip of the rostrum to the tip of the telson using a digital
vernier caliper (Insize 1126-300). Body weight of the specimens
was also recorded with an electronic balance (Aczet CY225C). The
data collected at fortnightly intervals were raised to the monthly
estimates of West Bengal by multiplying with the raising factors
(RFs) derived using landings data obtained from the National
Marine Fishery Resources Data Centre (NMFDC) of the ICAR-
Central Marine Fisheries Research Institute (ICAR-CMFRI), Kochi,
India using the following formula:

Total monthly species landings of the state

Total monthly sample weight of the species

Growth parameters

The growth of the shrimp was modeled using growth function
(VBGF) suggested by von Bertalanffy (1938) as given below
and the model parameters were estimated using the TropFishR
package by performing electronic length frequency analysis with a
genetic algorithm (ELEFAN_GA) routine (Mildenberger et al., 2017,
Schwamborn et al., 2019). The jackknife technique (Tukey, 1986)

was used to estimate the 95% bootstrap percentile confidence
intervals around the mean VBGF growth parameters.

L= (L, x (1-exp )

where, L _ is the asymptotic length in cm; K is the growth co-efficient in
yr', t, is the age of the individual when the length was theoretically
zero; L, is the length at time t and t is the time at which the length
is projected.

The growth performance index (¢') was calculated using the
following formula recommended by Pauly and Monro (1984):

¢'=Log,, (K) +2Log,, (L)

where, L is the asymptotic length in cm; K is the VBGF growth
coefficient in yr’

The age at zero length (t,) was back calculated using the rearranged
VBGF equation (von Bertalanffy, 1938):

L

= n[1-(>)]

00

where, L_is the asymptotic length in cm; K is the VBGF growth
coefficient in yr* and L, is the length at birth, which has been fixed
at 0.027 cm based on the size of the nauplius-1 following Muthu
etal. (1978).

In the absence of direct observation data on the age of the largest
individual, thet__ was indirectly estimated following the conceptual
framework recommended by Pauly (1983) using the generalised
equation as mentioned below:

where, L and L_ are the maximum observed length and the
asymptotic length in cm for the species; K is the VBGF growth
coefficient in yr' and t, is the age of the individual when the length
was theoretically zero.

Length-weight relationship (LWR)

The relationship between total length and body weight for the
species (n = 1200) was established using the power law (Le Cren,
1951) following the appropriate modeling framework suggested by
Dash et al. (2023). Wald test was performed to check if the growth
is isometric (b = 3.0) or allometric (b # 3.0).

W = a(TL)

where, W is the body weight in 'g’; TL is the total length in ‘cm’; a and
b are model parameters.

Mortality and exploitation parameters

The natural mortality (M) was estimated following Quinn and Deriso
(1999) using the following generalised formula:
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where, p is the proportion of animals that survive by the time they
reach maximum age i.e,, t__and M is the natural mortality in yr'.

The instantaneous total mortality rate (Z) was estimated by
applying the length-converted linearised catch curve method (Pauly,
1983) using the ‘catchCurve’ routine in the ‘TropFishR’ package. The
annual fishing mortality rate (F) was determined by subtracting M
from Z (i.e, F= Z-M), and the current exploitation rate (E_,) was
computed using the formula E=F/Z (Ricker, 1975).

Length at capture (L

CSO)

The mid-length of the smallest length-class caught during the study
period was taken as length at recruitment (L ). The length at which
50% of the shrimps in a population becomes vulnerable to the fishing
gear (i.e, L) was estimated by performing a logistic regression
with the probability of capture of sequential length classes
calculated from the backward extrapolation of the regression line
of the descending limb of the length-converted catch curve (Pauly,
1984). The following formula was used for the logistic regression:

exp[a+h(TL)]

Pr = 1+ explerbliL)

where p,, is the extrapolated probability of capture at length TL, a
and b are the estimated coefficients of the logistic equation, and
TL is the total length of the shrimp in cm. L . was estimated as the
negative ratio of the coefficients (-a/b). The analysis was performed
using the ‘catchCurve’ routine with ‘calc_ogive’ logic set to TRUE in

the TropFishR' package.

Length at maturity (L )

The length at which 50% of the shrimps in a population becomes
mature (i.e,, L_.,) was estimated by performing a logistic regression
with the probability of maturity of sequential length classes.
The shrimps (n = 1029) were categorised into 5 different stages
of maturity depending on the size and appearance of the ovary
following King (1995). The shrimps that have completed stage-3 and
spent shrimps were considered as matured and the proportion of
such matured shrimps in sequential length classes was regressed

using the following formula (Ashton, 1972):

exp[a+b(TL)]

Pr = 1+ explevolru)

where p, is the predicted maturity proportion at length TL, a and b
are the estimated coefficients of the logistic equation and TL is the
total length of the shrimp in cm. L__ was estimated as the negative
ratio of the coefficients (-a/b). The analysis was performed using
the generalised linear model ‘glm’ routine with binomial distribution
and 'link’ set to ‘logit".

Length-based cohort analysis (Lcohor)

Estimation of the stock biomass, yield and recruitment, as well as
fishing mortalities for each length-class was made by performing
a length-based cohort analysis (Lcohor) following Jones (1984).
In Lcohor, the number of survivours in a length-class (N,) was
calculated in a reverse order from its immediate next higher

Life history characteristics and stock dynamics of Parapenaeopsis stylifera

length-class (N,) starting from the number of survivours in the
terminal length-class (N, = C/E, where, C, and E, are the catch
number and assumed terminal exploitation rate of 0.5 in the last
or highest length-class, respectively) using the following formula:

N, =[N, x M factor, + C,] x M factor,

where M factor, is the natural mortality factor of the preceding
length-class (L,) calculated from the immediate next length-class
(L,) using the following equation:

L-L, M
M factor, =[ -=—"]"
acorw[Li]

0 2

=

The fishing mortality rate (F) of each length-class was calculated
from the natural mortality (M) and the corresponding exploitation
rate (E) using the equation mentioned below:

1

1-E

where, E =

1
Fy=Mx NN,
1 2

1
where, the exploitation rate (E,) of a length-class (L,) was calculated
from the catch number (C,) and the total number of fish that would
be lost (N,-N,) between L, to L,.

The mean number of survivors (N,) in a length-class (L,) was
calculated by dividing the total loss (N,-N,) in the length-class with
the total mortality (Z) and the corresponding mean biomass (B,)
was obtained by converting the mid-length of the length-class to the
mean-weight of the length-class using the LWR (a x L,?) and then
multiplying with the mean number of survivours in the length-class
as follows:

Nw’ Nz

B, =N, xaxL" where,N, = ;

1

The individuals in the length classes on and above the length at
maturity (L, .,) were considered mature and their biomass was used
as spawning stock biomass (SSB).

The mean yield (Y,) from the length-class (L,) was obtained by
converting the mid-length of the length-class to the mean weight
of the length-class using the LWR (a x L,”) and then multiplying it
with the mean number of individuals caught in the length-class as
follows:

Y,=C,xaxL® where, C, = is the mean catch number of L,

The analysis was performed using the virtual population analysis
(VPA) routine with ‘analysis_type’ set to cohort analysis (CA) in
TropFishR package.

L, i, the mid-length of the length-class at which the mean
biomass of the cohort attains its maximum (B ) was directly
estimated from the above-mentioned cohort analysis and compared
with the below-mentioned empirical estimate of L | derived from L |
suggested by Holt (1958) and Beverton (1992):

L, = Length corresponding to B__ of Lcohor compared with the

© 2025 Indian Council of Agricultural Research | Indian J. Fish., 72 (3), July - September 2025 13



Gyanaranjan Dash et al.

where, L  is the asymptotic length in cm; K is the growth co-efficient
inyr’; M is the natural mortality in yr™ and b is the power coefficient
in the LWR, which has been assumed to be 3.

Similarly, L, i.e,, the length of capture at which the mean length
in the catch becomes equal to the cohort's L, as aresult of which
the biomass of the catch becomes maX|mum for a given ﬂshlng
pressure, was estimated directly from Lcohor-derived L o

Lopi 1coner (INstead of L derived L ) following the empirical equat|on
suggested by Froese et al. (2016c) as follows and was compared
with the current L, derived from the length converted catch curve
method.

2 F F
= ERE 2+3-
Lcopt,lcohor - Lcopt,\cohor M ) insteadof L__ =1L ¥
F copt 0
b+ 3y (1447 (3+§)
where, L is the length from Lcohor analysis at which the mean

! ~opt_Lcohor

biomass of the cohort attains its maximum; L_ is the asymptotic
length in cm; K is the growth co-efficient in yr', M and F are the
natural and fishing mortality in yr™ and b is the power coefficient in
the LWR, which has been assumed to be 3.

