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(107/01/22~107/02/02 5 107/04/17~107/05/18 ; 107/08/03~107/08/26) » 525k
[E SR 66(ETER > CTDREIX ~ 7yf@HoK ~ 'MW - FEAEE  FIFEY R
BEREARREEE > KEEFEEH RN RAESF T RIIT 5 RACH 55447 B K HH
122730 5% 2122729 T HiET0ASR | POl FREUESS - HeRABEREE) - KEE
XFBERENRAKNUBHRAEFHTBRILZ oM L£FREAKRNT
16.17~25.97°C » BERE /1M 1332.19~34.70psu » BEEEEE /120, 4~5.9 M » BEESES /17
0.017~0.272 uM > B EEEE /1 H20.3~3.8 uM » TELRZERE/MHY0.022~1.657 mg/m’ » %
HEENY) 1 216.35~299. 7 inds. /m’ s BRI - CARRTEFRRE - B
e i BB SR M FE B R TE KA 0 KRR 20.71~29.56C 0 EERE A
33.72~34.78psu » BYEEEE/ A0, 1~2.5 u M » BEFEEE/ N 7A0~0.502 M » W FEEE /A
0.6~12.3 uM » TELGZEENH0.01~1.14 mg/m’ » JFIHEIYL /126, 74~201.3
inds./m’ - EF(EEEREEE/KCRETE » EERER A E IR =m0 3K
A% > (ERT ORI A R EE K 3R - =R T225.06~30.78°C » EEE /A
31.35~34.35psu « AEEFHAEE2007-2013F-EHIEDHE R » HESTZ 8 EIKRLE
FHE BB AR UK E e H M 2 s - SN EEBIREFFHAEE 2 &I
BRE R BLPR BT ) R AR ER AL TR ARVERST - A REIRD0165E K 20174 (£
B R RISIRE DN S ) Rl WA MESTERIT B LR EERAE
- BREEE EREMNREE - T E AR R R MR RS E > W
R B R B B R L EIRREIR IR E R B R T 5 (CDX) ~ BN &R #
B (OpenData) ~ NEBEFHIHEEE (TCOS) ~ BEG ABET 24 oKalfr 2Bk EH
MG H > EREEBN 2 EINEER 2 5 -

BTSRRI -

Three cruises were conducted in February, April and August during 2018 to
collect temperature, salinity, nutrients, chlorophyll-a, zooplankton and
fish larvae in the surrounding waters off Taiwan. A total of 166 stations
were investigated. The autumn cruise will be conducted as long as the
weather permitted. In the future, station 4 will be adjusted westward
from 122°30' N to 122°29' N. In winter, the distribution of cold China
Coastal Current retreated to the north of the Taiwan Strait. Sea surface
temperature (SST), salinity, nitrate, phosphate, silicate, and
chlorophyll-a and zooplankton abundance in winter were 16.17~25.97 C,
32.19~34.70 psu, 0.4~5.9 uM, 0.017~0.272 uM, 0.3~3.8 pM, 0.022~1.657
mg/m’ and 16.35~299.7 ind./m’, respectively. In spring, the flow pattern
in the surrounding waters of Taiwan was mainly influenced by Kuroshio
Current and Southern China Sea Surface Water. SST, salinity, nitrate,
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phosphate, silicate, and chlorophyll-a and zooplankton abundance in
spring were 20.71~29.56 C, 33.72~34.78psu, 0.1~2.5uM, 0~0.502uM,
0.6~12.3uM, 0.01~1.14mg/m’ and 6.74~201.3 ind./m’, respectively. In
summer, SST and SSS were 25.06~30.78 ‘C and 31.35~34.35psu, respectively.
This study demonstrated the interannual variations of larval fish
assemblages associated with ocean fronts in the Taiwan Strait (TS), based
on seven consecutive cruises 1n winter from 2007 to 2013, which provides
crucial information about the status of the larval fish community and
presents a better understanding of the long-term dynamics and the
influence of environmental fluctuations in the TS during winter. Besides,
we published the “Cruise Report of TaiCOFI Surveys” in 2016 and 2017 to
provide our investigation results to the public. Standard procedures of
field program and sample analysis are described 1in detail and the
distribution of water temperature, salinity, nutrients, chlorophyll- a ,
zooplankton and primary production are 1llustrated in figures for each
cruise. The historical i1nvestigation data were uploaded to the domestic
data-sharing panel, such as CDX, OpenData, TGOS, COA statistics system
and TFRI website. In this way, the data of this project can be used for
scholarly research available to other investigators.
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FIFZKER — SR A IE R 2 2/ E B B3 HInh > DlSeabird 9-11 PlusiBEEFE
(CTD) F&ERLZE1000m (7K e ISR Sm ) DA A5 AR 8 2> s okt » I I F i
FRIK ZEFBREES ~ 25~ 50 ~ 75~ 100 ~ 150mE/KfE 2 /K > HE gz e s E5E
DAR BEGR 22 R o 1 DAORTZE AT 200mi%E (/KA B HIVEBEESm) » DL 1m/ s 2R &
R -
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fEZZHY » DATrichromatic/ZMEIELEZRFRE < FIFEIVIREATNIE EVUKE
BEKERE ~ JRE - BT3B SATFHEASETE -

