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ABSTRACT
This study presents a comprehensive assessment of the black-barred

halfbeak (Hemiramphus far) in Bardawil Lagoon, North Sinai, Egypt, focusing
on key parameters such as length at first capture, growth metrics, mortality rates,
and relative yield per recruit. Data were collected monthly from May to
December 2022, comprising a total of 1,593 fish samples from commercial
catches in the lagoon. The fish that were sampled ranged in length and weight
from 17 to 36.7cm and 22 to 247.3g, respectively, with an average of 23.84cm
and 85.67g. The formula for the length-weight relationship of the studied species
was W = 0.0029 TL 3228, This study showed four age groups. The estimated von
Bertalanffy growth parameters were L., = 37.8cm and k = 0.48 year™. It was

found that the growth performance index (®") was 2.84. An estimate of the
length at first capture was 20.89cm. The length at first capture was determined to

be 20.89cm. The mortality rates were calculated as follows: total mortality (2) at
2.15, natural mortality (M) at 0.95, and fishing mortality (F) at 1.2 year™. The
exploitation rate (E) was found to be 0.56, indicating overfishing and high
fishing pressure on the population. The relative yield per recruit analysis (Y'/R)
showed that the current exploitation level significantly exceeds the sustainable
threshold (Eo5=0.383). To sustainably manage this resource, the current
exploitation rate needs to be reduced by 32%, decreasing from 0.56 to 0.383. The
findings from this investigation are critical for the assessment and management
of the H. far fishery in Bardawil Lagoon, ensuring the sustainability of this
important fish species.

INTRODUCTION

The family Hemiramphidae has 61 identified species distributed in 16 genera;
they are often referred to as "halfbeaks” (Eschmeyer et al., 2021). For the majority of
these fish species, their most important morphological characteristic is a lower jaw that is
significantly longer than the upper one (Tiralongo et al., 2022). These omnivorous fish
consume fish, algae, and zooplankton (Talwar, 1962). Larger species of Hemiramphidae
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are used as sources of food in many regions of the world, and their flesh is considered an
excellent food source (Salas et al., 2011). It is an epipelagic, schooling fish that usually
swims close to the sea surface in coastal waters. It feeds on zooplankton and floating
matter, i.e. sea grasses, but also green algae and sometimes diatoms (Golani et al., 2006).
The Indo-West Pacific region, which includes East Africa, the Red Sea, New Caledonia,
and northern Australia, is endemic to H. far. It moved via the Suez Canal to the eastern
Mediterranean Sea (Boughedir et al., 2015). Based on the IUCN Red List, it is classified
as "Not Evaluated” (CMS, 2015), meaning that it is not protected or subject to fisheries
regulation. One of the earliest Lessepsian fish that appeared in the Mediterranean Sea was
H. far. It was firstly recorded as H. marginatus and was originally discovered in Palestine
(Steinitz, 1927) and after that, it dispersed throughout Egypt, Turkey, Syria, Greece,
Croatia, and Libyan coasts (Golani et al., 2013). It began to expand widely in the 1980s
off the coasts of Albania (Collette & Parin, 1986), Libya (Shakman & Kinzelbach,
2006), Algeria's eastern coast (Kara et al., 2012), and Lebanon (Rafrafi-Nouira et al.,
2012). If appropriate fisheries management isn't carried out, an intensive halfbeak catch
operation may cause the fish population to decrease. Information on several aspects of
fishery biology must be provided for the management of fisheries resources to be
effective. Quantitative information on fish species, such as the relationship between fish
sizes and weights and condition factors, is essential for fish population management
(Narzary & Khangembam, 2022).

Research conducted on Hemiramphus far is very limited in Egypt in general and
rare in Lake Bardawil Lagoon in particular. However, its production accounted for about
40 metric tons of the total catch of Bardawil Lagoon during 2021 fishing season
(Bardawil Lagoon administration, 2022). Therefore, the goal of the current study was
to provide information on growth parameters for this species in Bardawil Lagoon that
include length at first capture, mortality, and exploitation rate. The data obtained during
these investigations supports the proper management of this species in the area under
investigation.