Stock assessment

Long-term stock status

A Bayesian state-space implementation (BSM) of the Schaefer
model (Schaefer, 1954) was applied following the approach
suggested by Froese et al. (2017) using the CMSY++ R package
to get an initial estimate on the fisheries reference points (MSY,
and B,,): the relative stock size (B/B, ) and exploitation (F/
F. usmg the long-term catch and abundance time-series data
F¥UH i.e., catch per unit hour), species resilience (high resilience
W|th user defined r range from 1 to 1.5) and qualitative stock status
knowledge of P stylifera during the period 2007 to 2021. In BSM,
a feature of the Monte Carlo method was used to select the most
viable biomass trajectory for the subsequent years generated using
a modified Schaefer surplus production model according to the
equation mentioned below:

B B
B, =8+(¢ ) r(1--1) B
where, B, is the biomass in the next year, B, is the present biomass
and C, is the present year catch, r is the intrinsic population rate and
kis the carrying capacity. The modified Schaefer surplus production
model uses an extra multiplier of 4 B /k (which is T at 0.25 k but
becomes zero at zero k), that linearly decreases recruitment
towards zero at zero k only when the biomass falls below 0.25 k
(i.e, B/k<0.25). JAGS program with the Markov chain Monte Carlo
process was used to sample the probability distributions of the
parameters (Plummer, 2003; Thorson, 2014). The geometric means
of the resulting density distributions of r, K and MSY were used to
derive the managerial reference points (MSY,F . B ).

Short-term stock status

The estimates on recruitment and the length-class-wise biomass,
spawning stock biomass and yield derived by the Lcohor analysis
using the short-term length frequency data on P stylifera during
the period 2018 to 2021 were further used in a length-based
Thompson and Bell model (1934) to simulate the effect of different

levels of fishing pressure (F) on the annual yield (Y), revenue (R),
total biomass (B) and spawning stock biomass (SSB) using the
‘predict_mod’ routine with model type set to ThompBell' in the
TropFishR package. To simulate the effect of certain changes in
fishing effort (for example, x time change in F), the corresponding
Fs of the lengh-classes obtained from Lcohor were multiplied with
the 'x" and then added with the M (which was assumed constant
throughout the length-classes) to derive the new Zs (total mortality
rates), which were used to calculate the number of survivours (N,)
in respective length-classes (L,) in a straight order from the number
of survivours (N,) in its previous length-class (L,) starting from the
number of recruits (which is the number of survivours in the lowest
length-class L ) obtained from Lcohor using the following formula:

1R
M factorl, Z,
F

M factorl, -
A

1

where, M factor , is the natural mortality factor; F, and Z, are
respectively the new fishing and total mortality rates of the
preceding length-class (L,) derived by multiplying with the intended
change in fishing effort (viz., x time change in F).

The new mean catch numbers (C,) in the corresponding length
classes (L,) were derived from its survivours (N,) and the survivours
(N,) of the next higher length class (L,) using the following formula:

C=(N,-N)x 1

1

The new mean yield (Y,) from the length-class (L,) was obtained by
converting the mid-length of the length-class to the mean-weight
of the length-class using the LWR (a x L,%) and then multiplying it
with the new mean catch number (C,) of the length-class as follows:
Y,=C,xaxL} where, C, = is the mean catch number of L,
The mean number of survivours (N,) in a length-class (L,) was
calculated by dividing the total loss (N,-N,) in the length-class with
the total mortality rate (Z) as follows and the corresponding mean
biomass (B,) was obtained by converting the mid-length of the
length-class to the mean-weight of the length-class using the LWR
(ax L") and then multiplying it with the mean number of survivours
of the length-class as follows:
o — N,-N,
B, =N, xaxLP where, N, = S

1

The individuals in the length classes on and above the length at
maturity (L, .,) were considered mature and their biomass was used
as spawning stock biomass (SSB). The revenue from each length
class was obtained by multiplying the unit selling price of the length
classes with their respective mean biomass (B,).

Results and discussion

Fishery

The annual catch and catch rate (CPUH) trends of the species
during 2007-2021 along the West Bengal coast are shown in Fig. 1a.
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During 2017, the species showed its highest-ever historic landings
(about 3917 t). The catch, however, declined by 59% during the next
year (2018) due to a 51% reduction in efforts (AFH), after which an
increase in the catch trend can be clearly seen (Fig. 1a). In 2021,
despite a drastic drop of 34% in standardised effort, the decrease
in landings was only about 7%, which can be considered a sign of
the increase in abundance. The wide fluctuations in fishing efforts
are mainly due to the erratic and frequent incidences of cyclonic
storms in the Bay of Bengal, which have reduced the overall number
of active fishing days during a season. Furthermore, as the fishery
along the coast is highly demand-driven, any shift in demand affects
the landings. During the last four years (2018-2021), on average
2488 1 of P, stylifera were landed every year.

During the same period, the species contributed about 10% to the
shrimp landings, 9% to the total crustacean landings and about 1%
to the total marine fish landings in West Bengal (Fig. 1b). The species
increasingly landed during the monsoon and winter seasons (during
the last two quarters of the year) (Fig. 1c). The species is mainly
harvested by multiday trawlers (84%), followed by bag netters
(3%), gill netters (2%) and other mechanised gears, which together
contributed 11% to the species total landings (Fig. 1d).

Life-history parameters

Since it is difficult to implement resource management strategies
differently and separately for males and females that share the
same geographical and ecological distribution and are subjected
to the same exploitation conditions, sex-pooled data has been used
in the analysis. The population life-history parameters of P stylifera
derived using sex-pooled data are given in Table 1 and have also
been compared with the earlier studies in Table 2 and Fig. 2. In the
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present study, both the median of L and K were slightly higher
compared to the earlier studies (Fig. 2).

As a rule of thumb, the species that confirms Beverton-Holt life
history invariants (BH-LHI) shows a L /L ratio of 0.95 (Pauly,
1984; Hordyk et al,, 2015). Though the ratio is more or less the
same for closely related species, for the short-lived fast-growing
species it tends to be lower than 0.95 (resulting ina L > L _ /
0.95) but becomes higher than 0.95 for the long-lived slow-growing
species, resultinginal <L __/0.95(Mathews and Samuel, 1990a).
P stylifera being an r-selected species, the lower L__/ L ratio of
0.93 observed in the present study can be considered reasonable.
As the estimation of L_ is largely influenced by the L__, it is often
affected by spatio-temporal factors such as habitat temperature,
fishing pressure and gear selectivity and therefore, varies
from location to location. However, for any given species, this
spatio-temporal variation in L_is usually compensated by the
growth coefficient (K) and therefore, the growth performance index
(¢') that depends both on L and K remains more or less similar or
range-bound for the species. The ¢'has the dimensions of both length
and time, is less liable to bias, and is usually normally distributed
with a smaller standard deviation compared to other growth indices;
therefore, it has been recommended as the most flexible and precise
estimator of growth performance (Mathews and Samuel, 1990b).
The o' obtained in the present study is higher compared to the
earlier studies, which implies better growth of P stylifera along the
north-east coast of India. The higher ¢’ reported for the species
by the earlier studies from abroad, i.e., Kuwait (Mohammed et al.,
1998), Iran (Safaie, 2017) and Indonesian (Suradi et al., 2017) waters
are doubtful as the carapace length (mm) has been used in
these studies instead of the recommended total length (cm)

450
400 7
350
300 ¢
250 -
200
150
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50

P, stylifera landings (t)

w Trawlers

® Bag netters

: Gill netters
Others
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Fig. 1. Fishery profile of P stylifera along the West Bengal coast. (a) Annual catch and catch rate trend during 2007-2021; (b) Monthly average catch trend
during 2018-2027; (c) Contribution of P stylifera landings to the total crustacean and shrimp landings of the state and (d) Percentage contribution to the total

landings of the species by different gears
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Table 1. Population life history and exploitation parameters of P, stylifera in West Bengal waters during 2018 and 2021

