JKEERFFE Journal of Taiwan Fisheries Research, 19 (1): 1-15, 2011

B 5 R A HE SR SRR A K OO Z Bl 1
LA 2007 4 K7 2

BEARHL ' - R - EART - BRI
TBU T B K A BT
TR Bk BT

W

By T BRAS 1 R A HE SRR A B/ SCBRI I BRI - ZREAFSE Y 2007 4 7 ARG S
g 62 ERAIGEET T HE S ER EE B /K SCBH » HERIGAFHERR 3,614 2 - 43 /&1 93 B 190 4 » PR
JFy 240.86 + 217.48 ind./1000 m® R+ ABEEHEIKI R G E Bl (Sciacnidae) {EHEHRAEE RN
10.44% ~ TESE (Auxis spp.) {1 8.58% ~ ERSfJE B 1 (Diaphus B) i 5.45% « iR} (Bothidac) i
3.87% ~ FEfE=E (Bregmaceros spp.) il 3.85% ~ #ERL (Gobiidae) 15 3.46% ~ #2%} (Carangidae) 15
2.88% ~ SHERIE 1 U (Gobiidae type 1) 4 2.83% ~ BRI (Labridae) {5 2.68% - KR}
(Ammodytidae) {5 2.03% » ;& TEBEEFGEHGFHEFEKEETY 46.07% - BABIM S - ERIM] - Gy
P B Py HEE £ R R v R RS B R S b TR E 2 AR MR U SR AE S B 5 - L B 1 72 SRS
HE BRI/ K B R /R ) AR WE SRR - ESE - PRI v SR LT B SR A A2 SRR PTG IR 7
TR S B B AR I VN R s © 55 HAPMERRGRH R B BR B IRl AHBR AT AS SRR » R IERIR

DA b bk £ SRR R e - 22 2 B T S 2

B e

REREST @ MR EIRIER - IRIENE

T

Hij

GEHEE - AKSCEREIFE A - RN
AR S ER e R K R WA AL SR
SO IP RS - PEHISERIE AN A 2R LS
JRVEEA T AR £ 2252 F AR A e i AR IR R R e s
Fe 7K e FH e e i o PR S B S 3 R i e B 7K
SO RIS T & 5 T E 2
P JRBATHAM] - G o B2 R A AR
T S K B R B R K IR A K P g 2
(2, 2004) - fFHEFHRAIRKREARE S - T2
PEVETRIMASE (£, 1997) > KIPbAFHE I RESER
R EA /K SCEREE R ZYIR{R (Doyle et al., 1993; Gray

SEEMEE / EREHAI—IS 199 88; Tel: (02) 2462-2101
#2402; Fax: (02) 2463-3110; E-mail: ytwang@mail.
tfrin.gov. tw

» TR S B B A R BB

and Miskiewicz, 2000) s E4FHE A EE ZKHE
B AR ZETIE (Nonaka et al., 2000) ~
IR LR ~ (P RRYTE =R B BRI RE E S
BYIHKE . %55 (Richardson et al., 1980; Lasker,
1985) -

GE RO HTF 2 SR SR
S3AR ~ TEEERH R ~ FrE A A T B BB /K (A
RATESFAHRAI T - E 2RI R E RIS R
i (Tzeng and Wang, 1992, 1993; Huang and Chiu,
1997; Chang et al., 2002; Tzeng et al., 2002) 5
#IbIrEiE (Chiu, 1991; Yeh, 1993, 1994, 1998;
Huang and Chiu, 1998; Chen and Chiu, 2003) ° 74
# > Hsieh and Chiu (2002) ~ Hsich et al. (2005) K&
Hsieh et al. (2007) ZMEGHE G RHIIE BLA A1
HE FARERERH i B K SCBRI Z BRRAEET TS » SRI
A G RO R 2 AHBR 2 R A 35
BRAI o KL A TEH BT 15 18 ] 5 ek = 2= 101

|



2 BRARHL - @RS - TR - BIRIR

Table 1 Information of sampling stations in the surrounding waters of Taiwan in July 2007
Sampling Latitude Longitude Depth Sampling Latitude Longitude Depth
Station (N) (E) (m) Station (N) (E) (m)

