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INTRODUCTION  

The Natuna Sea, situated in northern Indonesia, is one of the nation's most strategically 

significant maritime regions, both commercially and geopolitically. This area is located in the 

South China Sea, bordering Vietnam, Malaysia, and the contested Nine-Dash Line asserted by 

China, which intersects with Indonesia's Exclusive Economic Zone (EEZ)  (Isak et al., 2020). 

The Natuna Sea is ecologically productive owing to its oceanographic features, rendering it a 

crucial fishing area that sustains coastal populations and notably contributes to Indonesia’s tuna 

fisheries industry (Suman et al., 2017).  
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The kawa-kawa (Euthynnus affinis) is a pelagic fish species of significant 

commercial importance. Research on the population dynamics of E. affinis 

was undertaken in the Natuna Sea of Pemangkat from January to December 

2021. Data were collected in 2021 at Pemangkat Fishing Port, West 

Kalimantan from drift gillnetters operating in the Natuna Sea. The dataset for 

fork length was organized and calculated within an Excel workbook, after 

which it underwent a detailed examination employing ELEFAN I from the 

FiSAT II. The findings indicated that length-frequency data gathered over a 

12-month period exhibited a unimodal distribution, with a modal length class 

of 46–48 cm. Using the von Bertalanffy formulation, the species showed an 

asymptotic length (L∞) of 77.7cm and a corresponding annual growth 

parameter (K) of 0.42 year⁻¹. The study found that the natural mortality rate 

(M), fishing mortality (F), and total mortality (Z) were 0.80, 0.45, and 1.25 

year⁻¹, respectively. The exploitation rate (E) was 0.36. Recruitment reached 

its zenith in June and July. The yield-per-recruit study revealed that the 

present exploitation level is below the optimum (E₀.₁ = 0.507), indicating the 

possibility for sustainable enhancements in fishing effort. The findings 

suggest that the kawakawa resource in the Natuna Sea is currently 

underutilized and has potential for further sustainable development. 
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Kawakawa fisheries in the Natuna Sea is derived from drift gillnetter (94%) and purse 

seiner (6%). Drift gill net vessels in Pemangkat are predominantly constructed of wood, varying 

across sizes from 16 to 47 gross tons. The average mesh size for these drift gill nets is 4 inches. 

The catch composition of the drift gill net is as follows: longtail tuna (Thunnus. tonggol) 44.7%, 

kawakawa (Euthynnus affinis) 34.8%, Spanish mackerel (Scomberomorus commerson) at 7%, 

sea catfish (Ariidae family) at 4%, sailfish (Istiophorus platypterus) at 2.5%, deep leatherskin 

(Chorinemus tala) and bigeye trevally (Caranx sexfasciatus) at 2%. The drift gillnet is the main 

fishing gear for kawakawa in the Natuna Sea. 

Insight into the population ecology of kawakawa, addressing growth trends, survival 

rates, and the degree of exploitation, is critical for management and crucial for developing 

science-based management plans. These biological characteristics ensure the enduring 

availability of resources and inform sustainable fishing tactics. While numerous studies on 

kawakawa have been undertaken in Indonesian waters, research particularly addressing 

kawakawa in the Natuna Sea is few. 

This research aimed to assess the population traits along with the prevailing abundance 

of E. affinis inhabiting the Natuna Sea. The findings are anticipated to yield significant insights 

for fisheries management and conservation initiatives, especially in reconciling exploitation 

with the sustainability of tuna resources in Indonesian waters. 

MATERIAL AND METHODS  

1. Research location and data collection  

Data were collected at the Pemangkat Fish Port in West Kalimantan, Indonesia, on the 

harvested individuals of kawakawa (Euthynnus affinis) traced back to the Natuna Sea (Fig. 1). 

The sampling regime data spanned the entire year of 2021, with measurements taken at monthly 

intervals from January to December. Using a 4-inch mesh drift gillnet, fish were collected and 

the fork length of each selected sample was precisely measured to 0.1cm accuracy. Trained 

enumerators facilitated the data collection procedure.  

