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Abstract

Monthly length composition data (Total length) of kawakawa
(Euthynnus affinis), which landed between January and December
2020 in the Coastal Waters of the Mediterranean coast of North
Sinai Egypt were used to estimate the length-weight relationship,
condition factor, age and growth. The computed length-weight
relationship (W = 0.0186 L 28%) showed a negative allometric
growth pattern. The average condition factor was 1.12 and the
relative condition factor was 1.01. The age was determined
indirectly by the analysis of length frequency data using the
standard statistical method of Bhattacharya involved in the FiSAT
Il . Five age stages were found, and the length at the end of each
age was 22.62, 37.56, 52.28, 59.21, 62.85 for years 1, 2, 3, 4, and
5, respectively.The growth parameters of the von Bertalanffy
equation were estimated as Loo=87.67.2 cm, K= 0.24 per year and
to = -0.56 per year.The study recommended not to catch small fish
less than 48 cm

Keywords: kawakawa (Euthynnus affinis), length-weight relationship,
condition factor, age, growth,

Introduction

In order to achieve one of the fundamental goals of fishery science, namely,
optimising fish populations, it is important to comprehend the population
biology of fish species. Yet understanding the population biology of fish
species is essential to meet one of the main objectives of fishery science, that
of maximizing yield to fisheries, while safeguarding the long-term viability of
populations and ecosystem (Jenning et al., 2000).

Euthynnus affinis is a pelagic fish from the Scombridae family and one of
the commercially important species. The fish is mostly found in the water
column from the surface. down to about 50 m. Euthynnus affinis spread
widely in the tropical and subtropical waters, including the Indian Ocean,
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Pacific, Mediterranean Sea, and the Black Sea. Since the level of exploitation
of this fish resource is relatively high, it is critical to have an accurate
assessment of the status of the stock (Jaya et al 2019 . Kawakawa (Euthynnus
affinis) is one of the commodities representing as much as 10% of neritic tuna
in the world trade in marine fisheries (Ahmed et al., 2015). Kawakawa is a
type of pelagic fish and fast swimmer that live in groups where the distribution
area is in coastal and oceanic waters (Nurhayati, 2001). Indian Ocean Tuna
Commission/IOTC (2006) reported that kawakawa inhabits coastal water and
has a preference to stay in relatively warm water18°-29°C. This species forms
a school that appears down to 400 m depth.

Kawakawa (Euthynnus affinis) is an epipelagic migratory tuna species that
is widely distributed in the tropical and subtropical waters of the Indo-Pacific
region. In the western Pacific Ocean, this species is distributed along the Asian
continent from Malaysia northeastward through Mainland China, Taiwan, and
southern Japan (Yasaki, 1994). Kawakawa is also a merit species and is most
commonly seen in the set net catches, although a few of them also were caught
by gill net, long line and small purse seine (Yasaki, 1994).

Previous reports conducted on E. affinis were focused mainly on the
population dynamics, biological characteristics, reproductive, mortality, and
stock assessment. . Different aspects of the biological work of kawakawa have
been done by different authors (Talebzadeh., 1997, Pillai et al., 2002
Darvishy et al., 2003 ;( Thaghavi Motlagh et al., 2010);, Rohit et al.,
2012, Johnson and Tamatamah, 2013, Sulistyaningsih et al., 2014, Nissar
et al., 2015, Ardelia et al., 2016, Kumar et al., 2019). No studies have been
conducted on this species in the North Sinai coastal waters of the eastern
Mediterranean Sea. In this context, the main objective of this study some
provides biological reference points information required for the
management of E. affinis

Materials and method

A total of 1065 samples of E. affinis, were collected monthly from the
Mediterranean coast of North Sinai Egypt(Fig. 1). Length-frequency (total
length) data of Kawakawa were collected from January to December 2020.
Total length (TL) was taken to the nearest cm for all fish and total weight (TW)
of individual fish to nearest g was measured. The samples were mainly caught
by the gill net method in the study area.
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Fig (1): Map of sampling areas (East Mediterranean fisheries, North Sinai)
The length-weight relationship was estimated for the pooled samples using
a simple power regression model (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 condition factor was calculated monthly by the formula Kc = (W *
100) / L3 (Hile, 1936), Where: K = condition factor W = weight in g. and L =
length in cm. and Kn=W /W* Where Kn = relative coefficient of condition
, W = observed weight in g. W* = calculated weight in g.

