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Fig. 1 Annual production and value of the bullet tuna Auxis rochei rochei in the waters around Taiwan from 1993 to
2012.
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Table 1 Details of sampling stations designed for larval surveys in the waters around Taiwan from 2007 to 2009

Sampling Latitude Longitude Depth Sampling Latitude Longitude Depth
Station (N) (E) (m) Station (N) (B) (m)
1 24°52’ 122°01" 427 32 22°00’ 120°30’ 358
2 25°00’ 122°30" 1465 33 22°23’ 120°20’ 480
3 25°00’ 123°00’ 1670 34 22°30’ 120°00’ 639
4 24°31’ 122°31" 570 35 22°30’ 119°30’ 237
5 24°29’ 122°00" 1189 36 22°30’ 119°00’ 85
6 23°59’ 121°48’ 812 37 22°57’ 119°06’ 27
7 23°45’ 122°00’ 3450 38 23°00’ 119°30’ 73
8 23°45’ 122°31" 3003 39 23°00’ 119°55’ 126
9 23°45’ 123°00" 3647 40 23°30’ 119°55’ 103
10 23°00’ 123°00" 5454 41 23°26’ 119°30’ 55
11 23°00’ 122°30° 5534 42 23°307 119°00’ 49
12 23°00’ 122°00’ 4921 43 24°00 119°00’ 60
13 22°59’ 121°29’ 1746 44 24°00 119°30’ 62
14 22°40° 121°16’ 1160 45 24°00 119°59’ 42
15 22°15’ 121°00’ 1208 46 24°30 120°30’ 50
16 22°15’ 121°317 700 47 24°30’ 120°01’ 61
17 22°15’ 122°00’ 4577 48 24°30 119°30’ 58
18 22°15’ 122°30° 4853 49 25°00’ 120°00’ 53
19 22°15’ 123°00’ 3605 50 25°00’ 120°30’ 74
20 21°307 123°00’ 4928 51 25°05’ 120°55’ 77
21 21°307 122°30° 4786 52 25°307 120°317 64
22 21°307 122°00’ 3470 53 26°00’ 121°00’ 82
23 21°30’ 121°317 2086 54 25°30’ 121°00’ 91
24 21°30’ 121°01" 925 55 25°30’ 121°29’ 112
25 21°30’ 120°30’ 1803 56 26°00’ 121°30’ 68
26 21°30’ 119°59’ 2981 57 26°00’ 122°00’ 100
27 21°30’ 119°31/ 2976 58 26°00’ 122°30’ 105
28 21°30’ 119°00’ 2792 59 26°00’ 122°59’ 95
29 22°00’ 119°00’ 1515 60 25°30’ 123°071’ 763
30 22°00’ 119°30’ 2394 61 25°30’ 122°30’ 453
31 22°00’ 120°00" 1145 62 25°30’ 122°00’ 118
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Table 2 Number of Auxis larvae collected in the
waters around Taiwan from 2007 to 2009

SeasoIear 2007 2008 2009  Total
Winter 4 0 4 8
Spring 234 110 67 411
Summer 317 142 26 485
Autumn - 5 0 5
Total 909
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Fig. 3 Occurrence of Auxis larvae and the distribution of water temperature in 5 m depth from 2007 to 2009 in the
waters around Taiwan (The solid circles indicate density of larvae in ind./1000 m?).
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Table 3 Principle component analysis based on the variables collected from waters around Taiwan from 2007 to
2009. The higher loadings (=0.5) in PC1, PC2 and PC3 are shown in bold

Spring Summer
Variables Principle component Principle component

PC1 PC2 PC3 PC1 PC2 PC3
Temperature -0.82 0.27 -0.13 -0.67 -0.47 0.42
Salinity -0.43 -0.20 0.32 -0.19 0.44 -0.01
Nitrate 0.48 0.62 0.51 0.69 0.03 0.34
Phosphate 0.46 0.09 -0.53 0.75 0.20 0.13
Chlorophyll-a 0.51 -0.53 0.41 0.73 0.56 -0.40
Zooplankton 0.70 -0.26 0.23 0.74 0.14 0.50
Larval abundance 0.55 -0.68 0.77 0.67 0.86 0.23
Eigenvalues 2.46 1.15 1.04 2.49 1.18 1.06
Percentage(%) 31.5 16.1 13.2 37.6 15.1 14.1
Cumulative(%) 31.5 47.6 60.8 37.6 52.7 66.8
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Table 4 Pearson’s correlation coefficients between the environmental variables (pooled by season) collected from
the waters around Taiwan from 2007 to 2009. Values are shown in bold when statistically significant (p<0.05). X1:
temperature, X2: salinity, X3: nitrate, X4: phosphate, X5: chlorophyll-a, X6: zooplankton, X7: Auxis larvae abundance

Spring X1 X2 X3 X4 X5 X6 X7
X1 1
X2 -0.11 1
X3 -0.13 -0.48 1
X4 -0.34 -0.16 0.23 1
X5 0.56 0.21 0.35 0.30 1
X6 -0.47 -0.48 0.20 0.13 0.05 1
X7 -0.56 -0.25 -0.16 0.15 0.04 0.45 1
Summer X1 X2 X3 X4 X5 X6 X7
X1 1
X2 0.20 1
X3 -0.23 -0.36 1
X4 -0.50 -0.28 0.67 1
X5 -0.60 -0.57 0.25 0.37 1
X6 -0.42 -0.52 0.45 0.47 0.43 1
X7 -0.40 0.13 0.12 0.37 -0.07 -0.11 1
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Fig. 4 Scatter plot of the first two principal components. (a) Spring; (b) Summer.
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Seasonal Distribution and Abundance of Larval Bullet Tuna
(Genus: Auxis) in the Waters Around Taiwan

Yu-Kai Chen!, Chia-I Pan!, Bo-Kun Su!, Jyun-Long Chen!, Chi-Lun Wu!
and Don-Chung Liu**
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ABSTRACT

In order to understand the spatial and temporal distribution of larval bullet tuna (genus: Auxis) in the waters
around Taiwan, 11 cruises to 62 sampling stations were conducted from 2007 through 2009 to collect larval fish
and measure various environmental factors. A total of 909 larvae were collected using an ORI net. The
abundance of Auxis larvae showed seasonal variations. In the spring, Auxis larvae were found in the Taiwan
Strait and northeastern waters, and the average abundance was 32 ind./1000 m?. In the summer, the average
abundance was 39 ind./1000 m?, and the Auxis larvae were widely distributed, ranging from the northeastern
waters to the southwestern waters off Taiwan and also being observed in eastern waters in coastal regions.
Principal components analysis showed that the levels of chlorophyll-a, zooplankton and Auxis larvae were high
in areas with lower water temperatures during spring. During the summer, the levels of nutrients, chlorophyll-a,
zooplankton and Auxis larvae were also high in areas with lower water temperature. Correlation analysis also
showed that the abundance of Auxis larvae was negatively correlated with water temperature in spring and
summer. In conclusion, the distinctive distribution of Auxis larvae in the spring and summer was profoundly

influenced by the environmental factors, and autumn and winter were not the breeding season for the fish.
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