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ABSTRACT

Population dynamics of Gilthead sea bream, Sparus aurata was studied from

a small scale fishery of Bardawil lagoon. 3262 specimens ranged between
11 and 32.9 cm TL and 20 to 592 g total weight, were collected from April,
2009 to November, 2010. The relationship between length and weight was
estimated as W = 0.025 L**"°. Age was determined using scales’ reading
technique for 865 individuals and the longevity of this species was found to be 4
years. Growth in length and weight at the end of each year was estimated. The
growth parameters of the von Bertalanffy equation were calculated as L,, = 36
ecm, K = 0.39 yr' and ty = -1.68 yr. Total, natural and fishing mortality rates
were 1.02 yr ', 0.21 yr "and 0.81 yr ', respectively. The current exploitation rate
(E = 0.79) indicates that the stock of seabrea in Bardawil lagoon was heavily
exploited. The length at first capture L. was estimated as 15.54 cm. The length at
first maturity L,, of males and females were estimated as 20.5 and 22.8,
respectively. The maximum allowable limit of exploitation (E..x) was 0.61
while that at maximum economic yield (Eq;) was 0.499 and maintains 50% of
stock (Eos = 0.37). The raised L. to the first sexual maturity (22.5 cm as Lt)
would be associated with an increase of Y'/R by 15 % from the current Y'/R at
exploitation rates equal E,,= 0.74. Also, raised L. to 24.5 cm at current
exploitation rate E.,,,=0.79. The results indicate that, for proper management of
sea bream catch on Bardawil lagoon, the effort should be reduced or the length
at first capture should be raised.
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INTROUDACTION

The Gilthead sea bream, Sparus aurata is an important species in the
Egyptian coasts of Mediterranean Sea and the Bardawil lagoon fisheries. It was
found in a wide variety of marine habitats, from rocky to sandy bottoms, at
depths between 0 to 500 m, although it is usually more common at less than 150
m deep (Abecasis et al., 2008). In Bardawil lagoon, Sparus aurata is mainly
exploited by two fishing techniques; trammel nets and hand line. This species is
common as a discard and by-catch of trawl and gill-nets fisheries operating in
the lagoon. All previous studies agreed that during the last twenty years, the
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stock of sea bream shows a serious decline in Bardawil lagoon (Bebars et al.,
1986&1992; Khalifa, 1995; Khalil and Sheltout, 2006; Mchanna, 2006; Salem et
al., 2008). This work was carried out to supplement information about biological
aspects and exploitation rates of S. aurata in Bardawil lagoon that could be
useful for management of this important species.

MATERIALS AND METHODS

STUDY REGION

The study was carried out in the Bardawil lagoon (Fig. 1).The lagoon
covers an area of 693 km®, in an arid area in the northern part of Sinai Peninsula,
Egypt. It is separated from the Mediterranean Sea by a long narrow sandbar that
varies in width between 100 m and 1 km. The lagoon communicates with the
Mediterranean Sea water by two artificial and one natural narrow channels. The
lagoon is considered as a natural depression with a depth of 0.5-3 m.

Mediterranean Sea

Fig. 1: The Bardawil lagoon

SAMPLING

Random samples were collected from well mixed catches of small boats
(it with an overall length of 6 m and 9.9 horse power outboard engine) which
worked with trammel nets and hand lines between April, 2009 and November,
2010. The boats were equipped with 500 — 1000 m trammel net (mesh size 3.5
cm) or two to four hand line. The line is often 5-10 m long and containing one
hook. The hooks are often 2-3 cm long containing life bait. One to three
fishermen worked on each boat. The fishing boats work in night from a static
position. The boats work at depths ranging from 1 — 3 m. The total length of the
collected fish was measured to the nearest mm and there total weight was
recorded to the nearest 0.1 g.
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For age determination, the scales were removed from the left side from
865 specimens behind the tip of the pectoral fin. In the laboratory, the scales
were cleaned and stored dry in envelopes for the subsequent study. Later on,
scales were soaked overnight in 10% ammonia solution. 5-7 scales were placed
between two glass slides, and examined by a projector with 33 x magnifications.
On the clearest scale from each batch, the total scales radius as well as the
radius of each annulus were measured to the nearest 0.01 cm.

