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Abstract. Growth and mortality parameters were estimated for the yellowfin tuna (Thunnus albacares - 
Bonnaterre, 1788). A total of 2,906 individuals were sampled from the types of small scale commercial 
vessel units operating five fishing gears (troll line, hand line, floating line, vertical line and kite line) 
around fish aggregating devices (FADs) in the Palabuhanratu waters (eastern Indian Ocean) from April to 
December 2015. The aims of this study were to estimate the growth and mortality rate. The data were 
analyzed by using FiSAT II. The von Bertalanffy growth parameters were estimated at L∞ = 178 cm fork 
length (cmFL), k= 0.47 year-1, and t0 = -0.213 year. The total mortality rate (Z) estimated was 1,27 year-

1, with the natural mortality rate (M) and fishing mortality rate (F) of 0.66 year-1 and 0.61 year-1 
respectively. The exploitation rate (E) was estimated to be 0.48. This condition indicates that exploitation 
of the yellowfin tuna is still in good condition and it is necessary to manage the fishing pressure on the 
stock to prevent the probability of overfishing events. 
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Introduction.  Fisheries resources are a common property where the exploitation can be 
used by more than one individual at the same time (open access). Tuna resource 
utilization from year to year tends to increase. While impact in long-term, will affect to 
the continuity of fish stock. Therefore, a management concept for controlling the 
sustainable yield is needed. 

ISSF technical report (2012) states that global catches for tuna; albacore, bigeye, 
bluefin, yellowfin and skipjack in year 2010 amount to 4.34 million tons, decrease 4% 
from 2009. Tuna catches from 1950 tend to increase steadily since the early 2000s.  
Yellowfin and bigeye tuna stock in Indonesia waters is estimated in fully exploited 
condition and overfished in some areas (Langley et al 2009a; IOTC 2010; WCPFC 2010; 
Harley et al 2011). 

The increase in catch production and the development of fishing effort has led to 
the decline of the size of resources. If the size were narrowed, the number of chance for 
tuna to spawn will be reduced, and this will inflict the recruitment of overfishing. 

Management of fisheries resources should be based on the precautionary approach 
principle, for the protection of resources and environmental conservation. The 
implementation of the precautionary approach is an alternative to the provisions of 
United Nations Convention on the Law of the Sea (UNCLOS) in 1982 that requires the 
results of the best scientific evidence available for the management and conservation of 
fish resources.   

The aims of this study are to estimate the growth and mortality rate of yellowfin 
tuna. These factors have an affect on population dynamics, thought to predict the pattern 
of population growth and as basic data in fisheries management. 
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Material and Method. Yellowfin tuna (Thunnus albacares) samples were collected 
monthly from April to December (2015) at major landing sites on the Palabuhanratu 
fishing port (Figure 1) in west Java from small scale commercial vessel units which 
operating five fishing gears (troll line, hand line, vertical line, vertical long line and kite 
line) around fish aggregating devices (FADs) in the Palabuhanratu waters (eastern Indian 
ocean) from April to December 2015. The length (fork length) has been measured by 
scientific operators thus taken into account all size groups caught. 

 

 
Figure 1. Palabuhanratu landing site, circle indicates the fishing ground (FADs). 

 
Growth. Growth parameters (K) and length infinity (L∞) were estimated using the 
ELEFAN I module of FiSAT-II software (Gayanilo et al 2005). Estimation of the theoretical 
age parameter (t0) was determined by empirical equation proposed by (Pauly 1983): 
 

Log(-t0) = -0.392 – 0.275LogL∞ - 1.038K 
 
The age data was analyzed using the von Bertalanffy growth function: 
 

Lt = L∞ (1 – e-K(t-to)) 
where:  
Lt  = length at age t (fork length) 
L∞  = asymptotic length 
K  = coefficient of growth 
t0  = theoretical age at zero length 
 
Longevity or maximal age (tmax) of T. albacares was estimated using the equation 
proposed by Pauly (1984): 

tmax = t0 + 0 2.996 / k 
 
The length based growth performance index (ɸ) using the equation proposed Pauly & 
Munro (1984): 

ɸ = Log K +2* Log L∞ 
 
Mortality and exploitation rate. The value of total mortality (Z) was obtained from 
length converted catch curve on FISAT II software (Gayanilo et al 2005), while natural 
mortality (M) was calculated by Pauly’s empirical equation (Pauly 1983): 

