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off southern Taiwan during the cruises from February
2004 to October 2005.
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Table 1 Results of ANOVA and Duncan’s Multiple Range Test for seawater temperature and salinity in the
different years, months and stations in the waters off southern Taiwan from February 2004 to October 2005

(A) Temperature ("": p < 0.001)

Source DF F value Pr>F Separation
Year 1 0.644 0.425
Month 7 19.400 0.000™ Jan.*Feb.*May"Apr."Nov.PAug.9Jul.“Oct.c
Station 8 0.924 0.503
(B) Salinity ("": p < 0.001)
Source DF F value Pr>F Separation
Year 1 0.184 0.669
Month 7 6.128 0.000™ Oct.ul.®Aug.®Feb.***May*“Apr.“*Nov.%Jan.°
Station 8 1.191 0.319

2004 —Feb., May, Aug., Nov.
2005 —Jan., Apr., Jul., Oct.

H'=-3 R log, P

At p = %
n; ¢ AR RS i AR RS
N+ R AR R e 8

n AL RS

G R RRERFELGEEAT - ISR R
BATHE (LRI SYSTAT 10.2 #fiF ik feig BiE
FREETRE - [FIRF PR SPSS 8.0 #ta ik )s
5387 (ANOVA) ekl 5 7Kk SCER S K] B g i R
B~ TR R RIS R A A R B I S S A
AR ARTRAEE AR (p < 0.05) > HLUESE
K285 HTiE (Duncan’s Multiple Range Test)
RO FPIERR 2 2T - &tk - FLARRTE
SR S3AT SRERE AR A B B B A K SCER B A
FRIFAHRYE - PRI TRk R B
Tyt < IR -

R

— ~ KBRS

2004 £F 2 A7 2005 4F 10 H I G R
YK I A BURME (P < 0.001) (Table
1)+ 2004 4 8 FF1 2005 4 7 F 43 Rl Ry SR kil
eI AT 5 T 2004 48 2 H R 2005 £E 1 H HIlKH

Ho Ry SRR BRI A (Fig. 2) o 205G
AR B » St BIAE IS, 24 - R
TR 28 (Fig. 2) - BEEESTTH » /oA WIREAY H i
1€ (p<0.001) (Table 1)> 2004 4F. 11 HEZ 2005 4F 1
H oy iRy A RS =ty A 4+ 1l 2004 45 8 H
B2 2005 47 10 H RIAHE 53 Ry & A7 R E A HY
Aty (Fig. 2) - SHIGZK LA DU

uh 24 gm0 GG 28 fIK (Fig. 2) -

o~ ARSCERBEN L EE S

fREr 2004 2005 F55 H MG K SCE
K BT RemuhaE (Fig. 3) - 55 TUGRERZ LIPY
ISUFAGE Ry T 5 B 11 ShREIRA 2R AR S0 ARG
ARG RRERER - IR - BEREDUE T uhREER
25 TUGHE - ARSI ~ TR RO B S s B I 2 BUAH B2
(] - AE SRR 255 TURRHK P By Thalia
rhomboides ~ Pyrosomella verticillata ~ Doliolum
denticulatum ~ Thalia orientalis g Salpa fusiformis ;
% 1 uhEERE T. rhomboides ~ T. orientalis ~ D.
denticulatum ~ P. verticillata Ed T. democratica (Fig.
3) e

= SR R b

H1 2004 4 2 H #2005 4F 10 H IR EEE
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Table 2 Mean abundance (ind. 100 m?), mean species number and mean species diversity (H’) of thaliacean, and
the 5 dominant species with their mean abundance, relative abundance (%) and occurrence rate (%) in the waters off
southern Taiwan from February 2004 to October 2005

Year/Month 2004 ~ 2005 overall
Abundance 152 =38
Species number 7.8+0.6
H’ 2.2+0.1

Thalia rhomboides (55 = 19, 36, 78)
Pyrosomella verticillata (23 + 14, 15, 24)
Doliolum denticulatum (19 = 3, 13, 94)
Thalia orientalis (18 = 3, 12, 99)

Thalia democratica (9 = 2, 6, 85)

Predominant species(Mean = SE, R.A., %, O.R., %)

BRI - JL3EBL 3 H 3 B 10 & 18 i
R4 SEEg Ry 152 + 38 ind. 100 m™ > H B4
FEAEHEAFE (p<0.01) > A EFELIGE R R AT
725% (Tables 2, 3) 5 #5E—H LIS H IR EE /3 A7
eI > 2004 4F 8 H. 2 EEHASENAZE (Table 3,
Fig. 4) 5 JIBERIAIDOHI, 23 R - RAGEN
WG 20 FAK (Fig. 4) o Y FEREECRy 7.8 = 0.6
T AR H RIRE B2 R (p<0.05) > £
B /R AR 72 22 (Table 3) ; FEHE— DL