The age was determined indirectly by the analysis of length frequency data
using the standard statistical method of Bhattacharya (1967) involved in the
FiSAT Il software of Gayanilo et al. (1997), which allows the conversion of
length frequency data into age groups.

Results
Length frequency

The total length of 1065 Sample that collected Euthynnus affinis from
Mediterranean coast was ranged from 20 to 64.5 cm.A The average length of
the fish in the catch is 35.1 cm . Afrequency distribution was made for these
lengths and the Lengths from 29 cm to 38 cm constituted the majority of the
catch (72%) (Fig 2).
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Fig (2): Length frequency distribution of kawakawa (E. affinis) in the eastern
Mediterranean coast

Length-weight relationship

The length-weight relationship of kawakawa E. affinis on the
Mediterranean coast of North Sinai Egypt during fishing season 2020 was
estimated as W = 0.0186 L 285%, The results showed a negative allometric
growth pattern for the monthly and whole data analysis (Fig. 3 and Table 1).
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Fig. (3) Length-weight relationship of kawakawa (E. affinis) in the eastern Mediterranean
coast during fishing season 2020.

Condition factors:

The average condition factor (K) of Euthynnus affinis was calculated using
the total weight of all samples (regardless of sex) with the value of 1.3 (Fig. 4
and 5). Monthly average values of Kn and Kc for the period from January to
December 2020 as calculated from the observed total weight and represented
in Figures (4and5) from these figures it is obvious that both composite (Kc)
and relative (Kn) condition factor follows the same trend of fluctuations.
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Table 1 Monthly length-weight relationship of E. affinis in the eastern
Mediterranean coast during fishing season 2020.

Length (cm) Weight (g) Parameters

Month | No. - -
Ave. [ Min | Max | Ave | Min [ Max A b R

Jan. 104 | 347 | 21.7 | 60.5 | 544.7 | 122.0 | 2277.7 | 0.0237 | 2.7982 | 0.94
Feb. 90 | 35.2 | 20.5 | 63.4 | 568.1 | 77.8 | 2957.6 | 0.0116 | 2.9890 | 0.95
March [ 81 | 351 | 20.6 | 62.5 | 566.4 | 89.8 | 2883.4 | 0.0152 | 2.9179 | 0.93
April 76 | 358 [ 21.5 [ 64.5|593.1( 90.0 | 3075.8 [ 0.0172 | 2.9698 | 0.93
May 131 | 34.7 | 21.0 | 60.1 | 517.2 | 83.5 | 2354.9 [ 0.0275 | 2.7491 | 0.92
June 106 | 35.0 | 21.1 | 64.1 | 530.7 | 95.5 | 2998.2 [ 0.0300 | 2.7248 | 0.91
July 65 | 355 | 21.3 | 62.8 [ 533.5 | 87.0 [ 2941.7 | 0.0153 | 2.8977 | 0.94
Aug. 105 | 34.3 | 20.0 | 61.2 | 506.0 | 75.0 | 2833.4 | 0.0164 | 2.8996 | 0.93
Sept. 70 | 341 | 20.1 | 62.2 [ 502.0 [ 87.0 | 2934.9 | 0.0130 | 2.9497 | 0.95
Oct. 84 | 36.1 | 22.0 | 63.0 | 594.3 | 101.8 | 2894.2 | 0.0214 | 2.8197 | 0.92
Nov. 75 | 353 | 21.7 | 62.4 | 560.0 | 100.0 | 2733.9 | 0.0231 | 2.7952 | 0.94
Dec. 78 | 35.7 | 21.4 [ 63.7 | 592.3 [ 99.0 | 3155.2 [ 0.0182 | 2.8715 | 0.93
Total | 1065 | 35.1 | 20.0 | 64.5 | 548.2 | 75.0 | 3155.2 | 0.0186 | 2.8595 | 0.93
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Fig. (4) Monthly changes of condition factor (Kc) of E. affinis in the

eastern Mediterranean coast during 2020

44




Length- weight relationship, condition factor and age of kawakawa (Euthynnus affinis), in the eastern
Mediterranean coast, North Sinai, Egypt

KC

1.60

1.40

1.20

1.00

£$0.80

0.60

0.40

0.20

0.00
TRELEELEE280540
2T L H% 2 E 35N F L0
O O O O YO O Y YV YW v Vv Vv v v v

Fig. (5) condition factor based on length frequency of kawakawa

Condition factor was also estimated for each length group. The relative
condition factor (Kn) of kawakawa is 0.9 and low in small-sized fish (20-26
cm TL), it shows a declining trend with increasing length. The highest relative
condition factor appears at the upper limit of the 48 cm length class, and the
lowest occurs at the upper limit of the 57cm length class (Fig.6).