Parameters Mean Cl Parameters Mean Cl
L, (cm) 14.26 14.08-14.37 L. (CM) 8.16 7.89-8.52
K (yr) 1.77 1.57-1.89 L, (cm) 8.50 8.19-8.90
1, (yn) -0.0010 -0.0010 - L5 (cm) 9.02 8.67-9.49
-0.0009
0} 2.56 2.50-2.58 te (1) 0.48 0.45-0.51
T Y1) 1.5 1.59-1.92 t(0m) 0.51 0.48-0.55
M (yr?) 3.00 2.50-3.21 15 (V1) 0.57 0.53-0.62
Z(yr") 711 6.257.96 L, (cm) 8.15 7.92-8.32
F(yr") 411 3.25-4.96 L,s(cm) 8.51 8.34-8.67
E 0.58 0.52-0.62 L,.05(CM) 9.10 8.91-9.40
Lopteonor (€M) 8.00 NA 1507 0.48 0.46-0.50
L. opt Leonor (CM) 6.98 NA 105 (07 0.51 0.50-0.53
Recruits (nos.) 1584964406 NA %) 0.57 0.55-0.61
Resilience, Initial and Current exploitation and stock biomass status (BSM approach)
Parameters Mean Cl Parameters Mean Cl
r 1.12 0.91-1.36 MSY (1000t) 3.01 2.17-5.58
kor B, (1000t) 10.80 7.32-21.50 Catch (1000 t) 2.96 NA
B,, (10001) 6.17 3.63-11.70 Catch/ MSY 0.99 0.53-1.36
ey (10001) 5.40 3.66-10.80 B../k 0.58 0.30-0.77
Fosy 0.56 0.45-0.68 B/ Brgy 1.15 0.61-1.54
For 0.47 0.24-0.88 Foo! Frngy 0.85 0.44-1.56
Initial and Current exploitation and stock status (Thompson and Bell approach)
R, (Million 2) 417.68 B, (1) 2490.96 SSB, (1) 1803.01
Y, () 2403.59 B, (1) 1082.62 SSB,, (1) 571.80
Fou 411 B.../B, 0.43 SSB,,/SSB, 0.32
Management reference points in the context of growth-overﬂshlng (Thompson and Bell approach)
Considering F_ as a target reference point Considering F e, s @ target reference point Considering F , as a target reference point
Fo 14.05 Foe 07 9.17 Fo () 3.58
Rel_F  (times) 3.42 ReI_Fmey (times) 2.23 Re\_Fm (times) 0.87
Y. 2673.02 Yo (1) 2649.28 Yoo (0 2326.29
max(rvnllion ?) 439.77 mey(MlIIion ?) 444.17 Repy(Million ?) 406.50
B,..0) 662.27 B (1 772.50 Beyr (¥ 115013
SSB,,, (1) 258.86 SSB,.., (1) 334.42 SSBy, (1) 626.59
Yo Yoo 0.90 Yool Yooy 0.91 Yo Yoo 1.03
B o B 1.63 B/ Bry 1.40 B../ By, 0.94
B,../B, 0.27 B, /B, 0.31 BFm /B, 0.46
SSB,,/ SSB,, 2.21 SSB,,/ SSB,, 1.71 SSB,,/ SSB, 0.91
SSBmax/SSB 0.14 SSBmy/SSB 0.19 SSBFm /SSB 0.35
Fo Fra 0.29 Fod Frgy 0.45 Fo/ Fon 1.15
Management reference points in the context of recruitment overfishing (Thompson and Bell approach)
Considering F as a target reference point Considering F,, as a target reference point Considering F, as a target reference point
Fa0m) 2.96 F.0m 2.88 Far 444
Rel_F, (times) 0.72 Rel_F, (times) 0.70 Rel_F, (times) 1.08
Yy, (1) 2204.96 Y, (1) 2185.40 Y, () 244174
R, (Million %) 388.02 R, (Million 2) 384.96 R, (Million %) 422.95
B,s (1) 1246.75 B, (1) 1261.53 By, (1) 1046.85
SSB, (1) 706.31 SSB,, (1) 718.62 SSB, (t 543.13
Yo/ Yoo 1.09 Yo/ Vo, 1.10 Yoo/ Yo 0.98
B,/ By 0.87 B,/ By 0.86 B,/ By 1.03
BU5/BO 50.00 B[M/B0 0.51 Bm/BO 0.42
SSB,,/ SSB 0.81 SSB,,/ SSB,, 0.80 SSB,,/ SSB,, 1.05
SSB,/SSB, 39.17 SSB,,/SSB, 0.40 SSB,,/SSB, 0.30
Foo Fos 1.39 Fol Fou 1.43 F.of Fos 0.92

L,,: Asymptotic length; K: Growth co-efficient; t: Age at zero length; ¢: Growth performance index; t _ : Longevity of the fish; M: Natural mortality rate; F: Fishing mortality rate; Z:
Total mortality rate and E: Exploitation rate; L : Length at which the biomass of cohortis at mammum L - Length of capture that maximises catch from a cohort; L, L.,s and L
respectively are the lengths at which the 50, 75 and 95% of the fishes that encounters the gear are caught, tesp o5 @Nd to respectively are the ages at which the 50, 75 and 95% of
the fishes that encounters the gear are caught; L., L -.and L_, respectively are the lengths at which the 50, 75 and 95% of the fishes in a stock mature; t_ . t . andt . respectively
are the ages at which the 50, 75 and 95% of the ﬂshes ina stock mature; Y, and Y are the current and maximum yield respectively; R, and R _ are the current and maximum
revenue respectively; B, B, and B__ are the initial biomass, current biomass and the biomass required to produce MSY respectively; SSB;, SSB_, and SSB, | are the initial spawning
stock biomass, current spawning stock biomass and the spawning stock biomass required to produce MSY respectively; F - is the fishing mortality at which B/B =0.50; F,: is the
fishing mortality at which SSB/SSB=0.40 and F  is the fishing mortality at which SSB/SSB_=0.30; NA: Not available.
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Table 2. A comparative summary of the earlier reports on life history characteristics of P. stylifera

Sex L, (mm) K (yr") t,(yr) o} M (yr") Location Reference
Male 125.70 1.47 0.133 2.37 NA Ambalapuzha, India Kurup and Rao (1974)
Female 130.10 1.67 0.121 2.45 NA
Male 113.80 1.92 0.239 2.40 NA Mangalore, India Ramamurthy (1980)
Female 132.70 1.32 0.124 2.37 NA
Male 99.20 2.38 0.060 NA NA Goa, India Achuthankutty and Parulekar (1986)
Female 139.70 1.08 0.021 NA NA
Male 129.72 2.23 NA 2.57 2.28 Cochin waters, India Alagaraja et al. (1986)
Female 134.38 2.45 NA 2.65 2.40
Male 108.00 1.19 NA 2.14 2.61 Cochin, India Suseelan and Rajan (1989)
Female 135.00 1.05 NA 228 226
Male 119.20 1.45 NA 2.31 2.96 Maharashtra, India Chakraborty et al. (1994)
Female 140.80 215 NA 2.63 3.60
Male 138.21 1.89 0.034 2.56 NA Mangalore, India Anantha et al. (1997)
Female 161.86 1.76 0.017 2.66 NA
Male 111.80 2.48 -0.033 2.49 2.70 Calicut, India Sarada (2002)
Female 132.03 2.29 -0.007 2.60 2.50
Male 120.00 1.59 -0.0004 2.36 NA Saurashtra, India Dineshbabu (2005)
Female 147.00 1.41 -0.0014 248 NA
Male 117.00 1.25 NA NA 1.39 Kerala, India Pillai et al. (2021)
Female 131.00 1.10 NA NA 1.24
Male 31.50% 1.23 NA 2.39% 2.32 Kuwait Mathews et al. (1987)
141.99™
Female 35.00¢ 1.23 NA 2.41% 2.71
145.05™
Male 26.90% 1.33 0.03 (2.98) 2.00 Kuwait Mohammed et al. (1998)
121.91™ 2.30%
Female 36.80¢ 1.46 0.32 (3.29) 2.41
151.93™ 2.53%
Male 21.00% 1.10 -0.159 (2.69) 2.05 Qeshm Island, Iran Safaie (2017)
96.15™ 2.01*
Female 27.00% 1.20 -0.135 (2.94) 223
114.46™ 2.20%
Male 54.60¢ 1.24 -0.013 (1.57) 1.77 Teluk Penyu, Indonesia  Suradi et al. (2017)
242.86™ 2.86*
Female 65.08 1.11 -0.028 (1.67) 1.56
260.16™ 2.88*
Sex pooled 142.60 1.77 -0.001 2.56 3.00 West Bengal, India Present study

L,; Asymptotic total length; K: Growth co-efficient; t; Age at zero length; ¢’ Growth performance index; M: Natural mortality; mm: Millimeter and yr: Year; L values with CL
superscript: Asymptotic carapace length; L values with TL superscript: Asymptotic total length calculated using asymptotic carapace length using the relationship between CL and
TL given by Mohammed et al. (1998); @' values in bracket are the authors values from the study and values with an asterisk superscript are values recalculated using the formulae ¢’

=log, K + 2log,, L, (Pauly and Munro, 1984); NA: Not available.

for the estimation of ¢". The lower ¢" reported from Indonesian
waters (Suradi et al., 2017) is also doubtful, as the CL  used for
the estimation of ¢’ is unreasonably higher (54.6 cm for males and
65.08 cm for females), which may not be achievable by the species.
The growth performance index (¢) obtained in the present study is
found to be in the reasonable range (2<p<3) recommended within
the same family (Pauly and Munro, 1984).

