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Fig. 1 Sampling stations in the
water southwest of Taiwan 22°18 | | | | 1 1 1
120° 16 18 20 22 24 26 28

during the cruises of June 1999
to June 2001.

SR P BT RADR 50 mm - BRI
PR R 100 mm » QISR S
53 IRBHARL KSR GE R

ARG 5 E R R Rk
I R RRUR OB CIIE - A7 R
TSR B BHPRE SRR T AR -

FRHEL R
— ~ DREXIFRIEL 5k
AR R =TS - 12 1999 46
A% 2001 4 6 A - 49 3 18 A R

TIEHSEITRE (0 ~ 3 m) Z/KPHER (Fig.
1) > HEHRSG 62 (HBEA - fEFIREER 1| AR
(@ 1 m> @R 4.5 m> i@H 330 um) - HEiEE
IR 10 2388 - MyRERIFAE 2 Bi/eh » S9N
4¢H Hydro-Bios Ji&dt » DU RFUREHE 2k
& SO e =R b IR (SeaBird
SBE-911PLUS) H#ETTifR ~ HERE /K SCEREEIA 719
HIE  IHFEIVIBEARIRIE 5 ~ 10% BYrh
MRS E ORAT > I B B o DA R P S T T
fu S TOE Wikl 70% WPRERIEIRTE » AR

Longitude (°E)

EERM AR AKX ER - Llind.
(individuals)/100m® {F 2 B (1 B8 A7 > 3 {5 A
Shannon’s diversity index (H’) (Shannon and
Weaver, 1949) FHESHBEFHERRVE ERERE - &
AU -

Zn: P log, P,
i=1

A p 2N
N

P AR 1 R R R

DR R R S B

*FFF FlIpS7E Kbl

TEEITHEET 0T TAE T - JekHrHE f B
(n) FHRECAEIE log (nt1) WASARHESL > DU/
Mzt IR =52 o fFRERU BhHE SR RE ST AT - 2
i SYSTAT 10.2 B9 Euclidean distance 43475
OCE AL LRI PAESE - FFLL Ward’s linkage
method (Everitt, 1974) #&EEACREHIRE - HAN > IR



TR S HE R R R e e 17

Temperature (C)

10 15 20 2530 10 15 20 2530 10 15 20 2530 10 15 20 2530 10 15 20 2530 10 15 20 2530 10 15 20 2530 10 15 20 25 30 10 15 20 25 30
Jun. 99 9 Dec. 99 | Mar. 00 y Sep. 00 4 Mar. 01 !: Jun. 01
50 /i /
! i 7 A
B ( /i A 1
= J b /
= | /4 i
2. 100 ! k
5 v
.
—--st K ,
—st2 I
150 St.3 i
---Std i
-St.5 :
,,,,,, St6 i
200 ——St.7 H
Salinity
030 3132 33 34 35 3031 32 3334 35 30 31 32 33 34 35 30 31 32 33 34 3530 31 32 33 34 3530 31 32 33 343530 31 32 33 343530 31 32 33 34 3530 31 32 33 3435
T — — ——r ———— T
50
—
g
=
k=
a, 100
o
a
150
200

Fig. 2 Vertical profiles of seawater temperature and salinity for the 7 sampling stations during June 1999 to June

2001.
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Fig. 3 (a) Abundance (ind./100 m?; Mean = SE), (b) species diversity (H) and (c) species numberof ichthyoplankton

collected in the water southwest of Taiwan during June 1999 to June 2001.