Whereas the relative monthly condition factor tends to be stable during the
observation period. Generally, the monthly value fluctuated from 0.837 to
1.171 (Fig. 7). The lowest condition factor occurred in April (0.837) and the
highest was recorded in February (1.171 ) and September (1.16).
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Fig.(6) Monthly Relative condition factor based on length frequency of E. affinis
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Fig. (7) Relative condition factor based on length frequency of E. affinis

3.3 Age determination

Using the FISAT Il program based on length frequencies by Bhattacharya
(1967) method five age groups were determined in Euthynnus affinis in the
present study (fig 8 ). About 5 % of the total catch of E. affinis was belonging
to age group (1) with individuals of 22.62 cm mean total length. Age group (I1)
represented about 59.3 % of an individual’s average length of 37.56 cm. Age
group (111) average length of 52.28 cm represented by 30.3% of E. affinis. Age
group (1V) was represented by 3.1% of E. affinis with an average length of
59.21 cm and Age group (V) was represented by 2.1% with an average length
of 62.85 cm (Fig. 9). The corresponding average weights of age groups from
one to six were 138.9, 592.2, 1524.4, 2176.1 and 2580.9 g respectively (Fig.
10).
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Fig (8) Decomposition of E. Affinis length frequency distribution into its normal
components
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Fig (9) The length at the end years life and Increment of the length of E. affinis in the

eastern Mediterranean coast of during 2020
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Fig (10): The weight at the end of years live and Increment of the weight of E. affinis

on the Mediterranean coast during 2020
Discussion

The present study revealed that the common size of E. affinis in commercial
catches from the Eastern Mediterranean in Egypt ranged from 20-46.5Cm TL.
The average length of the fish in the catch is 35.1 cm, and (Ekawaty and
Jatmiko 2018) indicated that the length at sexual maturity is 48.4 cm, which
indicates that most fish are caught in small sizes before sexual maturity
Earlier studies on the growth of E. affinis from different regions have indicated
that growth as in most tuna species is fast with the fish having longevity of 2
to 8 years (Pratibha et al., 2012). The length-weight relationship of
kawakawa E. affinis caught from different regions has been estimated by
several earlier studies and the values of ‘a’ and ‘b’ obtained are as in Table 2.
For the present study, kawakawa in North Sinai coastal waters allometric
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growth with the ‘b’ value lower than 3 (b=2.8595). According to Mulfizar et
al., 2012 the factors that affect ‘b’ are physiological conditions and
environments such as sampling techniques, location geography, temperature,
salinity, development gonads and food availability.

The condition factor of kawakawa value ranging from 0.79-1.42 showed
good fatness or obesity conditions. According to (Effendie, 2002), whether
the fish condition is good or not can be seen from the value of the condition
factor. Condition factor value <1, classified as flatfish, and values 1-3 as fish
with a less flat body shape.

This statement is confirmed by (Ndimele et al., 2010), who stated that
the condition factor is a useful index for looking for age, growth rate, and
feeding intensity. Then, the feeding intensity and growth rate will explain the
age groups divided into juvenile, immature, mature, and old groups. In
addition, the condition factor value can also be affected by the density of
population, food sex, age, and level of gonad maturity (Effendie, 2002).
Condition factors indicate whether or not a fish’s weight is good in terms of
its physical ability to survive and reproduce (Effendie, 1997). According to
Wujdi et al., 2012, more than one condition factor value also indicated that
the observed fish samples are in good environmental conditions and can be
used for consumption.

Hasibuan et al., 2022 reported that the kawakawa Euthynnus affinis
has a good growth with condition factor (Kn) > 1.

