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Abstract

Rabbitfish, Siganus rivulatus in Bardawill lagoon has
considerable commercial important species. This study aims to identify
some of the biological properties of this species and supply management
catches this information to preserve this kind of fish. Length-based
methods were used to study the growth of the rabbit fish Siganus
rivulatus, in Bardawill lagoon. Samples (ranged from 7 to 21.6cm total
length and 4 to 116g total weight) were collected from April to
December 2016. Age was determined from otoliths measurements and
the results showed that the maximum life span is 5 years. Back
calculation length at the end of each year were calculated as 10.19,
13.51, 16.59, 18.02 and 19.49 cm. Total length- weight relationship was
estimated as w=0.0152L 2#%, [ength at first capture Lc was 13.5 cm
and age at first capture was 1.99717years. Size group 13-13.9 cm (about
19.5% of the total frequencies), is the domination in the size groups.
Growth parameters were Loo = 23.09 cm, K = 0.3191 y! and to = -
0.7571 y*. The growth performance index was 2.23. The instantaneous
total, natural and fishing mortality are 0.9684, 0.4495 and 0.5189 year
respectively. Exploitation rate (E) was 0.54 year™. The results indicated
that the S. rivulatus resource in Bardawill lagoon is moderate exploited
but the juvenile was dominated in landing. The higher values of yield per
recruit (10.28, 10.75, 11.47, 11.7014 and 11.849) were with Tc = 1.25,
1.5,1.99717, 2.25 and 2.5 years at fishing mortality 0.9, 1.2, 2.1, 3.2 and
6 respectively. All indications are that mesh sizes needs to be increases
or must be fished by the legal trammel nets only.

INTRODUCTION

Bardawill lagoon is a hyper saline lagoon, neighbouring of eastern
Mediterranean coast, North Sinai. The lagoon covers an estimated area of
136,318 Feddan with a maximum length of 95 Km and a maximum width of 22
Km, the water depth ranges from 0.5 m to 3 m (GAFRD, 2015). Rabbitfish,
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Siganus rivulatus has a wide geographical distribution in the tropical and
subtropical areas. This fish is popular to consumers, considered as excellent
seafood and sold at an acceptable price (Mehana and Abdallah, 2002). Siganus
fishes are caught mainly by the trawls, trammel, gill nets and beach seines. Some
biological studies were done on Siganus fishes in many countries (Wray, 1979;
Hashem, 1983 and Ali 2015).

This work aimed to assess the status of this fish which are exploited in the
Bardawil lagoon to providing information required for resource management
purposes.

MATERIALS AND METHODS

Total length and total weight of 2721 specimens of Rabbitfish, Siganus
rivulatus were recorded monthly during the fishing season 2016. The length—
weight relationship described as W = a *L° where W = total weight (g), L =
total length (cm) and a & b constants. The values of Loo, K and to were
estimated by Ford, 1933-Welford method, 1946 where growth rate is plotted
against the mean length during the corresponding year.

Otoliths for 570 samples were removed, cleaned and stored dry in
labeled vials. Annual rings on otoliths were counted using an optical system
consisting of Nikon Zoom-Stereomicroscope focusing block, Heidenhain's
electronic bi-directional read out system VRX 182, under transmitted light. The
total radius of the otolith "S™ and the distance between the focus of the otolith
and the successive annuli were measured to the nearest 0.01 mm. The otolith's
measurements from specimens were used to describe the relationship between
the total length and the otolith radius. Lengths by age were back-calculated
using (Lee's, 1920) equation as follows:

Lhn=(L-a)Sh/S+a

Where: L, equals length of fish at formed of ring n (age at n year), L
equals the fish length at capture, Sn equals the scale radius at fish length L, and
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S is the total radius of scales (a: constant). The calculated weight at the end of
each year was estimated by applying length-weight equation.

The growth performance index (@) was estimated using Pauly and
Munro, 1984 formula as ¢ = Log K + 2 Log L.

Total mortality were obtained by using two methods (Beverton and
Holt's, 1957 as Z=K*((Loo-Lc")/(Lc™ -Lc)) and Chapman and Robson, 1960 as
Z=-LnY)

Natural mortality coefficient was estimated by using two methods:
(Alverson and Carney, 1975 as M =3 * K/ [exp (tmax* 0.38 * K) — 1] and
Hewitt and Hoenig, 2005 as M=4.22/tmax), Where tmax iS the maximum age of
the fish in the sample. Fishing mortality F=Z-M. The exploitation rate (E) by
Gulland, 1971 E=f/z. Survival rate from age composition data using Ricker,
1975 equation found S=e?