 
Log (M) = -0,0066 – 0,279 Log L∞+ 0,6543 Log K + 0,4634 Log T 
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Where:  
T = the mean annual temperature (28 °C). 
Fishing mortality (F) and exploitation rate (E) were calculated by Pauly’s formula (Pauly 
1983): 

F = Z - M and E = F/Z 
 
Results and Discussion 

 
Growth. The growth parameters estimated by ELEFAN I module FISAT-II and the 
performance index (ɸ) were as follow: L∞ = 178 cm (fork length), k = 0.47 year-1,           
t0 = -0.213 and ɸ = 4.17 respectively. The value of L∞ was higher than the maximum 
observed fork length of 160 cm. The goodness of fit index (Rn) was 0.273. (Figure 2). 

 

 
Figure 2. Von Bertalanffy growth plot of Thunnus albacares in Palabuhanratu waters, west 

Jawa, Indian Ocean. 
 

The theoretical age at zero length (t0) of the von Bertalanffy model was estimated at -
0.213 year, with longevity (tmax) 6,2 year and the growth performance index (ɸ) of 4.17.  
The Von Bertalanffy growth equation was driven as: Lt= 178*[1-EXP(-0.47*(t-(-0.21323))].  
(Figure 3). 
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Figure 3. Estimated growth curve of Thunnus albacares exploited in Palabuhanratu waters 

west Jawa, Indian Ocean. 
 

Yellowfin tuna is a pelagic and epipelagic fish, associated with floating objects (Gooding & 
Magnuson 1967; Hunter & Mitchell 1967), spread in the tropics and subtropics ocean 
waters (Collette & Nauen 1983). According to Langley et al (2009b) in Indian Ocean the 
sizes ranged of T. albacares caught from 30 to 180 cm (fork length). The maximum age 
of T. albacares is less than 10 years, reach sexual maturity at an early age (2-5 years) 
and can grow to a maximum size of 180-200 cm (ICCAT 2011, ISSF 2012, IOTC 2012). 

The observation of growth parameters in this study showed that the T. albacares 
in Palabuhanratu has L∞ = 178 cm FL, K = 0.47 year-1, t0 = -0.213 and ɸ = 4.17 
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respectively. The growth parameters in this study are close to the result from other sites 
where the asymptotic length (L∞) ranged from 151 to 233 cm FL, growth rate (K) ranged 
from 0.3 to 0.88 per year, theoretical age at zero length (t0) ranged from -0.70 to 0.19 
and growth performance index (ɸ) ranged from 4.0 to 4.21. In a document of the 
threatened species IUCN redlist on habitat and ecology in the Indian Ocean, T. albacares 
life stated at least 7 years (Romanov & Korotkova 1988). In this study the longevity 
(tmax) is 6.2 years close to the result from other sites ranged from 6.5 to 10.1 years 
(Table 1).   

 
Table 1 

Estimation of Thunnus albacares growth parameters reported from other sites 
 
Data 
type K L∞ t0 tmax ɸ Location Source 

LF 0.47 178.0 -0.213 6.2 4.17 Palabuhanratu 
waters Present study 

O 0.67 165.07 -0.489 - - Indian ocean Emmanuelle et al 
(2015) 

LF 0.45 183.3 -0.184 6.5 4.21 Oman sea Kaymaram et al (2014) 
LF 0.51 233 -0.184 - - Banda sea Damora & Baihaqi 

(2013) 
LF 0.33 192.5 -0.705 8.4 4.14 Makassar strait Kantun & Amir (2013) 
O 0.88 151.8 -0.446 - - Indian ocean Dortel et al (2013) 
LF 0.39 173.3 -0.099 7.6 4.07 Andaman & Nicobar 

waters Kar et al (2012) 
LF 0.30 197.42 -0.116 10.1 4.0 East cost of India Rohit et al (2012) 
LF 0.52 175.9 0.19 - 4.21 Eastern & central 

pacific ocean Zhu et al (2011) 
LF - length frequency, O - otolith. 
 
