Journal of Coastal Life Medicine 2014; 2(3): 203-208 203

Journal of Coastal Life Medicine

journal homepage: www.jclmm.com

Document heading

doi:10.12980/JCLM.2.2014]21

© 2014 by the Journal of Coastal Life Medicine. All rights reserved.

Fisheries studies and stock evaluation of shrimp scad, Alepes djedaba

(Teleostei: Carangidae ) caught from Arabian Gulf

Medhat Abdel Barr'", Amany Mohammed Osman'?, Hayam Abdulla Al Abdulhadi’

'Oceanography Department, Faculty of Science, Alexandria University, Egypt
*Biological Sciences Department, Rabigh college of Science and Art, King Abdulaziz University, P.0. box 344, Rabigh 21911, Saudi Arabia

*Faculty of Science, Dammam University, Saudi Arabia

PEER REVIEW

Peer reviewer

Dr. Md. Yeamin Hossain, Assistant
Professor, Department of Fisheries,
Faculty of Agriculture, University of
Rajshahi, Rajshahi 6205

Tel: +88—01751566077

Fax: +88—0721750064

E-mail: yeamin2222@yahoo.com

Comments

This paper focuses some useful
data (findings) including the length
composition, growth parameters,
mortality rates, Y/R and B/R of A.
djedaba in the Arabian Gulf off Saudi
Arabia using monthly samples. The
manuscript presents all these items in
scientific way.

Details on Page 207

1. Introduction

ABSTRACT

Objective: To evaluate the stock of Alepes djedaba (A. djedaba) by describing the length
composition, growth parameters, mortality rates of A. djedaba captured in Arabian Gulf off Saudi
Arabia and adopting yield per recruit and biomass per recruit models.

Methods: A random sample of 490 fish representing a moderate range of total lengths (16.5-32.4
cm) and weights (60-410 g) were sampled in Arabian Gulf off Dammam, Saudi Arabia during the
period from August 2008 to July 2009. LFD5 software was used for estimation of growth parameters.
Total mortality was calculated using the length converted catch curve. Natural mortality was
estimated using Pauly and David’s formula. Fishing mortality was computed by subtracting
natural mortality from total mortality. Per recruit analysis was made using Beverton and Holt
model.

Results: Length—frequency analysis revealed four peaks and the length range from 22 cm to 27
cm dominated the catch, constituting about 71% of the catch. Values of the von Bertalanffy growth
parameters were computed using LFD5 software as follows: the asymptotic length (L-)=41.71 cm,
curvature parameter (K= 0.36 year ', and hypothetic age at zero length (1) = —0.76 year. The total
mortality (Z) was estimated as 2.07 year ', and natural mortality was 0.8 year . Fishing mortality
F=1.27 year ' , which was higher than F,, (0.3 year™), Fy,4, 0.59 year ) and Fgy,, (0.86 year). At
the current levels of fishing and natural mortality, the biomass per recruit is 34% of the virgin
biomass.

Conclusions: These may indicate an overexploitation state of the fisheries of A. djedaba in
Arabian Gulf .
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Length frequency, Growth parameters, Mortality rates, Per recruit analysis, Shrimp scad

cm but often is encountered at much smaller sizes(ll. Tt is a
species of moderate commercial interest in most countries

The shrimp scad, Alepes djedaba (A. djedaba) (also
known as the slender yellowtail kingfish), is a species
of widespread tropical marine fish of the jack family,
Carangidae. The species is commonly found on inshore
reefs and sandy substrates. It has the common body profile
of a scad, and may be difficult to differentiate from others in
the genus Alepes. Tt is one of the larger scads, growing to 40

where it is often considered too small to be worthwhile and
is often caught on hook and line tackles and in seines as
bycatchi2l. In Indian fisheries, the shrimp scad was found
to be the most common carangid fish in the catch of purse
seines, however, it is rarely taken by trawls or gill nets[3l.
It is also often taken by subsistence fisheries using various
traditional gears such as inter—tidal fixed stake trapsl4l.
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Around the Asian and Indonesian coasts, larger numbers are
taken than anywhere else in its range and it is considered a
good eating fishi5l. In Arabian Gulf fishery of Saudi Arabia,
shrimp scad is commonly caught by fish traps, gill nets and
hand lines.

