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Abstract  

Neritic tuna species play an important role in the tuna fishery conduct in Sri Lankan waters.  

Kawakawa (Euthynnus affinis (Cantor, 1849)) is the third dominant species in this group in the 

commercial catch contributing around 20.8 % of the total neritic tuna landings in Sri Lankan waters 

during the 2020-2021 period. Kawakawa in Sri Lankan waters is mainly caught by gillnets, 

handlines, coastal longlines, and ring nets. Despite its significance, very few studies have been 

conducted on kawaka in Sri Lankan waters. This study attempts to estimate the von Bertalanffy 

growth parameters and mortality parameters of kawakawa by length-based population dynamic 

models. The length frequency data collected in 2020/2021 by measuring the Fork Length (FL) of 

kawakawa in Sri Lankan waters were made used for this study. Accordingly, monthly length 

frequency data of kawakawa were analyzed by the Electronic LEngth Frequency ANalysis 

(ELEFAN) of the R package “TropFishR”. A total of 2049 FL data were used for the analysis. The 

estimated growth parameters were L∞ = 62.98 cm (FL); K = 0.70 yr-1; Ø = 3.44. The estimated 

values of total mortality (Z), natural mortality (M) and fishing mortality (F) were 1.60 yr-1, 0.81 

yr-1 and 0.79 yr-1 respectively. The Exploitation ratio (E) was estimated at 0.50. The fishing 

mortality that led to the maximum yield per recruit (Fmax) was estimated at 1.22 yr-1. The estimated 

target reference points of F0.1 and F0.5 were 0.63 yr-1 and 0.45 yr-1 respectively, which were lower 

than the current F. Based on the findings it was fair to conclude that the current exploitation level 

of kawakawa in Sri Lanka is sustainable. However, there is a risk of growth overfishing of the 

kawakawa stock in Sri Lankan waters. The estimated values for the abovementioned parameters 

could be made used when stock assessments are conducted.   

mailto:*kisharabandaranayake@gmail.com


IOTC-2023-WPNT13-18 

2 
 

Keywords: Euthynnus affinis, Kawakawa, Growth parameters, TropFishR. Growth overfishing  

 

Introduction 

Sri Lanka is an Island located between the latitudes 5º 30' and 10º 00' North and longitudes 70º 

30’ and 82º 00’ East in the Indian Ocean. It has a shoreline of 1585 km long and an Exclusive 

Economic Zone (EEZ) extending up to 200 nautical miles (Samaranayake, 2003; Wijayaratne, 

2001). As a result of the strategic location in the Indian Ocean, Sri Lanka is privileged to have 

productive ocean terrain enriched with fishery resources. As an Island, the fisheries sector in the 

country plays a vital role in providing direct and indirect employment.  More importantly, it 

accomplishes about   50% of animal protein requirements in the country. According to recent 

statistics, the marine fisheries sector plays a significant role in the national economy contributing 

1.1% to the Gross Domestic Production (GDP) of the country (Ministry of Fisheries, 2020). In 

2019, the estimated total production in the marine fisheries sector was 415,490 Mt which 

accounted for about 82% of the total fish production in the country (Ministry of Fisheries, 2020). 

Sri Lanka has a long history of tuna fishery (Dissanayake et al., 2008). Since then the pelagic 

fishery of Sri Lanka primarily targeting tuna species that have a valuable percentage contribution 

to coastal and offshore fishery production. Yellowfin tuna (Thunnus albacares (Bonnaterre, 

1788)), big eye tuna (Thunnus obesus (Lowe, 1839)), skipjack tuna (Katsuwonus pelamis 

(Linnaeus, 1758)) are main contributors of the large pelagic fishery while kawakawa (Euthynnus 

affinis (Cantor, 1849)), frigate tuna (Auxis thazard (Lacepède, 1800)) and bullet tuna (Auxis rochei 

(Risso, 1810)) are the three dominant neritic tuna species which mainly contribute to the coastal 

fishery in Sri Lanka (Maldeniya et al., 1988; Haputhantri and Bandaranayake, 2013). In 2020-

2021, kawakawa was the third dominant neritic tuna species by weight in the commercial catch in 

Sri Lanka. It contributed 20.8% of the total neritic tuna landings in Sri Lankan waters (2,489 t). 

