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ABSTRACT 

Length-frequency data of the yellowfin tuna (Thunnus albacares) caught by 
the Taiwanese offshore longline vessels was collected monthly at Tungkang fish 
market between September 2001 and October 2002. These samples were used to 
estimate the von Bertalanffy growth parameters and the mean length at age for 
yellowfin tuna by the length-based MULTIFAN method. Twenty-four cases were 
considered and the best match was found in the case when April was set as month 1, 
the sample number was merged to 12 by month and 3 cm was selected for length 
interval. In this case, the von Bertalanffy growth parameters were estimated as growth 
coefficient K = 0.392 yr-1, asymptotic fork length FL8  = 175.0 cm, and theoretical 
age at zero length t0 = 0.00306 yr. Six age classes were identified and mean length at 
age was L1 = 56.16 cm, L2 = 95.00 cm, L3 = 120.95 cm, L4 = 138.48 cm, L5 = 150.32 
cm, and L6 = 158.32 cm. The estimated longevity (tmax) was 7.65 years. 

INTRODUCTION 

Yellowfin tuna, Thunnus albacares, (Bonnaterre, 1788) is a pelagic migratory 
species found throughout the tropical and subtropical waters of the world, and has 
been widely studied due to its high economical value. Most commercial landings of 
yellowfin tuna were caught by the purse seine and longline fleets.  

Knowledge of life history parameters was essential for understanding the 
population dynamics of yellowfin tuna (Schaefer, 1996). Several approaches were 
often used to determine the age and growth of the species, such as length-frequency 
analyses, tagging and recapture experiments and observations of the mark on the hard 
parts, i.e., scales, otoliths, spines and vertebraes (Stequert et al. 1996). 

                                                 
1 A working document submitted at the 16th Meeting of the Standing Committee on Tuna and Billfish, 
July 9-16, Mooloolaba, Australia. 
2 Institute of Oceanography, National Taiwan University, Taipei, Taiwan. 
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The MULTIFAN method assumes normal distribution to length-frequency 
distribution and uses maximum likelihood estimation to select the best fit (Fournier et 
al., 1991). The MULTIFAN method has the best performance on estimation of growth 
parameters, but it requires substantially more initial information (Bjorndal and Bolton, 
1995). The MULTIFAN method has been successfully applied to estimate age and 
growth of various marine species, such as bluefin tuna (Fournier et al., 1990), 
albacore tuna (Chang et al., 1993), swordfish (Haist and Porter, 1993), and skipjack 
tuna (Pagavino and Gaertner, 1995), etc. 

The objectives of this study were to estimate the growth parameters for yellowfin 
tuna in the western Pacific using the length-based MULTIFAN method and to convert 
the length-frequency distribution to age composition distribution, which is useful 
information for stock assessment and management in the future. 

MATERIALS AND METHODS 

The yellowfin tuna caught by the Taiwanese offshore longline vessels were 
randomly collected from the commercial catches landed at Tungkang fish market 
(Fig.1) between September 2001 and October 2002. Fork length (FL) was measured 
to the nearest 0.1 cm and total weight (TW) was recorded to the nearest 1 kg. 
Fourteen consecutive monthly length-frequency data sets were obtained (Table 1). 

Because different length compositions may affect the results of length-frequency 
analysis, length-frequency data sets were constituted by length intervals of 2, 3, 4, and 
5 cm, respectively. Two length-frequency series were used, one was 14 consecutive 
months and the other was 12 months (merging by month). Three values of month 1 
(April, June and August) were considered because the mean length of the monthly 
samples decreased in April, or because the minimum fork length of yellowfin tuna 
was observed in June and August. Accordingly, 24 cases of length-frequency data sets 
were obtained for the MULTIFAN analyses in order to find the best match. 