The results showed that T. albacares growth rates (K) were slow, did not reach the value 
of one (Sparre & Venema 1998). These conditions provide a warning that the resources 
utilization should be precautionary approach for sustainable. In addition, the asymptotic 
length, the growth rate as well as the age at which the change in growth occurs depend 
on environmental conditions, food availability and the intrinsic characteristics of fish, 
which likely to vary from one fish to another (Emmanuelle et al 2015; Sparre & Venema 
1998). The differences in growth parameters can also caused by the time differences, 
size composition of the fish, fishing methods, fishing gear and fishing areas.   
 
Mortality and exploitation rate. Natural mortality (M) was calculated at 0.66 year-1 
and fishing mortality (F) at 0.61 year-1. Taking Z= 1.27 into account, an exploitation level 
(E) of 0.48 year-1 was obtained for T. albacares in the Palabuhanratu waters (Figure 4), 
which seem to be lower than the expected optimum level of exploitation (E = 0.50). The 
reliability of the estimated M was ascertained using the M/K ratio because this ratio 
reported to be within the range of 1.12-2.50 for most species (Beverton & Holt 1957, in 
Zhu et al 2011). The value of M/K ratio in this study was 1.22. 
 Comparison of mortality and exploitation rates from several studies in other sites 
with varying values is indicated in Table 2. The estimation of natural mortality (M) ranged 
from 0.48 to 0.68 year-1, fishing mortality (F) ranged from 0.23 to 1.79 year-1, total 
mortality (Z) ranged from 0.71 to 2.40 year-1 and an exploitation level (E) ranged from 
0.32 to 0.77 year-1. 
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Figure 4. Length-converted catch curve of Thunnus albacares in Palabuhanratu waters, 

west Jawa, Indian Ocean. 
 

Table 2 
Estimation of mortality and exploitation reported from other sites 

 
M F Z E Location Sources 

0.66 0.61 1.27 0.48 Palabuhanratu Present study 
0.48 1.56 2.04 0.76 Oman sea Kaymaram et al (2014) 
0.68 1.79 2.40 0.74 Banda sea Damora & Baihaqi (2013) 
0.55 1.69 2.21 0.77 Makassar passage Kantun & Amir (2013) 
0.48 0.23 0.71 0.32 East Cost of India Rohit et al (2012) 
0.65 0.91 1.56 0.46 Eastern & Central Pacific Ocean Zhu et al (2011) 
 
In general, the results showed that the value of natural mortality (M) was higher than the 
fishing mortality (F) and the exploitation rate (E) less than 0.5 (0.48 year-1), this 
indicates that the exploitation rate in this area is still in good condition and sustainable.  
Gulland (1971) and Pauly (1983) suggested that in a stock with optimum exploitation 
when fishing mortality is equal to natural mortality (F = M), where the highest value of 
exploitation rate (E) at 0.5. The differences of exploitation rate in any sites due to 
different levels of fishing effort. The high value of exploitation rate (above 0.5) indicates 
that there has over exploited.   

According IOTC (2015), the T. albacares stock in Indian Ocean is determined to be 
overfished and subjected to overfishing. The low level of biomass stock in 2014 is 
consistent with the long-term decline in the primary stock abundance indices and recent 
trends are attributable to increase of catch levels. Total catch has continued to increase 
assessment to be more pessimistic where in 2012 assessment due to the increase in 
catches and the changes in assessment assumptions regarding the recruitment 
processes. 

Further more according to the IOTC (2015), the substantial increase in longline, 
gillnet, handline and purse seine effort and associated catches in recent years has 
substantially increased the pressure on the Indian Ocean stock as a whole, with recent 
fishing mortality exceeding the MSY-related levels. The current assessment estimates 
that the biomass stock is below the level that will support the MSY and current levels of 
catch.  

The recruitment overfishing caused by the increase of fishing pressure upon 
undersize fish (juvenile) led to the decline of the size of resources. If the size were 
narrowed, the number of chance for tuna to spawn will be reduced. This condition needs 
a correct management concept for controlling the yield. Fisheries are supposed to be 
managed for sustainability. Therefore controls are needed to maintenance the sustainable 
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fisheries resources for future.  Research and data collection are important to provide the 
necessary base on knowledge. 
 