The age at which the length of the individual is theoretically zero
(t,, which can also be used as a proxy for hatching time) derived
using 0.27 mm as the mean total length of Nauplius-1 (L)) was
about -0.0017 yr (i.e., about 10 h), which is slightly shorter than
the earlier report where the hatching time for the species has
directly been observed to vary from 15to 16 h at 25.6-27.7°C water
temperature (Muthu et al, 1978). However, the t, reported in this

study is drastically shorter compared to the earlier reported t for the
species, which varies from -0.007 yr (about 61 h by Sarada, 2002)
t00.239 yr (about 2094 h by Ramamurthy, 1980). The relatively high
estimates of t; reported in earlier studies require revalidation in
light of the shorter embryonic development period of the species
documented by Muthu et al. (1978). Since the length at birth (L ) is
always a positive number, the 1" can never be a positive number.
The extrapolated growth curve with a positive y-intercept (L) will
invariably have a negative x-intercept (t). A growth curve with a
positive x-intercept (t) when extrapolated will have a negative
y-intercept at length at birth L (length at birth), which is impossible.
Therefore, the positive 't " values reported by Kurup and Rao (1974),
Ramamurthy (1980), Achuthankutty and Parulekar (1986), Anantha
et al. (1997) and Mohammed et al. (1998) deserve a recalculation
and validation.
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Fig. 2. Comparison of von Bertalanffy’s growth parameters and natural mortality rate of P stylifera with the earlier studies

In the present study, the longevity (t, ) of the shrimp was found to
be 1.53 yr (about 18 months), which is more or less the same as
the observations of Chakraborty et al. (1994), Anantha et al. (1997),
and Dineshbabu (2005). However, the present t _ was shorter
compared to the earlier studies, where it was reported to vary from
24 10 30 months (Achuthankutty and Parulekar, 1986; Mathews et al.,
1987; Suseelan and Rajan, 1989; Geetha and Nair, 1992; Safaie,
2017 Pillai et al, 2021). In some cases, the present t__ was also
observed to be longer when compared with certain earlier studies,
where it has been reported to vary from 14 to 16 months (Alagaraja
et al, 1986; Sarada, 2002). As the t__ is actually the maximum
observed age of the species, it should be independently and directly
estimated by tagging experiments (Hordyk et al., 2015; Then et
al,, 2015). But under a data-poor situation, it is estimated as the
longevity of the species assuming 99% of the animals in stock (in
the unexploited state) die due to natural causes when they reach
L., which is approximately 95% of L_ (Alagaraja, 1989; Srinath,
1998; Quinn and Deriso, 1999) and should be shorter for a fast-
growing species like P stylifera that attains L at 93% of L .
Since the indirect estimate of t__ depends on the growth rate of
the individuals, it varies from location to location depending on the
growth coefficient (K) estimated for the species.

Length-weight relationship (LWR)

The relationship between total body length (TL) and body weight
(BW) is shown in Fig. 3 and given below:

Male: BW=0.004 (TL) 37 (Adjusted R?=0.99, p-value: < 2.2x107°)
Female: BW=0.008 (TL) 2" (Adjusted R?=0.96, p-value: < 2.2x107¢)
Combined: BW=0.006 (TL) **(Adjusted R?=0.96, p-value: < 2.2x107%)

where, W is the body weight in g and TL is the total body length in cm.
The exponent (b) was significantly lower (F = 4.23, p = 0.04), but the
intercept was significantly higher (F = 30.94, p<4.4 x 10®) in females
compared to male shrimps. It was observed that the females are
heavier compared to the males of the same size. However, the growth
was negatively allometric (b<3, F-value = 36.87, p = 1.23 x 10°)
in females compared to males, where it was positively allometric

(b>3, Fvalue =6.11, p = 0.01). This agrees well with the observations
of Mane et al. (2019), who found that females, while usually bulkier
than males, also possess a comparatively longer rostrum that grew
faster, as a result of which it could not gain weight proportionately
to its length increments and thereby show a negatively allometric
growth. Similarly, there are earlier studies in which females have
been observed to be heavier compared to males (Suseelan and
Rajan, 1989; Safai, 2017; Suradi et al., 2017). Contrary to this, there
are also studies where the males were observed to be heavier
compared to the females (Achuthankutty and Parulekar, 1986;
Mohammed et al,, 1998; Sarada, 2002). However, growth was
observed to be isometric when sex combined weight at length data

16 1

Body weight (g)
[ee]

4 ]
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6 8 10 12

Length (cm)

Fig. 3. Length-weight relationship of P stylifera in West Bengal waters
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was used, as the slope (b) did not vary significantly (F value = 3.63,
p = 0.06) from the theoretic value of 3 and the same has been used
in the study for the assessment of the stock status of the species.

Mortality and exploitation

The natural mortality rate (M) could be defined as the instantaneous
rate of population decay on an annual basis due to fisheries-
independent factors such as predation, starvation, disease and
senescence. Once the fish are recruited to the fishery, the M acts
continuously and simultaneously with fishing mortality (F) to
determine the annual survival (exp[-(M+F)]) of the stock. M is one of
the most important parameters that critically influence the outcome
of fisheries stock assessment. Nevertheless, it is also the most
difficult parameter to estimate due to a dearth of unbiased tagging
data or age-composition data in the absence of fishing (Maunder
et al,, 2023). There is evidence that suggests that M varies over
time, age and sex of the species (Lorenzen, 1996; Gislason et al.,
2010); yet, for ease of analysis and modeling simplicity, a constant
M is usually assumed for a stock (Deroba and Schueller, 2013;
Johnson et al.,, 2015). For any given stock, estimating M is quite
challenging, as there are many methods with their own advantages
and disadvantages. M, calculated from general empirical relationships
based on life history theory, has been well reviewed by Then
et al. (2015) and Maunder et al. (2023). In the present study, a
simple approach based on life history theory has been used for
the estimation of M. The approach simply assumes that 99% of
the fish in an unexploited stock die due to only natural causes
when they reach L __ (which is approximately 93.4% of the L
for P stylifera), which results in an overall survival of 1% at t__
(Alagaraja, 1989; Srinath, 1998; Quinn and Deriso, 1999). Thus, in
the absence of fishing mortality (Z = M), by assuming 1% survival
(p=0.01)att__ andrearranging the equation for survival [p=N/N, =
exp (M*t__ )], the M can be easily estimated using the relationship,
M =-In(0.01)/ t__, which is equal to 3.0 yr". Though the survival (p)
att_ isusually assumed to be between 1 to 5% (Hewitt and Hoenig,
2005), with empirical work suggesting a p-value of 1.5% to be more
appropriate (Hewitt and Hoenig, 2005), how much actual survival
is to be expected at t__ for the species under investigation is quite
subjective in nature and depends mainly on the good estimation of
life history characteristics (t, ) of the species (Hordyk et al., 2015).
In the present study, for simplicity of calculation, a survival of 1%
(p =0.01) was assumed at t__, which gave an M of 3.0 yr” and an
M/K ratio of 1.7, which is slightly higher compared to BH-LHI.

According to the bio-energetic modelling by Jensen (1996), the
optimal value for the M/K ratio has been suggested as 1.5, which
withL /L =0.66and MxT_=1.65is popularly considered BH-LHI
as empirical works suggest that the ratio is relatively consistent
between closely related stocks (Beverton, 1992; Charnov, 1993).
Despite, the recent studies that have revealed the variability in
the M/K ratio from BH-LHI (Frisk et al., 2007; Prince et al., 2015),
the ratio is broadly assumed to be invariant due to its usefulness
in stock assessment studies (Hordyk et al., 2015; Froese et al.,
2018). A typical M/K value of 1.5 indicates that the species grows
throughout its life, reaching maximum size at maximum age.
But a species with an M/K value less than BH-LHI (<1.5, which is
usually observed in slow-growing K-selected species) grows faster
initially to attain maximum size quite early in life while the number
of individuals in the cohort is still high, after which it lives for a

Life history characteristics and stock dynamics of Parapenaeopsis stylifera

longer period with no apparent body growth (Hordyk et al., 2015). In
the case of such species, the stock attains its maximum biomass
at an early age, predominantly constituted by larger individuals,
after which it declines rapidly due to the mortality of fully grown
individuals. Contrary to this, a species with a higher M/K value
(>1.5), which is usually observed in fast-growing r-selected species,
grows relatively faster throughout its entire life and reaches
maximum size near maximum age (Hordyk et al., 2015). As a result,
the stock of such species attains maximum biomass at a relatively
older age when the individuals of the stock are still small and
growing. Therefore, the M/K ratios of species greatly influence the
biomass and yield trajectory under similar exploitation conditions
(Hordyk et al., 2015).