No much data or studies could be found on such species.
Few studies concerned the length distributioni6-9], age and
growthl10.11], length weight relationshipls.9.121, mortality[10.13],
Other studies were made on taxonomy and naming|14-16],
distribution and habitat(17-20] and biology and fisheryl2-6.12].
The first objective of the current work is to give a recent
study and basic information on the length frequency and
some population parameters, age, growth and total morality
rate of A. djedaba in Gulf water off Saudi Arabia.

Yield per recruit (Y/R) and biomass per recruit (B/R)
models are important in giving advices for management,
particularly as they relate to minimum size controls(21].
This is because they depend on the exploitation pattern
(fishing mortality) or fishing regime, natural mortality and
the mesh size of the fishing gear, which is reflected by the
age at first capture. For a given exploitation pattern, rate of
growth and natural mortality, an equilibrium value of Y/R
can be calculated for each level of fishing mortality. These
models are the most convening stock assessment methods
in the absence or uncertainty of long term catch datal22-25].
Also in the absence of other biological data pertinent to the
application of age based models especially for the bycatch
species|26]. Managers require estimates of the catch levels
that provide long—term yield as well as those at which the
risk of stock depletion is unacceptably highi26]. Among
these estimates the biological reference points such as F, |,
Fypso, and Fgg,o,, would help for the evaluation of the status
of fish stocks and management of its fisheries(23.27-29]. Thus,
another objective of the present work is to use Y/R and B/
R models to determine the biological reference points, F, |,
Fayso and Fgy,, for evaluation and better management of the
fishery of A. djedaba, as one of the moderate economically
important species in the Saudi Arabia fishery.

2. Materials and methods
2.1. Length frequency analysis

A random sample of shrimp scad, A. djedaba ranged in the
length from 16.5 ¢cm to 32.4 ¢cm (total length) and in weight
from 60 g to 410 g (gutted weight) were monthly collected
from Arabian Gulf off Dammam, Saudi Arabia by longlines,
from August 2008 to July 2009. Lengths were classified into
0.5 cm interval classes ranging from 16.0-16.5 cm to 32.0-
32.5 cm. These data were stored in LFD5 software for further
analysis[30].

2.2. Growth

The classified length—frequency were used to estimate
the growth parameters, the asymptotic length (L..,), curvature
parameter (K) and hypothetic age at zero length (1)) using
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LFD5 softwarel30] following ELEFAN procedures(3ll. Length at
ages and correspondent changes in length were estimated
using von Bertalanffy Growth equationi32l. These were used
to draw the growth and increment curves graph.

2.3. Mortality rates

The value of total mortality (Z) was estimated by applying
the length converted catch curve developed by Paulyl33:

C(tt+At)
n At

Where, C is the catch and t is the age computed by the

inverse von Bertalanffy growth formula: t=(t,+1/k)XL,(1-L/L..)
[34].

=c=Z(1+\t/2)

Natural mortality (M) was estimated by using the growth
parameters and the mean environmental temperature using
Pauly and David’s formulai3sifor tropical species.
Log,,M=—0.0066—0.279 Log,, L.+0.6543 Log,, K+0.4634 Log,, T

Where, L., and K are growth parameters and T is the mean
annual water temperature (T in Arabian Gulf is about 25 °C
according to Hazekl36]. The annual instantaneous fishing
mortality coefficient (F) was calculated by subtracting the
natural mortality coefficient (M) from the total mortality
coefficient (Z) derived from age based catch curves (F=Z-M).

2.4. Per recruit models

Y/R and B/R were determined as a function of the
exploitation rate. The estimated Y/R is based on the model
of Beverton and Holt137], as modified by Paulyl38].
Y/R=F/KXAXW_|[1/z— 3U/(z+1)+3U/(2+2)~U/(243)]

Where, A=(L.-L/L.-L)M/K, U=1-(L/L.)W.(797.5 g)=the
asymptotic weight (this was obtained by applying the length
weight relationship deduced by Osman and Abdulhadil12]
and using L., value of the present study), L.=length at first
capture, L(16.25 cm)=length at first recruitment (the smallest
length in all samples), L.=asymptotic length, K=von
Bertalanffy growth coefficient, z=Z/K, M=natural mortality
coefficient, F=Fishing mortality, [, =length at first capture
was calculated using the following equation: L.=L— K(L..~Ly/
Z1391.