Length at first capture (Lc) was calculated from the plot of the
probability of capture against size. The method of Gulland, 1969 was used to
predict the yield per recruit as follows:

Y IR = F*e MT¢-T0) *\Woc*[(1/Z) —(3S/Z+K)+ (3S%/Z+ZK) — (S%/Z+3K) ]
Where S = el ¥ (Tc-t) |, K, and to = Bertalanfy, 1934 growth

parameter, Tc is age at first capture, Tr is age at recruitment, Woo is asymptotic
body weight, F is fishing mortality, M is a natural mortality and Z = F+M, is a
total mortality.

RESULTS

The length—weight relationship of 2721 specimens was illustrated in
Fig. 1. This relation indicates positive allometric growth as the value of
b=2.8406 in the power equation: W= 0.0152*|28406,
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Fig. 1: Length — weight relationship of Rabbitfish, S. rivulatus in Bardwell
lagoon_Egypt.

Back-calculated length is 10.19, 13.51, 16.59, 18.02 and 19.49 cm for
age 1, 2, 3, 4 and 5 years respectively (Fig. 2). The results found that the
highest increment in length at the first year of life (10.19 cm) and then declined

rapidly thereafter.
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Fig. 2. Increment in length of Rabbitfish, S. rivulatus in Bardwell lagoon_Egypt.

The highest increment in weight occurred at the end of third year of life
as increment was (19.8 gm) and then declined rapidly thereafter (Fig. 3). The
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back-calculated weight was 11, 24.7, 44.5, 56.5 and 70.7 gm, for age 1, 2, 3, 4
and 5 years, respectively.
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Fig. 3. Increment in weight of Rabbitfish, S. rivulatus in Bardwell lagoon
Egypt.

Growth parameters Loo, K and to were estimated as 23.09, 0.3191 and -
0.7571 respectively. The equations obtained were follows as:

For length Lt =23.09(1-e( 0319 (t+0.7571) )
For weight Wt=113.39 (1 - e (03191 (t+ 0.7571)))2.8406

The growth performance index (® and ®') defined as 2.23 for length and
0.87 for weight.

Maximum length with the highest biomass Lopt Wwas 17.25cm and
maximum age (Tmax) Was 9.4. The length at first capture (Lc) was estimated to
be 13.5 cm corresponding 1.997 year (Fig 4).
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Fig. 4. Length at first capture Lc of Rabbitfish, S. rivulatus in Bardwell lagoon
Egypt.
Age distribution ranged from 0-group to v-group years based results of

the otoliths reading (Fig. 5). The age group II was dominant (29.6%) followed
by groups I (24.9%), LI (16.3%), 0 (13%), IV (12.1%) and V (4%) respectively.
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Fig. 5. Age composition distribution of Rabbitfish, S. rivulatus in Bardwell
lagoon, Egypt.
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Total motility (Z) equals 0.9684 year, natural mortality (M) equals
0.4495 year™ and fishing mortality (F) equals 0.5189 year. Exploitation rate
(E) was 0.54 year,

The yield per recruit (Y/R) and biomass per recruit (B/R) were found to
be 9.93 gm and 11.47 gm at the actual fishing mortality 0.5189 and 2.1 year
respectively. Biomass per recruit was decreased with the increasing of fishing
mortality where it maximum (60.317 gm) at F=0.0 (Fig. 6).
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Fig. 6. Yield per recruit and biomass per recruit of Rabbitfish, S. rivulatus in
Bardawill lagoon during season 2016.

The yield-per-recruit as a function of fishing mortality with age at first
catch (Tc), was calculated using different values of Tc as1.25, 1.5, 1.99717(the
present age at first capture), 2.25 and 2.5 year (Fig.7). The results indicated that
the maximum yield per recruit increases when the age at first capture increases.
The higher values of yield per recruit (10.28, 10.75, 11.47, 11.7014 and 11.849)
were with Tc = 1.25, 1.5, 1.99717, 2.25 and 2.5 years at fishing mortality 0.9,
1.2,2.1, 3.2 and.6 respectively.
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Fig. 7. Yield per recruit with different values of (F and Tc) of Rabbitfish, S.
rivulatus in Bardawill lagoon during season 2016.