(Z)ERIEH

s RS EEfE (D) (Margalef's index of species richness) KA FETE
#(H)(Shannon-Wiener's index of species diversity)ZEfat » #E{TEEE M
(Cluster analysis)BRaT& MG KO FHE ARVEE RS > W DIERE A7
(Pearson correlation analysis) K 2B (Generalized additive model)ZE
Gat ik BT A S M LB F RGN T RAE A -

fi - SR ¢

AT F 28 B B SRR R E 2007 - 20 1 MFE-REFEVIE KL » SRy =87
P A& ZR A HE F0 B o A UK B R s e 2 Bl % » AR IR U/ THART - RO/
REE 2~ Kt K AR EE R » 2B KRB REACR G KB B SR P B E
» JEEEIEIR Al 2 B AR S S 8L > A JREREHSR AR KA & - 1212 Wil
P R - EAIENE S /KB I8 MR R AR - 27/KET1LL20084F
%95 0 20124F 58 - /KOCGRIFBUTF 2 BRI - 88 - BIER T MAEASEE 2
I AINEE 2 B E)) o BRI SRR AR B BRI S A AR R E ] o By R
HHEE(KC) R /KRB 7KEE(MCCW) » BER MBS AL B RIR Y& SRR
HRENESELEHTEABHEK  FHEBL®/N BETELEERERERA
Benthosema pterotum ~ HEXSFJE& Diaphus B » {E&FEHEDNE T ZHV4HREMH
s FE(EMT R R B 100% » Sk Bregmaceros spp. BIIZEETL. 4% o KEEEFEK
P RV ESE B R > B3EEZ - iR Scorpaenidae spp. ~ IRFER}
Gobiidae spp. > HIRSHZEZEST. 1% - kLAh > /G Bregmaceros spp. XiFH
Trichiurus spp.fE£/KEE & I » TREH FESAME - AHi 2 T > R ErIES
JHEH PR E - F RIS EE N REESFR/KEHE SR % - KRB -
BIO-ENVII#T8#UR » (BB P BIRIER TP » i HZE T ERHE
Mo MEERFEET - DURE - B LT EIRT - it - 28R
BB R P TEZBEAVRERE - BB CREEER HEE
HIRFEMEKE » R EER EREN PR gn e E - (FHEAHNRGER TS
SRS EE 5 AR RE/KEORE B 2 288 SR M R e /KL B /ER
HIRZEE » ZKOUIRRRER Fotl 5 H S i IR - Rk R DR FE M s ey YfE vl LA
7> HHENAFEKERVE#EREE =281 o SREYERE SR » DIEUEER
& A ETREIR o RUSEEIN &8I R AR R 2 R EHEhE S BRI S )
ZRMARIRAL TR ARVERES -
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A 2R - 0 L HEE S ELEIME R L F R MR B AR YRE -
FEVERE AR A 5 TR /KB TEEMYEER R > HASE ~ SR AR
BAERN - F8E L LFREBESES S g RN - EREiRE - £
BRI~ HEXE - T - e R AR TR KERE R ESEE RS
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354 %5 107 B 2-9.2.2--k-Al(4)

PE LA AT EAREERET RI(V)
AR DA RGN B A Y
AR e .