Where L is the average length of the entire catch=23.99 ¢m.

B/R was estimated from the following equation:
B/R=(Y/R)/F=1/KXAXW | 1/(2)-3U/(z+1)+3U’/(2+2)~U"/(z+3)]

The virgin B/R is the B/R when fishing mortality (F) equals
zero.

2.5. The biological reference point

The biological reference point, F,, (the value of F at
marginal increase in Y/R is 10% of its value at F=0) was
calculated according to Gulland and Boeremal40l, as
described by Cadimal41].
dV/dF=dY/dF-0.1B, = 0 or dY/dF=0.1B,

Where V=Y-0.1B,, dY is the change in the Y/R, dF is the
change in the F and B, is the B/R when F=0. Therefore, the
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value of F at which dY/dF=0.1B, represents the value of
F,.. F,, can then be calculated by maximizing the function
V=Y-0.1xB,XF. It is noted that V is at a maximum value

when F=F,,.

3. Results
3.1. Length composition

The length frequency distribution of A. djedaba is given
in Figure 1. Fish length ranged from 16.5-32.5 ¢cm with mean
length of 24 cm. Fish between 22 and 27cm constituted
about 719 of the catch, followed by the fish less than 22 ¢cm
which constituted 18.4%. Fish larger than 27 ¢m constituted
only less than 10.6% of the total catch.
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Figure 1. Length frequency distribution of A. djedaba captured from Arabian

Gulf off Saudi Arabia.

3.2. Growth

The estimated values of growth parameters were L..=40.71
em, K=0.36 year ' and t,=—0.76 year.

The estimated lengths at ages and their correspondent
increments are calculated and represented in Figure 2. In
this figure, it appears that the maximum growth rate was
achieved when the fish reach one year in the age followed
by continuous decrease while the fish getting older.
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Figure 2. The estimated length (cm) and increment at age (year) of A. djedaba

captured from Arabian Gulf off Saudi Arabia.
3.3. Mortality rates

Figure 3 represents the length converted catch curve
from which total mortality (Z) was estimated as 2.07 year .
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Natural mortality (M) was estimated independently as M=0.8
year  and fishing mortality F=1.27 year ™.
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Figure 3. Linearized catch curve for estimation of total mortality rate of A.

djedaba captured from Arabian Gulf off Saudi Arabia.

3.4. The change in Y/R and B/R

Figure 4 shows that Y/R increase with increasing the
fishing mortality. After the current level (1.27 year ) of
fishing mortality, the Y/R increases slower than before.
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Figure 4. Y/R of A. djedaba as a function of fishing mortality.

Figure 5 shows that B/R decreases with the increase in
fishing mortality. At the current levels of fishing mortality,
B/R is equal to about 34% of the unexploited level.
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Figure 5. B/R of A. djedaba as a function of fishing mortality.

3.5. Biological reference points

Figure 6 shows that the current level of fishing mortality
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is higher than F,, (0.8 year ), Fy,s, (0.59 year ), Fy,,, (0.86 year ).
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Figure 6. Percent B/R in relation to its virgin status as a function of fishing

mortalities referring to current status and different biological reference points.
4. Discussion

Among carangid fish, A. djedaba is one of the large scads
growing to 40 cm but often is encountered in much smaller
sizelll. Length frequency analysis of A. djedaba from Arabian
Gulf off Saudi Arabia revealed a total length range between
16.25 to 32.4 cm with a mean of 24 . Fish with length between
22 and 27 em dominated the catch and represented 71%
of the total catch. The fish less than 22 ¢m in total length
represented 18.4% of the total catch and the fish of larger than
27 cm constituted of only 10.6% of the catch. All previous
studies on the size distribution of the A. djedaba revealed
small length compositions of the catch from different areas.
For example, Edward et al. found that the catch composition
of A. djedaba was between 18.5 and 35.5 ¢cm fork length in the
trawl from Gulf of Adeni42l. Sivakami has reported the total
length of A. djedaba to be 31.5 cm from the catches of Cochin
fisheries harbor in Indial6l. Raje reported a maximum total
length to be 33.4 ¢cm for males and 33.6 cm for females in the
catches landed at Veraval, Gujrat, Indial7l. Shuaib and Ayub
stated that the maximum total length of this species in the
landing of Karachi fish harbor was 38.5 cmi8l. They added that
the most of males and females were in size range between
21 and 30 cm. In other findings, it appeared in much smaller
sizes. Virginia et al. (unpublished data) stated that the catch
of A. djedaba from Sorsogon Bay Philippine contained fish
size between 3 and 15 cm. Chu et al. found it between 2.5
and 14.5 cm in the catch of bottom trawl off the southwestern
coast of Taiwan(9].