The other mortality parameters (ie, F and Z) and exploitation
parameters (E) of sex-combined data are shown in Table 1 and
Fig. 4. The total biomass of a cohort is a dome-shaped function
of age, which is shown in Fig. 5. The length at which the biomass
of a cohort is at its maximum (L, ) can be easily estimated for
a species that follows BH-LHI using the empirical relationship
between the life history characteristics of the species. The L
obtained following Holt (1958) and Beverton (1992) was found to
be 9.17 ¢cm TL. According to Holt (1958), the maximum possible
yield could be attained if the entire cohort could be harvested
immediately when it reaches t__ (ie, 0.57 yr, age corresponding
to LOm)A Contrary to the empirical estimates, the length-based
cohort analysis (Lcohor) of the sex-combined data showed that
the cohort attains the maximum biomass when it attains 8.0 cm TL
(LoptLeaner) COITEsponding to an age of 0.47 yr (t_,  .,)- The Lcohor
also revealed that at L, the F (1.94 yr") was still lower than the M
(3.00 yr') (Fig. 5). The F exceeded M only when the shrimp attained
9.0 cm TL (Fig. 5). Being an r-selected species with a high growth
rate and short lifespan, P stylifera suffers tremendous mortality

1754
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15.0 1
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Fig. 4. Estimation of mortality and exploitation parameters of P stylifera
from the Length-converted catch curve method
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due to natural causes, which alone is capable of decimating the
cohort by nearly 95% just within one year. Therefore, the stock of
the species could be subjected to higher exploitation to improve the
yield, which otherwise would simply perish due to higher mortality
from natural causes. Furthermore, the entire cohort under the
prevalent F of 4.11 yr' would reduce to 1% of its initial population
strength just within 0.65 yr (approximately 8 months). However,
considering the short generation time (tg, i.e., the average age of
parents at the time their young are born) of 0.48 yr (approximately
6 months by assuming t, =t . =t ., the prevalent exploitation
level (E_, = 0.58) would allow the stock to reproduce. Therefore, the
prevalent exploitation could be allowed with strict monitoring of the
spawning stock biomass (SSB) so that it is maintained above the
minimum critical level for healthy recruitment.

Selectivity, maturity and spawning

The length at recruitment (L) for P stylifera was 4.3 cm (TL). The
empirical estimate of length at capture (L, ) that ensures the
maximum biomass of catch under the prevalent fishing mortality
of 411 yr' was calculated to be 7.83 cm. However, the L derived
using the precise estimate of L .., (i.e,, 8.0 cm) from Lcohor was
6.98 ¢M (L, 1y 1eoner)- ON the other hand, the length at capture (L )
derived by performing logistic regression of probability of captures
of sequential length classes using trawl type selection was 8.16 cm
(Fig. 6), which is 1.18 cm higher compared to the L, .- This
implies that there is still scope to further decrease the length at
capture, which can improve the yield from the stock.

The maturity study revealed that the size at first maturity (i.e,
the minimum size at maturity) was 6.7 cm, but 50% of the
shrimps in stock became mature (L ) at a TL of 8.15 cm and
0.48 yr of age (t ) (Fig. 7). P stylifera has been recorded to
start maturing (size at first maturity) at a minimum TL of 6.3 cm
in Cochin (Rao, 1968), 6.5-6.8 cm in Kerala (Pillai et al, 2021),
7.0 cm in Cochin (George et al, 1968), 7.1 cm in Mangalore
(Ramamurthy, 1980), 7.5 c¢cm in Malabar (Menon, 1953) and
7.6 cm in Mumbai (Kagwade, 1980) coasts. The length at maturity
(L) observed in the present study can be compared with the earlier
studies, where L__ has been reported to vary from 7.1 cm in Kerala (Pillai
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Fig. 6. Length at capture (L) of P stylifera in the West Bengal waters

CSO)

et al, 2021), 7.5 cm in Calicut (Sarada, 2002), Cochin (Geetha and Nair,
1992) and 9.3 cm in Saurashtra (Dineshbabu, 2005) coasts, to as large as
10.55 cm reported from Mumbai waters (Kagwade, 1980). The
mature specimen of the shrimp was observed throughout the
year, which indicates that the species is a protracted continuous
spawner with major spawning events during April-June and
October-December. The finding agrees well with the earlier
observations by Rao (1968), Kurup and Rao (1974), Ramamurthy
(1980) and Geetha and Nair (1992).

The age at maturity estimated by fitting the growth model of the
shrimp revealed that 50% of the shrimps in the stock mature in
about 6 months (t_,, = 0.48 yr), at which point it also enters into the

peak phase of exploitation (t_,, ~ 0.48 yr) which is also coinciding
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Fig. 5. Length structured cohort analysis (Lcohor) of P stylifera from West Bengal waters
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Fig. 7. Size at maturity (LM,,) of P stylifera (female) in the West Bengal waters

with the L, suggested t  for the cohort. As egg production is
proportional to biomass, L is also considered the optimal strategy
zone for maturation (L) that maximises the evolutionary fitness
of a species (Fryer and lles, 1972; Roff, 1984; Beverton, 1992).

The L, for P stylifera derived by logistic regression in the present
study is producingan L /L _ ratio of 0.57, which is lower compared
to the ideal ratio of 0.66 expected from a species that confirms
BH-LHI (Hordyk et al., 2015; Prince et al., 2015). This indicates that
the species matures early at a smaller size. The faster growth rate
(K), high natural mortality (M) and smaller longevity (t__ ) effectively
shorten the adult life span for P. stylifera and therefore, the species
matures early to ensure its continuity through fast reproduction
(Beverton, 1992). The derived t . (ie., 0.48yr), t ./t (e, 0.31)
and L /L ratio of 0.57 indicate that P stylifera starts its adult
(reproductively active) life both at a younger stage and at a smaller
size compared to the species that confirms BHLHI to maximise
its recruitment. The high M/K as well as low t ./t and L _ /L

ratios qualify the species to be considered “r- strateg|sts (Pianka,
1970) or “opportunistic-strategists” (King and McFarlane, 2003)
with shorter generation time that maximises its intrinsic rate
of population growth and turnover. However, due to its shorter
generation time, P. stylifera, like any other opportunistic strategist,
is also highly vulnerable to environmental conditions for the
success of recruitment and therefore, fluctuations in environmental
conditions could greatly impact the hiomass. Therefore, such
strategists require frequent assessment on an annual or biannual
basis to ensure a critical minimum spawning stock biomass (SSB)
is maintained for the long-term sustainability of the species (King
and McFarlane, 2003).

Stock status assessment

The BSM, being a surplus production model, ignores the age, size
and sex-specific variations in the life history characteristics of
individuals in stock and pools the overall effects of recruitment,

Life history characteristics and stock dynamics of Parapenaeopsis stylifera

growth and mortality (all aspects of production) of the
undifferentiated biomass into a single production function (Hilborn
and Walters, 1992). Though often used in data-poor situations
to provide a coarse estimate of MSY and F__, the methodology
could complement the data-moderate and data-rich approaches,
especially to reconstruct the possible abundance and exploitation
trajectories for the population over a longer time frame.

Therefore, an initial estimate on the depletion status (B/k), biomass
status (B/B, ), exploitation status (F/F ) and management
reference pomts (ie, MSY, B ,and F .,) for P stylifera was derived
by the implementation of the Baye3|an ‘Schaefer surplus production
model (BSM) using the catch and abundance data (CPUH, ie.,
catch per unit hour) during the period 2007 to 2021 and prior
knowledge on the resilience and depletion status of the species,
which are presented in Table 1 and Fig. 8. The analysis revealed that
the current biomass (B_,) is not only at a high level (B_, /k = 0.58)
compared to the initial level (k) of 10.8 thousand t but also 15%
higher (B,,/ B, = 1.15; Table 1; Fig. 8a) than what is actually
required to produce MSY of 3.01 thousand t and therefore could
be considered safe for ensuring the sustainability of the resource.
Furthermore, the current catch (Catch/ MSY = 0.99, Table 1; Fig. 8b)
and fishing mortality rate (F_/ F e = 0.85, Table 1; Fig. 8d) were
found to be lower by 1 and 15% respectively, compared to the MSY
levels, and therefore, there is still scope to marginally increase the
exploitation level. However, as the confidence intervals for these
ratios (B, /B, 0.8-1.92; F  /F_ = 0.42-2.23) include values that
cross precautionary thresholds, It is recommended to follow a
precautionary approach with regular monitoring of spawning stock
biomass and adaptive harvest control rules. The Kobe plot (Fig. 8c)
revealed that there is a high probability (57.9%) that the stock in the
final year of assessment (i.e, 2021) was in the green zone, which
indicates that the stock biomass and fishing pressure are healthy
and sustainable. The Kobe plot also provided insight into the long-
term performance of the stock, where it could be seen that the
stock was in a rebuilding phase (yellow zone) for almost a decade
from 2007 to 2016, during which the gradual decrease in targeted
fishing pressure would have helped in the revival of stock biomass
to a healthy and sustainable level (green zone).