MATERIALS AND METHODS

1. Study area and data collection

Bardawil Lagoon is a shallow, salty lagoon bordered by the Mediterranean Sea that is
located on the North Sinai Peninsula. From May to December 2022, 1593 samples of the
black-barred Hemiramphus far were monthly collected by EI- Bouss (Veranda) method
from the Bardawil Lagoon's commercial catch.

2. Data analysis

The length-weight relationship of H. far was predicted using the power equation

of the logarithmic modification 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 age determination of
Hemiramphus far in Bardawil Lagoon was conducted using length frequency data
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analyzed through ELEFAN I, a method established by Pauly and David (1981). This
approach employs the standard statistical technique of Bhattacharya (1967) to classify
length frequency data into distinct age groups. The analysis was facilitated using FISAT
Il software, a comprehensive toolkit developed by Gayanilo et al. (1997) for fish stock
assessment. FISAT 1l enables the conversion of length frequency data into meaningful
biological insights, allowing for a detailed understanding of the age structure of fish
populations. Gayanilo et al. (2003) provided guidelines for utilizing this software,
ensuring accurate data interpretation for effective fisheries management and research.
This methodology plays a critical role in evaluating the growth and mortality parameters
essential for sustainable management of the fishery in Bardawil Lagoon.

The growth parameters of Hemiramphus far were evaluated using the von
Bertalanffy growth equation, formulated as: Lt = L. [1-e ~% )] where Lt is the length at
time t, to is the hypothetical time at which length equals zero, K is the growth coefficient,
and L. is the asymptotic length, which were calculated by ELEFAN | (Pauly & David,
1981). To compare the growth parameters of the studied species across different regions,
the growth performance index (®), as introduced by Pauly and Munro (1984), was
employed. This index is defined by the equation: This index (®) = Log K + 2*Log L,
where K is the growth coefficient, and L. is the asymptotic length. The probability at first
capture Lcso is estimated from the ascending left side of the length converted catch curve
included in the FISAT Il tool (Pauly, 1984). The length-converted catch curve was used
for estimating total mortality (Pauly, 1984). Pauly's (1984) empirical equation was used
to estimate natural mortality (M) using the growth parameters (L. and K) and the water
temperature (T) [T= 23.5 according to Bardawil Lagoon administration (2022)]: Ln M
= - 0.0152 - 0.279 Ln L.+ 0.6543 Ln K + 0.463 Ln T. The formula for calculating
fishing mortality (F) was F= Z-M. Cushing (1968) provided the formula for calculating
the rate of exploitation (E): E= F/Z. The knife-edge selection model (Beverton & Holt,
1966) served as the basis for the estimation of the relative yield and relative biomass-per-
recruit.

RESULTS AND DISCUSSION
1. The Length frequency distribution

1593 samples of the black-barred Hemiramphus far (Fig. 1) from Bardawil Lagoon,
with lengths ranging from 17 to 36.7cm and weights ranging from 22.2 to 247.3g were
collected for the purpose of this study. The dominant length was from 21.0 to 25.0cm
(Fig. 2). These length groups account for about 67.5% of the total catch from the black-
barred H. far in Bardawil Lagoon. The data obtained by Rafrafi-Nouira et al. (2012) in
Tunisia for the same species under study showed that these results were nearly identical,
having lengths ranging from 17.5 to 36.5cm and weights between 16 and 143.2g.