Kawakawa in Sri Lankan waters is mainly caught by gillnets, handlines, coastal longlines, and ring 

nets. 

Studying the population dynamics of the kawakawa is important in understanding how the fishery 

trend changes the stock as well as to estimate the optimum harvesting rates. Furthermore, findings 

of the population dynamics analysis are the key inputs for different stock assessment models used 
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to evaluate the status of the stocks of kawakawa in different regions (Wilderbuer and Zhang, 1999). 

Indian Ocean Tuna Commission (IOTC) conducted a stock assessment of the kawakawa in the 

Indian Ocean in 2022 (Geng, 2022). Besides that, several sub-regional studies have been 

conducted to understand the population dynamics of kawakawa: Indian waters (Khan, 2004; 

Kumar et al., 2018; Mudumala et al., 2018), Indonesian waters (Lelono and Bintoro, 2019), Thai 

waters (Yasaki, 1989) and Yemen waters (Shaher Saeed, 1995). However, studies on the 

population dynamics of kawakawa in Sri Lankan waters are extremely scarce. Therefore, the 

present study was undertaken to estimate the population parameters of the kawakawa in Sri Lankan 

waters. The findings of this study will facilitate fishery managers to understand the current trends 

in the fishery for the kawakawa in Sri Lankan waters and ultimately the estimated parameters that 

can be used for assessing the stock of kawakawa.  

 

Methodology  

The length frequency data collected in 2020/2021 by measuring the Fork Length (FL) of 

kawakawa in Sri Lankan waters were used for this study. The length measurements comprise fish 

caught by gillnets, handlines, coastal longlines, and ring nets in Sri Lankan waters. The FL was 

measured to the nearest 1.0 cm. The monthly FL data for the pooled sexes were grouped into 3.0 

cm length class intervals for the estimation of growth parameters. Growth parameters were 

estimated for the pooled sexes through the von Bertalanffy growth function (VBGF) (von 

Bertalanffy, 1938) using monthly length-frequency data, by the electronic length frequency 

analysis (ELEFAN) of R package “TropFishR” (Mildenberger et al., 2017). The growth curve 

fitting and estimation of the asymptotic length (L∞), growth coefficient (K) and growth 

performance (Ø’) was done by the electronic length-frequency analysis using a bootstrapped 

method with a genetic algorithm within the TropFishR (Mildenberger et al., 2017; Taylor & 

Mildenberger, 2017). The von Bertalanffy growth equation was defined as follows (Sparre and 

Venema, 1998): 

𝐿𝑡 =  𝐿∞  (1 − 𝑒(−𝐾(𝑡−𝑡0))) 

Where; Lt is the folk length (cm) at age t (year), L∞ is the asymptotic length (cm), K is the growth 

coefficient and t0 is the theoretical age at zero length (year-1). 
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The growth performance index (Ø’) was estimated by the following equation (Pauly and Munro, 

1984) 

∅′ = 𝐿𝑜𝑔(𝐾) + 2𝐿𝑜𝑔 (𝐿∞)  

The total mortality rate (Z; year-1) was calculated based on the linearized length–converted catch 

curve (Ricker, 1975) within the TropFishR R package (Mildenberger et al., 2017; Taylor & 

Mildenberger, 2017). The natural mortality (M; year-1) was calculated by Then’s growth formula 

(Then et al., 2015), in the TropFishR R package (Mildenberger et al., 2017; Taylor & 

Mildenberger, 2017) as follows: 

𝑀 = 4.118𝐾0.73𝐿∞−0.33  

 

Fishing mortality (F; year-1) was obtained from the following relationship as described by Sparre 

and Venema, 1998:  

𝐹 = 𝑍 − 𝑀 

The stock status was based on current F relative to biological reference points, such as Fmax, F0.1 

and F0.5. Fmax is defined as the fishing mortality (F) leading to the maximum yield per recruit. F0.1 

(Gulland and Boerema 1973) corresponds to F where the slope of the yield per recruit curve is 

equal to 10% of the slope in the origin. F0.5 corresponds to F where the biomass per recruit is equal 

to 50% of the biomass per recruit without fishing. Backwards extrapolation of the length converted 

catch curve was used to estimate the probability of capture data (Pauly and Munro, 1984). The 

Thompson and Bell yield per recruit (YPR) model was used to estimate yield and biomass per 

recruit.  