The MULTIFAN method was used to estimate the number of age classes in the 
population, the von Bertalanffy growth parameters (asymptotic length and growth 
coefficient), the mean age of first age class in month 1, and the numbers and the 
proportions at age in each monthly sample. Three main assumptions incorporated with 
biological structure in the MULTIFAN model (Fournier et al., 1991) were as follows: 
(1) The lengths of fish in each age class are normally distributed around mean length; 
(2) The mean length at age lies on or nears the von Bertalanffy growth curve; (3) The 
standard deviations of the actual lengths about the mean length at age are a simple 
function of the mean length at age. 
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As required by the MULTIFAN method, the following parameters that 
conformed to the growth pattern were input into the initial search. The expected 
numbers of the age classes were set to 6, 7, 8, and 9 (Huang et al., 1974). A series of 
expected initial K values were set to 0.31, 0.33, 0.35, 0.37 and 0.39 (Suzuki, 1971). 
Since the trend in standard deviation with age was not certain, the parameter ?2 was 
added in the search processes of the MULTIFAN method to improve the fit. 

The maximum longevity was calculated from Pauly’s formula (1984): 

tmax = 3 / K 

Theoretical age at zero length (t0) was calculated based on: 

t0 = t +
K
1

ln(1-
∞L

Lt
) 

The f ’ values of the growth performance index (Pauly and Munro, 1984) were 

calculated to examine the reliability of growth parameters of this study and to 
compare themwith thef ’ estimates of other studies based on the following formula: 

f ’ = log10 K + 2 log10 L8  

RESULTS 

A total of 4,841 records of fork length and 3,328 records of total weight data of 
yellowfin tuna were collected. The FL of yellowfin tuna ranged from 50.8 to 164.4 cm 
and TW ranged from 5.2 to 93.0 kg. The relationship between TW (in kg) and FL (in 
cm) was estimated as follows: 

TW = 2.266 × 10-5 × FL2.9820 (R2 = 0.914, n=3,328, Fig. 2) 

The results of MULTIFAN analyses from 24 cases attempted for the best match 
were shown in Table 2. Little discrepancy was found either among different sizes of 
length intervals, or between different sample numbers. Different results, however, 
were obtained from different settings of the month 1. The best case was found when 
month 1 was set as April, the sample number was merged to 12 (1 year), and 3 cm 
was selected for the size of length interval. The graphic results of this best match are 
shown in Fig. 3. 

In the best case, six age classes were identified. The growth coefficient ( K ) and 
asymptotic fork length (FL8 ) were 0.392 yr-1 and 175.0 cm, respectively. The mean 
age of first age class in the month 1 was 1.12 years, and the theoretical age at zero 
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length (t0) was 0.00306 yr. The estimates of mean length at age were L1 = 56.16 cm, 
L2 = 95.00 cm, L3 = 120.95 cm, L4 = 138.48 cm, L5 = 150.32 cm, and L6 = 158.32 cm. 
There was no trend in standard deviation at age with increasing age. The proportions 
and numbers at age in monthly samples are listed in Table 3, which were used to 
obtain the age composition distribution (Fig.4). The dominant age classes were 2, 3 
and 4 years old (Table 3). The estimate of the maximum longevity (tmax) was 7.65 

years. The f ’ value of the growth performance index was 4.08. 

DISCUSSION 

(1) Reliability of length-frequency sample: 

While total sample size was more than 1500 and the months over which total 

sample data were accumulated equaled more than 12 (Hoenig et al., 1987), the 
samples of length-frequency data sets were excellent. A total of 4,841 fork length data 
of yellowfin tuna were collected in 14 consecutive months in this study, which shows 
that the sample size and the sample number used to analyze length-frequency data sets 
were sufficient to provide an accurate estimation. The lengths of yellowfin tuna 
ranged form 50.8 to 164.4 cm, which corresponded to the age of 0.88 to 7.03 years, 
and the estimate of maximum longevity of yellowfin tuna was 7.65 years. Therefore 
the range of length-frequency data sets was sufficient for length-frequency analyses. 

The yellowfin tuna population in the Pacific was divided into two stocks: the 
eastern Pacific stock, and the western and central Pacific stock (Lehodey and Leroy, 
1999; Hampton, 2002). According to the information about fishing grounds (Fig. 1) 
obtained by questioning the fishermen whose vessels landed at Tungkang fishing port, 
most offshore longline vessels operated in the waters off Philippines (Fig. 1). The 
samples of yellowfin tuna were taken from the western Pacific Ocean. 