1212 El- Aiatt et al., 2024

However our results are higher than those found on Egypt's Mediterranean coast, where
the weights ranged from 24 to 160g and the lengths from 15 to 31cm (Mehanna &
Farouk, 2021). The lengths of H. far were 16 to 30cm, and the weight was between 25
and 153g in Bardawil Lagoon (Mahmoud, 2019). In addition, Hyporhamphus picarti
(Family: Hemiramphidae) in Lake Manzala, Egypt, has a length range of 12-15cm only
(Shalloof et al., 2023). Male and female total lengths of H. far in Karachi, Pakistan,
ranged from 17.6-21.4cm and 17.6-21.6cm, respectively (Yousuf & Khurshid, 2008).
In Libyan coastal waters, H. far measured 17.9-24.5cm in length and 33.5-70.7g in
weight (Shakman & Kinzelbach, 2006). These variations could result from the method
utilized for collecting the samples and other factors.

e

Fig. 1. Image of the black-barred H. far from Bardawil Lagoon
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Fig. 2. Length frequency distribution of H. far in Bardawil Lagoon during the period of
study

2. The length weight relationship
The length-weight relationship of the black-barred H. far in Bardawil Lagoon
during fishing season 2022 was found to be W = 0.0029 L 3228 where "L" indicates the
total length in cm and "W" stands for the weight in g (Fig. 3). The value of “b” showed a
tendency toward a positive allometric growth.
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Fig. 3. Length-weight relationship H. far during fishing season 2022 in Bardawil Lagoon

An organism grows when its length, weight, or both vary as it gets older (Yousuf
& Khurshid, 2008). Among the most important tools in fisheries science and
management are the length-weight relationship and condition factor (Furuichi et al.,
2021). Fish condition is an aspect of this relationship, which is impacted by life history,
sex, nutritional status, season, and locality (Jennings et al., 2001; Froese, 2006). Fish
may change in shape throughout growing with size (positive or negative allometric
growth, b > 3 or b < 3 respectively) or isometric growth, b = 3, even after they have
reached adult body shape during their ontogenetic development. In the present study, b-
values showed positive allometric growth (b = 3.2286). The parameters of the length-
weight relationship can be applied in fisheries management or conservation research to
determine fish conditions, evaluate temporal or regional variability in fish growth, and
convert lengths to weights (Froese et al., 2011). The length-weight relationship of the
black-barred Hemiramphus far in different countries is given in Table (1).
Table 1. The length-weight relationship of Hemiramphus far in different areas of the world

Area Sex a b Author/s
Bardawil Lagoon Combined 0.0029 3.2286 Present study
Bardawil Lagoon Combined 0.0007 3.42 Fetouh and El-Far, 2023
Bardawil Lagoon Combined 0.0042 3.105 El-Aiatt et al., 2019
Youtefa Bay, Indonesia Combined 0.0062 2.6919 Baigo Hamuna et al., 2023
Mediterranean sea, Egypt Combined 0.0044 3.08 Mehannaet al ., 2021
Bardawil Lagoon Males 0.003 3.2138 Mehanna et al., 2019
Bardawil Lagoon Females 0.007 2.9432 Mehannaet al. , 2019
Bardawil Lagoon Combined 0.0046 3.0799 Mehanna et al., 2019
Palawan, Philippines Combined 0.018 2.69 Pallaet al., 2018
South coast, Kenya Males 0.00004 3.0 Ontomwa et al., 2018
South coast, Kenya Females 0.00009 2.7 Ontomwa et al. , 2018
Karachi coast Males 0.257 3.06 Yousuf and Khurshid , 2008
Karachi coast Females 0.2264 3.207 Yousuf and Khurshid , 2008
Caledonian Lagoon Combined 0.3298 1.831 Kulbicki et al ., 2005
South African Combined 0.000133 3.576 Harrison, 2001
Philippines Combined 0.017 3.00 Pauly et al., 1998
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Pauly and Gayanilo (1997) stated that b values can be anywhere between 2.50
and 3.50. Variations in fish exponent "b" values in different locations can be attributed to
a variety of environmental factors and locations (Andreu-Soler et al., 2006). Some of the
factors that impact the parameters are the season, habitat, gonad maturity, sex, food,
fullness of the stomach, health, and preservation technologies (Hossain et al., 2006).