Consequent to the long-term analysis, a micro-analytical approach
(length-based Thompson and Bell dynamic pool model) was also
followed to get a better understanding of the stock status of
P stylifera using high-resolution information such as age or length
group-wise life history and exploitation parameters. The effects
of changes in fishing pressure (keeping L, at the current level,
i.e, 8.16 cm) as well as the combined effect of changes in both
fishing pressure and selectivity (L ;) on the yield and spawning
stock biomass (SSB) are shown in Fig. 9 and 10a, b), respectively.
The analysis revealed that current fishing mortality needs to be
increased by 3.42 times (F__ = 14.05yr", F-multiplier = 3.42 times)
to maximise the yield to 2673.02 t from the current level of 2403.59 t
(Table 1, Fig. 9). However, such an increase in fishing effort may not
be efficient, as the yield would increase only by 11.21% despite a
241.85% increase in fishing mortality rate, which will also drastically
deplete the SSB to 14.36% levels (Fig. 9). Interestingly, the present
selectivity (leadingtoan L, of 8.16 cm) is well within the selectivity
range (L, that ranges from 7.7 to 9.7 cm) that will produce the
highest yield isopleth band (with a yield of about 2600 t) if the
exploitation intensity is increased to the F__(Fig. 10a). However,
as mentioned above, without any change in current selectivity, the
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Fig. 8. Relative stock biomass and exploitation status of P stylifera in the West Bengal waters derived through BSM approach

SSB will drastically decline to 14.36% with such high exploitation
intensity (F__). Therefore, to maintain a safer SSB of 30% under
such ahigh F__, the gear selectivity needs to be increased so that
L, will be above 9.5 cm (Fig. 10b).

In data-moderate situations, especially when it is not possible to
define the relationship between spawning stock biomass and
recruitment (SSBR), the reference point, i.e., F .., obtained from the
dynamic pool models, is used as a proxy for F e Nevertheless, the
F .. obtained from the Thompson and Bell model often tends to
overestimate the F__ as it does not account for the reduction in
recruitment that would eventually occur due to a reduction in SSB.
Due to this limitation and the considerable uncertainties involved
in the assessment of life history and exploitation parameters, it
iS necessary to use precautionary management reference points
(Rosenberg and Repestro, 1996). As a precautionary approach, a
further lower fishing mortality indicator corresponding to 10% of the
slope of the yield curve at the origin (i.e., F ) has been recommended
to be used as a biologically precautionary target reference point
instead of F__ (Gulland and Boerema, 1973). Therefore, following

F,.» the fishing mortality in the present study should be reduced by
13% (F,, = 3.58 yr", F-multiplier = 0.87 times), which will maintain
the B and SSB at healthier 46% and 35% levels, respectively (Fig. 9).
Unlike F_, the F ., which is considered as conservative or
cautious reference point, often underestimate F__ . The point to be
noted here is that, just like the F__, the F_, also does not give any
consideration to the B and SSB of the stock and therefore should
not be used in the context of recruitment overfishing. Therefore,
both the F__ and F, are used as management reference points in
the context of growth overfishing, the latter being a precautionary
and conservative indicator.

In addition to the above management reference points, another
class of indicator used in the context of recruitment overfishing
is the spawning potential ratio (SPR). As an increase in fishing
mortality rates negatively influences the survival of recruits in
a cohort, it inversely affects the lifetime spawning potential of
recruits in a cohort (Goodyear, 1993). This reduction in the lifetime
spawning potential of recruits at a given level of fishing mortality
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rate (F) is usually expressed as a ratio popularly known as the
spawning potential ratio (SPR) that depicts the percentage decrease
in the spawning potential compared to that of a virgin stock when
F = 0 and therefore, the relative spawning stock biomass (SSB/
SSB,) is also used as a proxy for SPR. The corresponding F that
reduces the SPR to a certain percentage (%SPR) is referred to as
F%SPR and can be used as a proxy for the biological reference point
in the context of recruitment overfishing (Mace and Sissenwine,
1993). Usually, F%SPR that reduces the spawning potential (here,
SSB) to a level that ranges from 20% (i.e., F0.2) to 30% (i.e., F0.3) of
virgin spawning potential (SSB) has frequently been used to define
recruitment overfishing (Mace and Sissenwine, 1993; Rosenberg
and Repestro, 1996). Goodyear (1993) has advocated an SSB level
of at least 20% unless there is evidence of exceptionally strong
density dependence. According to Clark (1991; 1993), the fishing
mortality rate that reduces a recruit’s lifetime reproductive potential
(SPR) to 35-40% relative to unexploited conditions (i.e., F0.35 to
F0.4) could be used as a conservative proxy for F__ . If there is

Life history characteristics and stock dynamics of Parapenaeopsis stylifera

considerable uncertainty, then instead of using proxies like F __ and
F,. it is advisable to use fishing mortality rates of F0.30 (for the
highly resilient species), F0.35 (for the average resilient species)
and F0.40 (for the low to moderate resilient species) as the general

default proxies for F . (Gabriel and Mace, 1999).

In another publication, Clark (2002) recommended a SPR of 35-40%
or even less for the short-lived species with high resilience,
whereas the long-lived stocks with low resiliency (steepness<0.67)
would require a higher SPR as 50%-60% or more. In the present
data-moderate situation, considering the high resilience of the
species, an SPR of 30% could be considered a relatively safe
biological reference point in the context of recruitment overfishing.
Furthermore, as the length of maturity is almost the same as the
length at capture (L, < L) in the current fishery, the SPR of the
stock could be expected to decline at a slower rate even at relatively
higher fishing mortality, as a result of which such a stock is capable
of maintaining a higher SPR of 40% even at high F/M > 1.0 (Hordyk
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etal,, 2015). Therefore, considering F, as a precautionary proxy for
F o there is still scope to further increase the fishing mortality by
amild 8% (F_ =444 yr', F-multiplier = 1.08 times), which would
marginally increase the yield by 1.59% (Sustainable yield = 2441.74 1)
and revenue by 1.26% (Sustainable revenue = 3422.95 million)
from the current levels while maintaining the B and SSB at a safer
42 and 30%, respectively, compared to the virgin stock levels (Table 1;
Fig. 9). Further, it must be emphasised that, as the species is
a ‘r-strategist” with a shorter generation time, it is also highly
vulnerable to environmental fluctuations for the success of its
recruitment. Therefore, frequent assessment on an annual or
biannual basis is highly essential to maintain the critical minimum
SSB of 30% or higher for ensuring the long-term sustainability of the
species (King and McFarlane, 2003).

Acknowledgements

The authors are grateful to Dr. A. Gopalakrishnan, former Director,
ICAR-CMFRI, , Kochi, for his encouragement and support. The
authors are also indebted to the Indian Council of Agricultural
Research (ICAR), New Delhi, for funding the research work through
the in-house project CFD/NEC/05.

References

Achuthankutty, C. T. and Parulekar, A. H. 1986. Growth of penaeid prawns in
Goa Waters. Indian J. Mar. Sci., 15(2): 117-120.

Alagaraja K., George M. J., Kurup N. K. and Suseelan C. 1986. Yield-per
recruit analyses on Parapenaeopsis stylifera and Metapenaeus dobsoni
from Kerala State, India. J. Appl. Ichthyol., 2(1): 1-11.

Alagaraja, K. 1989. Letter to the Editor. ICLARM Fishbyte, 7(3): 2-3.

Anantha, C. S, Bhaskar, N., Shanbhogue, S. L., Raghunath, B. S. and
Raju, C. V. 1997. Age and growth of the shrimp Parapenaeopsis stylifera
(Decapoda/Crustacea) from Mangalore, West coast of India. Indian J.
Mar. Sci., 26: 221-223.

Ashton, W. D. 1972. The logit transformation with special reference to its
uses in bioassay. Haffner Publishing Co., Inc. New York, USA, 88 p.

Beverton, R. J. H. 1992. Patterns of reproductive strategy parameters
in some marine teleost fishes. J. Fish Biol., 41: 137-160. https:/doi.
org/10.1111/j.1095-8649.1992.tb03875.x.

Carpenter, K. E., Krupp, F,, Jones, D. A. and Zajonz, U. 1997. The living marine
resources of Kuwait, Eastern Saudi Arabia, Bahrain, Qatar, and the United
Arab Emirates, FAO species identification guide for fishery purposes. Food
and Agricultue Organisation of the United Nations, Rome, Italy, 293 p.

Chakraborty, S. K., Deshmukh, V. D,, Zafar, M. Z, Vidyasagar, K. and Raje S. G.
1994. Estimation of growth, mortality, recruitment pattern and MSY of
important resources from the Maharashtra coast. J. Indian Fish. Ass., 24:1-39.

Charnov, E. L. 1993. Life History Invariants: Some explorations of symmetry
in evolutionary ecology. Oxford University Press, New York, USA. 184 p.

