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ABSTRACT

Monthly length frequency data of Penaeus latisulcatus from the Gulf of
Suez were analyzed to study age, growth, mortality, relative yield per recruit
and relative biomass per recruit. The maximum life span of P. latisulcatus was
Jound to be 12 months for males and 15 months for females. The asymptotic
total length was estimated as 21.35 cm for males and 24.13 cm for females.

The growth parameter K was assigned as 1.91 year'l Jfor.males and 1.70 year—l
Jor females. The total mortality coefficient Z was estimated as 9.87 year-l Jor
males and 7.14 year-l Jor females where as the natural mortality coefficient M
- -1

was 2.74 year for males and 2.45 year for females. Exploitation rate E was
Jound to be 0.72 for males and 0.66 for females. Relative yield per recruit and
relative biomass per recruit analysis show that P. latisulcatus stock in the Gulf
of Suez is in a situation of economic overfishing and the present level of
exploitation rate should be reduced by about 46.4% to maintain a sufficient
spawning biomass.

INTRODUCTION

The penaeid shrimp are the most important fishery resource in the Gulf of Suez. They
are caught by trawl fishery and their catch is sorted according to size into two groups: large
shrimp and small shrimp. The large shrimp consists of three species Penaeus semisulcatus,
P. japonicus and P. latisulcatus, and constitutes about 10% of the total trawl catch (during
the period from fishing season 1989/90 to 2001/02) (Fig. 1). This contributes more than
35% of the gross revenue of the trawl fishery. Due to the high price of shrimp and strong
demand on the local market, a rapid increase in the fishing effort was injected into the trawl
fishery. This increased fishing effort had already affected the total trawl production and
consequently the shrimp production.
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Although the penaeid shrimp contribute greatly in the economy of Egypt, only very
limited studies of these species are available. Mehanna (1993) studied the fishery statistics,
age and growth, mortality and survival rates, exploitation rates, maximum sustainable yield
and yield per recruit of Penaeus japonicus in the Gulf of Suez. El- Gammal and Mehanna
(1999) estimated the maximum sustainable yield and the corresponding level of fishing
effort for shrimp fishery also in the Gulf of Suez. Later on, Mehanna (2000) studied the
longevity, growth parameters, mortality and exploitation rates and yield per recruit of
Penaeus semisulcatus in the same Gulf,

The present study is intended to estimate the basic parameters required for the
management of P. latisulcatus in the Gulf of Suez.
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Fig.(1). Total trawl catch (ton) and shrimp catch from the Guif of Suex= during
the fishing seascns from 1988S/S80 to Z2001/02.
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MATERIALS AND METHODS

Material

Monthly random samples of P. latisulcatus were collected from the commercial catch of
trawl fishery in the Gulf of Suez during the fishing season 2001/02. The collected samples
were separated by sex and the following measures were taken: total length to the nearest
mm and total weight to the nearest 0.1 gram. The length data was grouped into 0.5cm
classes.

Methods

- ¢ Age was determined by using the integrated method of Pauly (1983a). In this
method, the length frequency data of P. latisulcatus collected during the first three months
at the beginning of the fishing season (Oct., Nov. and Dec.) were used for construction of
the growth curve. In these months the length-frequency data can be considered as a
representative samples of shrimp stock in the Guif of Suez due to the relatively high
abundance of shrimp stock in these months. This length frequency data are repeated along
the time axis (quarter year) until a single stabilized curve inter- connect most of the peaks.

: . . . b
¢ The length-weight relationship was estimated using the power equation W= aL
where W is the total weight in gram, L is the total length in cm.

¢ The population parameters; growth parameters of the von Bertalanffy growth model
(L. and K), total mortality coefficient (Z), natural mortality coefficient (M), length at first
capture (L.), relative yield per recruit and relative biomass per recruit were estimated by
applying the FAO-ICLARM Fish Stock Assessment Tools (FiSAT) software of Gayanilo et
al. (1997). The methods used were:

¢ Gulland and Holt (1959) plot to estimate the growth parameters.

¢ Length converted catch curve (Pauly, 1983b) to estimate “Z”.

¢ The natural mortality coefficient (M) was calculated using the Pauly's (1980)
formula as follows:

Log M =-0.0066 - 0.279 Log L., + 0.6543 Log K +0.4634 Log T

Where T is the annual mean temperature of the water in which the stock lives.
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The fishing mortality coefficient (F) was computed as' F = Z —~ M while the exploitation
rate was computed from the ratio F/Z (Gulland, 1971).