 

             Fig. 1. Sampling site for longtail tuna data collection in the Natuna Sea 
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2. Analytical framework 

Growth parameters   

Determination of the growth coefficient (K) and asymptotic length (L∞) was conducted 

with the ELEFAN I (Electronic LEngth Frequency ANalysis) model, as incorporated within the 

FiSAT II toolkit (FAO-ICLARM Stock Assessment Tools) (Gayanilo et al., 2005). The starting 

point for theoretical age (t0) computation was assessed using Pauly’s formula (Pauly, 1983): 

Log (-t0) = -0.3922 - 0.2752 Log L∞ - 1.038 Log K  

Subsequently, values for length, growth rate (K), and theoretical age (t0) were 

determined to assemble the von Bertalanffy growth function (Sparre & Venema, 1998) as 

described in the subsequent section:  

Lt = L∞(1-e-K(t-t0)) 

Where, Lt corresponds to length at age t (cm), L∞ designates the asymptotic length (cm), 

K defines the annual growth coefficient, and t0 identifies the theoretical age in years. 

Mortality  

The total mortality parameter (Z) was assessed employing the Length-Converted Catch 

Curve offered by FiSAT II (Gayanilo et al., 2005). Moreover, natural mortality (M) underwent 

an estimation procedure following Pauly (1983): 

Log (M) = -0.0066 - 0.2795 Log (L∞) + 0.6543 Log (K) + 0.4634 Log (T) 

Where, M signifies the baseline mortality occurring naturally each year, whereas T 

corresponds to the yearly average of water temperature in degrees Celsius (Pauly, 1983):  

          F  = Z - M 

Exploitation rate 

Utilizing annual monitoring data, the exploitation index (E) functions as a surrogate for 

gauging the ongoing exploitation intensity of E. affinis (Gulland, 1971): 

E  = 
F

F+M
 = 

F

Z
 

Yield per recruit (Y’/R)   

Estimation of yield per recruit (Y’/R) was performed employing the analytical construct 

proposed by Beverton and Holt (Sparre & Venema, 1998) embedded in FiSAT II, which 
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constructs recruitment trajectories and selectivity ogives. The expression for Y’/R is defined as 

follows: 

𝑌/𝑅 = F *A* W∞* {
1

𝑍
 - (

3U

Z + K
)  + (

3U 2

Z + 2K
)  - (

 U 3

Z + 3K
)} 

Where, W∞ denotes the maximal attainable weight (grams), tc refers to the average age 

when first caught, and tr signifies the mean recruitment age. The parameter U is calculated as 

1−(Lc/L∞). 

RESULTS  

1. Length-frequency distribution 

Distribution patterns of kawakawa lengths obtained from the Natuna Sea covering the 

12 months of research exhibited a unimodal normal distribution, ranging from 24 to 75cm, with 

the modal class being 46– 48cm (Fig. 2). 

 

 
Fig. 2. Length frequency distribution of the kawakawa (E. affinis) in the Natuna Sea 

2. Growth estimation 

Using the ELEFAN I method in FiSAT II, monthly length-frequency data were 

evaluated to obtain von Bertalanffy growth characteristics (Fig. 3), indicating an asymptotic 

length (L∞) of 77.7cm FL, a growth constant (K) of 0.42 year⁻¹, and t₀ at -0.04972.  
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Fig. 3. The growth model of the kawakawa (E. affinis) in the Natuna Sea 

The von Bertalanffy growth curve, depicting the correlation between age and fork 

length, is seen in Fig. (4), incorporating L∞, K, and t₀. This model indicates that the annual 

growth of kawakawa in the 1st, 2nd, 3rd, 4th, and 5th years is 27.7, 44.85, 56.11, 63.51, and 

68.38cm, respectively. This species can attain its maximum length within 7 years. 

 
 

Fig. 4. The correlation graph between size and age of kawakawa within the Natuna Sea 

3. Mortality and exploitation rate 

The implementation derived from the curve converted according to size measurements 

yielded a natural mortality (M) of 0.80 year⁻¹ at a mean sea temperature measuring 30°C. 

Calculations also showed fishing mortality (F) at 0.454 year⁻¹, total mortality (Z) at 1.25 year⁻¹, 

and an exploitation ratio (E) for kawakawa of 0.36 year⁻¹ (Fig. 5). 