1 24.86 122.01 427 32 22.00 120.51 358
2 25.00 122.51 1465 33 22.38 120.33 480
3 24.99 123.00 1670 34 22.50 120.00 639
4 24.51 122.51 570 35 22.50 119.50 237
5 24.49 122.00 1189 36 22.50 119.00 85

6 23.98 121.80 812 37 22.95 119.09 27
7 23.75 122.00 3450 38 23.01 119.50 73

8 23.75 122.51 3003 39 23.00 119.91 126
9 23.75 123.01 3647 40 23.50 119.91 103
10 23.00 123.01 5454 41 23.43 119.50 55

11 23.00 122.50 5534 42 23.50 119.00 49
12 23.00 122.01 4921 43 24.00 119.00 60
13 22.99 121.49 1746 44 24.01 119.49 62
14 22.67 121.26 1160 45 24.00 119.99 42
15 22.25 121.00 1208 46 24.50 120.50 50
16 22.25 121.51 700 47 24.51 120.02 61

17 22.25 122.00 4577 48 24.50 119.50 58
18 22.24 122.50 4853 49 26.00 120.00 53

19 22.25 123.00 3605 50 25.00 120.50 74
20 21.50 123.00 4928 51 25.08 120.92 77
21 21.50 122.51 4786 52 25.50 120.51 64
22 21.50 121.00 3470 53 26.00 120.99 82
23 21.50 121.51 2086 54 25.50 121.00 91

24 21.50 120.01 925 55 25.50 121.49 112
25 21.50 120.51 1803 56 26.00 121.49 68
26 21.50 119.99 2981 57 26.00 122.00 100
27 21.50 119.51 2976 58 26.00 122.50 105
28 21.50 119.00 2792 59 26.00 122.99 95

29 22.00 119.00 1515 60 25.50 123.01 763
30 22.01 119.50 2394 61 25.50 122.51 453
31 22.00 120.00 1145 62 25.50 122.00 118
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Fig. 1 Distribution of sampling stations (solid circle) in
the surrounding waters of Taiwan in July 2007.
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Table 2 Species composition of fish larvae (>1% in number of total catch) in the surrounding waters of Taiwan in

July 2007
Abundance (ind./1000m’)

Family Species stnT  stn2  stn3  stn4  stn5  stn6  stn7  stn8  stn9  stn10  stn1l
Engraulididae Engraulis japonicus 7.3
Gonostomatidae  Cyclothone alba 126 80 2.8 4.4 2.7 9.0
Gonostomatidae  Vinciguerria nimbaria 14.0 24 22 6.7
Synodontidae Saurida sp. 20 28 3.7
Synodontidae Trachinocephalus myops 3.1 2.0 26 3.7
Myctophidae Benthosema pterotum 5.7 28 52 842 24
Myctophidae Diaphus A 3.1 20 139 26 37 24 27 22
Myctophidae Diaphus B 31,5 36.0 333 5.2 3.7 4.9 6.6 7.2 108 45
Myctophidae Lampanyctus 6.3 20 55 2.6 10.8 4.5
Myctophidae Myctophum orientale 139 26 49 44 7.2 2.2
Bregmacerotidae  Bregmaceros spp. 220 40 16.6 5.2 73 122 6.6 2.4 2.7
Apogontidae type 1 3.8
Apogontidae spp. 3.1 2.8 104 4.4
Carangidae Decapterus spp. 9.5 8.0 8.3 3.7 2.4 24.0
Carangidae spp- 8.0 3.7 24 108
Leiognathidae spp. 2.8 3.7
Lutjanidae spp. 2.0 2.8 2.6 2.2 4.8 2.7 2.2
Sciaenidae spp.
Mullidae spp- 24 54
Labridae spp. 1.9 3.1 6.0 104 7.3 2.2 48 19.0 2.2
Ammodytidae spp- 3.7
Gobiidae type 1 3.8 2.0 2.8 2.6 2.4 4.4 2.7 2.2
Gobiidae spp. 1.9 3.1 6.0 5.5 2.2 5.4 2.2
Callionymidae spp- 6.3 2.0 3.7 24 24 27
Acanthuridae spp- 63 120 28 26 2.4 46.1 6.7
Scombridae Auxis spp. 9.5 52.1 106.1
Nomeidae Cubiceps pauciradiatus 63 20 24 27 67
Bothidae spp. 6.3 14.0 73 49 22 5.4
Cynoglossidae spp. 3.8 3.7
Monacanthidae  spp. 4.0 2.4 2.2
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Table 2 Continued