S8 KRBT > 2004 4F 8 H L MRS
= 2 Ak 11 ARz » 5 AREEEEAL - 1 2005
7 HROTERRES S R EFE R M H 4y (Table 3,
Fig. 4) ; IR LI, 23 fEAR Sl e - I, 20 &
& > MEREAHGE SRR % (Fig. 4) - FHIX
AL S 22 £ 0.1 (Table 2) » [ 2004
£ 2 ARSI - &4 B e RH B Y 22 S L
(Table 3, Fig. 4) -
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Fig. 3 Dendrogram of station associations by Ward’s linkage cluster analysis based on similarity matrix of

logarithmic abundance of thaliacean. The average values of the abundance, species number, and species diversity of

thaliacean and hydrographic conditions (surface seawater temperature and salinity), and the 5 dominant species at

each station group were also shown.

VY ~ it Z AR

DRl B ERE T
rhomboides f 55 —{E 248 » LB E B 55 £ 19 ind.
100 m” > (G2 TGRS ERY 36% @ HESER
78% ; B {EEE B P. verticillata (23 + 14 ind. 100
m?)  (ERERTGREEE 15% » HEUER 24% 5
HAt{g &5k FF B D. denticulatum (19 + 3 ind. 100
m> > 13% + 94%) » T. orientalis (18 + 3 ind. 100 m™ -
12% > 99%) Eid T. democratica (9 + 2 ind. 100 m™ »
6% > 85%) » Hif 5 EF EEEEASL AR
(19 82% (Table 2) - 2004 %5 2005 4FEH 5 E{EEAFRY
A RIEHIRG  AE B Fig. 5 Fos > ATDAZEEREF
ZABEFETA 2004 FEHEZE @ H) EEREm
MEE (11 H) BAKRIHE 5 2005 28 S8R H 71

LB — SRR - Hrp - S5 — BB T
rhomboides 7 4 HE2 7 AR EHSEIEE - M 10
H¥Y g BRI - 55— (P. verticillata) ~ = (D.
denticulatum) EAZSPU (T. orientalis) {E2MEL 1
HY€¥98 s salll 10 H ~ 4 HEL 10 H3
PR AR » SRS EAME T. democratica 1E%2=fH]
AR HLL 4 8RR - 1 HY¥E
AR (Fig. 5) B EAFEAHIEE AR R IR R R
B AmEE > 5E—{8EME T. rhomboides DLHIES 26
S R 0 BRERIIEE 20 SRR > BT EE
f# P. verticillata DIJHIGE 23 SEr =, - IG5 24 Bl
21 B AR 55 = {8 & D. denticulatum EAZEPU{E
A4 T. orientalis $27LIHIGE 28 B R Ay » Tl
PR BRAEHG 20 - S fES4E T. democratica Hi|
LAEG 26 SR fermy - G 21 fAE (Fig. 5) -



22 WREIEF

Table 3 Results of ANOVA and Duncan’s of the abundances, species number and species diversity of thaliacean

in the different years, months and stations in the waters off southern Taiwan from February 2004 to October 2005

(A) Abundance (: p<0.05; ": p<0.01)

Source DF F value Pr>F Separation

Year 1 4.098 0.047"
Month 7 3.220 0.005" Oct.*Nov.?Jul.*May*Apr.?Jan.?Feb.*Aug.”
Station 8 0.742 0.654

(B) Species number (: p < 0.05)

Source DF F value Pr>F Separation
Year 1 2.217 0.141
Month 7 2.618 0.019’ May*Oct.®Apr.*?Jan.®Jul.®**Nov.*Feb.>*Aug.
Station 8 0.408 0.912
(C) H’ (Species diversity)
Source DF F value Pr>F Separation
Year 1 0.421 0.518
Month 7 1.842 0.094
Station 8 0.792 0.611

2004 —Feb., May, Aug., Nov.
2005—Jan., Apr., Jul., Oct.

ISR RAR - S R S e A TR A A
HF AT LRGSR A AR - oL 2004 4
8 HAMMARAIELBIR S » MEMEHARILL 2005 42
10 HRpEefls - ER ARG TR b
HIME—E e (Fig. 4) - HIBERTA M AR LIS,
23 Pl - A QR LGHTE, 20 Fefili s -
A A B AR LR35 A PG S8 e S 0 55
Lo s (Fig. 4) - §7¢y 8 ZESEIHGAIHEAE
s Fig. 5 Bfis » BT T. democratica Ei D.
denticulatum PSP A8 # EL 61 26 12 A 1 A
Gh > Hgk 3 fE BB LI M A LR ElR S -
i (B SRR A M AT 2004 4F 8 HEE
575 5 T T. rhomboides {4 fE 1 A€ 8 & 3% 5B
% (HAREURLIE 2 Ei#S 5 D. denticulatum Jz
T. democratica FYfEME AR 2004 - 8 H HiF A
S HAE R R FET R L AR — s T
orientalis FYfE: TS DI i) (Fig. 5) -
AN B SARER A AR B LA G R 09 43 A B A IR A
[d] > P. verticillata £5 f G AL H Z AR BETE