(2) Reliability of length-frequency analyses: 

Two conditions must be considered when using the length-based analysis method. 
First, the modes in the length-frequency distributions should shift over time. Second, 
the recruitment of the youngest age class occurs in seasonal pulses (Hilborn and 
Walters, 1992). Two modes, most likely yellowfin tuna of 2 and 3 years of age, were 
shown clearly in the length-frequency distributions. Hence, these two modes were 
regarded as 2 and 3 years old for the preliminary limitations of the mean length at age. 
Furthermore, the major spawning season of yellowfin tuna in the waters off the 
Philippines was from April to June (Shung, 1981), and resulted in the seasonal 
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recruitment. Therefore, using the length-based MULTIFAN method to estimate the 
growth parameters and age composition for yellowfin tuna is suitable. 

While month 1 was set as April, the expected frequencies of the second and 
third age class fitted the observed frequencies better than June and August (Fig. 5). 
Therefore, April was selected as the best setting for the month 1. Different length 
interval yielded similar results, but the length interval of 3 cm let the gaps in the 
distributions become more obscure and did not lose information. Accordingly, 3 cm 
was selected as the best size for the length interval. When the sample sizes of 
September and October were increased (merging by month), the modes were more 
obvious. Therefore, the sample number of 12 was selected as the best case. 

(3) Comparisons of growth pattern for yellowfin tuna: 

The mean length at age (1 to 3 or 4) of yellowfin tuna in the western Pacific 
estimated from various age and growth approaches are listed in Table 4. The mean 
length at age 1 of yellowfin tuna in this study (56.2 cm) was slightly higher than other 
studies (48.9~54.3 cm). The mean length at age 2 and 3 of this study (95 and 121 cm) 
were within the ranges of other studies (89.7~104 cm and 117.8~135 cm), and the 
mean length at age 4 of this study (138.5 cm) was very close to other studies 
(136.5~139.8 cm). However, the mean length at ages estimated by Lehodey and Leroy 
(1999)(73.5, 114.2, 141.8, and 160.5 cm for ages 1 to 4, respectively) were apparently 
too high when compared to other studies. The discrepancy of estimated mean length 
at age between scales and otoliths (hard parts, used in age and growth studies) needs 
to be examined in the future. In general, the estimates of mean length at age of 
yellowfin tuna in this study are reasonable.  

Pauly and Munro (1984) suggested the use of f ’ values to compare von 
Bertalanffy growth parameters (K and L8 ) among different methods and authors, 
which assumes that a species should have similar value of f ’ when the estimation of 
growth parameters are reliable and accurate even if taken from different area (Bellido 
et al., 2000). The f ’ value obtained from the results of MULTIFAN method was 
similar to the values obtained from scales (Table 5). The f ’ value of 3.62 (Li et al., 
1995) was lower than the values of other studies, because growth parameters were not 
estimated over the entire span of life history and the samples did not contain young 
yellowfin tuna (smaller than 95 cm)(Li et al., 1995). The f ’ value of 3.84 (Hampton, 
2000) was also lower than others, possibly as a result of the lack of large yellowfin 
tuna in the sample. The asymptotic length (L8 ) in Hampton (2000) was only 166.0 cm, 
which was less than the maximum observation (170.0 cm) in Huang and Yang (1974) 
and slightly larger than this study (164.4 cm). In general, the value of f ’ obtained in 
this study (4.08) was similar to the values of other studies (4.07~4.19)(Table 5 ). The 
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estimation of growth parameters for yellowfin tuna using the length-based 
MULTIFAN method in this study was reliable. 

REFERENCES 

Bellido, J. M., G. J. Pierce, J. L. Romero and M. Millan (2000). Use of frequency 
analysis methods to estimate growth of anchovy (Engraulis encrasicolus L. 
1758) in the Gulf of Cadiz (SW Spain). Fish. Res. 48: 107-115. 