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Fo
rk

 L
en

gt
h

 (
cm

)

Age (years)

Lt = 77.7(1-e-0.42(t-0.04972))



3536 
Hidayat et al., 2025 

 
Fig. 5. Distribution pattern of catches standardized to length metrics for kawakawa in the 

Natuna Sea 

4. Recruitment pattern 

The apex of annual kawakawa recruitment in the Natuna Sea fishery, as indicated by the 

length-frequency data, evidently transpired between June and July (Fig. 6). 

 
Fig. 6. Recruitment pattern of kawakawa (E. affinis) in the Natuna Sea 

5. Yield per recruit (Y’/R)  

The evaluation of Y/R revealed that under existing fishing practices, yield per recruit 

increases with fishing mortality until it attains maximum (Emax) when exploitation achieves 

0.595 (Fig. 7). The exploitation rate corresponding to 10% of the marginal yield (E0.1) was 

determined to be 0.507. The current exploitation rate (Ecurrent = 0.36) is below both Emax and 

E0.1, signifying that the fishery is in a developmental phase with the potential for enhanced 

yields through increased exploitation.  
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Fig. 7. E values of kawakawa (E. affinis) in the coastal waters of Pemangkat by Y’/R 

Beverton and Holt E10=0.507 (green), E50=0.322 (red), Emax=0.595 (yellow) 

 

DISCUSSION 

The investigation revealed that the Euthynnus affinis length-frequency arrangement in the 

Natuna Sea over the study duration conformed to a unimodal and statistically normal 

configuration, with the modal length class ranging from 46 to 48 cm FL. The unimodal 

distribution is characteristic of small tuna fisheries, where the catch predominantly consists of 

sub-adult individuals targeted by purse seine and gillnet methods (Collette & Nauen, 1983). 

The calculated von Bertalanffy growth parameters for kawakawa in the Natuna Sea are 

L∞ = cm and K = year-1, indicating that this species exhibits a reasonably sluggish development 

rate and achieves a moderately big maximum size. The K value corresponds with the prevailing 

notion that the species typically have reduced growth coefficients (Sparre & Venema, 1998). 

The research findings from various domains reflect considerable differences regarding the 

growth parameter (K) and the maximum length attained (L∞) (Table 1). 

Table 1. K and L∞ values from several areas 

Location  K (Yr-1) L∞ (cm) Reference 

Maharastra, India 0.79 81.7 Khan (2004) 

Persian Gulf and Sea of Oman 0.51 87.66 Motlagh et al. (2010) 

Indian water 0.56 81.92 Rohit et al. (2012)  

West of Sumatera, Indian Ocean  0.63 65.53 Jatmiko et al. (2014)  

Malacca Strait 0.96 64.25 Wagiyo et al. (2018) 

Malacca Strait 0.7 58.85 Faizal et al. (2017)  

Southern Lombok, Indian Ocean 0.67 85 Wujdi et al. (2020)  

Gulf Aqaba, Red Sea 0.47 83.64 Mehanna (2024)  

The Natuna Sea  0.42 77.7 Present study 
  Note: K: Growth rate; L∞: Asimptotic length. 
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The variation in growth parameters is attributable to several environmental conditions, 

encompassing elements such as species density, temperature of the aquatic environment, and 

prey abundance, which drive changes in both K and L∞ (Ghosh et al., 2016; Ju et al., 2016; 

Armstrong et al., 2021; Çiloğlu & Ateş, 2022). 

For kawakawa, the measured natural mortality (M) reached 0.8 year⁻¹, with fishing 

mortality (F) at 0.45 year⁻¹ and total mortality (Z) totaling 1.25 year⁻¹. Natural mortality 

coefficient in the present study is lower compared to values recrded in earlier studies (Khan, 

2004; Rohit et al., 2012; Jatmiko et al., 2014; Wagiyo et al., 2018; Wujdi et al., 2020), while 

being higher than those of Motlagh et al. (2010) and Mehanna (2024). Differences in mortality 

rates in several locations are influenced by fishing pressure, food availability and predation 

(Chen et al., 2018). Several factors are associated with the variations in mortality rates, 

including fishing pressure, seawater temperature, stock variations, disease, predation, stress, 

and age (Sparre & Venema, 1998; Koolkalya et al., 2017; Bergström et al., 2022;  Levangie 

et al., 2022). A population is deemed to be exploited efficiently when the intensity of fishing 

mortality matches the natural mortality (F = M), or E = 0.5, as per Gulland (1971). The E value 

of 0.36 in this study signifies that the kawakawa stock in the Natuna Sea is currently being 

exploited below ideal levels, indicating that the stock is likely not overfished and is in a phase 

of developing exploitation. 