PR

AT A ARSI ERE T R E 2007-2013 £ £ HER T A F
HEBARAEFORAFRLS TR RS AR EZ B2 G- A FLA TR EF
R MR R SRk R ERRO R P AR RE 2 p R
ARG o H iRk e s e R LR 4 kg4 12008 & B35 o
2012 E 55 » KX RBEEFLIABFR T L RE c R F|F 2 GfALERZA
TG R HEA TR IR EORARELERATRATERART A G2
BFHEH(KC)ZE B Ak E-KEMCCW) » HFE A F B4t 8 Ak & o
Diaphus B £ Bregmaceros spp. = * £ 2 s & R 2 M ende 48 < BEIL Rk FE 2
R ﬁ[ﬁkiﬁéﬁ RF % it < » Scorpaenidae spp.& £ & % {4 » Gobiidae spp.=t 2. - M
‘> Benthosema pterotum and Trichiurus spp.R| & .7 -k B35 § & I J IR fd
o 2MEAAAEAF LG R AAFEAG R L A R ALK
FLXEG LR PR EH Y RPAL AL E S PR - BIO-ENV
AR KBS AR LR E FARGRAFREA DL LTS 2P LK
Ffadle B B I HRMERIEIIAR A S HICARER RS AFRY ®
R TR R R o T S Y IR R 199 A
TR AT TR SRR TR RAFER LD LE AR RS LM Rk

B 0E s aEST e
Bidgse @ B ~ &g - ZFAM S PR
wE

cET R IR R HRBETER ARAP2EEIZEF BRI O
B ot A 3RE A2 = A504 08 B (Gong et al., 1995; Tang et al., 2000) & o
AR A ZA A FTREFDPFLIERd Ao g i MEMB ,Vﬁ_J\id
BowA 2 TP RN e A Lk ’kﬁ/%@ » AG A ;;pf}w]\;»a @ ’J\fﬁ'ﬁ'“ﬁa?]ﬁ
(Chern and Wang, 1989; Gong et al., 1995; Lie and Cho, 2002; Gong et al., 2003;
Hsieh et al., 2012; Chen and Wang, 2006) » & *% ;a3 3875 3 = 4 5 F (Jan,
2006) o 2 kR A S AN e T PG o HEEE TR §
fv % +» 4p B (Chang et al., 2008; Leeetal.,2013) » ¥ ¥ A F &L - § FpF 2
FUEFEREP e RGBT A e AP ME e g s L0 F FEE PR
# B #2317 (Qu, 2003; Centurioni et al., 2004) - gt #F » 2 33t 4 j& 3 3035 = 97§ 2 -

s i

1072810


http://www.coa.gov.tw

BEAAROT AR RF DA HARA#L A4 R 4§ 9T f(Gong
et al., 2003; Chen et al., 2004; Wu et al., 2008) -

%ﬂm%% REBAEL EL 3P 5% Fma &8 P75 (Houde,
2008) TREF AR AFEEFT R4 » £ (Hsieh et al., 2007 ; Hsieh et al.,
ZMDO%ﬁﬂ+m%®’m%@&‘§§~%%i%ﬁ§%\ﬁiaﬁﬁﬁg
ORI REERAFERDE FE LA T i £ FEF (Lough and Manning,
2001 ; Leis, 2006 ; Sassa et al., 2006 ; Sassa et al., 2008) - &3 * - #5948 5 1p
BEAT T D B R OB E Rk SR 4 4 3 R 0B BB (Hsieh et al., 2011; Hsieh
etal., 2012) > Hsieh etal., 2007 473t ~ 8% #4388 * T F 42 d hle 2 45 % > Chen
etal, 2016 444 /% 2 S8 %A 4 T 5 fa 4 2387447 > Huang and Chiu,
1998 ~ Hsieh and Chiu (2002) ~ Chen et al, 2014 2 Wang et al., 2018 ZF¥#f =& # 2%
LA MRPr» ZRPOTRAALER2BREEFT TP E B3 FTH G
FLABERET S 2 L YREPITHD R