Clark, W. G. 1993. The effect of recruitment variability on the choice of a
target level of spawning biomass per recruit. In: Kruse, G., Eggers, D. M.,
Marasco, R. J., Pautzke, C. and Quinn, T. Il (Eds.), Proceedings of the
International Symposium on Management Strategies for Exploited
Fish Populations. Alaska Sea Grant College Program, Fairbanks A K.,
pp. 233-246

Clark, W. G. 2002. F35% revisited ten years later. N. Am. J. Fish. Manag., 22:
251-257.

Clark, W. G. 1991. Ground fish exploitation rates based on life history
parameters. Can. J. Fish. Aquat. Sci., 48: 734-750.

CMFRI 2022. Annual Report 2021. ICAR-Central Marine Fisheries Research
Institute, Kochi, 300 p.

CMFRI-FSI-DoF 2020. Marine fisheries census 2076-India. ICAR-Central
Marine Fisheries Research Institute, Fishery Survey of India and
Department of Fisheries, Ministry of Fisheries, Animal Husbandry and
Dairying, Government of India, 116 p.

Dash, G., Sen, S., Pradhan, R. K., Ghosh, S., Josileen, J. and Jayasankar, J.
2023. Modeling framework for establishing the power law between
length and weight of fishes and a meta-analysis for validation of LWRs
for six commercially important marine fishes from the northwestern
Bay of Bengal, Fish. Res., 257(106496) :1-13. https://doi.org/10.1016/j.
fishres.2022.106496.

Datta, D., Sanyal, P. and Sahu, S. 2022. Impact of selected environmental
parameters on marine fish landings of coastal West Bengal. Indian J.
Ecol., 49(3): 888-893. https://doi.org/10.55362/1JE/2022/3611.

Deroba, J. J., Schueller, A. M. 2013. Performance of stock assessments with
mis-specified age-and time-varying natural mortality. Fish. Res., 146:
27-40. https://doi.org/10.1016/j.fishres.2013.03.015.

Dineshbabu, A. P. 2005. Growth of kiddy shrimp, Parapenaeopsis stylifera
(H. Milne Edwards, 1837) along Saurashtra coast of India. Indian J. Fish.,
52(2): 165-170.

Dutta, S., Chakraborty, K. and Hazra, S. 2016. The status of the marine
fisheries of West Bengal coast of the Northern Bay of Bengal and its
management options: A review. Proc. Zool. Soc., 69: 1-8. https:/doi.
0rg/10.1007/512595-015-0138-7.

Frisk, M. G., Miller, T. J., and Fogarty, M. J. 2001. Estimation and analysis of
biological parameters in elasmobranch fishes: A comparative life history
study. Can. J. Fish. Aquat. Sci., 58: 969-981.

Froese, R., Winker, H., Coro, G., Demirel, N., Tsikliras, A. C., Dimarchopoulou, D.,
Scarcella, G., Probst, W. N., Dureuil, M. and Pauly, D. A. 2018. New
approach for estimating stock status from length frequency data. /ICES
J. Mar. Sci., 75: 2004-2015. https://doi.org/10.1093/icesjms/fsy078.

Froese, R., Winker, H., Gascuel, D., Sumaila, U. R., and Pauly, D. 2076c.
Minimizing the impact of fishing. Fish Fish., 17: 785-802.

Froese, R., Demirel, N., Coro, G., Kleisner, K.M., and Winker, H. 2017.
Estimating fisheries reference points from catch and resilience. Fish
Fish., 18: 506-526. https://doi.org/10.1111/faf.12190.

Fryer, G., and lles, T. D. 1972. The cichlid fishes of the Great Lakes of Africa:
Their biology and evolution. Oliver & Boyd, Edinburgh, UK, 641 p.

Gabriel, W. L. and Mace, P. M. 1999. A review of biological reference points in
the context of the precautionary approach. Proceedings of the 5 NMFS
NSAW 1999. NOAA Tech. Memo. NMFS-F/SPO-40. pp. 34-45.

Geetha, S. and Nair, N. B. 1992. Reproductive biology of Parapenaeopsis
stylifera. J. Indian Fish. Ass., 22:1-12.

George, M. J., Banerji, S. K. and Mohamed, K. H. 1964. Size distribution
and movement of the commercial prawns of the southwest coast of
India. FAO Fish. Rep., 57(2): 265-284.

Gislason, H., Daan N., Rice J. C. and Pope, J. G. 2010. Size, growth,
temperature and the natural mortality of marine fish. Fish Fish., 11:
149-158.

Goodyear, C. P. 1993. Spawning stock biomass per recruit in fisheries
management: Foundation and current use. In: Smith, S. J., Hunt, J. J.
and Rivard, D. (Eds.), Risk evaluation and biological reference points for
fisheries management. Can. Spec. Publ. Fish. Aquat. Sci., 120: 67-81.

Gulland, J. A. and Borema, L. K. 1973. Scientific advice on catch levels. Fish.
Bull., 71(2): 325-335.

© 2025 Indian Council of Agricultural Research | Indian J. Fish., 72 (3), July - September 2025 24



Hewitt, D., and Hoenig, J. 2005. Comparison of two approaches for
estimating natural mortality based on longevity. Fish. Bull., 103: 433-437.

Hilborn, R., and Walters, C. J. 1992. Quantitative fisheries stock assessment:
Choice, dynamics and uncertainty. Routledge, Chapman and Hall, New
York, USA, 570 p.

Holt, S. J. 1958. The evaluation of fisheries resources by the dynamic
analysis stocks, and notes on the time factors involved. International
Commission for the Northwest Atlantic Fisheries, Special Publication,
1:77-95.

Holthuis, L. B. 1980. Shrimps and prawns of the world. An annotated
catalogue of species of interest to fisheries, FAO Species Catalogue, Vol. 1,
Food and Agricultue Organisation of the United Nations, Rome, Italy,
20 p.

Hordyk, A., Ono, K., Sainsbury, K., Loneragan, N., and Prince, J. 2015. Some
explorations of the life history ratios to describe length composition,
spawning-per-recruit, and the spawning potential ratio. ICES J. Mar. Sci.,
72(1): 204-216.

Jensen, A. L. 1996. Beverton and Holt life history invariants result from
optimal trade-off of reproduction and survival. Can. J. Fish. Aquat. Sci.,
53: 820-822.

Johnson, K., Monnahan, C., McGilliard, C., Vertpre, K., Anderson, S,
Cunningham, C. and Hurtado-Ferro F. 2015. Time-varying natural
mortality in fisheries stock assessment models: Identifying a default
approach. ICES J. Mar. Sci., 72: 137-150.

Jones, R. 1984. Assessing the effects of changes in exploitation pattern
using length composition data (with notes on VPA and cohort analysis).
FAO Fish. Tech. Pap., 256:118.

Kagwade, P.V. 1980. Maturity size of female population of certain commercial
prawns from Bomaby. Indian J. Mar. Sci., 9: 294-295.

King, M. 1995. Fisheries biology, assessment and management, Oxford
University Press, Oxford, UK., 342 p.

King, J. R., and McFarlane, G. A. 2003. Marine fish life history strategies:
applications to fishery management. Fish. Manag. Ecol., 10: 249-264.

Kurup, N. S. and Rao, P. V. 1974. Population characteristics and exploitation
of the important marine prawns of Ambalapuzha, Kerala. Indian J. Fish.,
21(1): 183-210.

Le Cren, E. D. 1951. The length-weight relationship and seasonal cycle in
gonad weight and condition in the perch (Perca fluviatilis). J. Anim. Ecol.,
20:201-219.

Lorenzen, K. 1996. The relationship between body weight and natural
mortality in juvenile and adult fish: A comparison of natural ecosystems
and aquaculture. J. Fish Biol., 49: 627-642.

Mace, P. M. and Sissenwine, M. P. 1993. How much spawning per recruit is
enough? In: Smith, S. J., Hunt, J. J. and Revered, D. (Eds.), Risk evaluation
and biological reference points for fisheries management, Canadian
Special Publication of Fisheries and Aquatic Sciences, National Research
Council of Canada, pp. 101-118.

Mane, S., Sundaram, S., Hule A, Sawant M. and Deshmukh V. D. 2019.
Length weight relationship of commercially important penaeid prawns
of Maharashtra, India. Int. Res. J. Sci. Eng., 7(1): 35-40

Mathews, C. P. and Samuel, M.1990a. The relationship between maximum
and asymptotic length in fishes. ICLARM Fishbyte, 8(2): 14-16.

Mathews, C. P and Samuel, M. 1990b. Using the growth performance index
Phi to choose species aquaculture: An example from Kuwait. Aquabyte,
3(2): 2-4.

Life history characteristics and stock dynamics of Parapenaeopsis stylifera

Mathews, C. P, Al-Houssaini, M., Abdul Ghaffar, A. R. and Al-Shoushni, M.
1987. Assessment of short-lived stocks with special reference to
Kuwait's shrimp fisheries: A contrast of results obtained from traditional
and recent sie-based techniques. /ICLARM Conference Proceedings,
13:147-166.