SRR 1999 4£ 12 A0 2000 4 12 Affikd - H
ERREHA/KEE 10 m DIREEIVEEIIEE - Z2RER
(LI Z2 2251 - RARHIRRERHIGS 3 2 R)E
JKEBFERY 1999 ££ 12 HIFIHEREC S 4 (EHIGHE
Gh > HMZRE RN RN - AlE
I = e e T T S W A

s FHERUSE 2R

ARWFFEILEE HIFFHER 69 B} 130 & 184 fifi -
TR B R by 391 + 75 ind./100m’ > A ZRA TGS
SEEMLIEIZA Table 1 FrR o dH&E 855047
(ANOVA) #5HREUR - (FHER S SR I B
FEHEAFAE (P <0.01) » ARIGERIHIEE (P=0.235) ;
4 » i Duncan’s 28R HIEERARIRS SR AT A -
= PRI 2 R A 2 A R E
(Table 2) - H Fig. 3a AfDAEEH » {FHEF R 2R

BHEEZH ML, - NI ERR - AREF g i
BEEFREES s  EAERGER] > DRSS 5 /Y
SPHEE R (796 + 382 ind./100m’) » 15, 1 HfE
(212 £ 104 ind./100m’) » FH7ET 4 5454 -

FHEF ISR BRI Ry 2.3 £ 1.00 fRE
TIPS - G AR BRI 8L, (Fig. 3b) - R[]
Jah 2 T I S LB - FE LR A
TE P S A RIS » (ELDANEG 3 AV SR
JEE R 0 By 3.0 £ 0.3 5 Bl IR A HIBE R B
TR B SRR AU S (Table 1) -

RS 7 — MR IR ALK,
HAth 3 FFEEARA (Fig. 3c) o FAHIELEEAE LT
[ > FAAEHRR BRI 3 Relemdh (152
3t 78 f) » R AR nI#ES | ik
TR R R e 2 RUE T BRI ST - #ER
Wk 6 (S5 14 £ 3 » 2 85 Ff) 2 WyREESIaHNLS 3



PR TR R AR R R R

19

Table 1

each sampling station during June 1999 to June 2001

Mean abundance (ind./100m?), mean species diversity, and mean species number of ichthyoplankton at

Time/Station St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7
Jun. 99 30 107 163 168 209 776 112
Sep. 99 604 692 311 551 148 88 50
Dec. 99 17 8 80 6 16 66 48
Mar. 00 38 178 157 357 1178 29 30
Jun. 00 102 1444 1552 1195 3248 90 50
Sep. 00 37 216 1028 1708 1496 112 92
Dec. 00 7 18 163 29 22 3 38
Mar. 01 195 325 138 123 53 74 85
Jun. 01 875 399 918 493 nd 1525 149
Me(ﬂezzugcslz';ce 212104 376151 501+177 514193 796+382 307172 73+13
Speciesdiversity o n3 94.03  30+03 23204 25+03 3004 24+03
(Mean = SE)
Sp(i/\c'ezsn”f?ger 71 11£2 15+2 11 =2 133 14+3 8x1
nd: no data

Table 2 Results of ANOVA and Duncan’s analyses of the abundances in the different seasons and stations during
June 1999 to June 2001

Source DF Sum of Squares ~ Mean Square F P Separation
Corrected total 61 21.48
Season 3 4.65 15.48 4.62 0.008** D*MePSPeje
Station 6 2.86 4.77 1.42 0.235
Season*Station 18 2.94 1.63 0.49 0.947
Error 34 11.4 3.35

M: March; J: June; S: September; D: December
**: P <0.01
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japonicus) (83 + 32 ind./100m°) BEEEA » BAL{TF
FE FORE R 22. 1% 21.2% 5 Hofhie s R ARAE
FEREEL (Gobiidae) HYHEHEHYFE A (Tridentiger
obscurus) (4.7%) #1 unidentified Gobiidae (4.0%) »

i L1 3% 5 f (Pagrus major) (3.7%) - #2E}
(Carangidae) HY ¥ $7 2 (Scomberoides lysan)
(2.6%) - @i F} (Leiognathidae) ) B 5 &
(Leiognathus nuchalis) (2.4%) - % g€ A Fl
(Myctophidae) HY E. K 4 & £ (Ceratoscopelus
warmingi) (2.3%) » $EfaF} (Scatophagidae) M4
$&f1 (Scatophagus argus) (2.3%) KrsEEmEHEH
HH#& 4 (Diogenichthys laternatus) (2.0%)  58Hij 10
B B AR G HE AR R R 67% - (HEEsK
2 H R RIS AN S » i H A7 K2 unidentified Gobiidae
HER =R 50% (Table 3) -
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Fig. 4 Abundances (ind./100m?) of the 10 dominant species
March; J: June; S: September; D: December.