¢ Catch curve analysis (Pauly, 1984) to estimate the length at first capture.
¢ The relative yield per recruit (Y/R)' and relative biomass per recruit (B/R)' were
estimated by using the model of Beverton and Holt (1966) as modified by Pauly and
Soriano (1986) and incorporated in FiSAT software package. This model is defined by:
(YR) =EUM* [1-@U/l+m) +@U¥1+2m) - (U/1+3m) ]
(BR) =(Y/R)'/F
where (Y/R)' is the relative yield per recruit
(B/R)' is the relative biomass per recm{t
M is the natural mortality coefficient
F is the fishing mortality coefficient
K is the growth parameter
E is the exploitation rate or the fraction of deaths caused by fishing
m = (1-E)/(M/K) = (K/Z)

U=1-(L/Lo)

RESULTS AND DISCUSSION

Longevity

The obtained results indicated ihat, the maximum life span of males Penaeus
latisuleatus is 12 months while that of females is 15 months (Figs. 2&3). These results are
in agreement with the fact that penaeid shrimp are characterized by a short life span in the

order of two years, which were found also by Van Zalinge et al. (1981), Dredge (1990) and
Somers and Kirkwood (1991).
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Fig. 2 : Longevity of Penaeus latisucatus (males) from the Gulf of Suez.
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Fig.3: Longevity of Penaeus latisucatus (females) from the Guif of Suez.
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Growth in Length

The modal lengths corresponding to the various ages for males and females of P.
latisulcatus are given in Table (1). It is found that, both males and females attain their
highest increase in length during the first three months of life, after which a gradual
decrease in growth increment is noticed with further increase in age. It is also noticed that
females are characterized by a higher growth rate than males. These results are in close
agreement with the finding of Garcia (1985). He pointed out that the typical Penaeus
spawns at the sea and enters the inshore waters at an age of about three weeks to one month
as a postlarva. It here grows for about three months before migrating back to the sea at
about four months old and 80 to 100 mm total length. Imai (1977) reported that the growth
rate of young and immature shrimp is much higher than that of adults, and the growth rate

of females is higher than that of males.

Table 1: Estimated age and £otal length (cm) of Penaeus latisulcatus

in the Gulf of Suez.

Age (year) Estimated total length at the end of each quarter year

Males Females Sexes combined
0.25 8.5 3.9 8.7
0.30 13.4 14.2 13.9
0.75 | 164 177 176
1.00 18.3 19.7 9.9
1.25 --- 21.4 21.4
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Length - Weight Relationship

The length and weight measurements of 542 males and 627 females were used for the
estimation of length - weight relationship of P. latisulcatus from the Gulf of Suez. The total
length of males varied between 8 and 18.4 cm and their weights ranged between 4.1 and 43
g. The total length of females ranged between 8.6 and 21.9 cm and their weights varied
between 4.5 and 78g.The obtained length — weight relationship equations were as follows:

Males W= 0.0085 L
Females W= 0.0069 L
Combined sexes W= 0.0071 L

2.9447
3.0562

3.0457

Growth in Weight

The weights at the end of each quarter year of life for males and females of P.
latisulcatus were estimated by applying the corresponding length - weight relationship to
the estimated lengths. The growth in weight for both males and females is much slower in
the first three months of life, and the annual increment in weight increases with the further
increase in age reaches its maximum value at an age of nine months for males and one year
for females. After which a decrease in growth increment was noticed (Table 2). It is evident

also that, after the first three months of life, females are characterized by a higher growth
rate than males.

Table 2 : Estimated age and total weight (g) of Penaeus latisulcatus

in the Gulf of Suez.
Age (year) Estimated total weight at the end of each quarter year
Males Females Sexes combined
0.25 4.64 5.50 5.16
0.50 17.72 . 22.93 21.50
0.75 32.12 44.97 4412
1.00 4436 62.37 64.15
1.25 --- 80.33 80.04
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Growth Parameters

The obtained values of K were l.9lyear'1 for males and 1.70year'l for females, while L,,
= 21.35 cm total length for males and 24.13 cm total length for females. The value of K for
males is higher than that for females indicating the faster decrease in growth rates of males
than females. The rapid growth of P. /atisulcatus implied by high values of K agrees with
the fact that the short-lived animals like shrimp reach their asymptotic length in a year or
two and are characterized by a high K-value (Beverton and Holt, 1957 and Garcia and Le
Reste, 1981). Also, the values obtained are in agreement with those reported by other
authors (Table 3).

Total Mortality Coefficient (Z)

The results (Figs. 4 and 5) indicate that the total mortality coefficient differes markedly

between the two sexes ( Z =9.87 year'l for males and 7.14 year‘1 for females). These high
values of Z are acceptable, because most of penaeid fisheries around the world have high
fishing mortalities and thus show high Z values.
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Fig. 4 : Estimation of “Z" of Penaens latisucatus (males) from the Gulf of Suez.
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Fig. 5 : Estimation of “Z” of Penaens latisucatus (females) from the Gulf of Suez.