Bjorndal, K. and A. B. Bolten (1995). Comparison of length-frequency analyses for 
estimation of growth parameters for a population of green turtles. 
Herpetologica, 51(2): 160-167. 

Chang, S. K., H. C. Liu and C. C. Hsu (1993). Estimation of vital parameters for 
Indian albacore through length frequency data. Journal of the Fisheries Society 
of Taiwan, 20(1): 1-13. 

Fournier, D. A., J. R. Sibert, J. Majkowski, and J. Hampton (1990). MULTIFAN a 
likelihood-based method for estimating growth parameters and age 
composition from multiple length frequency data sets illustrated using data for 
southern bluefin tuna (Thunnus maccoyii). Can. J. Fish. Aquat. Sci. 47(2): 
301-317. 

Fournier, D. A., and J. R. Sibert (1991). Analysis of length frequency samples with 
relative abundance data for the Gulf of marine northern shrimp Pandalus 
borealis by the MULTIFAN method. Can. J. Fish. Aquat. Sci. 48: 591-598. 

Haist, V. and J. M. Porter (1993). Evaluation of alternative methods to estimate age 
compositions from length frequency data with specific reference to Atlantic 
swordfish, Xiphias gladius. Int. Comm. Conserv. Atl. Tunas, Coll. Vol. Sci. 
Pap. 40: 331-343. 

Hampton, J. (2000). Natural mortality rates in tropical tunas: size really does matter. 
Can. J. Fish. Aquat. Sci., 57: 1002-1010. 

Hampton, J. (2002). Stock assessment of yellowfin tuna in the western and central 
Pacific Ocean. SCTB15 working paper, YFT-1. 15th meeting of the standing 
committee on tuna and billfish. 

Hilborn, R. and C. J. Walters (1992). Quantitative fisheries stock assessment: choice, 
dynamics and uncertainty. Chapman and Hall, New York, 410-433. 

Hoenig, J. M., J. Csirke, M. J. Sanders, A. Abella, M. G. Andreoli, D. Levi, S. 
Ragonese, M. Al-Shoushani and M. M. El-Musa (1987). Data Acquisition for 
length-based stock assessment: report of working group I, p.343-352. In D. 
Pauly and G.R. Morgan(eds.) Length-based method in fisheries research. 
ICLARM Conference Proceedings 13, 468p. International Center for Living 



 

 8

Aquatic Resource Management, Manila, Philippines, and Kuwait Institute for 
Scientific Research, Safat, Kuwait. 

Huang, C. C. (1971). Comparative study of age and growth of yellowfin tuna. Master 
theses, Institute of Oceanography, National Taiwan University, 30pp. 

Huang, C. C., L. Sun, and R. T. Yang (1973). Age, growth and population structure of 
the Indian yellowfin tuna. Journal of the Fisheries Society of Taiwan, Vol.2, 
No.1. 

Huang, C. C., and R. T. Yang (1974). Age and growth of yellowfin tuna in the waters 
around the southern part of Taiwan. Journal of the Fisheries Society of Taiwan, 
Vol.3, No.2. 

Lehoday, P. and B. Leroy (1999). Age and growth of yellowfin tuna (Thunnus 
albacares) from the western and central Pacific ocean as indicated by daily 
growth increments and tagging data. SCTB12 working paper, YFT-2. 12th 
standing committee on tuna and billfish. 

Li, T. F., C. H. Wang and Y. M. Yeh (1995). Age and growth of yellowfin tuna 
influenced by the human exploitation. ACTA Oceanographica Taiwanica, 
Vol.34 No.4: 43-60. 

Pagavino, M. and D. Gaertner (1995). Fitting a growth curve to size frequencies of the 
skipjack tuna, Katsuwonus pelamis, caught in the southeastern Caribbean. Int. 
Comm. Conserv. Atl. Tunas, Coll. Vol. Sci. Pap. 44: 303-309. 

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

Schaefer, K. M. (1996). Spawning time, frequency, and batch fecundity of yellowfin 
tuna, Thunnus albacares, near Clipperton Atoll in the eastern Pacific Ocean. 
Fish. Bull. 94: 98-112. 