of ichthyoplankton during June 1999 to June 2001. M:
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Table 3 The 15 dominant species of ichthyoplankton with their average relative abundance (%) in each season
during June 1999 to June 2001
Spring % Summer % Autumn % Winter % Overall %

Tridentiger 18.20 Ensraulis 3293 Sillago 51.57 Stomias 1712 Sillago 22.05

obscurus japonicus japonica nebulosus japonica

Gobiidae gen. 10.77 slllag(') 11.40 If'ngraglls 8.09 Gobiidae gen. 707 l'_-'ngral'Jlls 21.23

spp. japonica Jjaponicus spp. japonicus

Cyclothone 461 Scomberoides 420  Pagrus major 580 Cgrypaena 6.85 Tridentiger 4.69

alba lysan hippurus obscurus

Blenniidae 4.04 Scatophagus 393 Gobiidae gen. 367 Slllagq 6.64 Gobiidae gen. 4.04

gen. sp. argus spp. japonica spp.

Auxis rochei 3.92 Meg{i/ops 3.28 Lelogn‘?thus 2.64 Mullidae gen. 4.25  Pagrus major 3.65
cyprinoides nuchalis spp.

Pagrus major 371 Tridentiger 303 Tridentiger 2 46 Goniistius 4.23 Scomberoides 756
obscurus obscurus zonatus lysan

Terapon 368 Diogenichthys 3.02 Acanthopagrus 234 Ser/ola. ' 348 Lelogna'zthus 239

theraps laternatus latus dumerili nuchalis

Ceratqscqpelus 2.99 Lelogn‘?thus 277 Ceratqscc?pelus 176 Eﬁtor_nacrodus 294 Ceratqscgpelus 230

warmingi nuchalis warmingi lighti warmingi

Omobranchus 293 Mene 274 Maurolicussp.  1.56 Acanthopagrus 278 Scatophagus 2.5

sp. maculata latus argus

Engraghs 270 Gobiidae gen. 265 Decapter_us 1.40 Acanthopagrus 278 Diogenichthys 2.02

japonicus spp. maruadsi schlegeli laternatus

Mullidae gen. 2,69 Pagrus major 255 Entomacrodus 0.98 Ngoscopelus 271 Acanthopagrus 1.84

sp.1 lighti microchir latus

Sillago 255 Ceratoscopelus ., . Upeneus 0.89  Pagrus major  2.49 Mesalops 1.84

japonica warmingi bensasi cyprinoides

Gempylus 1.90 Acanthocepola 217 Terapon 0.89 Ceratqscgpelus 223 Mene 1.60

serpens krusensterni jarbua warmingi maculata

Myctophidae 181 Qenthosema 182 Cyclothone 0.72 Decapterus 216 Cyclothone 132

gen. sp. fibulatum alba macarellus alba

Scopelosaurus 1.76 Acanthopagrus 158 Carangidae 0.71 Mullidae gen. 216 Acanthoceppla 197

sp. latus gen. spp. sp.1 krusensterni

Total 68.24 80.52 85.47 69.88 75.05
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(Fig. 6) » Hrf B B4k Bl & B2 FaflElFiF
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BRI - (EALHE IR 0.44 ~ 0.85% » [ARIAIZEHS
A AT A © B2 BEE 10 FE{FHE
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K Cyclothone alba 2 2000 £F 3 HiFH IR K8
HoAth 7 FHAF 2000 4 6 HEL 9 HRERESE » 1
It 10 fEfafErIL[E R R AR S A C
A 4 HEFHER > HERITEE - MEEAFEN
Bi% - SR 2282 AR K S D RS H AR K
T e - B S A - I EHER S H
REHAEE ~ AESSE -
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Table 4 Simple linear regression coefficients between abundances of the 10 most dominant ichthyoplankton species
and environmental variables during June 1999 to June 2001