3. Growth parameters

In the current study, the application of the Bhattacharya (1967) method revealed
the presence of four distinct age groups for Hemiramphus far, as illustrated in Table (2)
and Fig. (4). The mean lengths at the end of each year of life were 22.86, 28.34, 32.21,
and 34.79cm, constituting 85.6, 10.5, 2.5, and 1.4% for age groups I*, II*, IlI"and IV™,

respectively. The previous age groups had an average weight of 70.8, 141.8, 214.3, and
274.9q, respectively (Figs. 5, 6).

Table 2. Decomposition of composite distributions using Bhattacharya’s method

Age group Computed S.D. Population S
mean
1+ 22.86 1.990 1364 n.a.
I 28.34 1.510 168 3.130
Hi* 32.21 0.670 39 3.550
v+ 34.79 0.880 22 3.330
3.0
5 N
= 2.0
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Fig. 4. Length frequencies of H. far by using Bhattacharya’s method
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Fig. 5. The length at the end of the year of life and the increment of length of the black-
barred H. far during fishing season 2022
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Fig. 6. The weight at the end of the year of life and the increment of weight of the black-
barred H. far during fishing season 2022

The lengths at the end of each year of life in the current study were 22.86, 28.34,
32.21, and 34.79cm from the first to the fourth year, respectively. These lengths are
longer than those obtained by Mehanna et al. (2019) for the same species, where the
average lengths at the end of each year of life were 19.08, 23.65, 26.89, and 29.19cm
from the first to the fourth year, respectively. This increase in size may be due to
environmental changes that have recently occurred in the area of the study due to
developments that have occurred in Bardawil Lagoon, such as the work of radial canals
that have led to a reduction in the level of salinity in the lake. Reduction in the level of
salinity may lead to an abundance of certain types of algae and zooplankton, which are
the main components of nutrition for these types of fish, which leads to an increase in
their growth rates.

Based on the present study, the black-barred H. far had its largest annual growth
in its first year of life, followed by an obvious decrease in its second year and a minimum
value in its fourth year of life, with an increment of 22.86, 5.43, 3.87, and 2.58cm for age
groups I*, II*, II* and IV, respectively (Fig. 5).These results agree with those of
Mehanna et al. (2019) regarding the same species of fish.

This study's growth parameters were: K = 0.48 year?, L., = 37.8 cm, W., = 156.82
g and age at zero size (to) = -1.2916 years. 2.8362 is the value of the growth performance



1216 El- Aiatt et al., 2024

index. Table (3) summarizes the growth parameters of H. far in Bardawil Lagoon.
Estimations of the growth parameter (K) by using the ELEFAN | program are shown in

Fig. (7).

Table 3. Growth parameters of H. far in Bardawil Lagoon during 2022

Av. L Av. W Lc Lo K 0] Zz M F E

23.8 85.7 20.89 37.8 0.48 284 2.15 0.95 1.2 0.56

Seore function

o.o0 1 1 T I 1 1 I I I
0.1 0.5 1.0 5.0 10.0

=Z=rowwth constant K (fywear)

L 1 1 11 1 1 111 1 1 1 11 1111
210 2. .80 3.10 3.80 4 10

Srowwtih performance index (8"}

Fig. 7. Estimating of the growth parameter (K) by using ELEFAN | program of H. far
during 2022

