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ABSTRACT: The von Bertalanffy growth paramseters estimated hased on the 1990791 carapace bength data of P
isdienes from the Gull of Masissh, Coan were wsed 1o caleulate ol mertality, yield-per-recruit (e, average weigh
ol a shrimp from a cohort under a given fishing partern) and relacive mean hiomass §i.e., exploited cobon biomass over
un-exploited cohort bannass) fee the popualotion simpled. The irstamancses el mortality cocllicient vabue indicaied sder
exploitation in 1990/%1. When different fishing seazons scenarios were comsidered with the current toial mortaliny level,
bex wigh a ramge of ratural mortality values, high yield - per- recruit and relative isesn biomass valies were shown for
Oeiober-April and Movember-Apeil fishing sensons, The fishing scason is currently late August w ool of April. Thus,
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species of penaeid prawns, Penaeus indicus H
Milne Edwards and P. semusulcatus De Haan,
E the major components of the shrimp caich in the
llf of Masirah. Oman. There has been litle stock
i of Omani shrimp populations other than a
ot explocatory survey in the Gulf of Masirah by van
linge (1982). The present lishery consists of aboul
cast net fishermen who fish at depths less than Sm
im fibee glass boats powered by outhoard motors and
best between 150 and 590 metric tons (t) of shrimp
mally (Anon, 1994). Most of the caich is exported.
There is hardly any stock assessment investigation
ponted on Omand shrimp, Our work is a preliminary
gempt 1o fill this gap and we address a few aspects of
ik assessment on Omani shrimp.  This paper first
% growth and monality values, and then

§ yield-per-recruit and relative mean biomass
for P. indicus, Oman's primary commercial
species, under different  fishing  season
marios, The objective is w wentify the best fishing
an for shrimp harvest. Because shrimp cannot be
fly aged, we used their length-frequency

*Comesponding Author.
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a one to ewo-month delay in the fishing season appears (0 be beneficial o this fishery

distributions of 199191 (0 estimate yield-per-recnuit
and relative mean biomass

Materials and Methods

STUDY AREA: The commercially valuable shrimp stocks
in Oman are in the Gull of Masirah near Mahawt
Island. Mangrove, seaweed, and sea grass beds provide
nursery areas for the major two shrimp species (Figure
1. Seasonally occurring upwelling appears to have an
effect on the shrimp population abundance in this area
(5tirn et al., unpublished), The shrimp season lasts
eight 1o nine months, from late August or early
Seplember, until the onset of the southwest monsood in
late May or early Junge

GROWTH AND MoRTALITY: Carapace lengths (CL),
posterior margin of the orbit to the median dorsal
posterior edge of the carapace, of shrimp were
measured to the nearest 1.0 mm using a vernier
calliper, Carapace-length measurements of 1990/91
fishing season (1990 Seprember to 1991 April) catches
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Figure 1. Map showing Makawt Dsland sind shimsp fahing grounds
in the Gulf of Masirah,

were grouped into 2.0 mm intervals, and the length
frequencies were used 1o estimate L., K and ; of the
von Bertalanffy growth curve by the FISAT sofiware
(Gayanilo Jr. et al., 1994) and non lingar least square
fitting (Prager et al., 1989), We used FISAT tor
determine L and K, and then fixed these values in the
non linear least square fitting routine to estimate t,. This
procedure was followed because the non linear routine
produced optimal values of L. and K at the extremitics
of their input range of values for our (limited) data. We
did not use the seasonalized von Bertalanffy growth
equation because the fishery life span of Oman shrimp
rarely exceeds one year and we considered only a
single season’s data in this paper. For the non linear
least square fitting, we subjectively selecied progressive
modal lengths and assigned ages considering the peak
spawning time (28 February) and the sampling month.
We estimated the growih parameiers of males, females,
and combined sexes.

We calculated the Z wvalues by the following
length-converted linearized catch curve method (1)
incorporated in the FISAT software

In (C / Ay = a Z1 i1
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where,
C, = catch in numbers for length class 1,
(L_ -L
P o W Ll
KL - L)

[, =- {]_.'H} II'I.{I. - tL|+LJ]'.|I1L|.JI

L, and L, are lower and upper class bo
of the ith class,

a = constam, and
L. and K are von Bertalanffy growth parametsn,

We used the growth and mortality parameter
estimates in the subsequent vield-per-recruit and
relative mean biomass calculations.

YIELD-PER-RECRUIT AND RELATIVE MEAN BIOMASE
We calculated yield-per-recruit (Y/R) and relative meag
biomass (RMB) of the males, females, and combined
sexes by the Thompson and Bell method (Ricker,
1975}, The estimations were carried out for a range of
annual natural mortality (M) values (1.8, 2.4 and 3.0)
reported for tropical coastal penaeid shrimps (Naamin,
1984; Garcia, 1985; Garcia and Le Reste, 1981
Jayakody and Costa, 1988, Siddeck, 1991), at the 1991
total mortality (Z) value, and different fishing seasons
to identify optimal fishing seasons.  The fate of 1000
shrimp recruited to the fishery on Ist September and
growing season on 30 April was determined for Y/R
and RMB estimation. Based on the mean modal length
of 26,11 mm CL from our 24 September 1990 sample,
we estimated the peak spawning season by the growih
curve to be 28 February 1990, This peak spawning
date was reasonable considering independent maturity
data (Mohan and Siddeck, unpublished). The ages of
shrimp on different calendar dates were then
determined from this spawning time as the origin for
our ¥/R and RMB calculations. Thus, from the dae
of spawning, the age of the shrimp cohort entering the
Nishery on | September would be 6.1 mao, and its age on
30 April would be 14.1 mo,

We calculated the ¥/R and RMB of a cohort by
the following steps:

{a) The mean lengths (at age) at the middle of each
month were determined for September o April using
the following von Bertalanffy equation:



=g Kir rp|}

L, = L1 (2)

length at age 1,

age,

theoretical age at which length is zero,
and others are growth parameters

previously defined.