Recruitment refers to the process of incorporating new individuals into the population 

targeted by fishing gear. Noegroho and Chodrijah (2015) emphasized that the recruitment of 

fish depends on the density of reproductively mature females prepared for breeding, with 

reductions experienced throughout the reproductive cycle, along with the aggregate count of 

individuals fulfilling the set stock criteria.  The occurrence of  recruitment peaks may be 

influenced by oceanic conditions, primary productivity and, subsequently, spawning and larval 

development (Abesamis & Russ, 2010; Rabbaniha et al., 2014). The significant recruitment 

surge in June-July likely aligns with spawning events that transpired during the August–

September interval of the preceding year, taking into account the species' growth rate. This is 

similiar to prior reports from the Java Sea (Hidayat et al., 2016). 

The evaluation through a yield-per-recruit approach demonstrated that the existing 

exploitation rate falls short of the reference optimal threshold. The present exploitation rate 

(Ecurrent = 0.36) is below both the E0.1 (0.507) and Emax (0.59) reference benchmarks. This 

indicates that, in theory, there is potential to enhance exploitation beyond existing levels. A 

15.2% increase in exploitation might attain the E0.1 

CONCLUSION 

The population dynamics of Euthynnus affinis in the Natuna Sea indicate a stable and 

moderately growing stock, characterized by sustainable exploitation levels and continuous 

recruitment throughout the year. The current fishing pressure remains below biological 

reference points, suggesting that the stock is not yet overexploited and that the existing fishery 

practices have supported the maintenance of a healthy population structure and sustainable 
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productivity. Furthermore, it is estimated that the exploitation rate could increase by up to 

15.2%, potentially allowing for the expansion of fishing activities within precautionary 

management frameworks. 

To ensure the long-term sustainability of the fishery, management efforts should aim to 

maintain exploitation levels until the E₀.₁ threshold while enhancing monitoring systems, 

enforcing responsible fishing practices, and promoting gear selectivity. Future research should 

focus on studying ecosystem-based management strategies that integrate biological, ecological, 

and socio-economic considerations for the sustainable utilization of E. affinis resources in the 

Natuna Sea. 

ACKNOWLEDGEMENTS  

We are thankful to all in charge of the Research Institute for Marine Fisheries (RIMF), 

Ministry of Marine Affairs and Fisheries, Republic of Indonesia, for their contribution and 

facilitation in providing datasets, facilities, and assistance, particularly regarding the 2021 

project on the Study of Biology and Stock of Fish Resources and Fisheries Characteristics in 

FMA 711. 

REFERENCES  

 

Abesamis, R. A. and Russ, G. R. (2010). Patterns of recruitment of coral reef fishes in a 

monsoonal environment. Coral Reefs, *29*(4), 911–

921. https://doi.org/10.1007/s00338-010-0653-y 

Armstrong, J. B.; Fullerton, A. H.; Jordan, C. E.; Ebersole, J. L.; Bellmore, J. R.; 

Arismendi, I.; Penaluna, B. E. and Reeves, G. H. (2021). The Importance of Warm 

Habitat to The Growth Regime of Cold-Water Fishes. Nature Climate Change, *11*(4), 

354–361. https://doi.org/10.1038/s41558-021-00994-y 

Bergström, U.; Larsson, S.; Erlandsson, M.; Ovegård, M.; Ragnarsson Stabo, H.; 

Östman, Ö. and Sundblad, G. (2022). Long-term decline in northern pike (Esox 

lucius L.) populations in the Baltic Sea revealed by recreational angling data. Fisheries 

Research, *251*, 106307. https://doi.org/10.1016/j.fishres.2022.106307 

Chen, N.; Zhang, C.; Sun, M.; Xu, B.; Xue, Y.; Ren, Y. and Chen, Y. (2018). The impact 

of natural mortality variations on the performance of management procedures for 

Spanish mackerel (Scomberomorus niphonius) in the Yellow Sea, China. Acta 

Oceanologica Sinica, *37*(8), 21–30. https://doi.org/10.1007/s13131-018-1234-0 

Çiloğlu, E. and Ateş, C. (2022). Population Dynamics of Deep-Water Pink Shrimp 

(Parapenaeus longirostris Lucas, 1846) (Decapoda, Penaeidae) in The Coastal Waters 

of Tuzla (Eastern Part of The Sea of Marmara). Aquatic Research, *5*(3), 196–

208. https://doi.org/10.3153/AR22019 

Cominassi, L.; Moyano, M.; Claireaux, G.; Howald, S.; Mark, F. C.; Zambonino-Infante, 