TEAERB TSN AL YR 2 FERORE A B ARG AdH
MEFRIppFEE TR oA NE- A F e F’“mp e L FAPE B
FFERM o RA o d M AFTAATRPFHRF DB FEY A ERIRITE S
PRI R N2 SEE A B S H%&%ﬁ%‘dﬁﬁaﬂﬁ mEAE A
%ﬁ%ﬁ@%WoiFiﬁﬁéfﬂﬁxﬁwﬁéﬁﬁ\ﬁﬂﬁmi*% 6
Z M GRERETFENGFE > F FEfAA B R AT lﬁ%‘fﬁ%’i’%i%v%fﬁ
A BB R ARG LM BRI FHFE AP LFE LT E
SAEFT RGOSR Ry o

ZE o Rl :
S £E 3 Y)Y ]

rE g 1w2w7mmﬂ}ﬂg%uw«xﬁuuﬁwﬁug%ﬁm&%ﬁﬁg
Ffe AR AZ R TREEFAT O BIHEEACFQ L o R T ARG TR
il L ORI 2 o> e 8455 160cm > P < 2 330um > o @ 4

SRR B U E e LA k2 MR o BB SRR E T RF 200 m
(Jw;ﬂ L w2 ggpAbm. ElmsgRAK s Niemsl g
252 AN 5 - 10%5%5 5 A RA R BT o k2 B TR * R BIRR
(Seabird 9-11 Plus) #*x3 200 m(-K;F* X PI3 A5 K )B-F L Pl R R E AR 2.
BEFTH D B RBAEEE R JIF i HLE5-150m e F A
REE KEMRLEF (F196°C) 4k F-E% 37 (Chl-a) RI4 % * 10 um
82 0.7 um g 0 3R BB R IFSES s Bk 4L i (-20°C) x?%??fﬁ;h ’
e 12 RS 90% ) Ak MUR X B~ 14-24 o] BES o 0¥ R R BRI R T W (S e
FhRE > FENAE? ER 2P 2§ o L REFENFFK AT Folsom 4 2] %

M hZRARASBEA BFIRA o BF A 2 280G fad BT E B A
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Z

(Nikon : SMZ645) ™ it {7 & #f % 3+ #ce 7 i .

G F A BRIER L

% & & (N, abundance; inds./1000 m3)
w%”éﬁ*#ﬁﬁﬁﬁﬁﬁﬁﬁio

FoRA

AL A EOMBEEHRE -BRE-ESEZ7 KT L F R X B
42 ~ 44 ~ 47 ~ 50 ~ 54 ~ 56 L% REF e BRAERE (abundance
ind./1000m®) % 1 i ¥ GARRIRE sRAIEAE AU ot W S | IR IR I L
Shannon-Wiener 4 f&5L £ A& 35 #<(H")(Shannon-Wiener’s index of species diversity;
Shannon and Weaver, 1963) % Pielou’s 4~ /842 3 & 4p #(J')(Pielou’s index of evenness;
Pielou, 1966) - J§ 1 #7 3F i# fit g 3 e & S {d o G817 B i AR DR Nz [ 4 3
(Cluster analysis)z. = » & #-i3 f& 4 2 & @R 8 i 3 = $H 8 E log(X+1) » > 7
- pfcnBicd $iE~ 97id & e 17354 0 12 Bray-Curtis similarity 3+ & =
R cjp i 42 & (Bray and Curtis, 1957) > #X & £ 12 Ward’s linkage e~ 2 i& {7 2L & &
For g W LRI TN GARE- ﬂ o 2 feendp 14 4 5 ANOSIM (Analysis
of Similarities) » 7 M & T & » FEHF LT 7 B F L £ = I

