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Table 1. Statistics of important value indices of the species collected from 36 plots in the tidal

zone of Tatu Estuary in 2000

Number

Mean of

Maximum

Standard

Species name o Total Kurtosis ~ Skewness
of plots VI value deviation
Uca lactea 11 ) 29 47.04 100 1693.45 35.87 -1.32 0.21
Uca arcuata T S ) 4 8.37 84.12 301.26 24.08 5.19 261
Uca borealis e 4 1.68 19.83 60.31 4.94 7.05 2.85
Uca formosensis L 4 6.53 80.53 234.98 19.38 7.68 2.92
Helice formosensis £ LR 1 0.3 10.76 10.76 1.79 36 6
Helice wuana LG i f 21 14.78 49.28 532.24 15.01 -113 0.44
Metaplax elegans TR R 3 115 19.16 41.38 4.04 12.99 3.63
Scopimera bitympana 685 0 1L s 6 3.36 32.52 120.82 85 5.61 257
Scopimera longidactyla ks 7 343 33.87 1234 8.14 6.35 2.6
Mictyris brevidactylus ey 1 16.39 87.52 589.88 29.52 0.81 155
Xenophthalmus pinnotheroides 7 JiZ G L 1 0.62 22.42 22.42 3.74 36 6
Ilyoplax tansuiensis ok JErE 4 2.86 44.18 103.03 9.18 12.77 353
Macrophthalmus banzai B 3 3.92 88.53 140.97 16.27 22.73 4.68
Macrophthalmus abbreviatus %5 L A HiL % 3 172 25.61 62.09 5.9 10.21 3.34
Parasesarma bidens 85 (5T R R 1 0.32 11.41 11.41 19 36 6
Parasesarma plicatum P TR 1 0.34 12.14 12.14 2.02 36 6
Alpheus |obidens lobidens i<l 2 0.61 11.17 21.87 2.54 153 4.05
Upogebia edulis FEVEE gk 10 7.09 723 255.17 15.48 8.97 2.85
Cyclina sinensis B 10 10.11 72.86 364.13 19.44 2.78 1.92
Laternula marilina ARV 5 7.24 76.18 260.54 20.09 5.76 2.67
Hiatula diphos VOl 1 0.26 9.32 9.32 1.55 36 6

Wi AT 8 AT A 2 (distortion) (gk
1987) - [N AR EIPIRE ST NT R BT 3
T o HHAS HUBRA RIBR e 1) el S e JEE FYg W 2 3
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PHAR RS SR o [ £ i Ly 7 X Bt e
FEME 253 BT - IR RS R R A ] - B
2 PR TG T B R A E o (HA BEERER
R E R - BRI R R R L T RES
Ko AEETEIFULT - U R Sl BRAES
B/ - QI ATRERE R L EBEAUEE - BUEAEDL
TSR BT ST B o AFSE R il 222

{

FLR B E DA R AR EET T 44T -
(—) [ g 1T

BRI o7 038 B DURETS: YT A #H R
FHEAC ISy BER §5 - TS SAFE S (R 43 -
il Al ANFEAHIE] » Gauch(1982) 375532 45 Tl
S A TS 0N o3 A SR - L A A
3F R AN [F] 22 20 8505 AT T S AR A SR BE
K G EENRERE OO BT 2 55 B8y T Al
VRIMRTRE - R EE TSR fiH(editing) > AT
RE YJ TR - TS A2 {E (abundance values)
F~) BT 2 B BS A i 1Y — il 328452 (N oy -Meir
1973; Maarel 1979; Clymo 1980) o AffFFE#E
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Table 2. Shannon's diversity indices and evenness indices of the macro-invertebrate communities
sampled at the 36 plots in the tidal zone of Tatu Estuary in 2000 (for plot codes. numbers 1-4, four

seasons, capitalized letters, sampling stations)

Plot Diversity Evenness Number of Plot Diversity Evenness Number of
code index (H) index (e) species code index (H) index (e) species
1A 1.263 0.911 4 3A 1.206 0.870 4
1B 1.382 0.858 5 3B 1834 0.882 8
1iCc 1.186 0.856 4 3C 1.052 0.958 3
1D 0.308 0.445 2 3D 0.000 0.000 1

1E 0.966 0.879 3 3E 0.784 0.713 3

1F 1.562 0.872 6 3F 1.128 0.814 4
1G 0.608 0.877 2 3G 0.988 0.899 3
1H 0.287 0.414 2 3H 0.507 0.732 2

11 1.160 0.837 4 31 1.142 0.824 4
2A 1.748 0.898 7 4A 1.607 0.897 6
2B 1.572 0.977 5 4B 1.291 0.802 5
2C 0.726 0.661 3 4C 1.299 0.937 4
2D 0.579 0.527 3 4D 0.308 0.445 2