RGERRRAYTIG 23 5 55— - SR = BASEPOE SRR (T
rhomboides ~ D. denticulatum k7 T. orientalis) KA
I RB R DTG sk = iR BB R A )
A (T. democratica) 45 1 HACEL |- 3t
FEFEIY AT EAHE - (H R AR DRGSR
BRAGENS S A PE SR, (Fig. 5)

T~ VR BRI

R RS s3T5 R ARSI IR BT 2004
= 2005 RS R AR R R
HIBhIERELHTEAN Fig. 60 2004 25 26 KHInhfH]
TR AR B B B LS TP WA 2005 45
A > B EZUEFR 2004 4 2 HHIGL 26 ~ 28 K
2005 £ 8 HIHNGG 23 (2R R b BOR 7 i
AFrighk ©

7N~ T RIG RE B BRI Z AHA T

DA AR s 3 AT 5 188 e S T bk B 5
VRS R 2 FHRETE (Table 4) » #$E7 2004 % 2005
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Fig. 4 Abundance (ind. 100 m?; Mean = SE), species number, species diversity (H) and sexual percentage of
thaliacean at each month and station in the waters off southern Taiwan from February 2004 to October 2005.

R A S B B R BRI K] Y B (R M 2 T BT
HEEEME (p<0.01) - i lEs i S
B Aty B B[R] 1 RS RHBR © 1B SRR S R
1 > HIFE T. rhomboides (p < 0.05) ~ D. denticulatum
(p <0.05) Kz T. orientalis (p < 0.01) EaAj% 55 2 5HE
EHHR -

— ~ AKSCBREEN T Z B

1 A B B AR R SRR A - AR E S
JRAER R - SIS R SRS R & (K
ZFHTMLI A FTdUE o ARITFERE SRR - B
K SR T B EE 8L (Table 1) > R
MK B R /K BB T R B T DL P B — s B2 3%
FUFERAAHRIE - BoEBE (2001) f8H > AZ52E|
AR 2% - R SRR A R
BE PR - MEFXEVEETRNEE 5K
H E R e R K A S P R
B2 B H K (Shaw, 1989; Wang and Chern,
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Fig. 5 Abundance variations (ind. 100 m™) of the 5 dominant species of thaliacean at each month and station in the
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waters off southern Taiwan from February 2004 to October 2005.
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HRAERALE - B JE e 2T 2 EG PRV BB B A R s 2

T (2000) $22]  HFAZEERICEHIEBZE A
SRR - BRSSO ARIEAR 5 b
(2003) tiFgH - FEHRACEL S RE 2 AT THAR >
7K 3 e i 1 e YK LR e+ 2R A R A DL
K HLBESE 5 bR (2003) HUEEE] » FHAREISE

BRI R ~ LB R ARKEZEAD
IEI TS AR R B KA AT AN E] 5 KT - AR
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Table 4 Linear regression analysis between the abundances of the 5 most dominant thaliacean species and

environmental variables in the waters off southern Taiwan from February 2004 to October 2005

Temperature Salinity
Thalia rhomboides -2.307° -1.129
Pyrosomella verticillata -0.595 -1.373
Doliolum denticulatum -2.637" -1.962
Thalia orientalis -3.247 " 0.070
Thalia democratica 0.232 0.526
Total abundance -3.098 ™ -0.977
Species number 0.254 -1.482
H’ (Species diversity index) 1.667 -0.368

" p<0.05; " p<0.01

T~ TSR R R SR Z R 22 S AT

HHEATHERERER RS R L35 3 H 3 BL 10
J& 18 FEygHS - AHZ He et al. (1988) FAFRBIMITIY
FEEFTRE ~ Yamaji (1959) F0 Tsuda and Nemoto
(1992) FAEEmIKE ~ 58 (1999) FAEE VARG -
FR (2003) AGEE R ~ & (20032, b) 73 HIR
T PRI RS B 1 e L Py A B TR R
W5 53 #%2%] Cyclosalpa sewelli ~ Salpa maxima il
Salpa younti £ 3 F&#jf§M% - 7% Neumann (1913) F1
Tokioka (1960) #f2=LHyE LIk Van der Spoel
and Heyrnan (1983) F Berner (1967) ¥¥HLHYE
IR S AR - AR A TE R B g R
oA By 0 (1) BEATRE © BERIZ AR PP ~
ASEPEEAEIREEPE - A$E Brooksia rostrata ~ Pegea
confoederata Ritteriella amboinensis ~ S.
fusiformis ~