Conclusions. The results of the present study show that the growth parameters (L∞, k, 
t0) and the performance index (ɸ) were as follow: L∞ = 178 cm (fork length), k = 0.47 
year-1, t0 = -0.213 and ɸ = 4.17 respectively. Natural mortality (M) was calculated at 
0.66 year-1, fishing mortality (F) at 0.61 year-1, Z= 1.27 year-1 with exploitation level (E) 
of 0.48 year-1. These data indicates that the T. albacares exploitation in this area is still in 
good condition. 
 
Acknowledgements. The authors are grateful to the head office of Research Institute 
for Marine Fisheries (Ministry of Marine Affairs and Fisheries) and Faculty of Fisheries and 
Marine Science (Bogor Agriculture University). We also would like to thank to all scientific 
enumerators in Palabuhanratu for they contribution in collecting data.   
 
References 
 
Beverton R. J. H., Holt S. J., 1957 On the dynamic of exploited fish populations. Great 

Britain Fishery Investigations, Ser. II, vol. 19, 533 pp. 
Collette B. B., Nauen C. E., 1983 Scombridae of the world, an annotated and illustrated 

catalogue of tunas, mackerels, bonitos and related species known to date.   
Species Catalogue vol. 2, FAO, 137 pp. 

Damora A., Baihaqi, 2013 Size distribution and population parameters of yellowfin tuna 
(Thunnus albacares) in Banda Sea. Bawal 5(1):59-65. [In Bahasa Indonesia]. 

Dortel E., Felix M. G., Etienne R., Julien M., Jean P. H., Eric M., Jean M. M., Nicolas B., 
Emmanuel C., 2013 Accounting for age uncertainty in growth modeling, the case 
study of yellowfin tuna (Thunnus albacares) of the Indian Ocean. PlosOne 8(4):1-8. 

Emmanuelle D., Sardenne F., Bousquet N., Rivot E., Million J., Le Croizier G., Chassot E., 
2015 An integrated Bayesian modeling approach for the growth of Indian Ocean 
yellowfin tuna. Fisheries Research 163:69-84. 

Gayanilo F. C. Jr., Sparre P., Pauly D., 2005 FAO-ICLARM stock assessment tools II (FiSAT 
II). Revised version, User's guide, FAO Computerized Information Series 
(Fisheries), No. 8, FAO Rome, 168 pp. 

Gooding R., Magnuson J. J., 1967 Ecological significance of a drifting object to pelagic 
fishes. Pacific Science 21:486-497.  

Gulland J. A., 1971 The fish resources of the oceans. FAO/Fishing News Books Ltd. 
Surrey, England, 255 pp. 

Harley S., Williams P., Nicol S., Hampton J., 2011 The western and central Pacific tuna 
fishery: 2009 Overview and status of stocks. Tuna Fisheries Assessment Report 
10, Noumea, New Caledonia: Secretariat of the Pacific Community. 

Hunter J. R., Mitchell C. T., 1967 Association of fishes with Flotsam in the offshore waters 
of Central America. Fishery Bulletin 66:13-29. 

Kantun W., Amir F., 2013 Age structure, growth pattern and mortality of yellowfin tuna-
Thunnus albacares (Bonnatere, 1788) in Macassar streat. Jurnal Balik Diwa 
4(1):8-14. [In Bahasa Indonesia]. 

Kar A. B., Ramalingam L., Govindaraj K., Prasad G. V. A., 2012 Study of the growth and 
population parameters of yellowfin tuna (Thunnus albacares) in the Andaman and 
Nicobar waters based on the length frequency data. IOTC, WPTT 14-30, Rev 1, 17 pp. 

Kaymaram F., Seyed A. H., Mohammad D., 2014 Estimates of length-based population 
parameters of yellowfin tuna (Thunnus albacares) in the Oman Sea. Turkish 
Journal of Fisheries and Aquatic Sciences 14:101-111. 

Langley A., Harley S., Hoyle S., Davies N., Hampton J., Kleiber P., 2009a Stock 
assessment of yellowfin tuna in the western and central Pacific Ocean. Noumea, 
New Caledonia: Secretariat of the Pacific Community, WCPFC-SC5-SA-WP-03. 

Langley A., Herrera M., Hallier J. P., Million J., 2009b Stock assessment of yellowfin tuna 
in the Indian Ocean using multifan-Cl. IOTC 2009-WPTT-10. 