DATA ANALYSIS

The back-calculated total length at the end of each year was determined
from scale measurements using Lea’s, 1910 equation as L, = L, (S«/Sp), where:
L, equals length of fish at age (x), L, equals the fish length at capture, Sy equals
the scale radius at annulus x and S, equals total scale radius.

The relationship between length and weight was described by the
potential equation (W = a*L°, Ricker, 1975), where W is the total weight (g),
and L is the total length (cm), a and b are constants. The calculated weight at the
end of each year was estimated by applying length-weight equation.

The von Bertalanffy growth equation (VBGE): L, = L., (1- e** ') was
used to describe growth in size, where L is the length at age t, L., the asymptotic
length, K is the body growth coefficient and t, is the hypothetical age at which a
fish would have zero length. The values of Loo and K were estimated by plotting
L; vs Ly using the Ford, 1933 — Walford, 1946 plot, while t, was estimated by
Gulland and Holt plot, 1959. For comparison of the growth parameters with
previous studies, the growth performance index was calculated from the
equation of Munro and Pauly (1983) as (@")=Ln K + 2Ln L.

The length-converted catch curve method (Pauly, 1984,) was used to
estimate the instantaneous rate of total mortality (Z) by using the FiSAT
program. The instantaneous rate of natural mortality (M) was obtained by Ursin
(1967) formula as M = W™ where W is the mean weight of the whole sample.
The fishing mortality (F) was estimated by subtracting the value of natural
mortality from the total mortality as F = Z —M, while the exploitation rate
E=F/Z.

The length at first maturity (L,) was determined by examination of
gonads to determine the sex and the stage of maturity, where 50% of fish reach
their sexual maturity. It was estimated by fitting the maturation curve between
the percentage maturity of fish corresponding to each length class interval. Then
L,, was estimated as the point on the X-axis corresponding to 50% point on the
Y-axis.

The probability of capture was estimated from length-converted catch
curve, using the running average technique to determine Ls, (Pauly, 1984,).

The model of Beverton and Holt, 1966 as modified by Pauly and Soriano,
1986 incorporated in FiSAT program ( Gayanilo er al., 1997) was used to
predict the relative yield-per-recruitment as Y'/R = EUM¥[ 1 - (3U/1+m) +
(3U%1+2m) — (U*/1+3m) ] where, U =1- (Lc / Lo ), m = (I-E)/ (M/K) = (K/Z): M
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is the natural mortality, K is the body growth coefficient and E is the
exploitation rate and the relative biomass per recruit (B/R) = (Y/R)/F. The
exploitation rate producing maximum yield (£,.,), the exploitation rate at which
the marginal increase of Y'/R is 10% of its virgin stock (E,;) and the
exploitation rate which the stock is reduced to 50% of its unexploited biomass
(Eo5) were estimated. Also, the yield contours were plotted to assess yields on
changes in E and Lc / Loo.

RESULTES AND DISSCUTION
Age and growth
Scales reading for 865 individuals showed five age classes of Sparus
aurata in Bardawil lagoon during the study period from April, 2009 to
November, 2010. The percentage occurrence of these groups was 55.3, 29.9,
11.9, 1.9 and 1.0% for 0, 1, 2, 3 and 4 age groups respectively. This indicated
the dominance of the young fish (0-group fish, illegal size), while the age group
four was the least age group in the catch (1.0 %).The maximum estimated age (6
years) for S. aurata in Bardawil lagoon was recorded by Khalifa (1995). Age
groups and growth in length (average back — calculation lengths) were identified
for S. aurata as 23.38, 27.51, 30.21 and 32.15 cm for 1%, 2™, 3™ and 4" years,
respectively. The growth rate of S. aurata is particularly high during the first
year of life, especially in this study. After the first year, the annual growth rate
drops rapidly. Table (1) summarized the back-calculated lengths of the present
study compared with the other studies for the same species.