The values for the constant (a) and the slope (b) of the length–weight relationship of the kawakawa 

in Sri Lankan waters were obtained from the recent research work of Herath et al., (2019) (a = 

0.132; b = 3.115). 

 

Results  

Length frequency distribution 
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In this study, a total of 2049 FL data of kawakawa from commercial landings around the Sri 

Lankan coast were analyzed. Mid values of the length classes of FL ranged from 25.0 cm to 58.0 

cm and the majority of the catch was composed of individuals with 25.0 – 40.0 cm FL (Figure 1). 

The mean FL of the kawakawa in the commercial catch during 2020-2021 was estimated at 38.1 

± 7.5 cm wherein 47.6% of the catch was higher than the mean FL. In terms of the number of 

individuals, catch from gillnets, handlines, coastal longlines, and ring nets respectively represented 

37.9%; 12.5%; 5.0% and 44.6% in the total catch during the study period.  

 

Figure 1. Percentage frequency of length E. affinis in Sri Lankan waters during 2020-2021. 

 

Population parameters and Mortality rates 

The Von Bertalanffy growth function was fitted to the restructured length frequency data of the 

kawakawa in Sri Lankan waters for 2020-2021 (Figure 2). 
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Figure 2. Restructured length-frequency data with overlaid von Bertalanffy growth (VBG) curves 

fitted by ELEFAN with genetic algorithm (Moving Average (MA) = 5; Bin size = 3). 

The estimated growth parameters were: asymptotic length (L∞) = 62.98 cm (FL); growth 

coefficient (K) = 0.70 yr-1 and the growth performance coefficient (Ø) = 3.44. The estimated values 

of total mortality (Z), natural mortality (M) and fishing mortality (F) were 1.60 yr-1, 0.81 yr-1 and 

0.79 yr-1 respectively. The Exploitation ratio (E) was estimated at 0.50. The estimated fishing 

mortality (F) based on reference points and the estimated stock status in terms of current fishing 

mortality (F) to reference points (Fmax, F0.1, F0.5) are given in Table 1 and Yield per recruit and 

biomass per recruit for a range of fishing mortality rates are illustrated in Figure 3. The estimated 

F for the kawakawa in 2020-2021 was lower than the estimated Fmax but greater than the target 

reference point of F0.1 and F0.5. 

Table 1. The estimated fishing mortality (F) based on reference points and the estimated stock 

status in terms of current fishing mortality (F) to reference points. 

Fmax (yr-1) F0.1 (yr-1) F0.5 (yr-1) F/ Fmax F/ F0.1 F/ F0.5 

1.22 0.63 0.45 0.65 1.26 1.76 
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Figure 3. Yield per recruit (A) and biomass per recruit (B) of kawakawa in Sri Lankan waters for 

a range of fishing mortality rates (x-axis). Grey segments indicate various reference points. 

 

Table 2. Comparison of growth parameters of kawakawa in the study with other studies conducted 

in the region. 

Region  K (year-1) L∞ (cm) Ø Reference  

Sri Lanka  0.61 63.0 (FL)  Joseph et al., 

1987 

Gujarat and 

Maharashtra: 

India 

0.70 67.9 (FL) 3.51 Mudumala et al., 

2018 

Place Puger and 

Prigi coasts: 

Indonesia 

0.11 72.5 (TL) 2.76 Lelono and 

Bintoro, 2019 

Sassoon Dock, 

Maharashtra: 

India 

0.79 81.7 (FL) 3.72 Khan, 2004 

Thailand 0.96 76.0 8.62 Yasaki ,1989 

Yemen 0.23 92.0 7.60 Shaher Saeed, 

1995 
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Gulf of Mannar, 

Southwestern 

Bay of Bengal 

0.63 70.0  Kumar et al., 

2018 

 

Selectivity and yield per recruit 

Values of the sizes where the probability of capture was 50% (L50) and 75% (L75), were estimated 

to be 27.5 and 28.9 cm (FL), respectively (Figure 4). Accordingly, about 4% of the catch has 

lengths lower than the length at first capture (L50). 

 

Figure 4. Estimated logistic gear selectivity as the probability of capture (y-axis) at length (x-axis) 

for the kawakawa in Sri Lankan waters. 