Growth parameters in the von Bertalanffy equation as estimated by earlier
studies in different regions of the world are given in Table 3. Kawakawa is a
fast-growing fish attaining a maximum length of around 64.5 cm (in North
Sinai coastal waters). However, the Loo estimated from other regions are much
higher ranging from 81.0 — 89.0 cm, than the estimated value obtained in the
present study. The ‘K’ value obtained from this study also revealed a lower
value than earlier studies in other regions. This can be attributed to the fact
that E. affinis is an Indo-pacific species that migrated recently to the
Mediterranean Sea through Suez Canal. Differences in growth patterns may
be the result of differences in genetic structure and or differences in
temperature, the density of food and diseases (Pauly, 1994 and Wootton,
1998). Pratibha et al., (2012) reported, that the difference in growth rate can
be attributed to several reasons including prevailing eco-biological conditions
of the habitat from time to time.
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Table 2: The value of ‘a’ and ‘b’ of kawakawa E. affinis in the length-
weight relationship

Reference ‘a’ ‘b’ Region

Present study 0.0186 2.8595 | Mediterranean coast,
North Sinai, Egypt

AL Kamel et al. 0.0332 2.706 | Red sea, Yemen

(2020)

Herath et al. (2019) | 0.132 3.115 | Sri Lanka
Vinod et al. (2018) | 0.0286 2.857 | India
Paighambarietal. ( | 0.001 3.22 Iran

2018)

Saberi et al. (2017) | 0.009 3.04 Iran

Sallehudin et al. 0.000062 | 2.776 | Kuala Perlis, Malaysia
(2016)

Sallehudin et al. 0.000013 | 3.058 | Tok Bali, Malaysia
(2016)

Ahmed et al. (2014) | 0.0254 2.889 | Karachicoast
Umi Chodrijah et 0.000001 | 3.1253 | Java Sea waters
al. (2013)

Kaymaram & 0.0186 2.87 Iran
Darvishi (2012)

Pratibha et al. 0.0254 2.889 | Indian waters
(2012)

Ghosh et al. (2010) |-1.9313 | 3.056 | Veraval, India
Al-Zibdah & Odat | -2.11 3.1399 | Red sea
(2007)
Khan (2004) -1.432 2.786 | India

James et al. (1993) | 0.0191 2.95 Indian waters
Williamson (1970) 0.0885 2.5649 | South China Sea
Silas (1967) 0.0138 3.0287 | Indian Ocean
Ronquillo (1963) 0.0334 2.838 | Philippines waters

Table 3: Estimates of growth parameters of E. affinis from earlier and
resent studies in the regions.

Reference Lo K to (1) Region
Present study 67.2 |0.24 |-0.56008 | 3.0349 | Mediterranean coast
North Sinai Egypt
Sallehudin et al. 604 |0.26 |-0.55 4.98 Kuala Perlis,
(2016) Malaysia
Sallehudin et al. 53.0 0.19 -0.39 Tok Bali, Malaysia
(2016)
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Umi Chodrijahetal. | 59.63 | 0.91 |-0.178 JAVA SEA

(2013) WATERS

Jatmiko et al. (2013) | 63.53 | 0.63 Indonesia

Pratibha et al. (2012) | 819 |0.56 |-0.0317 India

Kaymaram & 95.06 | 0.67 8.7 Iran

Darvishi (2012)

Ghosh et al. (2010) 725 |0.56 |0.0327 Veraval, India

Taghvai etal., (2010) | 87.7 |0.51 |-0.23 8.28 Persian Sea of Oman

Khan (2004) 817 |0.79 |-0.0227 Maharashtra, India

Kasim & Abdus 875 |15 -0.003 India

Samad (2003)

Dayaratne & Silva 76.8 | 0.52 8.87 Sri Lanka

(1991)

Pillai et al. (2002) 81 0.9 8.87 India

Talebzadeh et al. 86 0.69 8.5 India

(1997)

James et al. (1993) 835 [042 |-0.044 Indian waters

Yesaki (1989) 76 0.96 Thailand

Joseph et al. (1987) 595 | .69 Sri Lanka

Silas et al. (1985) 81 0.365 | -0.3438 | 7.79 India

Yesaki (1982) 76 0.46 7.8 Thailand
Conclusion

The present study revealed that the common size of E. affinis in commercial
catches from the Eastern Mediterranean in Egypt ranged from 20-64.5 Cm TL.
The average length of the fish in the catch is 35.1 cm, which indicates that
most fish are caught in small sizes before sexual maturity. Therefore, to
preserve the fish stocks of kawakawa Euthynnus affinis fish in the study
region, the fishing methods should be regulated to catch fish longer than 48
cm to give the fish a chance to spawn even once.

References

Ahmeda, Q.; Yousufb, F. ; Sarfrazc, M. ; Qadeer M. Q. A. ; Balkhourd,
M. ; Zaman, S. S. and Ashraff, M. A. (2014). Euthynnus affinis (little
tuna): fishery, bionomics, seasonal elemental variations, health risk
assessment and conservational management. Frontiers in Life Science,
http: //dx.doi.org /10.1080 /21553769.2014.961617.