Family Species stn 12 stn 13 stn 14 stn 15 stn 16 stn 17 stn 18 stn 19 stn 20 stn 21 stn22
Engraulididae Engraulis japonicus 2.2 1.7
Gonostomatidae  Cyclothone alba 22 56 67 18.5 81 194 23
Gonostomatidae  Vinciguerria nimbaria 2.8 45 11.7 132 93 27 4.7
Synodontidae Saurida sp.
Synodontidae Trachinocephalus myops
Myctophidae Benthosema pterotum 2.8 79 19
Myctophidae Diaphus A 44 56 67 28 264 74 27 97 23
Myctophidae Diaphus B 176 83 45 326 925 11.1 8.1 9.3 24
Myctophidae Lampanyctus 15.4 2.2 2.3 79 93
Myctophidae Myctophum orientale 176 83 84 70 132 37 27 24
Bregmacerotidae  Bregmaceros spp. 6.6 2.2 8.4 7.0 159 4.8
Apogontidae type 1 84 47
Apogontidae spp- 5.3
Carangidae Decapterus spp. 2.3 5.3 3.7 2.7
Carangidae spp. 22 28 22 7.9 1.9
Leiognathidae spp. 2.3
Lutjanidae spp. 211 11 2.7 7.0 2.4
Sciaenidae spp. 23 79
Mullidae spp- 2.6
Labridae spp. 6.6 4.5 5.6 4.7 449 3.7 2.3 2.4
Ammodytidae spp- 2.3
Gobiidae type 1 2.8 2.6
Gobiidae spp- 2.2 4.5 23 26 56
Callionymidae spp. 22 28 2.6
Acanthuridae spp- 22 28 117 79 1.9 27 24
Scombridae Auxis spp. 22 28 45 84 47
Nomeidae Cubiceps pauciradiatus 6.6 23 53 3.7 73 47 24
Bothidae spp. 2.2 23 79 19
Cynoglossidae spp- 2.2 2.6 1.9 54
Monacanthidae  spp. 2.2 4.5 2.6 2.7

Table 2 Continued

Family Species stn 23 stn 24 stn 25 stn 26 stn 27 stn 28 stn 29 stn 30 stn 31 stn 32 stn 33
Engraulididae Engraulis japonicus 10.2  15.1
Gonostomatidae  Cyclothone alba 6.1 58 4.5 131 22 6.8
Gonostomatidae  Vinciguerria nimbaria 4.1 50 19 22 157 329 68 6.0 23
Synodontidae Saurida sp.
Synodontidae Trachinocephalus myops
Myctophidae Benthosema pterotum 2.5 23 93
Myctophidae Diaphus A 2.0 11.7 6.7 85 157 11.0 33.8 6.0 9.3
Myctophidae Diaphus B 16.2 17.6 2.2 2.8 52 219 135 179 23
Myctophidae Lampanyctus 20 75 5.8 44 113 3.0 23 46
Myctophidae Myctophum orientale 6.1  20.1 2.2 2.3
Bregmacerotidae  Bregmaceros spp. 41 326 1.9 2.2 8.5 5.2 2.2 6.0 69.4
Apogontidae type 1
Apogontidae spp. 2.5
Carangidae Decapterus spp. 2.0 1.9
Carangidae spp. 4.1 2.3
Leiognathidae spp.
Lutjanidae spp. 6.1 12.6 4.4
Sciaenidae spp. 2.0
Mullidae spp-
Labridae spp- 10.2 10.0 6.8 9.0
Ammodytidae spp. 20 25
Gobiidae type 1 4.1 2.5 2.2 20.8
Gobiidae spp. 2.0 2.5 3.9 13.1 2.3 2.3
Callionymidae spp- 2.5
Acanthuridae spp. 2.5 2.8 6.8 7.0
Scombridae Auxis spp. 4.1 219 9.0 6.0
Nomeidae Cubiceps pauciradiatus 20 50 19 44 6.8
Bothidae spp. 2.0 1.9 22 6.8 2.3
Cynoglossidae spp. 2.5
Monacanthidae  spp. 2.3 2.3
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Table 2 Continued