J.-L. and Peck, M. A. (2020). Food Availability Modulates the Combined Effects of 

https://doi.org/10.1007/s00338-010-0653-y
https://doi.org/10.1038/s41558-021-00994-y
https://doi.org/10.1016/j.fishres.2022.106307
https://doi.org/10.1007/s13131-018-1234-0
https://doi.org/10.3153/AR22019


3540 
Hidayat et al., 2025 

Ocean Acidification and Warming on Fish Growth. Scientific Reports, *10*(1), 

2338. https://doi.org/10.1038/s41598-020-58846-2 

Gayanilo, F. J.; Sparre, P. and Pauly, D. (2005). FAO-ICLARM Stock Assessment Tools II 

(FiSAT II). Revised Version, User’s Guide. FAO. 

Ghosh, S.; Rao, M. V. H.; Mahesh, V. U.; Kumar, M. S. and Rohit, P. (2016). Fishery, 

Reproductive Biology and Stock Status of The Indian Mackerel Rastrelliger 

kanagurta (Cuvier, 1817), Landed along The North-East Coast of India. Indian Journal 

of Fisheries, *63*(2). https://doi.org/10.21077/ijf.2016.63.2.53399-05 

Gulland, J. (1971). The Fish Resources of The Oceans. FAO/Fishing News Books Ltd. 

Hidayat, T.; Febrianti, E. and Restiangsih, Y. H. (2016). Pola dan Musim Pemijahan Ikan 

Tongkol Komo (Euthynnus affinis Cantor, 1850) di Laut Jawa. BAWAL Widya Riset 

Perikanan Tangkap, *8*(2), 101–108. https://doi.org/10.15578/bawal.8.2.2016.101-

108 

Isak, R.; Z, F.; Setyo, W. and Tjahjanulin, D. (2020). Maritime Policy Integration Model at 

Natuna on The Defense and Security Perspective. Russian Journal of Agricultural and 

Socio-Economic Sciences, *100*(4), 73–85. https://doi.org/10.18551/rjoas.2020-04.11 

Jatmiko, I.; Sulistyaningsih, R. K. and Nugroho, D. (2014). Laju Pertumbuhan, Laju 

Kematian dan Eksploitasi Ikan Tongkol Komo, Euthynnus affinis (Cantor 1849), di 

Perairan Samudera Hindia Barat Sumatera. BAWAL Widya Riset Perikanan 

Tangkap, *6*(2), 69–76. 

Ju, P.-L.; Yang, L.; Lu, Z.-B.; Yang, S.-Y.; Du, J.-G.; Zhong, H.-Q.; Chen, J.; Xiao, J.-

M.; Chen, M.-R. and Zhang, C.-Y. (2016). Age, Growth, Mortality and Population 

Structure of Silver Croaker Pennahia argentata (Houttuyn, 1782) and Red 

Bigeye Priacanthus macracanthus Cuvier, 1829 in The North-Central Taiwan 

Strait. Journal of Applied Ichthyology, *32*(4), 652–

660. https://doi.org/10.1111/jai.13053 

Khan, M. Z. (2004). Age and Growth, Mortality and Stock Assessment of Euthynnus 

affinis (Cantor) from Maharashtra Waters. Indian Journal of Fisheries, *51*(2), 209–

213. 

Koolkalya, S.; Matchakuea, U. and Jutagate, T. (2017). Growth, Population Dynamics and 

Optimum Yield of Indian Mackerel, Rastrelliger kanagurta (Cuvier, 1816), in the 

Eastern Gulf of Thailand. Agriculture and Natural Resources, *51*(2), 132–144. 