The study of age and growth is very important to all the fish
species, because it is considered as the basic study of all
other investigations in the fish world. Tt helps to make a clear
picture about the cohort dynamics of the species, and shows
how the fish grows and reaches the maximum length and age.
Growth parameters are important input data in other analysis
such as Y/R and virtual population analysis(341.

The present study revealed that growth parameters (L., K
and t) of A. djedaba were 40.71 cm total length, 0.36 year™
and —0.76 years respectively. Some few previous studies
investigated these parameters too. Reuben et al. found that L.,
and K of A. djedaba in the Indean sea off Kerala Coast were
32.6 cm total length and 0.61 year ' respectivelyl10l. Different
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findings were recorded by Corpuz et al. in Philippine waters
who mentioned that L., was 17 ¢m fork length and K was
1.2 year [11]. According to Froese and Pauly, the estimate
of L., was very different (+/— one third) from the maximum
length is doubtfullll. Our result could be accepted, since the
maximum length recoded in the present study was 32.5 cm.
The differences in size distribution and the estimated values
of growth parameters between different studies may be
attributed to several factors, such as temperature, mortality,
or food availability.

In the present study, the total mortality rate (Z) for A.
djedaba from Arabian Gulf was 2.07 year . This rate is lower
than those found for the same species in other locations.
Reuben et al. found that the total mortality for A. djedaba was
5.15 year 1101, Virginia et al. in unpublished data recorded
4.96 year ' for the same species in Sorsogon bay, Philippine.
Moreover, the mean total mortality of A. djedaba from south
and southeast Asia was 7.2 year [13].

Natural mortality is considered to be one of the biological
parameters most difficult to determine. Pauly reviewed
natural mortality rates for 174 fish stocks(35], and stated that
the modal mortality was between 0.2-0.3 year '43]. The same
species may have different natural mortality rates in different
areas depending on the density of predators and competitors,
whose abundance is influenced by fishing activities(34]. In
the present study and according to the empirical formula of
Paulyl3s], the natural mortality of A. djedaba from Arabian
Gulf is 0.8 year . This is lower than the value (0.99 year™)
estimated by Reuben et al. in the Indean sea and obviously
lower than its estimate (1.77 year ) in Sorsogon bayl10],
Philippine and the mean natural mortality (1.77 year ) for the
same species in south and south east Asiall3l. Comparing our
findings with that mentioned above by Vetter43], it seems to
be a high rate of natural mortality.

The present study showed that A. djedaba from Arabian
Gulf off Saudi Arabia had a lower fishing mortality (1.27
year ) than in other areas. Reuben et al. recorded a fishing
mortality equal 4.16 year ' for the same species caught from
Indian Sea off Keralall0l. Virginia et al. (unpublished data)
also recorded a higher fishing mortality (3.19 year ) for A.
djedaba in Sorsogon bay, Philippine. Samuel et al. mentiond
that the mean value of fishing mortality of A. djedaba in south
and southeast Asia was 5.43 year 131

In the present work, the Y/R of A. djedaba in Arabian Gulf,
Saudi Arabia increased with increasing the value of fishing
mortality. This was obvious and rapid at lower levels of
fishing mortality below 1.27 year . After this point, the rate of
increase went slower. The present study showed that the B/R
was found to decrease with the increase of fishing mortality.
At the current level of fishing mortality (1.27 year ), the stock
of A. djedaba laid at 34% of the unexploited stock.