Family Species stn 34 stn 35 stn 36 stn 37 stn 38 stn 39 stn 40 stn 41 stn 42 stn 43 stn 44
Engraulididae Engraulis japonicus 29.2 4.7 25.5 36.8
Gonostomatidae  Cyclothone alba 46 94
Gonostomatidae  Vinciguerria nimbaria 4.7
Synodontidae Saurida sp. 119.7
Synodontidae Trachinocephalus myops 9.6 51.0 27.0
Myctophidae Benthosema pterotum
Myctophidae Diaphus A 24 27 93 47
Myctophidae Diaphus B 2.7 153.6 58.5 19.1 9.4 9.6 18.4
Myctophidae Lampanyctus 9.3 47
Myctophidae Myctophum orientale 4.7
Bregmacerotidae  Bregmaceros spp. 25.6 101.8 67.4 18.4
Apogontidae type 1 17.0 18.0
Apogontidae spp- 6.4 9.6 85 36.8
Carangidae Decapterus spp. 14.1
Carangidae spp. 5.1 51.0 629 36.8
Leiognathidae spp-

Lutjanidae spp- 2.7

Sciaenidae spp. 425 18.0 184.2
Mullidae spp. 29.2 46.0
Labridae spp. 48 2.7 38,5 34.0 27.0
Ammodytidae spp. 29.2 119.0 35.9
Gobiidae type 1 2.7 154 96 935 180 73.7
Gobiidae spp. 164 154 585 6.4 86.7 340 9.0 3638
Callionymidae spp. 12.7 34.0 449
Acanthuridae spp-

Scombridae Auxis spp. 20.5 29.2 127 19.3 17.0 18.0 64.5
Nomeidae Cubiceps pauciradiatus 4.6 19.3

Bothidae spp- 6.4 19.3 85.0 18.0
Cynoglossidae spp. 51 29.2 6.4 255 27.0
Monacanthidae  spp. 76.5 539 9.2

Table 2 Continued

Family Species stn 45 stn 46 stn 47 stn 48 stn 49 stn 50 stn 51 stn 52 stn 53 stn 54 stn 55
Engraulididae Engraulis japonicus 7.8 4.7
Gonostomatidae  Cyclothone alba 8.5 11.5
Gonostomatidae  Vinciguerria nimbaria 8.5 44 56
Synodontidae Saurida sp. 10.3 12.8 235 7.5
Synodontidae Trachinocephalus myops 29 102 8.5 31.4 11.3
Myctophidae Benthosema pterotum 4.7
Myctophidae Diaphus A 309 1.5
Myctophidae Diaphus B 103 1.5 306 78 5.7 4.7
Myctophidae Lampanyctus 10.3 5.7
Myctophidae Myctophum orientale
Bregmacerotidae  Bregmaceros spp. 204 17.0 5.7  30.0
Apogontidae type 1 204 170 128 7.8 11,5 150 4.7
Apogontidae spp. 1.5 204 17.0 15.7
Carangidae Decapterus spp. 10.3 8.5 235 115 5.6
Carangidae spp. 10.3 1.5 204 128 627 115 7.5 22,5 52.1
Leiognathidae spp. 309 1.5 7.8 977 75 9.5
Lutjanidae spp- 17.0 4.7
Sciaenidae spp. 61.7 73 693.2 339 51.1 314 86.2 449 310 282 379
Mullidae spp- 10.3 25.4 23.5 7.5 11.3
Labridae spp- 10.3 8.5 23.5 16.9
Ammodytidae spp. 254 12.8 471 11.5 11.3
Gobiidae type 40.8 339 5.7 375 169 9.5
Gobiidae spp. 41.2 40.8 33.9 7.8 7.5 4.4 5.6 9.5
Callionymidae spp. 20.6 7.8 150 89 56 47
Acanthuridae spp.