Table 1: The length at the end of each life year of S. aurata given by different authors

Total length at the end of 1ife vear
Region Sex i N Refarnoes
(years) 1 2 3 4 5 &
Bardawill luzoom, fishing M 1-2 106 16739 1885
Bebars, 1535

seasem | 9R5/36 F 1-3 148 1697 2015 227
Bardawall lagoan, fishig season, 1988 M+F 1-3 - 125 2587 2859 A meran, 1992
Bardawill luzoom, fishing seascm, 1986 M+F  1-8 193 2367 W BW - 3216 Khalifs 1995
Bardawall fishing seasom 2000 M+F 1-3 1526 123 2383 2845 3154 3254 p—
lagoon fishing seasom 2001 M+F  1-3 1335 202 2352 276 298 323 i
Fiort Said M+F  1-4 1714 2126 278 3225 343 Meharms 2007
Bardawill luzoom, fishing season, 2008 M+F  1-4 3483 2282 2709 3003 315 Salewn, 2010
Bardawill lazoon M+F  1-4 3262 233 2751 3021 3215 Present shudy

The observed total length ranged from 11 to 32.9 cm and the observed total
weight varied from 20 to 592 g. The length — weight relationship (Fig. 2) was
described by the power equation as: W= 0.025*L**" (R* = 0.93). The
differences in length-weight relationship of S. aurata in different rejoins (Table
2) might be interpreted as being due to differences in growth and morphometry
between regions (Barnabé, 1976) and it is a practical index of the condition of
fish, and varies over the year according to factors such as food availability,
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feeding rate, gonad development and spawning period (Bagenal and Tech,

1978).
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Fig. 3: Length — weight relationship of S. aurata in Bardawil lagoon.

Growth parameters of von Bertalanffy were calculated as L= 36 cm,
K = 0.39 year" and ty = -1.68 year and the obtained equation was L, =
36%(1-¢"719%)  Mcllwain ef al.(2005) mentioned that the differences
in growth parameters were due to age, sex, maturity and sampling period
for the same species. The value of growth performance index (@' ) was
calculated as 6.22. That results showed a lower of growth performance
index than in the previous studies, which may be due to the lower value
of K. Constant of length-weight relationship and growth parameters for S.
aurata in Bardawil lagoon were summarized in Table (2).

Table 2: Constants of length weight relationship and the growth parameters of S. aurata

in Bardawil lagoon

Regions

Age

Constanis of length-weight
relatdonship and

(years) ™ growth parameters References

Egypt a b ‘L K 't ['s
Bardawil lagoon 4 322 ppzs 2813 36 039 -1g8 g3z Fresetshdy

s - onl4 298 38 034 086 Ehalifa, 1925

5 1557 gois 3035 3RS 0297 -10m Thaverat et al, 1973

4 1535 gole 3017 352 058 074 658 Salem 2004
Port said 4 174 gpiz 302 38 05 ns - Meharma, 2007

4 197 qnae 279 327 081 - &765  Salem aral 2008

4 3483 gpmo 276 342 048 078 633 Salem. 2010
Odher regions
Thau (France) + 713 o0z 2R 62 D2z 0077 sges  assere @ Lahemres 1974
Fhro (Spain) 7 &11 112%10° 3055 621 0171 083 cage —oocemdlepes 1w
Mirna (Croatia) 1z 314 0011z 3052 588 0153 -171 6303 Kralievie and Duleic, 1987
Mellah Lagoon {Algexia) ? 370 001z 3067 553 0513 02 7359 Chaouj sral 2008
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Length at first sexual maturity (L,,)

The length at first sexual maturity was estimated as 20.5 and 22.8 cm
which corresponding to an age of 0.47 and 0.83 year for male and female
respectively (Fig. 3). This results is close to that of Salem (2004) who observed
that, the value of L,, for S. aurata in the same lagoon was 20.6 and 22.1 c¢cm for
male and female, respectively. Anna et al. (2005) recorded that, in the

Mediterranean Sea, this species is becoming mature at smaller lengths compared
to the other regions.
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Fig. 3: The length at first maturity of S. aurata in Bardawil lagoon
Mortalities and exploitation rate

Total mortality (Z) from length-converted catch curves was estimated as
1.02 yr'' (Fig. 4) while natural mortality (M) was estimated as 0.21 yr ' and the
fishing mortality rate (F) was 0.81 year '. From these results, the current
exploitation rate (£ = 79.43 %) shows an exploited stock according to Gulland,
1971, who suggested that the optimum exploitation rate for any fish stock is
about 0.5 at F=M and more recently, Pauly (1987) proposed a lower optimum F

that equal to 0.4 M. Patterson (1992) reported that an exploitation rate of about
0.4 is safe for the stock.