SIMPER(Similarity Percentages — species contrlbutlons)év\ 745 4 {i Y oa &4
By #8 0 T 41* PRIMER #:48 (vers. 6.0) ¢ =3BIO-ENV procedure » 35 11 it 43
4 $ SlcAp R BB R B 7S a2 endp B 2 (Spearman rank correlation, ow)
B MAAFRENE R EERR FS Bk %k (Clarke and Ainsworth. 1993;

Clarke and Warwick, 2001) -

= - ]

BEotw
Algek v BB
v A

A R R
AP S ]

& & % (Fig. 2a) »
f‘f’ﬁ’»l“‘« J\uz_ Ef‘ﬂ’}‘
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ﬂvjﬁ.ﬁé\% )ia%giargi)ic;(i%i%? v BB &
ﬁ?é‘fﬂﬁgwoxﬁi‘}bﬁ&&ﬁﬂpﬁ&,gr,/?‘}
i AR B

~ ML T

ok

%ﬂ
A= T:\;; "5@ -

o

#
* 7

a

s
a3
Fi
%L

i
15

Rz ’Jil.ﬁl—,'”— rﬁ*‘*“ﬁia]** 2 ‘ﬁ?i pred
Jl,L
mﬁﬁvf;i%“ o % ?H“’:r/‘?/"‘l’} J\‘*’ » ‘Ar’/?g\’} %
i~ K & e en? 28(Lie and Cho, 2002) »
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Abstract

This study demonstrated the interannual variations of larval fish assemblages
associated with ocean fronts in the Taiwan Strait (TS), based on seven consecutive
cruises in winter from 2007 to 2013. The cold and low-saline China Coastal Current
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(CCC) and Mixed China Coastal Water (MCCW) intruded into the TS with annual
variations, which were weakest in 2008 and strongest in 2012, and impinged with the
warm Kuroshio Branch Current (KBC). Consequently, the fluctuation in the strength
of cold water masses resulted in the variability of the location of the frontal zones, as
well as the distributions of environmental variables and larval fish assemblages. The
cluster analysis showed that the ichthyoplankton community in the TS was mainly
structured in two assemblages characterized by differing environmental conditions.
The composition of the warm KC assemblage was relatively stable, characterized by
Bregmaceros spp. and Diaphus B. On the other hand, the cold MCCW assemblage
showed drastical variations among years, and Scorpaenidae spp. was thought to be
most representative, followed by Gobiidae spp.. Besides, Benthosema pterotum and
Trichiurus spp. were common in both KC and MCCW regions. The distribution of
KC assemblages showed sharp boundaries in the frontal zones, while the changes in
assemblage structure between frontal zones were gradual for MCCW assemblages,
particularly when demersal taxa dominated. BIO-ENV procedure indicated that the
surface temperature and salinity were the environmental variables most strongly
associated with differences in assemblage structure in the TS during winter. This
study provides crucial information about the status of the larval fish community and
presents a better understanding of the long-term dynamics and the influence of
environmental fluctuations in the TS during winter.