Scombridae Auxis spp. 309 5.8 59.4 34.5 22.5 189
Nomeidae Cubiceps pauciradiatus 1.5 17.0 4.4

Bothidae spp. 20.6 10.2 85 383 1176 23.0 59.9 1.3 4.7
Cynoglossidae spp. 85 383 7.8 115 225 44 169 47
Monacanthidae  spp. 25.5 39.2
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Table 2 Continued

Family Species stn56  stn57  stn58  stn59  stn 60 stn 61 stn 62 Total (%)
Engraulididae Engraulis japonicus 10.9 4.4 1.14
Gonostomatidae Cyclothone alba 4.9 2.0 10.9 1.29
Gonostomatidae Vinciguerria nimbaria 4.9 8.1 13.7 1.35
Synodontidae Saurida sp. 1.22
Synodontidae Trachinocephalus myops 5.4 4.9 8.2 1.22
Myctophidae Benthosema pterotum 5.4 2.7 13.3 1.03
Myctophidae Diaphus A 4.9 8.1 8.2 17.7 1.98
Myctophidae Diaphus B 12.9 4.9 7.2 8.1 19.2 5.45
Myctophidae Lampanyctus 8.2 0.99
Myctophidae Myctophum orientale 14.6 2.0 8.2 1.06
Bregmacerotidae  Bregmaceros spp. 12.9 5.4 9.7 2.0 2.7 3.85
Apogontidae type 1 4.9 0.98
Apogontidae spp. 4.9 4.4 1.03
Carangidae Decapterus spp. 2.0 5.5 8.9 1.10
Carangidae spp. 7.2 4.1 13.7 2.88
Leiognathidae spp. 8.2 1.15
Lutjanidae spp. 4.9 28.8 18.3 8.2 4.4 1.18
Sciaenidae spp. 180.2 14.6 10.44
Mullidae spp. 2.0 1.1
Labridae spp. 25.7 10.7 9.7 6.1 13.3 2.68
Ammodytidae spp. 2.03
Gobiidae type 1 2.0 5.5 2.83
Gobiidae spp- 12.9 4.9 3.6 10.9 3.46
Callionymidae spp. 12.9 4.9 2.7 4.4 1.40
Acanthuridae spp. 5.4 6.1 0.95
Scombridae Auxis spp. 25.7 21.5 277.8 3.6 306.5 62.1 8.58
Nomeidae Cubiceps pauciradiatus 10.2 8.2 4.4 0.95
Bothidae spp. 77.2 8.2 3.87
Cynoglossidae spp. 25.7 10.7 1.78
Monacanthidae spp. 4.9 2.7 1.59

Total (%) 69.60
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Fig. 2 Similarity in temperature and salinity among stations by Ward’s linkage based on hydrographic variables (left)
and spatial distribution of corresponding groups (right) in the surrounding waters of Taiwan in July 2007.

Table 3 Results of one-way ANOSIM (analysis of similarity routine) for fish larvae assemblages in the surrounding

waters of Taiwan in July 2007

Cluster Groups R Statistic' Level %°
Overall 0.859 0.1
A&B 0.750 6.7
A&C 0.898 1.8
A&D 0.997 0.1
A&E 0.779 2.8
B&C 0.918 0.1
B&D 0.998 0.1
B&E 0.566 0.3
C&D 0.704 0.1
C&E 0.668 0.1
D&E 0.948 0.1

'R > 0.25 indicates the groups were poorly separated and R statistic > 0.75 indicates highly separated.

%Level % > 0.1 indicates the separation was significant.
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A 63.17 ~ 66.87% > LRV R LiEYE (Msi=
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SR B I A R HIsG © Gsi By 33.90% o BT
(] Dis $JFEE R » /TR 66.87 ~ 80.27% » Bk
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Fig. 3 Spatial distribution of dominant species of fish larvae in the surrounding waters of Taiwan in July 2007.(a)
Sciaenidae, (b) Auxis spp., (c) Diaphus B, (d) Bothidae, (e) Bregmaceros spp., (f) Gobiidae, (g) Carangidae, (h)
Gobiidae type 1, (i) Labridae, (j) Ammodytidae (n, ind./1000 m?).
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Fig. 4  Spatial distribution of abundance (N,
ind./1000 m?), Shannon-Wiener’s index of species
diversity (H") and Pielou’s index of evenness (J’) for
fish larvae assemblages in the surrounding waters of
Taiwan in July 2007.
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Fig. 5 Dendrogram of species composition similarity among stations associations by Ward’s linkage cluster analysis

(left) and spatial distribution of corresponding groups (right) in the surrounding waters of Taiwan in July 2007.