There are various levels of biological reference points that
could be deduced from the Y/R and B/R analysis, such as
Fy.» Fegso and Fgy,. The use of these reference points is an
objective of the fisheries managers to evaluate and manage
fish stocks in its various locations and systems[23.25-27.29.44.45],
The present study also concerned with the determination of
biological reference points to evaluate the stock of A. djedaba.
It was found that at the current levels of natural mortality
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(0.8 year ') and length at first capture (21.1 cm), F,,, Fy, and
Fysu0 were 10.8, 0.59 and 0.86 year ' respectively. All of these
reference points are lower than the current level of fishing
mortality (1.27 year ). To increase the the Y/R and B/R, it
would be appropriate to investigate these reference points
and use the most suitable one of them as a limit to conserve
the stock and maintain its sustainability. Different reference
points are adopted by different authors according to the
conditions of the stock and the availability of application
of the reference point that give better management to the
fisheries and the stock as well. Clark mentioned that F,
the fishing mortality that reduces the stock to 35% of the
unexploited stock would provide high yield at low risk,
regardless, the spawner—recruit relationship(27l. Clark
himself in another study based on stochastic trials supported
this result and recommended the strategy of Fgp,,[28]. This
reference point strategy was also adopted and recommended
by Macel29l. The marginal yield strategy, F,, was mentioned
to be in average the most stable reference point and could
be used with the least risk of stock depletion(23.28.29]. The
present work revealed that adopting Fgg,,, (0.86 per year)
as a target reference point decreased the yield per recruit
by about 16% of its current value and increased the B/
R by about 18% of its current level. Increasing the fishing
mortality up to the Fg, level (0.59 per year) would decrease
the Y/R by about 43% of its current level and increase the B/
R by about 48% of its current level. Adopting F,, (0.8 per year)
strategy would decrease Y/R by about 4% of its current status
and increase in B/R (about 42% of its current level). From the
above discussion, it appears that fishing mortality should be
decreased for better status of B/R. However, further studies
on catch and effort should be done to decide what reference
point could or should be exactly adopted to keep the yield
per recruit at good level and for better conservation of the
stock.

For better status of A. djedaba stock in Arabian Gulf, Saudi
Arabia, fishing mortality should be decreased to increase the
biomass per recruit. Thus we recommend further studies on
catch and effort for complete management strategies for the
stock of such species.
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Comments

Background

The shrimp scad, A. djedaba (also known as the slender
yellowtail kingfish), is a species of widespread tropical
marine fish of the jack family, Carangidae. In Arabian Gulf
Fishery of Saudi Arabia, shrimp scad is commonly caught by
fish traps, gill nets and hand lines.

Research frontiers
This paper presents the basic information on the length
frequency and some population parameters, age, growth
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and total morality rate of A. djedaba in Gulf water off Saudi
Arabia. This study will indicate either under—exploitation
or an overexploitation state of the fisheries of A. djedaba in
Arabian Gulf.

Related reports

No much data or studies could be found on such species.
Few studies concerned the length distribution, age and
growth, length weight relationship and mortality.

Innovations and breakthroughs

The first objective of the current work is to give a recent
study and basic information on the length frequency and
some population parameters, age, growth and total morality
rate of A. djedaba in Gulf water off Saudi Arabia using
monthly length frequency distributions.

Applications

The findings will be used for sustainable management of
A. djedaba in the Arabian Gulf off Saudi Arabia and also
nearby areas.

Peer review

This paper focuses some useful data (findings) including
the length composition, growth parameters, mortality rates,
Y/R and B/R of A. djedaba in the Arabian Gulf off Saudi
Arabia using monthly samples. The manuscript presents all
these items in scientific way.

References

[1] Froese R, Pauly D. Fishbase [Internet]. Philippines: Fishbase;
¢2012. Available from: www.fishbase.org. [Accessed on 16th
November, 2013].

[2] Bariche M, Alwana N, El-Fadel M. Structure and biological
characteristics of purse seine landings off the Lebanese coast
(eastern Mediterranean). Fish Res 2006; 82(1-3): 246—252.

[3] Joseph MM, Jayaprakash AA. Status of Exploited Marine Fishery
Resources of India. Cochin: CMFRI; 1982, p. 166—175.

[4] Al-Baz AF, Chen W, Bishop JM, Al-Husaini M, Al-Ayoub SA.
On fishing selectivity of hadrah (fixed stake trap) in the coastal
waters of Kuwait. Fish Res 2007; 84(2): 202—209.

[5] Van der Elst R. A Guide to the Common Sea Fishes of Southern
Africa. 2nd ed. South Africa: C. Struik; 1988, p. 132.

[6] Sivakami S. Observations on some aspects of biology Alepes
djedaba (Forsskal) from Cochin. J Mar Biol Assoc India 1990; 32:
107—-118.