Ahmed, Q. ; Yousuf, F. ; Sarfraz, M. ; Alia, Q. M. ; Balkhourd, M. ; Safie,
S. Z. and Ashraff, M. A. (2015). Euthynnus affinis (little tuna): fishery,
bionomics, seasonal elemental variations, health risk assessment and

conservational management. Frontiers in Life Science, 8(1), 71-96. https://
doi.org/ 10.1080/ 21553769. 2014.961617.

50



Length- weight relationship, condition factor and age of kawakawa (Euthynnus affinis), in the eastern
Mediterranean coast, North Sinai, Egypt

Al Kamel, N. A. M. ; Becheker, A. and Kara, H. M.(2020). Length-weight
relationship of three commercially important fish species from Mocka
water, southern Red Sea, Yemen. J Appl Ichthyol.;36:366-368. .

Al-Zibdah M. and Nidal O.. (2007). Fishery, status, growth, reproduction
biology and feeding habits of two Scombroid fish from the Gulf of Aquaba,
Red Sea. Lebanese Sci. J., 8(2): 3-20.

Ardelia, V. ; Vitner, Y.and Boer, M., (2016). Reproduction Biology Eastern
Little Tuna Euthynnus affinis in the Sunda strait. Jurnal I[lmu Dan
Teknologi Kelautan Tropis 8 (2), 689.
https://doi.org/10.28930/jitkt.v8i210.28930/jitkt.v8i2.15835.

Bhattacharya, C. G. (1967): A simple method of resolution of a distribution
into Gaussian components. Biometrics, 23: 115-135.

Darvishy, M. ; Behzadi,S and Salarpour, A., (2003). Survey population
dynamic kawakawa (Euthynnus affinis) in Hormozgan Coastal waters
(Persian Gulf and Oman sea). Pajouhesh and Sazandegy Journal.Number,
60.84-809.

Dayaratne, P. and De Silva, J., (1991). An assessment of Kawakawa stock
on the west coast of Sri Lanka. Asian Fisheries Science. 4 : 219-226.

Effendie, M. 1. (2002) Biologi Perikanan [Fisheries Biology] (Yogyakarta:
Yayasan Pustaka Nusantara) [Archipelago Library Foundation].

Effendie, M. 1. (1997) Biologi Perikanan [Fisheries Biology] (Yogyakarta:
Yayasan Pustaka Nusantara)

Ekawaty,R. and Irwan Jatmiko,1.(2018). Biologi reproduksi ikan tongkol
komo, Euthynnus affinis (Cantor, 1849) di Samudra Hindia Bagian
Timur. Indonesiann Journal of ichthyology 18(3): 199-208 DOI:
https://doi.org/10.32491/}ii.v18i3.313.

Gayanilo, F. C.; Sparre, P. and Pauly, D. (1997): The FAO-ICLARM Stock
Assessment Tools (FISAT) User's Guide. FAO Computerized Information
Series (Fisheries).

Ghosh, S.; Pillai, N. G. K. and Dhokia, H. K. (2010). Fishery, population
characteristics and yield estimates of coastal tunas at Veraval. Indian J.
Fish., 57 (2): 7-13.

Hasibuan, S. J. ;Wulandari, S. and Manurung,V. R. (2022) Growth
analysis and exploitation rate of Kawakawa (Euthynnus affinis) at TPI
Tanjung Beringin Serdang Bedagai Regency, North Sumatera. IOP Conf.
Series: Earth and Environmental Science 977 (2022) 012121

Herath, D., Perera, C. ; Hettiarachchi, C. and Murphy, B. (2019). Length-
weight and length-length relationships of three neritic tuna species of Sri

51


https://doi.org/10.32491/jii.v18i3.313

Ibrahim et al., 2022; Egy. J. Aquac 12(3):26-25

Lankan coastal waters. International Journal of Fisheries and Aquatic
Studies 2019; 7(2): 129-133.

Hile, R. (1936). Age and growth of the Cisco Leucichthys arted in the lakes
of the north eastern high lands, Wisconsin. Bull. U. S. Bur. Fish., 48: 211-
317.