S. younti -~ Weelia cylindrica ~ T.

democratica ~ T. orientalis Traustedtia

multitenticulata ~ D. denticulatum Eii D. nationalis
%10 f 5 (2) JREEAAHE @ O ARIERA —B R
2E > A& C. sewelli ~ Cyclosalpa polae -~ lasis
zonaria ~ S. maxima ~ T. cicar ~ T. rhomboides Ed P.
verticillata 55 7 f& - W] DABEBUARFEFmAlG & G
FATIRHE AR D B AR 2 B - HESMEKHE Van der
Spoel and Heyrnan (1983) RYSZERIEH » FAAKHFSE
FrrsBRnY 18 fdiygarh - S. fusiformis~ T. orientalis -
P. confoederata 55 3 ffEytE - /0 fr&EiEILLL 10 °C
FRAR RS BLL 1S C FERERR S B. rostrata »

S. younti ~ W. cylindrica ~ T. multitenticulata %)434f
HFELL 20 C R RS 5 D. denticulatum HiJLL
15°C SRR R H AR - RSN - AR TI R
ek 152 + 33 ind. 100 m™ > FREEECE 7.8 £ 0.6
T > PSR Ry 2.2 £ 0.1 - F5EIE (1999) {1518
FEEEVEK (407 + 111 ind. 100 m™ > 19 f§) H1fR
(2003) {EES R (691 + 1601 ind. 100 m™> 16 #&)
AR FERE SRAH LR - AT B AR B AR A RE
FERAR > FEEE (18 F8) BARTRIEFHAEARK © 1fi
ENGIS IR EY L Yo u M wbu A AU IVA (== P2 =) LN
REERERERIIM BB AR - ok (1999) f5EFHIHE
HR2% g4 ($8H 330 pm > #4117 0.25 m?) > 3f;
AR 1T m~ 50 m ~ 100 m ~ 150 m Ed 200 m #{T
¥ 30 APEEMGE 2 B (59 1 m/sec) MYZKSEHEREER
B SRERITEL Ry i PE EE e (ARG 119°~ 120°
Z AL 23° Aokt 6 ERANLS) 5 MR
(2003) RS Ry 1 ARME (#EH 330 pum >
MCEAL 1 m) - SEHAZKERIE 5 mEFTHT 10 3 S
2 Ef (K 1 m/sec) FHYZKSPEHEREERER » ERERITHTES
Fer MU (AR 120° Bidbig 22° 2t
HR e = BREIRR L O fERAISE) : A5 ER I ORI (4
H 330 um > HHIER 1.6 m) FH/KEE 200 m EEKE
DU T m/sec B3 SHES T3 B ARG ERAR A2 M
FL 7 AR FR R T AR ¢ BeAh > iRIE
PR BE R T B ER5R (1999) K& (2003) HUHF
I A R — RIS - WEEN R
BN S R T A S 0 A K I
8 0 BAAE (1999) K% (2003) AURFZCESAHES S



26 WREIEF

5 T T T
-

P
/l-_:ﬂ‘_,.“nFcla..‘x(znf".l
4 = N\ _

_" Feb.ist26 ‘,

FACTOR(2)

— — Ay

2008

—_— O

Mossrzy Feb.st28

Feb./s126

FACTOR(2)
t

FACTOR(1)

2004

2005
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southern Taiwan from February 2004 to October 2005.
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Spatial and Temporal Assemblage Structures of Thaliaceans (Tunicata)
in Relation to Hydrography in the Waters off Southern Taiwan
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ABSTRACT

This study investigated the spatial and temporal distribution in species composition and abundance of
thaliaceans (Tunicata) in relation to environmental factors in the waters off southern Taiwan between February
2004 and October 2005. In total, 18 thaliacean taxa belonging to 10 genera and 3 families were identified, with
the mean abundance of 152 + 33 ind. 100 m™. The abundance of thaliaceans showed a clear seasonal change,
higher in winter. The five most dominant species were Thalia rhomboides, Pyrosomella verticillata, Doliolum
denticulatum, T. orientalis and T. democratica. They were widespread oceanic species, and together constituted
82% of the total thaliaceans. The abundance of thaliaceans showed significant negative correlation with
temperature. Different predominant thaliacean species showed different correlationship with environmental
factors; T. rhomboides, D. denticulatum and T. orientalis were significant and negatively correlated with
temperature. Result of ANOVA test revealed that the abundance of thaliaceans and hydrography had significant
seasonal differences in the waters off southern Taiwan, but showed no significant difference among stations. The
species composition of dominant thaliacean among the water masses was similar, implied that the influence of

water masses on the distribution of thaliaceans was minor.
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