Shung, S. H. (1981). The study on fecundity and distribution of maturing yellowfin 
tuna in different areas on the north Pacific caught by longline. Bulletin of 
Taiwan Fisheries Research Institute, No.33. 

Stequert, B., J. Panfili, J. M. Dean (1996). Age and growth of yellowfin tuna, Thunnus 
albacares, from the western Indian Ocean, based on otolith micro- structure. 
Fishery Bulletin 94: 124-134. 

Suzuki, Z. (1971). Comparison of growth parameters estimated for the yellowfin tuna 
in the Pacific ocean. Bull. Far Seas Fish. Res. Lab., No.5. 

Yabuta, Y. and M. Yukinawa (1959). Growth and age of the yellowfin tuna 
(Neothunnus macropterus) in the equatorial Pacific. Rep. Nankai Reg Fish. 
Res. Lab. 11: 77-87. 

Yabuta, Y., M. Yukinawa and Y. Warashina (1960). Growth and age of yellowfin tuna. 
2: Age determination (scale method). Rep. Nankai Reg Fish. Res. Lab. 12: 
63-74. 



 

 9

Yang, R., Y. Nose and Y. Hiyama (1969). A comparative study on the growth of 
yellowfin tunas from the Pacific and Atlantic Ocean. Bull. Far Seas Fish. Res. 
Lab., 2: 1-21. 



115 120 125 130 135

5

10

15

20

25

Tungkang

N
O

E
o

Fishing grounds (shaded areas) of Taiwan’s longline vessels based at the 
Tungkang fishing port. The solid points indicate where the vessels operated.

Fig. 1.

TW = 2.266×10-5×FL2.982

R2 = 0.914
n = 3,328

0

10

20

30

40

50

60

70

80

90

100

40 60 80 100 120 140 160 180

Fork length (cm)

To
ta

l w
ei

gh
t (

kg
)

Relationship between fork length and total weight for yellowfin tuna
collected at the Tungkang fish market.

Fig. 2.

25

20

15

10

5



Length-frequency histograms for the yellowfin tuna used in the analysis
and results of the best fit from MULTIFAN. Horizontal bars indicate the
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Month of sampling

Length

interval Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

50 1
53 4
56 2
59 4
62 1
65 1
68 1
71
74 2
77 1 4 1
80 2
83 1 1
86
89 2 4 1
92 2 6 1 1
95 1 3 19 3 4 1 1
98 1 8 33 3 3 2 2
101 1 3 6 3 3 22 1 2 16 3 6
104 1 19 9 2 2 8 1 5 31 10 7 13
107 3 10 18 7 3 1 7 11 45 23 27 7
110 24 6 20 16 12 1 3 1 9 50 35 42 4
113 27 16 24 21 24 1 8 1 5 42 67 39 9
116 39 16 33 25 24 5 6 14 4 8 29 23 25 9
119 20 15 25 25 34 14 7 28 11 10 33 16 21 15
122 12 16 30 43 38 24 33 40 31 32 38 17 15 27
125 8 27 25 22 51 44 77 71 46 35 62 27 19 21
128 6 28 17 30 44 54 63 57 59 52 51 34 28 34
131 6 31 16 21 28 37 60 36 33 51 37 32 23 38
134 6 29 16 17 35 39 41 26 28 27 32 17 15 21
137 3 19 3 16 50 37 49 21 31 42 19 11 8 18
140 4 15 2 21 27 33 34 13 23 26 12 13 15 5
143 1 6 2 8 25 18 33 11 18 34 20 9 16 7
146 5 2 18 27 15 23 1 11 28 5 6 6 5
149 1 4 11 12 11 6 1 8 11 6 4 3 3
152 3 3 1 1 3 3
155 3 2 2 1 1 2 5
158 1 1 1 1
161 3 1
164 1 1

Subtotal 163 266 248 317 441 344 454 430 313 401 538 361 320 245

Monthly length frequencies of yellowfin tuna collected from the commercial catches
landed at the Tungkang fish market between September 2001 and October 2002.