Indian Ocean Tuna Commission (IOTC). (2006). Compilation of
Information on neritic tuna species
inIndianOcean.Aworkingpaper.IOTC2006-SCINF11

James, P. S. B. R. ; Pillai, P. P. ; Jayaprakash, A. A. ; Pillai, N. G. K. ;
Gopakumar, G. ;Kasim, H. M. ; Sivadas, M. and Said Koya, K. P.
(1993). Fishery, biology and stock assessment of small tunas. In: Sudarsan,
D. and John, M. E. (Eds.), Tuna research in India, Fishery Survey of India,
Bombay, India, p. 123-148.

Jatmiko, I. ;Sulistyaningsih, R.K.. & Setyadji, B.. (2013). Study on
population parameters of kawakawa, Euthynnus affinis (Cantor 1849), in
Indian Ocean (a case study in Northwest Sumatra IFMA 572). Third
Working Party on Neritic Tunas, Bali, Indonesia.

Jaya,l ; Aulya,R . and Fauziyah (2019). Measurement and analysis of TS-
Frequency relationship on mackerel tuna (Euthynnus affinis) using
bandwidth frequency. IOP Conf. Series: Journal of Physics: Conf. Series
1282 (2019) 012096

Jenning, S. ; Kasier, M. and J. Reynold., (2000). Marine Fisheries
Ecology.Black well Science.391p.

Johnson, M. G. and Tamatamah, A. R. (2013). Length Frequency
Distribution, Mortality Rate and Reproductive Biology of Kawakawa
(Euthynnus  affinis-Cantor, 1849) in the Coastal Waters of
Tanzania. Pakistan Journal of Biological Sciences, 16: 1270-1278.

Joseph,L. ;R.maldeniya, and M.Van der Knapp., (1987). Fishery and age
and growth of Kawakawa (E. affinis ) and Frigate tuna(A.thazard).In
collective Volume of Working Documents presented at the Expert
Consultation on stock assessment of tunas in the Indian ocean, Colombo,
Sri Lanka,4-8 december, 1986. Indo-pac.Tuna
Dev.Mgt.Programme,Vol.2:113-23.

Kasim, H.M. & E.M. Abdussamad. (2003). Stock assessment of coastal
tunas along the east coast of
India.In:Somvanshi,V.S.,Varghese,S.&Bhargava,A.K.(Eds).  Proc.Tuna
Meet. 2003, p. 42-53.

Kaymaram,F. and Darvishi,M. (2012). Growth and mortality parameters of
Euthynnus affinis in the northern part of the Persian Gulf and Oman Sea.
IOTC-2012-WPNT02-14 Rev_1.

52



Length- weight relationship, condition factor and age of kawakawa (Euthynnus affinis), in the eastern
Mediterranean coast, North Sinai, Egypt

Khan,M.Z.,(2004). Age and growth mortality and stock assessment of
E.affinis from Maharashtra waters. Indian. J. Fish. 51(2) : 209-213.

King,M., (2007). Fisheries biology, assessment and management. Fishing
News Book, London, 342 pp.

Kumar, R. ; Sundaramoorthy, B. ; Neethiselvan, N. ;Athithan, S., Kumar,
R.and Rahangdale, S., (2019). Fishery and length based population
parameters of little tuna, Euthynnus affinis (Cantor, 1849) from Gulf of
Mannar, Southwestern Bay of Bengal. Indian J. Geo Mar. Sci. 48, 1708—
1714,

Mulfizar AM, Zainal and Irma D.( 2012 )Hubungan panjang berat dan
factor kondisi tiga jenis ikan yang tertangkap di perairan Kuala Gigieng,
Aceh besar, provinsi Aceh. [Length-weight relationship and condition
factors of three fishes found in Gigieng estuary of Aceh Besar, Aceh
Province] J Depik 11 pp 1-9.

Nissar, K.K.S. ; Rashid, F. ; Phadke, G.G.and Desai, A.Y.,( 2015).
Reproductive biology of little tuna (Euthynnus affinis) in the Arabian sea.
Ecol. Environ. Constr. 21 (4), 115-118.

Nurhayati,M.(2001).Analisis beberapa aspek potensi ikan tongkol
(Euthynnus affinis) di perairan Pelabuhan Ratu. Skripsi. Program Studi
IImu Kelautan. Fakultas Perikanandan IImu Kelautan, IPB. Bogor. p.66.

Paighambari, S. Y. ; Daliri, M. ;Pouladi, M. and Arefi, H. M. (2018).
Length—weight Relationships of four marine fish species in the Gulf of
Oman (Konarak, Iran). J Appl Ichthyol. 2018;34:1007-1008.