Keywords: fish larvae, fronts, Taiwan Strait, Kuroshio Branch Current
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Fig. 1 Sampling stations for fish larvae and environmental factors in the Taiwan Strait
in winter during 2007-2013. Grey dotted line illustrates the transect for the
vertical profiles of temperature and salinity
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Fig. 2b The distribution of sea surface
salinity (psu) in the Taiwan Strait in
winter during 2007—- 2013
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Fig. 2c The distribution of chlorophyll-a
(mg/m?) in the Taiwan Strait in winter
during 2007-2013
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Fig. 2d The distribution of zooplankton
abundances in the Taiwan Strait in
winter during 2007-2013
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Fig. 2e The distribution of larval fish
abundances in the Taiwan Strait in
winter during 2007-2013
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Fig. 3 Vertical profiles of temperature (°C; left panel) and salinity (psu; right panel) of
the transect in the Taiwan Strait in winter during 2007-2013
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Fig. 4a The spatial distribution of larval abundance for corresponding groups
determined from cluster analysis in the TS in winter 2007 and the grey line indicates
the boundary of water masses derived from the T-S diagram (upper). The
dendrogram of cluster analysis based on Bray—Curtis similarity matrix of logarithmic
abundance of larval fish (lower). K: Kuroshio Branch Current (KBC), C: China Coastal
Current, M: Mixed China Coastal Water
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Fig. 4b The spatial distribution of larval abundance for corresponding groups
determined from cluster analysis in the TS in winter 2008 and the grey line indicates
the boundary of water masses derived from the T-S diagram (upper). The
dendrogram of cluster analysis based on Bray—Curtis similarity matrix of logarithmic
abundance of larval fish (lower). K: Kuroshio Branch Current (KBC), C: China Coastal
Current, M: Mixed China Coastal Water
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Fig. 4c The spatial distribution of larval abundance for corresponding groups
determined from cluster analysis in the TS in winter 2009 and the grey line indicates
the boundary of water masses derived from the T-S diagram (upper). The
dendrogram of cluster analysis based on Bray—Curtis similarity matrix of logarithmic
abundance of larval fish (lower). K: Kuroshio Branch Current (KBC), C: China Coastal
Current, M: Mixed China Coastal Water
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Fig. 4d The spatial distribution of larval abundance for corresponding groups
determined from cluster analysis in the TS in winter 2010 and the grey line indicates
the boundary of water masses derived from the T-S diagram (upper). The
dendrogram of cluster analysis based on Bray—Curtis similarity matrix of logarithmic

abundance of larval fish (lower). K: Kuroshio Branch Current (KBC), C: China Coastal
Current, M: Mixed China Coastal Water
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Fig. 4e The spatial distribution of larval abundance for corresponding groups
determined from cluster analysis in the TS in winter 2011 and the grey line indicates
the boundary of water masses derived from the T-S diagram (upper). The
dendrogram of cluster analysis based on Bray—Curtis similarity matrix of logarithmic
abundance of larval fish (lower). K: Kuroshio Branch Current (KBC), C: China Coastal
Current, M: Mixed China Coastal Water
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Fig. 4f The spatial distribution of larval abundance for
determined from cluster analysis in the TS in winter 2012 and the grey line indicates
the boundary of water masses derived from the T-S diagram (upper). The
dendrogram of cluster analysis based on Bray—Curtis similarity matrix of logarithmic

abundance of larval fish (lower). K: Kuroshio Branch Current (KBC), C: China Coastal
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Fig. 4g The spatial distribution of larval abundance for corresponding groups
determined from cluster analysis in the TS in winter 2013 and the grey line indicates
the boundary of water masses derived from the T-S diagram (upper). The
dendrogram of cluster analysis based on Bray—Curtis similarity matrix of logarithmic
abundance of larval fish (lower). K: Kuroshio Branch Current (KBC), C: China Coastal
Current, M: Mixed China Coastal Water

- i

| s

st39

X

1072810


http://www.coa.gov.tw

4
S S
- ” ‘h ’
”
3 A 4 ‘&.\ PR
- "\ ”
T h 4
>
= [ |
‘» = "\ ,.\--.. ,’.\ "\
] SN e r” 2N /’ N
> ~ [ N ’ . A
= r] ‘ “ ’ -
0 \.{ ‘.'
[
1 A ,
[} [ |
/
/
¢
0 . 1 1 1 1 1 1
2007 2008 2009 2010 2011 2012 2013
1 [ |
0.9
=
0.8
wy
wy
Q
=
O 0.7
>
il
0.6
0.5 ' ' ' ' ' ' '

2007 2008 2009 2010 2011 2012 2013

- --K1

== =K2

—0--M1

|2

-=-K1

—fl— K2

=0==M1

= V2

Fig. 5 Shannon’s diversity (H’) and Pielou’s evenness (J’) of each group derived from

cluster analysis for each cruise during 2007-2013

1072810


http://www.coa.gov.tw

Table 1 The top five abundant taxa of each group based on the cluster analysis for each cruise in the Taiwan Strait in winter during 2007-2013