Table 4 Similarity Percentage (species contributions) within a group and among groups was detected by SIMPER for

the fish larvae cluster groups in the surrounding waters of Taiwan in July 2007

Cluster

SIMPER (similarity percentage - species contributions)

groups A B

C D E

Similarity Percentage:

61.85%
A Sciaenidae (21.19%)

Gobidaetype 1

(15.14%)
Similarity Percentage:
65.41%
Ammodytidae (10.5%)
Sciaenidae (9.6%)

B Av. Diss: 50.51%

Similarity Percentage:

44.36%
Auxis spp. (19.79%)

C Av. Diss: 63.29% Av. Diss: 63.17%

Bregmaceros spp.

(11.92%)

D Av. Diss: 79.63% Av. Diss: 80.27%

E Av. Diss: 54.96% Av. Diss: 46.69%

Av. Diss: 66.87%

Av. Diss: 64.59%

Similarity
33.90%

Diaphus B (16.65%)
Diaphus A (14.35%)

Percentage:

Similarity Percentage:
52.75%

Sciaenidae (21.13%)
Bothidae (15.19%)

Av. Diss: 78.21%

Av. Diss, average dissimilarity; numbers in parenthesis indicates contribution percentage of characteristic species.
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FRZAFHESRER R0 R St 2 S e MR A
fE e feo D RE T AR B R S R
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RHFEMIK G 7KEE - R R D TR R
A B AR BB R -
FEE I - bR TACER)E - feRiE Lt
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Table 5 Multivariate spearman rank correlation between environmental variables and fish larvae assemblages using

BIO-ENV showing the best ten combinations of variables

Best results (10 m)

Best results (25 m)

Station 1-41 & 58-62 Station 42-57

Station 1-41 & 58-62 Station 42-57

Corr. Selections* Corr. Selections* Corr. Selections* Corr. Selections*
0.517 1 0.427 2,6 0.436 1,4 0.373 4
0.516 1,4 0.384 2,4,5,6 0.435 1,2,4 0.332 4,6
0.459 1,4,5 0.373 4 0.416 1 0.286 4,56
0.459 1,4,6 0.367 2,4 0.413 1,2 0.281 4,5
0.438 1,2,4 0.348 1,2,4,6 0.376 1,4,6 0.275 2,4,6
0.437 1,5 0.337 2,4,5 0.376 1,2,4,6 0.251 2,4,5,6
0.435 1,4,5,6 0.332 4,6 0.336 1,4-6 0.236 1,4,6
0.429 1,6 0.329 2,4,6 0.336 1,2,4-6 0.215 1,4,5,6
0.425 1,3,4,6 0.317 1,2,4,5,6 0.335 2,4,6 0.211 2,4,5
0.423 1,2,4,6 0.299 1,2,4 0.33 4,6 0.208 1,2,4,6

*1: Temperature; 2: Sanility; 3: Depth of bottom; 4: chlorophyll-a; 5: Longitude; 6: Latitude
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Fish Larvae Assemblages in Relation to the Hydrographic Conditions in
the Surrounding Waters of Taiwan During Summer 2007

Yu-Kai Chen', Chia-I Pan', Yu-Tzu Wangl* and Dong-Chung Liu®
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ABSTRACT

In order to understand the species composition and distribution of fish larvae assemblages in relation to
environmental factors in the surrounding waters of Taiwan, sampling cruise was carried out at 62 stations around
waters of Taiwan in July 2007. A total of 3614 larvae representing 190 taxa in 93 families were identified. The
mean abundance was 240.86 + 217.48 ind./1000 m®. Ten dominant taxa included Sciaenidae (10.44%), Auxis spp.
(8.58%), Diaphus B (5.45%), Bothidae (3.87%), Bregmaceros spp. (3.85%), Gobiidae (3.46%), Carangidae
(2.88%), Gobiidae type 1 (2.83%), Labridae (2.68%) and Ammodytidae (2.03%) which occupied 46.07% of the
total larvae collected. The differences in geographical distribution of fish larvae abundance and species diversity
around waters of Taiwan were observed. High abundance of fish larvae was found in the northwestern and
northern waters off Taiwan, and low abundance was found in the eastern and southwestern waters off Taiwan.
However, the distribution pattern of species diversity was on the opposite. BIO-ENV analysis indicated that the
species composition in the northwestern and northern waters off Taiwan was mainly affected by salinity, but in

the eastern and southwestern waters off Taiwan it was affected by temperature.

Key words: fish larvae, species composition, environmental effects
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