Levangie, P. E. L.; Blanchfield, P. J. and Hutchings, J. A. (2022). The Influence of Ocean 

Warming on The Natural Mortality of Marine Fishes. Environmental Biology of 

Fishes, *105*(10), 1447–1461. https://doi.org/10.1007/s10641-021-01161-0 

Mehanna, S. F. (2024). Life History Parameters and Stock Status of the Kawakawa, Euthynnus 

affinis (Cantor, 1849) from the Gulf of Aqaba, Red Sea, Egypt. Egyptian Journal of 

Aquatic Biology and Fisheries, *28*(3), 299–

312. https://doi.org/10.21608/ejabf.2024.355939 

Motlagh, S. A. T.; Hashemi, S. A. 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). Iranian Journal of Fisheries Sciences, *9*(2), 

315–326. 

https://doi.org/10.1038/s41598-020-58846-2
https://doi.org/10.21077/ijf.2016.63.2.53399-05
https://doi.org/10.15578/bawal.8.2.2016.101-108
https://doi.org/10.15578/bawal.8.2.2016.101-108
https://doi.org/10.18551/rjoas.2020-04.11
https://doi.org/10.1111/jai.13053
https://doi.org/10.1007/s10641-021-01161-0
https://doi.org/10.21608/ejabf.2024.355939


3541 
Population Dynamics and Yield per Recruit of Kawakawa (Euthynnus affinis, Cantor 1849)  

in the Natuna Sea, Indonesia 

 
 

 

Noegroho, T. and Chodrijah, U. (2015). Parameter Populasi dan Pola Rekruitmen Ikan 

Tongkol Lisong (Auxis rochei Risso, 1810) di Perairan Barat Sumatera. BAWAL Widya 

Riset Perikanan Tangkap, *7*(3), 129–

136. https://doi.org/10.15578/bawal.7.3.2015.129-136 

Pauly, D. (1983). Some Simple Methods for The Assessment of Tropical Fish Stocks. Food and 

Agriculture Organization of The United Nations. 

Rabbaniha, M.; Mousavi Golsefid, S. A. and Owfi, F. (2014). The Effect of Monsoon on 

Fish Larva Assemblage Changes in Gowatr Bay, North Oman Sea. Journal of the 

Persian Gulf, *5*(18), 37–46. 

Rohit, P.; Chellappan, A.; Abdusssamad, E. M.; Joshi, K. K.; Koya, K. P. S.; Sivadas, M.; 

Ghosh, S.; Rathinam, A. M. M.; Kemparaju, S.; Dhokia, H. K.; Prakasan, D. and 

Beni, N. (2012). Fishery and Bionomics of The Little Tuna, Euthynnus affinis (Cantor, 

1849) Exploited from Indian Waters. Indian Journal of Fisheries, *59*(3), 33–42. 

Sparre, P. and Venema, S. C. (1998). Introduction to Tropical Fish Stock Assessment, Part I: 

Manual. FAO Fisheries Technical Paper No. 306/1, Rev. 2. 

Suman, A.; Irianto, H. E.; Satria, F. and Amri, K. (2017). Potensi dan Tingkat Pemanfaatan 

Sumber Daya Ikan di Wilayah Pengelolaan Perikanan Negara Republik Indonesia (WPP 

NRI) Tahun 2015 serta Opsi Pengelolaannya. Jurnal Kebijakan Perikanan 

Indonesia, *8*(2), 97–100. https://doi.org/10.15578/jkpi.8.2.2016.97-100 

Wagiyo, K.; Damora, A. and Pane, A. R. P. (2018). Aspek Biologi, Dinamika Populasi Dan 

Kepadatan Stok Udang Jerbung (Penaeus merguiensis De Man, 1888) Di Habitat 

Asuhan Estuaria Segara Anakan, Cilacap. Jurnal Penelitian Perikanan 

Indonesia, *24*(2), 127–136. https://doi.org/10.15578/jppi.24.2.2018.127-136 

Wujdi, A.; Hartaty, H. and Setyadji, B. (2020). Estimasi Parameter Populasi dan Rasio 

Potensi Pemijahan Tongkol Komo (Euthynnus affinis, Cantor 1849) di Perairan Selatan 

Lombok. Jurnal Penelitian Perikanan Indonesia, *26*(2), 93–107. 

 

https://doi.org/10.15578/bawal.7.3.2015.129-136
https://doi.org/10.15578/jkpi.8.2.2016.97-100
https://doi.org/10.15578/jppi.24.2.2018.127-136