Table 1.



(a) The sample number = 12 months (1 year)

Month 1

Length April June August

interval K L8 Age class K L8 Age class K L8 Age class

2cm 0.391 175.0 6 0.343 176.9 6 0.323 177.5 8
3cm 0.392 175.0 6 0.343 176.8 6 0.323 177.6 6
4cm 0.392 174.7 6 0.343 176.7 6 0.303 182.6 7
5cm 0.387 175.3 6 0.303 184.9 6 0.323 177.6 7

(b) The sample number = 14 months

Month 1

Length April June August

interval K L8 Age class K L8 Age class K L8 Age class

2cm 0.392 174.9 6 0.303 184.1 6 0.303 182.0 8
3cm 0.406 172.5 6 0.364 173.4 6 0.303 182.3 6
4cm 0.392 175.0 6 0.323 180.6 6 0.303 182.6 6
5cm 0.390 175.3 6 0.303 184.8 6 0.201 216.6 8

Table 2.  Von Bertalanffy growth parameters and number of age classes of yellowfin
tuna estimated by the MULTIFAN method.

Month of sampling

Age Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

1 1 1 1 1 1 1 21 1 1 1 1 1
(.00) (.00) (.00) (.00) (.00) (.00) (.05) (.00) (.00) (.00) (.00) (.00)

2 296 156 164 153 180 112 203 87 8 36 208 172
(.61) (.31) (.66) (.48) (.41) (.33) (.45) (.20) (.02) (.09) (.39) (.48)

3 156 343 81 121 241 227 226 279 203 218 287 164
(.32) (.67) (.33) (.38) (.55) (.66) (.50) (.65) (.65) (.54) (.53) (.45)

4 26 8 1 39 17 2 2 61 100 142 39 23
(.05) (.01) (.00) (.12) (.04) (.01) (.00) (.14) (.32) (.35) (.07) (.06)

5 2 1 1 2 1 1 1 1 1 1 2 1
(.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00)

6 2 1 1 1 1 1 1 1 1 1 1 1
(.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00) (.00)

Subtotal 483 510 249 317 441 344 454 430 314 399 538 362

Table 3. Age-specific numbers (proportions in parenthesis) of the yellowfin tuna
estimated by the MULTIFAN method for each monthly sample.



Mean length at age

Year Method Sampling area 1 2 3 4

This study 2003 length Western Pacific 56.2 95.0 121.0 138.5
Lehodey and Leroy 1999 otolith C. W. Pacific 73.5 114.2 141.8 160.5
Huang and Yang 1974 scale Western Pacific 48.9 89.7 118.4 139.8
Huang et al . 1973 scale Western Pacific 53.9 93.2 117.8 136.5
Huang 1971 scale Western Pacific 53.8 93.1 118.2 138.4
Yang et al . 1969 scale Western Pacific 45.9 90.0 123.5 -
Yabuta et al . 1960 scale Western Pacific 54.3 92.7 120.8 -
Yabuta and Yakinawa 1959 length Western Pacific 51.0 100.0 125.0 137.0

Comparisons of the age-specific mean lengths of yellowfin tuna estimated from various
studies.

Year Method Sampling area K L8 f ’

This study 2003 length western Pacific 0.392 175.0 4.08
Hampton 2000 length western Pacific 0.250 166.0 3.84
Lehodey and Leroy 1999 otolith western Pacific 0.390 199.6 4.19
Li et al. 1995 scale western Pacific 0.129 178.6 3.62
Huang et al. 1974 scale western Pacific 0.333 192.8 4.09
Huang and Yang 1973 scale western Pacific 0.386 174.9 4.07
Yang et al. 1969 scale western Pacific 0.360 195.2 4.14
Yabuta et al. 1960 scale western Pacific 0.330 190.1 4.08
Yabuta and Yukinawa 1959 length western Pacific 0.660 150.0 4.17

Comparisons of the phi values ( f ' ) calculated from the growth parameters of yellowfin
tuna estimated by various studies. 

Table 4.

Table 5.