2E 1.512 0.939 5 4E 1.130 0.815 4

2F 1.054 0.960 3 aF 1.300 0.807 5
2G 0.939 0.855 3 4G 1.036 0.943 3
2H 0.287 0.414 2 4H 0.585 0.844 2

21 0.560 0.808 2 41 0.980 0.892 3

I IR P EAS [F] 2 B RS R e - IR
PEA (R AR TS & 53 M SR 2R VE T ©
FHAA R ISP &R 25 FEN VM - BE 22
HLF30-100 - 5 DIAAS LA S, T 00T
5t TR 7 7 = LA AR TR ) - RRERA B ARET
PR 2 i - AT AR LU RE oA 2 & kL - H
FITfS 253 fTas SR & tRE Fra fH sk F ek
7 o

A SEr I IFE (e I 2 RS - A
Sy Filt R S R I o > R R —
R > Gy ATHERI FH BRACRR 5 g i (rare species
downweighted) 1" /5% - (s B SE Al =) F

B I REE - AT ERAHINGE & ik
(algorithm) 7453 17 2 Rif #5H5 A Fe( HER AR
US) FIHEEE AKX o H36{[E bk I & B RHH R ih
FERH - KRR B> 75, - ST il R R
() JES R PR R A E U5 A - AT il A A
FE3EE41.6% - 25l [E] 5 {iE(ei genval ue) {0k
I > FELEL [E45 iHO.49 - Z52#H£%0.361 o [
DCA i 5 Bl /7B (score) #& Hi 25 1 fili B 2
2RI S A0 eI E2) - il AT E A —
1 2 VY AWE AN ] ZRET AR [ E 53 A0 7 18]
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Fig. 2. Ordination of 36 plots corresponding to the species composition of macro-invertebrates along the

first DCA axes (solid triangles, plots; numbers 1—-4 above solid triangles, four seasons; capitalized letters
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Fig. 5. Dendrogram showing the similarity in macro-invertebrate communities among 36 plots.
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Fig. 6. Dendrogram showing the similarity in important value indices among species.
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Fig. 7. Ordination of 28 plots corresponding to three environmental vectors, DO, pH and salinity, along
the first two CCA axes (arrows, direction of maximum change of the variable across the diagram; solid
triangles, plots; numbers 1-4, four seasons; capitalized letters A—1, sampling stations).
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Table 3. Heavy metal contents (mg/kg) in the macro-invertebrates sampled at nine stations in the tidal

zone of Tatu Estuary in 2000

Station code  Location Species

Cu Cd Zn Pb Ni Cr As Hg

A Vi =S/NF Uca lactea

B Hitg Uca lactea

B2 PG Laternula marilina

C i Uca lactea

c2 HE Laternula marilina

D HEk#E R E  Ucalactea

E JuE Macrophthal mus banzai
F iREME  Ucaarcuata

H PEkiEILR  Ucalactea

875 215 665 285 195 205 148 01
766 265 695 29 205 24 092 0.07
245 35 57 52 32 315 215 0.06
815 315 705 27 185 22 0.72 0.04
515 31 118 515 41 55 366 0.06
101 16 87 25 22 17 0.88 0.03
108 21 705 28 225 44 13 0.05
92 26 73 26 12 85 139 0.07
130 265 975 265 23 19 0.88 0.03

(a

Hg

Cr

Ni

Pb
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Cu
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Fig. 11. Dendrogram showing the similarity in heavy metal contents in macro-invertebrates among heavy

metals (a) and among stations (b).
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Fig. 12. Ordination of heavy metal contentsin crabs and bivalves at nine sampling stations along the first

two PCA axes (solid triangles with number 1, crabs; solid triangles with number 2, bivalves; capitalized

letters A—H, sampling stations).
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Fig. 13. Ordination of heavy metal contents in crabs, bivalves and soils along the first two CCA axes

(capitalized letters A—H, sampling stations; solid triangles with number 1, crabs; solid triangles with
number 2, bivalve; arrows, soils).
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Fig. 14. Ordination of heavy metal contents in crabs and soils along the first two CCA axes (solid
triangles, crabs; capitalized letters A—H, sampling stations; arrows, soils).