AACL Bioflux, 2016, Volume 9, Issue 3. 
http://www.bioflux.com.ro/aacl 747 

Pauly D., 1983 Some simple methods for the assessment of tropical fish stocks. FAO 
Fisheries Technical Paper 234, 52 pp. 

Pauly D., 1984 Fish Population dynamics in tropical waters: a manual for use 
programmable calculators. ICLARM studies and reviews 8, Manila, 325 pp. 

Pauly D., Munro J. L., 1984 Once more on the comparison of growth in fish and 
invertebrates. ICLARM Fishbyte 2(1):21. 

Rohit P., Rao G. S., Rammohan K., 2012 Age, growth and population structure of the 
yellowfin tuna Thunnus albacares (Bonnaterre, 1788) exploited along the east 
coast of India. Indian Journal of Fisheries 59(1):1-6. 

Sparre P., Venema S. C., 1998 Introduction to tropical fish stock assessment. Manual FAO 
Fisheries Technical Paper 306/1, Rev 2, FAO, Rome, 385 pp. 

Romanov E. V., Korotkova I. P., 1988 Age and growth rates of yellowfin tuna Thunnus 
albacares (Bonaterre 1788) (Pisces, Scombridae) in the north-western part of the 
Indian Ocean, determinated by counting the rings of vertebrae. Collective Volume 
of Working Document, IPTP, TWS/88/38:68-73. 

Zhu G., Liuxiong X., Xiaojie D., Wei L., 2011 Growth and mortality rates of yellowfin tuna, 
Thunnus albacares  (Perciformes: Scombridae), in the eastern and central Pacific 
Ocean. Zoologia 28(2):199–206. 

*** ICCAT [International Commission for the Conservation of Atlantic Tunas], 2011 
Report of The 2011 Iccat Yellowfin Tuna Stock Assessment Session. San 
Sebastian, Spain, SCRS 2011/020. 

*** IOTC [Indian Ocean Tuna Commission], 2010 Report of the 12th Session of the IOTC 
Working Party on Tropical Tunas. Victoria, Seychelles, 18–25 October 2010, 82 pp. 

*** IOTC [Indian Ocean Tuna Commission], 2012 Report of the 15th Session of the IOTC 
Scientific Committee. Mahé, Seychelles, 10–15 December 2012, SC15–R[E], 288 
pp. 

*** IOTC [Indian Ocean Tuna Commission], 2015 Report of the 17th Session of the IOTC 
Working Party on Tropical Tunas. Montpellier, France, 23–28 October 2015, 
WPTT17–R[E], 102 pp. 

*** ISSF [International Seafood Sustainability Foundation], 2012 Status of the world 
fisheries for tuna management of tuna stocks and fisheries. ISSF Technical Report 
201207. 

*** WCPFC [Western and Central Pacific Fisheries Commission], 2010 Summary Report 
of the 6th Regular Session of the Scientific Committee of Commission for the 
Conservation and Management of Highly Migratory Fish Stocks in the Western and 
Central Pacific Ocean. Nuku’alofa, Tonga, 10–19 August 2010, 169 pp. 

 
 
 
 
 
 
 
 
 
Received: 17 May 2016. Accepted: 27 June 2016. Published online: 30 June 2016. 
Authors: 
Erfind Nurdin, Research Institute for Marine Fisheries - Ministry of Marine Affairs and Fisheries, Indonesia, 
Jakarta 14440; Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, Indonesia, Darmaga - 
Bogor 16680, e-mail: erfind_nurdin@yahoo.co.id 
Muhamad Fedi Alfiadi Sondita, Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, 
Indonesia, Darmaga – Bogor 16680, e-mail: fsondita@indo.net.id 
Roza Yusfiandayani, Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, Indonesia, Darmaga 
– Bogor 16680, e-mail: ocha.ipb@gmail.com 
Mulyono Sumitro Baskoro, Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, Indonesia, 
Darmaga – Bogor 16680, e-mail: baskoro_mul@yahoo.com 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Nurdin E., Sondita M. F. A., Yusfiandayani R., Baskoro M. S., 2016 Growth and mortality parameters of yellowfin 
tuna (Thunnus albacares) in Palabuhanratu waters, west Java (eastern Indian Ocean). AACL Bioflux 9(3):741-
747. 