DISCUSSION

The length-weight relationship is used for converting weight data to
length and vice-versa. Length-weight relationship parameters are used to
estimate weight of fishes from their lengths, b value is useful to calculate
condition indices, life history and fish morphological differences in different
regions (Petrakis and Stergiou, 1995). The exponent (b) tends to have a value
of around 3. In our study, b value showed slight negative allometry (= 2.84);
this means that the fish becomes lighter for its corresponding length. It is noted
that, obtained value of (b) is lower than those obtained by previous studies as
Mehanna and Abedallah, 2002 and EL Drawany, 2015 were recorded a positive
allometry growth of S. rivulatus in the Red Sea. On the other hand, EI-Gammal,
1988; Mohammed, 1991; EL Far, 2008 and Ali 2015 were recorded a negative
allometry growth in different region of Mediterranean water which is in
agreement with our study. Slightly lower of b in this results were due to body
shape of samples are more elongated and gonadal non development where this
species is native in Red sea but it invasive species in Mediterranean Sea. b
values reliant on biological and environmental conditions, geographical,
temporal and sampling factors (Froese, 2006).
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In the present study, the highest annual increment in length of
Rabbitfish, S. rivulatus was occurred during the first year of life, while a
noticeable decrease is observed in the second year, reaching its minimal value
during the fifth year of life. These results agree by El-Ganainy and Ahmed,
2002; EL- Far, 2008 and Ali, 2015.

There is a possibility of damage to the Rabbitfish stock in future, where
the fishers appear to be catching all ages. Six age groups were identified, 1% age
group and less (0-age group) were dominated (37.9%), followed by 2" age
group (29.6%), while larger groups represented by 32.4% (16.3, 12.1 and 4%)
only.

In the present study the annual rates of total, natural and fishing
mortality of S. rivulatus is the lower than those obtained by various authors and
in different locations. It must be mention that total and fishing mortality rates
are an area specific parameters and not a species specific parameters, which
may change over time according to variations in fishing effort. Concerning
mortality estimates, comparison is difficult because of scarcity of data and the
total mortality coefficient is not a species-specific parameter, but an area
specific parameter. The lower values of Z because this fish is no target species
in the lagoon. The exploitation rate (E) was lower than 0.54.These results are
important for fisheries management authorities as they suggest that, the
resource under moderately exploitation but be required revision of mesh size
regulations where small fishes were dominated of landing, a substantial
reduction in fishing effort would also be required if management objectives are
to be achieved.

To investigate the variation in yield per recruit with changing of age at
first capture Tc, this is closely related to the estimation of the optimum mesh
size. Yield per recruit of S. rivulatus was calculated using Tc = 1.25, 1.5,
1.99717 (current age at first capture), 2.25 and 2.5 years. Results indicated that,
the maximum yield per recruit will be achieved at Tc = 1.99717 year with
current fishing mortality (F = 0.5189) in a long time. In addition, with the
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increasing of fishing mortality F = 2.1 at Tc = 1.99717 year, the maximum yield
per recruit will be increase. Increasing of effort (F = 0.5189) to Fmax (F =2.1)
associated with negligible increase in the yield per recruit (11.47 — 9.93 =
1.54)=1.54/9.93*100=15.47%.That meaning of, the increase in fishing effort by
= (2.1-0.5189)/0.5189*100 = 304.7% over production as much as 15.47% only,
this is unacceptable biologically. Also, higher yields that obtained by increase
in effort cannot be maintained, and they will have to be followed by a period of
much lower yield. In this study, the value of Tc (which is a proxy of mesh size)
and the current exploitation rate (which is a proxy of effort) indicated that the
small fish are caught at higher effort level.

RECOMMENDATION

We can recommend that the current efforts Rabbitfish, Siganus rivulatus
should be stabilized at the present level and catching small rabitfish which less
than 2 years age most be prohibited to be able to spawn at least once. Also, we
can recommend that, the mesh size of fishing gears should be increased as gill
nets and trawls. If this is not carried out, must be caught this species by the
legal trammel nets only.
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