Species Temperature Salinity Chlorophyll a Copepod
Sillago japonica 7.834** -1.719 3.471 1.546
Engraulis japonicus 8.946** -1.320 0.636 3.444
Tridentiger obscurus -0.027 -0.040 8.096** 0.212
Gobiidae gen. spp. 1.314 -1.724 6.976*% 1.656
Pagrus major 4.259 -20.4371%** 8.064** 14.562**
Scomberoides lysan 6.622%* -0.602 -0.114 0.089
Leiognathus nuchalis 5.233* -7.287** 7.603** 2.527
Ceratoscopelus warmingi 7.815** -0.861 0.044 -0.265
Scatophagus argus 4.132* -34.798*** 0.459 6.375*
Diogenichthys laternatus 5.246* -92.626%** 0.760 27 A771%%*
Total larval fish 16.2971*** -10.289** 6.367* 7.770*

*P < 0.05; **P < 0.01; ***P < 0.001

T~ BZKSCRRIEN 7 Z AR LUESTRATE D - FURBE - g2 - S -
LI FaReE S ~ s B BRI L BRI Pl B T
DRI RN ~ B - BER @ SRR (P <0.05) - B MR - S - DB

VAR

KRR S R HE R P (Table 4) - 38 i fo BRLBR R PR BRE EGIER (P < 0.01) - SRR

SLANWA SN

BUFHEFAETIIEBRIE - SRR a R £ - unidentified Gobiidae ~ 52/ R St L AE R

iR I3 (P < 0.05) BilEHEE pio A% ol (P R a B EER (P <0.05) > SEMf ~ BEEfaN
<0.01) - 1 SAE BRI N 1 LRERRA % 51 > K BRI £ B A o 2 P P 1SR (P < 0.05) e

SELANWS S
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Fig. 6 Dendrogram of ichthyoplankton species groups by ward’s linkage cluster analysis based on similarity matrix

of relative abundance (>0.4%) of the 34 larval fish species during June 1999 to June 2001.
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Fig. 7 Temperature-salinity diagrams of waters from the 7 sampling stations, together with typical Kuroshio Current
(KC) and South China Sea Surface Current (SCSSC) during June 1999 to June 2001.
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Composition and Seasonal Changes of Ichthyoplankton Assemblages
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ABSTRACT

This study investigated the species composition and distribution of ichthyoplankton in relation to seawater
temperature, salinity, chlorophyll a, and copepod abundance in Kaoping coastal waters. One hundred and
eighty-four larval fish species, belonging to 130 genera and 69 families, were identified in the study. The mean
abundance was 391 % 75 ind./100m’ during the sampling period between June 1999 and June 2001. Generally,
the ichthyoplankton abundance showed significantly seasonal changes, with lowest in winter and up to highest
value in summer. The 10 most significant taxa were Sillago japonica, Engraulis japonicus, Tridentiger obscurus,
unidentified Gobiidae, Pagrus major, Scomberoides lysan, Leiognathus nuchalis, Ceratoscopelus warmingi,
Scatophagus argus, and Diogenichthys laternatus, and accounted to 67% of the total ichthyoplankton abundance.
The correlation coefficients showed that total abundance of ichthyoplankton and the most dominant taxa were
positively related to temperature, chlorophyll a, and copepod abundance but negatively related to salinity. It
suggested that the amount of rainfall and food source may be key factors to determine the abundance and

distribution of ichthyoplankton in Kaoping coastal waters.
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