# nean length was converted into welght using
ollowing weight - length relationship with the a
values given in Table 1:

(3)

#
=a + L

W, = weight in gram of shrimp of length [,
' (mm}), and

. and b are constants.
yleld at age was determined by

_FN, - N, W,
i z

(4)

TABLE |

sates af growth porameters of Penseus Indicus in the Gulf of
y ﬂ' 198097 dara I'g'mdrrm ql" ﬂl' mraiure ased

en L. K i Hn
imm CL) iyr' {yr}
~ Esimaies of L, and K by using FISAT
- Mk 44 30 106 453
'_l'h.lt 5 1.21 LTk
- Combingd
Senes 54.70 1w a1e

~ Bstimsies of &, by non linear keast square fiming ol growth curve
Amalysis of varisnce shiwed highly significass fif, p < 0,001

- bllale ELRL 24 {0, Hidah
CFemale 5470 7.1 0. 2546
Combaned

Semez 5470 ] 02517

L = manimum exrapacy bangiths (min CL), K = prowdh rae, L =
Cmpe s rero caripace bangih, aml Boo= QoMM

* Bn i caloslated from ESP (explained sum of peaksi and ASP
davailshle sum of praks) (see Sparee o ul., |90,
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Where,
N, = cohori number at aget, and
M.,y = cohort number at age t + one month

until the end of the fishing,

The Y/R of the entire cohort was determined using

FiR = Y¥/ 1000 (5)

The percentage of exploited mean hiomass over un-
explodted mean biomass was caleulated using

 MN,N, WF, /2
YIN-N W M

RME 100 (6

N', = cohort number
fishing, amd

at age 1 umder no

= cohor number at age t + one month
under no fishing.

Resulis

GROWTH: Male P. indicus reached maximum size of
49.5 mm CL whereas the maximum size of female
wias 55.7 mm CL. Growth rates ranged from 2.16
o 2.21 for males and females, respectively, but
decreased to 2.08 for sexes combined (Table 2). They
were used in the total moriality, yield-per-recruit, and
relative mean biomass caleulations.,

TOTAL MORTALITY: We estimated the annual 7 values
for the 199091 combined sexes data by the catch curve
method disregarding the points representing larger
relative age groups to reduce the effect of migration on
the £ estimate. The 95% confidence interval of Z was
3.6 - 5.1 with a mean value of 4.4, Considering the

TABLE 2

Eitimates af iotal movtality (£) of Pensvus indicus i the Gulf
af Maziral for ohe J990/9) season by the cafcl crrve méthod.

Sra v

. 2] I
Silale R 4 96
Female S0 5 1], 98
Combired Szaes 4.4 ] 41,55

# = correlation coefficient amd m = muwsbes of doda poimis.
Al rigresnlon corffieieats are pagficand (p <0 85),
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TABLE ¥

Estiwmates of & amd b in the weighi-lenpih relanonchip fermuls of
TPenaews imdicus fa the Gl of Masimd,

Catepuey 1 I 0 0 Significance
Wlale [RRELCE ] 1N Hm 0], 54 o 0Lk
Femak OiNMG 1476 12 oW o OLINH]
Cammnbdined sexes 0INSH 1471 L [ < O.AHH

probable annual M value (2.4), this Z suggested under
exploitation. The monthly sex ratio during Jamuary
L94)] favoured males (male:female ratio of 62:38),
suggesting a spawning migration {(unpublished data).
Consequently, 7 estimates of males and females in
1990791, which were calculated considering all age
groups because of difficulty in finding a clear
emigrating group, were probably inflated (Table 3)

YIELD-PER-RECRUIT AND RELATIVE MEAN BIOMASS:
We observed high Y/R values for the September to
April and December 1o April seasons for all categories
and for different natural mortality values. RMB steadily
increased with delay in opening the season and ranged
from & w0 61 % for the respective scasons and different
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Figure 2. ¥iekl-per-recruil (comcave downwards) and relative mean
beomass (eoncave upwands) agaansl seasomal fishing monality for
thee values of M for {a) male, (b) femnale, and (€} combaned sexes
of Penagas fndscus in the Gull of Masirsh,
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natural mortality values. In order to keep RMB a1 a
reasonably high {above 20%) level o guaranice
sufficient recruitment the season should be delayed
from the current opening date (Figure 2,

Discussion

DifTerent sets of L, and K values are possible for
a given data set (Sparre et al., 1989, Our L_ valves
were comparable o layakody and Cosia's (1988}
results (54.7 against 56 mm CL), but the K values
were higher (2.08 against 1.8), indicating a higher
growth rate,

Because fishing operations were resiricied
shallow depths (< 5m), the older shrimp were under
represented in the catch; therefore, the £ values were
probably inflated when all the points on the right hand
limb of the caich curve were considered. However,
for the combined sexes we excluded the older age
groups and obtained what we believe to be a reasonable
estimate of total mortality,

The Y/R and RMB results at the reasonable
annual M value of 2.4 suggested that a ome- or
two-month delay in opening the fishery will maximize
Y/R and maintain the RMB within the acceptable
20.40% . As the price of shrimp increases with size,
this delay will enhance the overall monetary value of
the caich. For pelagic fish populations living in a
volatile environment. Patterson (1992) suggested a
critical biomass level of 20-40% of the un-exploited
level above which no negative effects of fishing on
recruitment occur. We believe that this RMB level is
adequate for the highly fecund P. indicus to produce
sufficient number of recruits in this upwelling
environment in Oman
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