Pratibha ,R.; Chellapan, A; Abdussamad, E.M. ; Joshi, K.K. ;Said Koya,
K.P. :;Ghosh, M.S.S. ; Rathinam,AM.M. ; Kemparaju,S.
;Dhokia,H.K. ; Prakasan , D. and N. Beni.(2012). Fishery and
bionomics of the little tuna, Euthynnus affinis exploited from Indian
Waters. Indian J.Fish, 59(3):33-42.

Pauly, D. (1994). On the Sex of the Fish and the Gender of Scientists: A
collection of essays in fisheries science. London, Chapman & Hall, 250p.

Pauly, D. and N. David., (1981). ELEFAN-I a basic program for the objective
extraction of growth parameters from Length frequency data.
Meeresforschung/Rep.Mar. Res.28(4):205-211.

Pillai P.P. Pillai, ; N.G.K. ; Muthiah, C.;Yohanna, T.M. H. ; Mohamed K.
; Gopakumar, G. ; SaidKoya,K.P., B. ManojKumar, Sivadas,
M.Nasser, A.K.V., U. Ganga, H.K Dhokia, S. Kemparaju, M.M.
Bhaskaran, M.N.K Elayathu, Balasubramanian, T.S., Manimran, C.,
Kunjikoya,V.A. & T.T. Ajith Kumar. (2002). Status of exploitation of
coastal tunas in the Indian Seas. In : Pillai, N.G.K., Menon, N.G. Pillai,P.P.

53



Ibrahim et al., 2022; Egy. J. Aquac 12(3):26-25

& Ganga,U.(Eds). Management of Scombrid fisheries. Central Marine
Fisheries Research Institute, Kochi, p.56-61.

Pratibha R; Anulekshmi C. ; Abdussamad, E.M ;Joshi,KK.K. ; Said
Koya, M. ;Sivadas, Shubhadeep Ghosh, Margaret M. R., A;
Kemparaju, S.; Dhokia, H.K.; Prakasan, D. & Beni, N..(2012). Fishery
and bionomics of the little tuna, Euthynnus affinis exploited from Indian
Waters. Indian J.Fish, 59(3):33-42.

Ricker, W. E. (1975). Computation and interpretation of biological statistics
of fish populations. Bull. Fish. Res. Board Canada, 191:382 p.

Rohit P; Chellappan A; Abdussamad E. et al. (2012). Fishery and
bionomics of the little tuna , Euthynnus affinis(Cantor,1849) exploited from
Indian waters. Ind J Fish. 59:37-46.

Ronquillo, 1. A. (1963). A contribution to the biology of Philippine tunas.
FAO Fish. Rep., 6: 1683-1752.

Saberi,M. ; Paighambari,S.Y. ;Darvishi,M. and G. Farkhondeh G.S.
(2017). Length—weight relationships of six fish species from the Coastal
Waters of Jask, Iran.J. Appl Ichthyol. 2017;33:1226-1228.

Sallehudin ,J. ; Effarina ,M. F. and Samsudin, B. (2016). Fishery, biology
and population characteristics of Kawakawa in Perlis the West Coast Of
Peninsular Malaysia . I0TC-2016-WPNT 06-15.

Silas, E. G. (1967). Tuna fishery of the Tinnevelly Coast, Gulf of Mannar.
Proceedings of the symposium on scombroid fishes Part Il, Marine
Biological Association of India Symposium Series, 1: 1083-1118.

Silas, E. G., Pillai, P.P., Srinath, M., Jayaprakash, A.A., Muthiah, C.,,
Balan, V., Yohannan, T.M., Siraimeetan, T.M.P., Mohan, M,
Livingston, P., Kunhikoya, K.K., Pillai, m.a. and Sarma, P.S., (1985).
Population dynamics of tuna: stock assessment. In tuna fisheries of the
exclusive economic zone of India: biology and stock assessment, edited by
E.G.silas Bulletin center,Marine Fisheries Institute,Cochin,p2-27.

Sulistyaningsih,R.K., Jatmiko,l. and Wujdi,A.(2014). Length Frequency
Distribution and Population Parameters of Kawakawa (Euthynnus affinis-
Cantor, 1849) Caught by Purse Seine in the Indian Ocean (a Case Study in
Northwest Sumatera IFMA 572). IOTC-2014-WPNT04-20.

Taghavi M. S, ;Hashemi S and Kochanian P. (2010). Population biology
and assessment of Kawakawa (Euthynnus affinis) in Coastal Waters of the
Persian Gulf and Sea of Oman (Hormozgan Province). Iran J Fish Sci.
9:315-326.