Fra MRS 4(2) : 9-29, 2002

o\,

t

P B Ve s BhRE SR & TSE LS
BH ~ e HEEY) o BA(E 1979) ~ FaJHE(ARSE
1996 : Al 1997 : #k KA 2000) S Hit BHET) 53
Hr(EEE 1998 : #SE 1999) F5% » v) FRHEIE Y
JECAZE Bl BESR HI @30T #6458 45 FH B STk
R > H A DL % B JERE SRR SOk %
(%1 1994 : #f 1996 : #HI5F 1998) - A LLHIIEET
SR AU AT B ~ i B - 2B EEE)
W E A AT (B 1993 - 1994 ¢ [ KL [
1994 : 2] 1994 : Z|Jz Ak 1995 : 55 1998) »
PRI SRR &2 2ERAT LARGR ARG T Be /8 M e 1%
=+ o HR85y DLZe S B E o AT SRR > R
ST T ERARLIPCA 553 > B FAPCARIS MThs
RANRFE G (fk 1987) - KIEEA BHSEF]
FARE [ 53 7 B ot B33 PR 53 A7 > R 3% BRI
R & R R PR - DAAR BH A
BYIIRESRIIS -

B P PG i o B B B SRTT S sk Bt A T
S LRI O R SO IR e % (215
1993 > 1994 : #| 1994 : %L & 1995 : #t
1996 : BREE 1997 : #f 1997 : #f 1998 : &
1998 ; % 1999a : Al 2000) - FHE! A2 SC Kk
v G SRR PEEE AT BIRETE i )
FHE BHEEAS [R]85z bk 1995) » 8 SCIR ] Ml
AR JES A% Bl P A B 53 R 1.0 {18 [ fk( B 55
1993) - JEELFERATRERE SZRH ~ B - KE
SR > 1 ELAE AR R RE R R L S AT
JRIKI(Z155 1993 - 1994 ; B[ fz Ak 1995) - [fi%F
I ) Vs Bl e R e R0 st LR ey o HORER
BG » (HFEAES A BEAE 52 > (SR FAE R
[E (BB AR 1995 : B 1997) » Lk A it 5
TR T > ZREfIT 28 SR AN R (s () 72 22
HARE ©

2o BT SR Bl ) SR B SR STk > #D
B R SIS AR BN ) BLER SRR T AH B - WS
s INBU JECASE Bl o A1 B SR T SRR PR BRER [

25

TR R o A1 B R B
S SR SHEIR AU B Y > - BRI RS R
WA i A IR EE B - ORI AR A TR - B
SBLEIREE I T2 nI RS B 2T - 7 a BRANHS
i E A SRR (15 1993 5 1994 : #1994 :
Bebk 1995 : B4 1999a) - (i —f SRR B3
BB AL P K S ~ VA AR BpH il
4o HIFA BRI HY A Bhi FERE e BUR (RS2 R
SRR IR T 2 RO > IRER T AR T AT
HIFIEREL R 9% IBEF 2 ATRE A 1K
Tl Y276 WS N BRER IR 7 18 1 - A e
& HLAT o3 IEEREE R T H R ) ) R/ VIR
AHHEE o BAR eI BERNTT S - A5 [FEEH
JERY B =R BB AR T - BN R A2
HAE S SRR - KA et —5 FIl fH gl
RUSET [ 3 ATACAS SEAR kg - JEMLLT 3 A7 LA
T AW FRhFge 2 SRR - SIS DUHE i)
FE SR B S B T 388 2 BROBE 1 AE B M (1 S
1998) o HHE AT HIE BIEE H 28 WU T
o ATy AR B e R P > AT
i SR KB R JECAEE B BESRII AR - 3R
EE YRR B R ER BRI T - {ELIG R
FEE RIS BHGR o HHRS AR F5 iR /KA S -
KT [ A 3R K il o2 7K B B Y e 3t [ A5 R
FEFE o (LSRN FUA ~ BERERES - EHEEE
& HARE - SERFEEE £ SRS G R
8 ~ AL UG T R BRSTUG o 2 o B
R F BRI A 15 DI AR SURA -
BRI Py —F ZERE FE GBI - C ~ ERRBENL
NLFE RRL IR HRE 1 - S PEERER A T (EE S
Prae - BRI P TR0 FE S (5 8 By [ 58
FRIRIEIE o NLFAFE FEHE KERID ~ HEREEREZ
EHE A RER o AR RIEINME S 2
FREFERI R IR S, - FERARR ]2 -