Maunder, M. N., Hamel, O. S., Lee H-H, Piner K. R., Cope J. M., Punt A. E,,
lanelli J. N., Castillo-Jordan C., Kapur M. S. and Methot, R. D. 2023.
A review of estimation methods for natural mortality and their
performance in the context of fishery stock assessment. Fish. Res., 25:
106489. https://doi.org/10.1016/j.fishres.2022.106489.

Menon, M. K. 1953. Notes on the bionomics and fishery of the prawn
Parapenaeopsis stylifera (M.Edw.) on the Malabar coast. J. Zool. Soc.
India, 5: 153-162.

Mildenberger, T. K., Taylor, M. H. and Wolff, M. 2017, TropFishR: An R package
for fisheries analysis with length-frequency data. Methods Ecol. Evol.,
8:1520-1527. https://doi.org/10.1111/2041-210X.12791.

Mohammed, H. M. A, Bishop, J. M. and Ye, Y. 1998. Kuwait's Post Gulf-war
shrimp fishery and stock status from 1991/92 Through 1995/96, Rev.
Fish. Sci., 6(3): 253-280. http://dx.doi.org/10.1080/10641269891314276.

Mohsin, M., My, Y., Memon, A. M., Kalhoro M. T. and Shah, S. B. H. 2017.
Fishery stock assessment of Kiddi shrimp (Parapenaeopsis stylifera) in
the Northern Arabian Sea Coast of Pakistan by using surplus production
models. Chin. J. Ocean. Limnol., 35: 936-946. https://doi.org/10.1007/
s00343-017-6096-3.

Muthu, M. S., Pillai, N. N. and George, K. V. 1978. Chapter IX: Larval
development- Parapenaeopsis stylifera (H. Milne Edwardes). In: (Eds.
Krishna Kartha, K. N. (Ed.), Coastal aquaculture: Marine prawn culture,
Part I: Larval development of Indian penaeid prawns, CMFRI Bulletin 28,
ICAR-Central Marine Fisheries Research Institute, Kochi, India, pp. 65-75.

Pauly, D. 1983. Some simple methods for the assessment of tropical fish
stocks, FAO Fisheries Technical Paper No. 243, Food and Agriculture
Organisation of the United Nations, Rome, Italy, 52 p.

Pauly, D. and Monro, J. L. 1984. Once more on growth comparisons of fish
and invertebrates. ICLARM Fishbyte, 2:21.

Pauly, D. 1983. Length converted catch curves. A powerful tool for fisheries
research in tropics, Part-I. ICLARM Fishbyte, 1: 9-13.

Pauly, D. 1984. Fish population dynamics in tropical waters: A manual for
use with programmable calculators. ICLARM Stud. Rev., 8: 1-325.

Pianka, F. R. 1970. On r- and K- selection. Am. Nat., 104: 593-597.

Pillai, S. L., Maheswarudu, G., Baby, P. K., Radhakrishnan, M., Ragesh, N.
and Sreesanth, L. 2021. Using length data to derive biological reference
points for kiddi shrimp Parapenaeopsis stylifera (Milne Edwards, 1837)
from the south-eastern Arabian Sea, India. Aquat. Living Resour,, 34 (8): 1-8.

Plummer, M. 2003. JAGS: A program for analysis of Bayesian graphical
models using Gibbs sampling. In: Proceedings of the 3 International
Workshop on Distributed statistical computing (DSC 2003), Vienna,
Austria, 20-22 March 2003; Vienna Technical University: Vienna, Austria.

Prince, J., Hordyk, A., Valencia, S. R., Loneragan, N., and Sainsbury, K. 2015.
Revisiting the concept of Beverton—Holt life-history invariants with the
aim of informing data-poor fisheries assessment. ICES J. Mar. Sci., 72:
194-203.

Quinn,T. J. and Deriso, R. B. 1999. Quantitative fish dynamics. Oxford
University Press, New York, USA.

Ramamurthy, S. 1980. Resource characteristics of the penaeid prawn
Parapenaeopsis stylifera in Mangalore coast. Indian J. Fish., 27 (1&2):
161-171.

© 2025 Indian Council of Agricultural Research | Indian J. Fish., 72 (3), July - September 2025 25



Gyanaranjan Dash et al.

Rao, P. V. 1965. Synopsis of biological data on the penaeid prawn
Parapenaeopsis stylifera (H. Milne Edwards, 1837). FAO Fisheries
Synopsis No.106, 57(4): 1575-1605.

Rao, P. 1968. Maturation and spawning of the penaeid prawns of the
southwest coast of India. FAO Fish. Rep., 57(2): 285-302.

Ricker, W. E. 1975. Computation and interpretation of biological statistics of
fish populations. Bull. Fish. Res. Board Can., 191: 1-382.

Roff, D. A. 1984. The evolution of life-history parameters in teleosts. Can. J.
Fish. Aquat. Sci., 39: 1686-1698.

Rosenberg, A. A. and Repestro, V. R. 1996. Precautionary management
reference points and management strategies, Precautionary approach
to fisheries-Part 2. FAO Fisheries Technical Paper, 1996350 (2): 129-140.

Safaie, M. 2017. Population dynamics of kiddy shrimp, Parapenaeopsis
stylifera (H. Milne Edwards, 1837) in the north-west of Qeshm Island,
Iran. Trop. Zool, 30(1): 13-27. http://dx.doi.org/10.1080/03946975.201
7.1278662.

Sarada, P. T. 2002. Fishery, biology and population dynamics of
Parapenaeopsis stylifera at Calicut. Indian J. Fish., 49(4): 351-360.

Schaefer, M. B. 1954. Some aspects of the dynamics of populations
important to the management of the commercial marine fisheries. Int.
Am. Trop. Tuna Comm. Bull., 1: 23-56.

Schwamborn, R., Mildenberger, T. K. and Taylor, M. H. 2019. Assessing
sources of uncertainty in length-based estimates of body growth in
populations of fishes and macro invertebrates with boot strapped
ELEFAN, Ecol. Model., 393: 37-51. https://doi.org/10.1016/j.ecolmodel.
2018.12.001.

Srinath, M. 1998. Empirical relationships to estimate the instantaneous rate
of natural mortality. Indian J. Fish., 45(1): 7-11.

Sudha Rani, P, Manjulatha, C. and Raju, D. V. S. N. 2013. Food and feeding
habits of Parapenaeopsis stylifera from Bheemunipatnam coast of
Visakhapatnam. Biosc. Biotech. Res. Comm. 6(1): 19-23.

Suradi, W. S., Solichin, A., Taufani, W. T. and Sabdono, A. 2017. Population
dynamics of exploited species west shrimps Parapenaeopsis
coromandelica H. Milne. Edwards 1837 from the Teluk Penyu coastal
waters, Indonesian ocean. Egypt. J. Aquat. Res., 43(4): 307-312. https://
doi.org/10.1016/j.ejar.2017.12.002.

Suseelan, C., Manickam, P. E. S., Rajamani, M., Nair, K. R. M., Nair, K. P,
Rajan, K. N. and Chellappan, K. 1998. Further observations on the
spatial distribution and population characteristics of 'karikkadi’ prawn
(Parapenaeopsis stylifera) along the Kerala coast during monsoon
season. Indian J. Fish., 45(3): 285-292.

Suseelan, C. and Rajan, K. N. 1989 Stock assessment of the Kiddi shrimp
(Parapenaeopsis stylifera) off Cochin, India. In: Contributions to tropical fish
stock assessment in India: FAO/DANIDA/ICAR National Follow-up Training
Course on Fish Stock Assessment, 02 - 28 November 1987,Kochi, India.

Then, A. Y, Hoenig, J. M., Hall, N. G. and Hewitt, D. A. 2015. Evaluating the
predictive performance of empirical estimators of natural mortality rate
using information on over 200 fish species. ICES J. Mar. Sci., 72(1):
82-92. https://doi.org/10.1093/icesjms/fsu136.

Thompson, W. F. and Bell, F. H. 1934. Biological statistics of the Pacific
halibut fishery. Effect of changes in intensity upon total yield and yield
per unit of gear. Report of the International Fisheries (Pacific halibut)
Commission, No. 8, IFC, Seattle, USA, 49 p.

Thorson, J. T, Ono, K., and Munch, S. B. 2074. A Bayesian approach to
identifying and compensating for model misspecification in population
models. Ecology, 95: 329-341.

Tukey, J. 1986. The future of processes of data analysis. In: Jones, L. V
(Eds.), The CollectedWorks of John W. Tukey - Philosophy and principles
of data analysis: 1965-1986, vol. 4. Wadsworth & Brooks/Cole, Monterey,
California, USA. pp. 517-549.

Von Bertalanffy, L. 1938. A quantitative theory of organic growth. Inquiries
on growth laws II. Hum. Biol,, 10: 181-213.

© 2025 Indian Council of Agricultural Research | Indian J. Fish., 72 (3), July - September 2025 26