 

Discussion 

The selectivity of the fishing gear largely affects the size composition of the catch of a particular 

fish species (Mildenberger et al., 2017; Kumar et al., 2018). The estimated FL for the length at 

first capture (L50) in this study was 27.5 cm. This value was smaller than some of the L50 values 

estimated in the region: 46.88 cm (FL) in the Persian Gulf and Sea of Oman (Taghavi et al., 2010) 

and 52.23 cm (FL) in Ternate Waters, Indonesia (Tangke et al., 2021). Considering the size 

composition in the commercial catch by gears, about 45% of the individuals have come from ring 
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nets. Several studies have shown that the ring net catches a considerably large number of immature 

fish (Punyadeva, 2015; Bett et al., 2021). The higher representation of the ring net catch may be 

the reason for the comparatively smaller L50 value in this study.  

According to Beverton and Holt (1957), the reliability of the estimated natural mortality, M is 

ascertained by using the M/K ratio which is within the ranges of 1.12 to 2.5 for most fishes. The 

M/K ratio of 1.16 obtained in the present study was within this range and therefore suggests that 

the estimated natural mortality for this species was acceptable. The estimated K value in this study 

is greater than the previously estimated value of 0.61 year-1 by Joseph et al., (1987) for the 

kawakawa in Sri Lankan waters. Also, the estimated L∞ in this study (62.98 cm (FL)) is almost 

similar to the value of the study of Joseph et al., (1987). Furthermore, the estimated K and L∞ in 

this study are in concurrence with the values of kawakawa in the Indian Ocean estimated by 

Mudumala et al. (2018). Even though the estimated K and L∞ in this study are considerably 

different to the values obtained for studies conducted in Indonesia, Thailand and Yemen (Table 

2).  The differences in the estimated K and L∞ values could be attributed to sampling error or 

variation in fishing intensity or environmental conditions (Taghavi et al, 2010; Hunter et al., 2016; 

Lavin et al., 2022). The growth of kawakawa in different regions could be compared by respective 

growth performances (Ø) of kawakawa in those regions (Pauly and Munro, 1984). It was found 

that the growth performance of kawakawa in the Indian waters (Ø = 3.51) (Mudumala et al., 2018) 

was almost similar to the Ø of kawakawa in Sri Lankan waters. Even though, much higher Ø of 

kawakawa has been recorded in Thai and Yemen waters (Table 2). Ø is directly related to the 

metabolism and food consumption of the fish (Pauly and Munro, 1984) thus having higher Ø 

values in some regions (Table 2) may indicate the availability of better environmental conditions 

for kawakawa in such areas.  

According to this study, the present Exploitation ratio (E) was estimated at 0.50 which indicates a 

sustainable level of exploitation of kawakawa in Sri Lankan waters (Gulland, 1971 & 1979).  The 

target reference point (TRP) of Fmax indicates the level of fishing mortality for a given size at first 

capture, which maximizes the average yield from each recruit entering the fishery. The estimated 

F in this study (0.79 yr-1) was also less than the estimated Fmax (1.22 yr-1). It indicates that the 

existing fishing pressure on kawakawa in Sri Lankan waters was not at a harmful level.  
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Even though there are several arguments for taking Fmax as a good target reference point (TRP) as 

it is usually greater than Fmsy, and that fishing at this rate over an extended period is liable to 

deplete the spawning stock and reduce future recruitment (Clarke, 1991). Therefore, considering 

F0.1 which is the fishing mortality rate at which the slope of the yield per recruit curve as a function 

of fishing mortality is 10% of its value at the origin, as a more conservative TRP (Gulland and 

Boerema, 1973), the present F is higher than the estimated TRP of F0.1 (0.63 yr-1). Accordingly, 

there is a possibility of experiencing growth overfishing on the kawakawa stock in Sri Lankan 

waters. Considering the F0.5 which corresponds to F where the biomass per recruit is equal to 50% 

of the biomass per recruit without fishing, the resulting value in this study (0.79 yr-1) was higher 

than the estimated F0.5 (0.45 yr-1) which could be resulted by catching the kawakawa stock before 

reaching the first maturity stage. 

As there was a possibility of experiencing growth overfishing on the kawakawa stock in Sri Lankan 

waters, fisheries regulation of minimum escape gaps (mesh sizes) should be enforced to ensure 

that small-size kawakawa can escape when caught. 
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