H 8 VEER 1R 5275 Y18 ol — 320
EEEE - HATE A S G 2 S DLE S
JERs £ (EEE BT LR E S
B - O MARE B (Al 2 22 5 > TRARE



26

TR HAE R S o R A TR (T B AR
2000) - W52 I PR B A 7T S (2]
2001) - [Kit B < A= PR IR & B B RAEE
S o /A HIRFFE SRR =522 S35 I 2 i)
R FRHETT AT o HEREE LUK
£ o BFSE B ANE] s K i < S e B
ANz &R A - FlEYRE N ZE
<2 ) AE B AR GOIE A {H AN I8 k]
Al BUEANE A2 SR (HESF 1994 ¢ 2] 1999 -
By 2001) o SRR 1B B K S EE A
(%1 1998) - = BJE 75 GG HI S B A =L 2
ZUE - SRS EARAIRT S - A E et
SEPIE RS PR > M o MESR ASE)) Rl A
FHEE L - (BT AR B2 2 AR P0feE AN
e b 2 S PR 2 - SR R T R o
P BRIELZ ] 5 B 22 P B ISR B IR
TRTRJHIN A FHRE - HESt - SERER UG & AR S)
Vg NE S BN E AR 0 B8 B - 80
PR~ B B R EA RS BRRR SR o
D ~ F ~ HERER sl o JER B Vi A B <5 i o
SZEE S #8 ~ BR 8 ~ B0 - 88 SRFVIH HIEE
LR - A - B~ CERER VST AEE) PIHE A
B B T E SR o ARINAT
FERR AMEE - [N 75 3 S A2 RE AT RE 3E A
SO o L HTIIER BRI - A0 DURIT B 77 =0
HEE—DEET -

51 R STER

Tl S~ FRIE RS -+ )8 o B AL 27
()R ZER - HEEEIRET 3(3):
257-270 -

MR - 1979 - B EERAL s R Ty AR
IEEFT MEB) W) Be 1BESE FHRFSR A A 2 52 -
EERERGUIEFTE AR S © 63H ©

FHGEY - 1991 KRR /KR PR e I B %
JERE TR - R @ RETIYE - IR
ERERIE RS S SRS E DT -

KELE AR B IREER 7 AT

BRSEE ~ BPTZE ~ 20K 2 1997 - # kifg/+
S| AR B T IFSE o 123 Bl i oe
FEREE T ES 06-3-86-0318 it © 77H ©

FHEAS RS - BB ST

RS Bl ~ AR EERE - 2000 o & SR AL AR
KR IR 2 ZRHf B H & b - 200081
fTRs B L HERaT & - fE5H -

AREERE ~ E e - EMRZ - PRSEED - BRI
Jiff o 1996 o 77 <8 ik fr FEAH AR By F JE
BER 2 SE o [ &8 PHE0 BRGSO K&
TREEZ IS - (1) &gk - &
EEL MR o R UL SEREER B R 22 B R
Jeith - 219-2845 -

ARG A = 1997 © 5 WP R 15 6 SR 1
I R R B SR A W R 22 L TR o
SCORE'97 (9735 A& 5 BHLERER 224
TF &5 8 S R 9K i ) BT SE AT ¢ B 2 G
H) o HUWERHEAEE -

AREE R - 2000 © B i H IR LR [ B od v E 28
NP A BB B B S R i - B
bTiEkfs < 343K

AW ~ TRTESE ~ B8 2 1994 - A FaHhlE
MO S ES B S B2 E Y o EE
U MR 8 B B I A e A S HE166-179
B o HHEEREE AR

PR SEUEH ~ B B2 - 1994 - JES AREERE MEBh WL
TRAFF S v 1 4 S S R A I A5 11 A
€ o Vg5 VR A RE R R E AT i SR
144-154 5 - rpafE R0y 528 g o

BRAAKE - 1987 o KFLIR 15 ALK 3 1 2 1t
5% o [T GRILIHIE -

PR K © 1994 o K AIR M 7K & B A e A7 257
JREE o 55— JeE R WY 52 S KEER A A e
ARSCER o

BRAAR KR - 1997 o KRR K G (R HIRE
TR A B BRE B 3 - ALIRBUNZ
FEAFSE o BRI AEENST - 39 -



Fra MRS 4(2) : 9-29, 2002

B ~ 12 TFA7 © 1997 o A IR T /K B R
AR 2P EEE - EE BRRE T
S EE118-133 -

e I o 1990 o & iR A2 M b Ry HoR AR
ZBAFERIH o B RERK R R e TR
TH5ERT - 209 ©

IR 0 2001 o FF LI FL0E BERY - v
B S VP REORT B < A 2 TRAR B e
1t o BERERRUERTIE M SC < 123K -

BEALRREURT ~ & HEREURT © 1994 o KARIRT
FERACEIE IR B BB ER) -

EALBREURT © 1996 o A HHIR M AR PR £8
B R o WALBRBUT ZETHHYE -
EHAER A+ AR TR ERTST ©

Bk B © 1999 o & EPEHE IS TR A E
JE S L R RS o & K BN PERT
REAERST -

BIHE B ~ #RIHGE - 1983 - FRAMMEDY) EREEE -
EIETE S - 4621 -

A $5 - 1994 o % AKIn]{A] 1 (A 22 B AEED
VINIREIR BIRE o BT A0 KR B 22T
SR AR o

A 85 ~ ARIFERA o 1995 o 4 ZKyn]ya] 198 Fi7ie
ZIEREENYIRE o B ER R A R AR RE
TRE ST @i sC 82159166 E -+ #E RH
Uy LSEREr o