[7] Raje SG. Some aspects of biology of Alepes djedaba (Forsskal) from
Verval, Gujarat. Indian J Fish 1993; 40: 189—192.

[8] Shuaib N, Ayub Z. Length—-weight relationship, fecundity,
sex—ratio and gonadal maturation in shrimp scad, Alepes
djedaba (Forsskal, 1775) landing at the Karachi Fish Harbour,
Karachi, Pakistan. [Online] Available from: https://www.google.
com.hk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&
ved=0CDAQFjAB&url=http%3A%2F%2Fwww.researchgate.
neto2Fpublication%2F232613508_Length—Weight_Relationship_
Fecundity_Sex-ratio_and_Gonadal_Maturation_in_shrimp_
scad_Alepes_djedaba_(Forsskal_1775)_landing_at_the_Karachi_



208

Fish_Harbour_Karachi_Pakistan2Ffile%2F79e415087ccdeof5e9.
pdf&ei=_r6ulojsD4jxoATczIBY &usg=AFQjCNH3P6wk A9dadx6T
Tq3JbC7jm7Dadg&bvm=bv.57967247,d.cGU&cad=rjt. [Accessed
on 15th October, 2013].

[9] Chu WS, Wang JP, Hou YY, Ueng YT, Chu PH. Length—weight
relationships for fishes off the southwestern coast of Taiwan. Afr
J Biotechnol 2011; 10(19): 3945—3950.

[10] Reuben S, Kasim HM, Sivakami S, Radhakrishnan PN, Kurup
KN, Sivadas M, et al. Fishery, biology and stock assessment of
carangid resources from the Indian seas. Indian J Fish 1992;
39(3—4): 195-234.

[11] Corpuz A, Saeger J, Sambilay V. Population parameters of
commercially important fishes in Philippine waters. Philippines:
Department of Marine Fishery University of Philippine, Visayas;
1985.

[12] Osman AM, Al Abdulhadi HA. Some aspects of reproductive
biology of Alepes djedaba (Teleosti: Carangidae) in Arabia Gulf.
Egypt J Aquat Res 2011; 37(3): 267-274.

[13] Hannesson R, Herrick SF. Climate change and the economics
of the world’s fisheries: examples of small pelagic stocks. UK:
Edward Elgar Publishing; 2006.

[14] Gushiken S. Revision of the carangid fishes of Japan. Galaxea
1983; 2: 135—-264.

[15] Lin PL, Shao KT. A review of the carangid fishes (Family
Carangidae) from Taiwan with descriptions of four new records.
Zool Stud 1999; 38(1): 33—68.

[16] Carpenter KE, Volker HN. The living marine resources of
the Western Central Pacific. Bony fishes part 3 (Menidae to
Pomacentridae). Rome: FAO; 2001.

[17] Blaber SJ, Blaber TG. Factors affecting the distribution of
juvenile estuarine and inshore fish. J Fish Biol 1980; 17(2): 143—
162.

[18] Iwatsuki Y, Kimura S. First record of the carangid fish, Alepes
djedaba (Forsskal) from Japanese waters. Ichthyol Res 1996; 43(2):
182—-185.

[19] Pillai VN, Menon NG. Marine Research and management. Kerala,
India: Central Marine Fisheries Research Institute; 2000.

[20] Nakane Y, Suda Y, Ohtomi J, Hayakawa Y, Murai T. Nearshore
ichthyofauna in the intermediate sandy beach, Fukiagehama
Beach, Kagoshima Prefecture, Japan. J Shimonoseki Univ Fish
2005; 53(2): 57—70.

[21] Restrepo V. Annotated of terms in executive summary reports
of the international commission for the conservation of Atlantic
tunas, Standing committee on Research and Statistics (SCRS).
Madrid, Spain: ICAAT; 1999.

[22] Butterworth DS, Punt AE, Borches DL, Pugh JB, Huges GS. A
Manual of mathematical techniques for linefish assessment. South
African: Foundation for Research Development; 1989, p. 89.

[23] Punt AE. The use of spawner—biomass—per—recruit in the
management of line fisheries. In: Beckley LW, van der Elst RP,
editors. Fish, fishers and fisheries. proceedings of the Second
South African Marine Line fish Symposium. Durban: Special
Publication of the Oceano—graphic Research Institute; 1993, p.
80—89.