Group 2007 2008 2009 2010 2011 2012 2013
K1 Labridae spp. (8.48%) Diaphus B (12.16%) Benthosema pterotum (16.64%) Diaphus B (13.64%) Bregmaceros spp. (18.48%) Mugilidae spp. (41.92%) Benthosema pterotum (20.55%)
Ammodytidae spp. (8.17%) Bregmaceros spp. (11.97%) Diaphus B (15.72%) Bregmaceros spp. (10.74%) Sigmops gracilis (13.24%) Benthosema pterotum (11.06%) Diaphus B (12.89%)
Trichiurus spp. (7.43%) Stomias nebulosus (7.31%) Stomias nebulosus (7.33%) Benthosema pterotum (6.20%) Benthosema pterotum (8.00%)  Callionymidae spp. (6.33%) Engraulis japonicus (11.44%)
Bothidae spp. (6.79%) Lampanyctus spp. (5.45%) Bregmaceros spp. (7.32%) Vinciguerria nimbaria (5.62%) Diaphus B (6.26%) Sigmops gracilis (4.17%) Mugil cephalus (7.12%)
Diaphus B (6.11%) Benthosema pterotum (3.89%)  Myctophum obtusirostre (4.39%) Trichiurus spp. (5.40%) Trichiurus spp. (5.13%) Diaphus B (3.89%) Trichiurus spp. (4.16%)
K2 Scopelaurus spp. (22.20%) Bothidae spp. (44.58%) Bregmaceros spp. (50.34%)
Lestidium spp. (16.68%) Lampanyctus spp. (25.00%) Gobiidae spp. (49.66%)
Stomias nebulosus (11.10%) Encrasicholina punctifer (22.29%)
Benthosema pterotum (11.1%) Melamphaes leprus (2.71%)
Lampanyctus spp. (11.10%) Serranidae type 1 (2.71%)
M1 Triglidae spp. (100%) Scomber australasicus (35.12%) Benthosema pterotum (47.61%) Scorpaenidae spp. (29.32%) Engraulis japonicus (67.93%) Trichiurus spp. (32.30%) Gobiidae spp. (69.12%)
Benthosema pterotum (21.87%)  Scorpaenidae spp. (17.98%) Notoscopelus spp. (14.65%) Sigmops gracilis (6.57%) Gobiidae spp. (23.03%) Benthosema pterotum (10.22%)
Bregmaceros spp. (13.37%) Encrasicholina heteroloba (11.84%) Callionymidae spp. (14.65%) Synodus spp. (6.57%) Engraulis japonicus (9.08%) Diaphus A (8.15%)
Trichiurus spp. (8.50%) Seriola spp. (11.54%) Diaphus B (13.01%) Benthosema pterotum (6.57%)  Scorpaenidae spp. (7.31%) Hoplichthyidae spp. (4.22%)
Scorpaenidae spp. (5.77%) Triglidae spp. (4.60%) Apogonidae spp. (12.50%) Gobiidae spp. (6.57%) Saurida spp. (7.06%) Trichiurus spp. (4.22%)
M2 Callionymidae spp. (59.84%) Saurida spp. (37.57%)

Pleuronectidae spp. (20.47%)
Gobiidae type 1 (19.69%)

Bregmaceros spp. (23.70%)
Engraulis japonicus (16.19%)
Ceratoscopelus warmingi (7.51%)
Gobiidae spp. (7.51%)
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Table 2 Similarity percentage (species contributions) within group and dissimilarity
between groups detected by SIMPER routine for the fish larvae cluster groups in the

Taiwan Strait in winter during 2007-2013

SIMPER (Similarity Percentages—species contributions)