54



Length- weight relationship, condition factor and age of kawakawa (Euthynnus affinis), in the eastern
Mediterranean coast, North Sinai, Egypt

Talebzadeh,A.,(1997). Survy stocks of five species scomdride in Hormozgan
Costal waters (Persan Gulf and Oman sea). Institue reserche Oman
sea.155p.

Talebzadeh,A. ; Salarpouri,A. and Behzadi,S. (1997). Survey stocks of
five species of Scombridae in Hormuzgan Coastal waters (Persan Gulf and
Oman Sea). Persan Gulf and Oman Sea Ecological Research Institute. 155
p.

Umi C., Hidayat,T and Noegroho,T.(2013). Estimate population
parameters of eastern little tuna (Euthynnus affinis) in JAVA SEA waters.
BAWAL Vol. 5 (3) : 167-174.

Vinod, K. M. ; Mahesh, K. F. ; Kiran, S. M. ; Karri R. R. ;Pradnya, S.
A.and Siva, A. (2018). Investigations on the age, growth and mortality
parameters of Kawakawa, Euthynnus affinis (Cantor, 1849) from the North
west coast of India. Int. J. Aquat. Biol. 6(1): 21-24.

Williamson, G. R. (1970). Little tuna Euthynnus affinis in the Hong Kong
area. Bull. Jap. Soc. Sci. Fish., 36: 9-18.

Wootton, R.J. (1998). Ecology of Teleost Fishes. Dordrecht, Kluwer
Academic Publishers, 386p.

Wujdi A, ; Suwarso and Wudianto ( 2012 )Length-Weight relationship,
condition factors and size structure of Bali sardinella (Sardinella lemuru
Bleeker, 1853) in Bali Strait Waters BAWAL 4(2) pp 83-9.

Yesaki, M. (1994). A review of the biology and fisheries of kawakawa
(Euthynnus affinis) in the Indo-Pacific region. Interactions of Pacific tuna
fisheries, vol. 2: papers on biology and fisheries, processing of the first
FAO expert consultation on interactions of Pacific tuna fisheries, 3-11.

Yasaki, M. (1989). Estimates of age and growth of kawakawa (E. affinis ),
longtail tuna (Thunnus tonggol) and frigate tuna (Auxis thazard) from the
Gulf  Thailand based on length data. Indo-pac.Tuna
Dev.Mgt.Programme,IPTP/89/GEN/1 7:94-108.

Yesaki, M. (1982). Thailand. Biological and environmental observations. A
report prepared for the Pole-andLine Tuna Fishing in Southern Thailand
Project. FAO.FI:DP/THA/77/008:46 p.

55



Ibrahim et al., 2022; Egy. J. Aquac 12(3):26-25

ddatadlll e gaill cluld g adlad) Jalea gl g Jshall A8

sl Jladdy Jons gial) al) Jalead dglabadd) slpal) 4 (Euthynnus affinis)
s
"hlall ke ¢FAlal 3 e M rlla Guina M asd] ) ruas daaa
DAY daaly 3 alily Ao 3 Al  Sadl zUNY) ad )
NIOFylaally ol aslad (oo gil) agaal) ¥
ueidld)
a3l (Euthynnus affinis)  adasedtl) ellawy ASI ¢ 5 0 5 ASH J gdall ciliby Casadsiul
3l (8 (13 Glalie ) gl (i pall eline (e lgman o3 Al jams e lians Jladk Jalis Jas sl
il Cun | saill g Allal) Jalaas ool s Jshall Ade il Yo Ye aewns )l e
Jal) Jelae b sia S5 (W =0.0186 L 2895 ) alaladll a5 3501 5 Jshall (s 48Nl
Jsb Gl didad PA G dlae e JSG pead)l 223 &5 ), 0 ) nal) Jladl Jaleas 1,0 Y
ssiall &3 FiSAT 1 2 48 )Ll Bhattacharya - sl dilasy) 4 jhll alasiuly sa 5l
SOLYY SOV, YA 5TV,0T 5 YY,TY e JSALE A dshll OS54 ee dal e el e
O Adlaal salll Clalae i o3 Mgl e 0 5 5 ¥ 5 Y 5 ) il diaigl 1Y, A0
Al 8t0=-0.56 5Usiu K=0.24 ¢ aw Loo = 0.67.2 &l e AN
s EA oo Ledsh Jiy 36 jpall @land) da adey Al Hall Cuua sl

56