[24] Govender A. Mortality and biological reference points for the
king mackerel (Scomberomorus commerson) fishery off Natal,
South Africa (based on a per recruit assessment). Fish Res 1995;
23: 195-208.

[25] Griffiths MH. The application of per recruit models to

Medhat Abdel Barr et al./Journal of Coastal Life Medicine 2014; 2(3): 203-208

Argyrosomus indorus, an important South African sciaenid fish.
Fish Res 1997; 30: 103—115.

[26] Booth AJ, Buxton CD. Management of the panga Pterogymnus
laniarius (Pisces: Sparidae) on the Agulhas Bank, South Africa
using per recruit models. Fish Res 1997; 32: 1-11.

[27] Clark WG. Groundfish exploitation rates based on life history
parameters. Can J Fish Aquat Sci 1991; 48: 734-750.

[28] Clark WG. The effect of recruitment variability on the choice of a
target level of spawning biomass per recruit. In: Kruse G, Eggers
DM, Marasco RJ, Pautzke C, Quinn TJ, editors. Proceedings of
the International Symposium on Management Strategies for
Exploited Fish Population. Anchorage, Alaska: Alaska Sea Grant
College Program, University of Alaska; 1993, p. 233—246.

[29] Mace PM. Relationships between common biological reference
points used as thresholds and targets of fisheries management
strategies. Can J Fish Aquat Sct 1994; 51: 110—122.

[30] Kirkwood GP, Auckland R, Zara SJ. Length frequency distribution
analysis (LFDA) Version 5. London, UK: Marine Resources
Assessment Group (MRAG) Ltd; 2001.

[31] Pauly D. A review of the ELEFAN system for the analysis
of length—frequency data in fish and aquatic invertebrates.
In: Pauly D, Morgan GR, edtors. Length based methods in
fisheries research. ICLARM Conference Proceedings 13. Manila,
Philippines: International Center for Living Aquatic Resources
Management; 1987, p. 468.

[32] Von Bertalanffy L. A quantitative theory of organic growth. Hum
Biol 1938; 10: 181-213.

[33] Pauly D. Length—converted catch curves: a powerful tool for
fisheries research in the Tropics (part 1). Fishbyte 1983; 1(2): 9-13.

[34] Sparre P, Venema SC. Introduction to tropical fish stock
assessment—part 1: Manual. Rome: FAO; 1998, p. 407.

[35] Pauly D. On the interrelationships between natural mortality,
growth parameters, and mean environmental temperatures in 175
fish. ICES ] Mar Sct 1980; 39: 75-92.

[36] Hazek NM. Current and hydrography of the Arabian Gulf
and Gulf of Oman[D]. Alexandria, Egypt: Faculty of Science
Alexandria University; 1996, p. 245.

[37] Beverton RJ, Holt SJ. Manual of methods for fish stock assessment.
Part 2. Tables of yield function. Rome: FAO; 1966, p. 67.

[38] Pauly D. Some simple methods for the assessment of tropical fish
stocks. Rome: FAO; 1983, p. 52.

[39] Beverton RJ, Holt SJ. A review of methods for estimating
mortality rates in fish populations, with special reference to
sources of bias in catch sampling. Rapp P-V Réun Cons Int
Explor Mer 1956; 140(1): 67—83.

[40] Gulland JA, Boerema LK. Scientific advice on catch levels. Fish
Bull 1973; 71(2): 325-335.

[41] Cadima EL. Fish stock assessment manual. FAO Fisheries
technical paper 393. Rome: DANIDA; 2003, p. 6.

[42] Edward RR, Shaher S. The biometrics of marine fishes from the
Gulf of Aden. Fishbyte 1991; 9(2): 27-29.

[43] Vetter EF. Estimation of natural mortality of fish stocks. Fish
Bull 1988; 86(1): 25—34.

[44] Hilden M, Lehtonen H. Management of the bream, Abramis
brama (L.), stock in the Helsinki sea area. Finnish Fish Res 1982;
4: 46-61.

[45] Kirchner CH. Fisheries regulations based on yield—per—recruit
analysis for the linefish silver kob Argrosomus inodorud in
Nambian waters. Fish Res 2001; 52: 155—167.