2007 K1 K2 M1 M2
Avg. similarity: 15.41%
K1 Trichiurus spp. (26.77%)
Diaphus B (12.50%)
Avg. similarity: 16.70%
K2 Avg. dissimilarity: 95.20% Lestidium spp. (100%)
Avg. similarity: 97.75%
M1 Avg. dissimilarity: 99.39% Avg. dissimilarity: 100% Triglidae spp. (100%)
Avg. similarity: 47.473%
M2 Avg. dissimilarity: 97.98% Avg. dissimilarity: 100% Avg. dissimilarity: 100% Callionymidae spp. (100%)
2008 K1 K2 M1
Avg. similarity: 28.67%
K1 Diaphus B (27.77%)
Bregmaceros spp. (12.84%)
Avg. similarity: 16.15%
K2 Avg. dissimilarity: 90.29% Lampanyctus spp. (100%)
Avg. similarity: 21.46%
M1 Avg. dissimilarity: 94.44% Avg. dissimilarity: 98.35% Scorpaenidae spp. (36.52%)
Trichiurus spp. (24.10%)
2009 K1 M1
Avg. similarity: 23.05%
K1 Diaphus B (27.67%)
Bregmaceros spp. (17.72%)
Avg. similarity: 31.68%
M1 Avg. dissimilarity: 91.26% Benthosema pterotum (76.03%)
Encrasicholina heteroloba (16.06%)
2010 K1 K2 M1
Avg. similarity: 22.80%
K1 Diaphus B (26.17%)
Bregmaceros spp. (23.31%)
Avg. similarity: 39.60%
K2 Avg. dissimilarity: 90.67% Bregmaceros spp. (50.25%)
Gobiidae spp. (49.75%)
Avg. similarity: 16.71%
M1 Avg. dissimilarity: 94.68% Avg. dissimilarity: 100% Scorpaenidae spp. (64.08%)
Notoscopelus spp. (17.27%)
2011 K1 M1
Avg. similarity: 17.32%
K1 Bregmaceros spp. (45.01%)
Sigmops gracilis (12.54%)
Avg. similarity: 41.68%
M1 Avg. dissimilarity: 98.23% Engraulis japonicus (95.69%)
2012 K1 M1
Avg. similarity: 18.24%
K1 Bregmaceros spp. (47.40%)
Bothidae spp. (6.01%)
Avg. similarity: 23.12%
M1 Avg. dissimilarity: 96.11% Gobiidae spp. (60.84%)
Trichiurus spp. (19.52%)
2013 K1 K2 M1
Avg. similarity: 21.46%
K1 Diaphus B (30.01%)
Benthosema pterotum (18.56%)
Avg. similarity: 47.02%
M1 Avg. dissimilarity: 91.13% Gobiidae spp. (90.43%)
Avg. similarity: 45.83%
M2 Avg. dissimilarity: 88.45% Avg. dissimilarity: 92.02% Bregmaceros spp. (67.94%)

Engraulis japonicus (32.06%)
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Table 3 Multivariate Spearman rank correlation between environmental variables

and larval fish assemblages using BIO-ENV showing the best combinations of

variables for each cruise in the Taiwan Strait in winter during 2007-2013

Best variable combinations

Variables 2007 2008 2009 2010 2011 2012 2013

ay Selections o, Selections o, Selections o, Selections o, Selections o, Selections o, Selections

1 Depth 0.408 2,3 0.496 2,3 0.397 2—4 0.351 2,3 047 23 0.298 2,3 0.365 2,3

2 Temp. 5m 0.369 2—4 0.46 2,35 0.381 3,4 0.297 2—4 0.458 2 0.236 3 0361 3

3 Salinity 5m 0.34 3,4 0.442 2-5 0.323 24 0.286 2,3,5 0427 3 0.225 1-3 0322 2

4 Chl-a 031 35 044 25 0.315 2,3 0272 2 0425 2—-4 0.219 2, 0.278 1-3

5 Zoopl. 0.302 2-5 0.432 2-4 0.296 3 0.251 35 0.398 3,4 0212 1,3 0.259 1,3
0.295 3-5 0.422 2,4 0.267 2-5 0.244 2-5 0.376 2,4 0.176 2,35 0.249 235
0.276 2,35 0.418 2,45 0.221 3-5 0.238 2,3 0.361 2,35 0.148 1-35 0.216 2—4
0.243 4,5 036 1-3 0.213 2 0.223 24 0.352 2—5 0.14 1,2 0.216 1,2
0.24 24 0.358 1-5 0.211 4 0.198 2,5 0.322 25 0.127 2—4 0.212 35

=3 N
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