Population dynamics and fisheries management of S. aurata from Bardawil 63

8.0 -~
8.0 |
=)
= 40 |
E
20 L
L ]
0.0 1 1 L
0.0 2.0 4.0 5.0

Relative age (years-t0)

Fig. 4: length-converted catch curve of S. aurata in Bardawil lagoon.

Length at first capture (L.)

The length at first capture (The length at which 50% of fishes retained by
the gear is the mean selection length, Lc) was estimated to be 15.54 c¢m, also, 25
% of all fish were caught at 14.38 cm TL, and 75 % at 16.79 cm TL (Fig. 5). In
this study, the value of L, was considerably smaller than the length at first
sexual maturity (L,,) for male (20.5 cm) and female (22.8 cm). The current sea
bream catch in Bardawil lagoon was mostly below the length at first sexual
maturity (immature fish). Therefore must have a chance to spawn 2-3 times
before capture according to Grandcourt et al. (2005) by increasing the mesh size
of trammel nets.
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Fig. 5: Analysis of capture probability for S. aurata in Bardawil lagoon.

The relative yield—per-recruit (Y'/R) and biomass per-recruit (B/R)

The Knife Edge selection procedure (Fig. 6.) for the analysis of relative
yield—per-recruit (Y'/R) and biomass per-recruit (B/R) of S. aurata vs. the
exploitation rate in Bardawil lagoon gave an E,, = 0.61, E,; = 0.5 and
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Eys = 0.37. Therefore, the computed current exploitation rate E (0.79) was
higher than the predicted maximum sustainable yield (£, = 0.61), the predicted
maximum economic yield (£, ; = 0.5) and maintains 50% of stock (£,5 = 0.37).
From this result, the stock of sea bream in Bardawill lagoon was a heavily
exploitation. In this study, The value of L. (whish is a proxy of mesh size) and
the current exploitation rate (whish is a proxy of effort) indicated that the small
fish are caught at higher effort level. Hence the fishery requires reduction in
effort or increase in length at first capture. May be is not easily to balance
between the reduction in effort and socio-economic needs of the fishermen
however, applying optimum mesh size may be not difficult and allowing
increase of L, to different values.
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Fig. 6: The relative yield—per-recruit (Y'/R) and biomass per-recruit (B/R) S. aurata in Bardawil
lagoon with Lc 15.54 cm.

100 0.24

= E 020 \

[na] S = —

— e | i

= 075t T

5 2 018}

b b

o v

& x

2 osof 2 ooazfl— —

£ =

= [

o =

® g 008} |

5 025 F |

o

e N
D00t 0.00 ' i : .

0.0 0.2 0.4 0.6 0.8 1.0
Exploitation ratio (E)
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The yield-per-recruit was calculated at different values of L. (15.5, 22.5
and 24.5 cm), and exploitation rates. The raised L. to the first sexual maturity
(22.5 cm as L,) would be associated with an increase of Y'/R by 15 % from the
current Y'/R at exploitation rates equal E,.. = 0.74, E,; = 0.67and E,5 = 0.41
(Fig.7). Thus, for proper management of sea bream catch on Bardawil lagoon,
the length at first capture (L.) must increase from 15.54 to 22.5 cm with
economic exploitation rate, FE,; = 0.67 or should be raised L. to 24.5 cm at
current exploitation rate E,,,, = 0.79 (Fig.8).
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Fig. 8: The relative yield—per-recruit (Y'/R) and biomass per-recruit (B/R) S. aurata in
Bardawil lagoon with Lc 24.5 cm.
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