Natural Mortality Coefficient (M)

The values of M obtained were 2.74 year'1 for males and 2.45 year.l for females. These
values for M lie in the range given by Garcia and Le Reste (1981). They stated that for
penaeid shrimp with a maximum life span of two vears, the natural mortality should lie in
the range of 2 to 3. Beverton and Holt (1959) found that fish of high growth rates have high
values of natural mortality, this is also observed in shrimp populations (Table 3).
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Table 3 : Summary of the growth parameter (K), natural mortality (M) and

longevity available For some penaeid shrimp in different localities.

K M
. Lengevity .
Specics (monthy Locality Author
montn

38| 29 | 38 | 99
P. mmsmmim&_a 2151 144 | 27 | 29 12 Kuwait Van Zalinge ¢t al., 1981
P. amiaig:a 307 | 125 Gulfof Kirkweod & Somers, 1984
P. notialis 246 | 204 23 Carpentaria Lhemme & Garcia, 1984
P. S&.Sa 1201 1.00 | 220 1.94 12 Mo_.o.mm_ Agasen & Del Munde, 1988
P. styljera 1.019] 1.05 | 2.60  2.30 .. | Manila Bay Suseenlan & Rajan, 1988
P. longistylus 205 L12 12 India ) Dredge, 1990
M. mmﬁ?&ﬁ&& 322 | 224 . 18— 24 M:m.:w_mm i Semers & Kirkwoed, 1991

u en

plapomicns {182 ] 165 [273] 244 | 15218 | Guicorsue, | Mchauna, 1993
b e 11771156 1252 240 | 18-18 | Gueorsuc ﬂo__w_:s, 2000

191 170 [ 274 245 | 12-15 | Guifof Suos e Present study
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Fishing Mortality Coefficient (F)
The values of F were 7.13 year.l for males and 4.69 year.l for females.

Exploitation Rate (E)

The exploitation rate of males is estimated to be 0.72 while that of females was found to

be 0.66. The values of both fishing mortality and exploitation rates are relatively high
indicating a high level of exploitation.

Length at first capture (L)

The length at first capture (the length at which 50% of the fish are vulnerable to capture)
was estimated by FiSAT as a component of the length converted catch curve analysis. The
value obtained was Lsgs = 13.12 cm for males and 14.65 cm for females (Figs. 6 & 7).
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Fig. 6 : Length at first capture of Penaens latisucatus (males) from the Gulf of Suez.
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Fig. 7 : Length at first capture of Penaens latisucatus (females) from the Gulf of Suez.

Relative yield per recruit (Y/R)' and relative biomass per recruit (B/R)’

The input parameters used in the Beverton and Holt (1966) model are the growth and
mortality parameters of the combined sexes. These parameters are as follows:

Lo =24.58 cm

K =1.62year’
M =2.36 year’
F =3532year
E =0.69 year®
L.=1285cm
L/ L, =0.52
M/K =146
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The plot of relative yield per recruit (Y/R)' and biomass per recruit (B/R)' against
exploitation rate (E) for sexes combined of P. latisulcatus (Figs. 8 & 9) show that the
maximum (Y/R) was obtained at Eysy = 0.74, as the exploitation rate increases beyond this
value, relative yield per recruit decreases. Both of Eq (the level of exploitation at which the
marginal increase in yield per recruit reaches 1/10 of the marginal increase computed at a
very low value of E) and E; s (the exploitation level which will result in a reduction of the
unexploited biomass by 50%) were estimated. The obtained values of Eq, and Eqs were
0.65 and 0.37 respectively. The results indicated that the present levels of E (0.69) was
slightly lower than that which gives the maximum (Y/R)' but raising the exploitation rate to
this value is unreasonable and for that case recruitment overfishing may occur before
growth overfishing appears. The results show also that, the present level of exploitation rate
(E = 0.69) is higher than the exploitation rate (Eqs) which maintain 50% of the stock
biomass (E¢s = 0.37).
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Fig. 8: Relative yield per recruit of Penaens latisucatus from the Gulf of Suez.
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Fig. 9: Relative biomass per recruit of Penaens latisucatus from the Gulf of Suez.

For management purpose, the exploitation rate ol P. latisulcatus must be reduced from
0.69 to 0.37 (46.4%) to maintain a sufficient spawning biomass. These results are in
agreement with the finding of El-Gammal and Mehanna (1999). Theyv reported, based on
Schaefer model, that the shrimp fishery in the Guif of Suez was overexploited and to obtain

the maximum sustainable yield, the fishing effort represented by the number of landing
must be reduced by about 30%.

The present results are also, in agreement with'the finding of Garcia (1985) who pointed
out that because of the high values of natural mortality (M), growth rate (K) and length at
first capture (Lc) characteristic of penaeids, the yield per recruit (Y/R) curve tends to be

exponential and the maximum yield per recruit is reached only at unreasonably high level
of fishing effort.

Tt could be concluded that the P. latisulcatus stock in the Gulf of Suez is in a situation of
economic overexploitation. To maintain this valuable fish resource the present level of
exploitation rate must be reduced as well as the length at first capture must be increased.
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