These results are greater than those recorded by Mehanna et al. (2019) (L. =
34.8cm and K = 0.34). This may be due to the somewhat lower salinity in Bardawil
Lagoon after the construction of radial channels in the lake and the increase in the rate of
water flow to distant places inside the lake. Before the construction of the radial channels,
the salinity in Bardawil Lagoon ranged from 38 to 65%o, and after the construction of the
radial channels, the salinity ranged from 38 to 53%. (Bardawil Lagoon administration,
2022). The growth performance indexes (¢) of the black-barred Hemiramphus far in
Bardawil Lagoon during 2022 was 2.84. This result is greater than that recorded by
Mehanna et al. (2019), where it was 2.53. This increase may be due to the reasons
mentioned above, since large sizes of these fish were observed. They differ from what
was during the implementation of the Mehanna’s (2019) research (the data of which was
collected in 2016), as traces of radial channels did not appear in Bardawil Lagoon at that
time. In addition, low salinity may lead to an abundance of certain types of algae and
zooplankton, which are the main components of nutrition for the studied species, which
may lead to an increase in their growth rates.
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Length at first capture
Based on the catch cumulated curve, H. far's length at first capture (Lc) was 20.89cm.

Using the FiSAT Il program, the probability of capture of H. far in Bardawil Lagoon at
levels of 25, 50, and 75% were 20.06, 20.89, and 21.81cm, respectively (Fig. 8).

Frobablity of Capture
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L /
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0.00 ——ﬁ{ﬁ%\\\\s

! 1
1. 0017.00 18,00 19.0020.0021 .00 2200 23.0C
Length Classes (cmj}

Fig. 8. Probability of capture of H. far during fishing season 2022

Probabilty

According to El-Aiatt et al. (2019) and Mahmoud (2019), the combined sexes of
H. far had L. values of 22.6 and 20.8cm in Bardawil Lagoon, respectively.

Mortality and exploitation rate
The length-converted catch curve (Fig. 9) was used to determine the total

mortality (Z) based on age at 2.15 year™. The natural mortality (M) was estimated to be
0.95 using the growth parameters (L. and K) and the average water temperature (T =
23.5°C). The results showed that the exploitation ratio (E) was 0.56 and the fishing
mortality (F) was 1.20 year "X Total mortality is the total amount of individuals lost from
a population during a given period of time due to death (both natural and fishing-related).
The current study showed yearly rates of 2.15, 0.95, and 1.2 year™ for total, natural, and
fishing mortality, respectively. These findings surpass those of Mehanna et al. (2019) for
the same species and area, where the findings for total, natural, and fishing mortality were
1.89, 0.64, and 1.25, respectively. The variation might result from the sample size,
sampling period, and calculating method.
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Length-Converted Catch Curve
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Fig. 9. The length-converted catch curve of H. far during fishing season 2022

4. Relative yield per recruit

In Fig. (10), the maximum yield per recruit (Emax) (the maximum level of exploitation
that generates the maximum sustainable yield) was 0.889. The level of exploitation at
which 50% of the fish's biomass would be maintained (Eo.s) was 0.383, and the amount of
exploitation at an economical yield (Eo.1) was 0.769.
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Fig. 10. The relative yield and biomass per recruit of H. far during the period of study

According to Gulland (1971), a fish resource is often optimally exploited at a
fishing mortality level that produces E = 0.5, meaning that optimal fishing mortality is
equal to natural mortality (F = M). During the fishing season of 2022, the exploitation
rate (E) for H. far was greater than 0.5 (E = 0.56). In the present study, the level of

exploitation at which 50%

of the fish's biomass would be maintained (Eos) was 0.383.

Therefore, to safeguard the black-barred H. far fish stock in Bardawil Lagoon, we must
reduce the exploitation rate from 0.56 to 0.383, which is equivalent to 32% of the current

rate.
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CONCLUSION

The length-weight relationship of H. far in Bardawil Lagoon indicates an allometric
growth as the value of b = 3.2286. Four age groups were recorded in the current study.
The length at first capture (Lc) was estimated to be 20.89cm. Total (Z), natural (M), and
fishing mortality (F) were 2.15, 0.95, and 1.2 year?, respectively. The exploitation rate
(E) was 0.56 indicating that the stock of H. far in Bardawil lagoon suffered from
overfishing. In order to manage this resource sustainably, the current rate of exploitation
needs to be lowered by 32% of its present value.
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