Bl ~ 3 EGHE ~ BRE<E - MRS - B
e o 1998 o <5 T34 WA JES AFEER 45 B K AU
JEARE PI) S3A7 o B SR RIS 8(1):
12-25 -

ZlEfhn ~ EEE - =8 - MEE -~ B#%&
Bt 1993 o & ¥ VY I e AR & TR R
ol - WORIIEERHFAE - GEE
B APt & 082 4R 2 BB it
PR TRR - 71-121 8 -

ZIEF A - 1994 - &SGR AW EFRF A - £
YR FHAL S @ ah SCHE355-402K - A
ARG VISR B O HRR ©

27

ZIEphen ~ BEAGE ~ EEERE - G5 - Ml
75~ AL - 1994 o & EEPY EE )
EIFFIE o 1| - AR TTEEE &R
o G ERE YR E 083 4E
FERRBRIFSEE T B TR - 101-151F -

ZIEF A ~ Z=AEE ~ = 52 - YU EEVE - 1998 o
B B (7 R B B A X T 2 T
5% o & AR RS R E 08T A
FEi BRI e E TR TR © 18-27 K -

ZIEF My - 1998 o K LRI B7 Ak B A4
REE TS - RiE AR B LR A1k
RRBURT HIR - 1605 -

ZIERha ~ =5 - AR - FFHE - 1999a -
E 8 PEEE e A B o FrE Y
PRE TR Eram SCHE16-47H

LR ~ 23K ~ =52 - P EVE - 1999b -
WA= B (A R B B A5 N 2 T
5 — LK B 1 5 DY EY A= Hfy PR 3
B o & AR A E I SR E 088
AR BRR e T A TR © 113 -

ZIEF A o 2001 o KA E 11 Hb IR 5 s T
5% o BN AT 43: 1-25 ©

TR 0 1996 © IR /KIFIAL ISR AR I 2 EXE
BESRASAE (Rr 228 L+ DAY e i ikt
HIRZEE o RIS AR AR RE R ST & 3 SCEE
199-222 -

TR 0 1997 o AR o [RKI N A
VIEEER Z BRI |~ [R/KIE5 YL 8
TRE AERE RS W] R [ BRI G
YR B AR A ERER oA AR A ) TR BAR
H56-1-6-58H - 1TEPEER bR i &
(EPA-86-G106-09-14) -

I SH 0 1998 o & SR W2 IR IR 2
— R A e R R R o [ SR
13 b e Y A2 BV 2T 9 ) WFge
ARG (=) o FEt#E+— - B}
@ °

T HEGH ~ SRMER ~ GG E - 1998 o KR



28

HEBIW o [IRIKIA R 15 5L BER # A FH
FEERBIREFZEE | 318 (EPA-87-G106-03-
05) HoK# 15 #6-1-6-51 F - 1T EFEiRER
PRAEE -

S EL ~ PR KSR ~ SOIEY ~ TR 2 1998 -
SR TT B R 4 [ T 1 v R B R SR A
B 2 19871997 4 o B 5K R AR
8(2) : 79-99 -

S R~ BEHHRES ~ PRk ~ HEIEEE 21999 o
2RISR LR B R P B R B SR
(IS8 o [BI5E/ARIEH 9(2) « 112-130 -

BHEE J - 1988 o sz {LMR{H AR vt S RE R
A LR o RS EETIIYE o

BRIG (58 - 1987 - A BEARE 2588 37 77 15 2 T
SE(III) o [oRikes 65 43 B BAH B9 5341 5%
31| o HfiEERRELZRT] 20(3) : 45-68 o

Clymo, R. S. 1980. Preliminary survey of the
peat-bob Hummell Knowe Moss is using
various numerical method. Vegetatio
42: 129-148.

Everitt, B. 1980. Cluster analysis. 2nd Edition.
Gower Publishing Co., Hampshire. 136 pp.

Gauch, H. G. Jr. 1982. Multivariate analysis in
community ecology. Cambridge University
Press, New York.

Hill, M. O. 1973. Reciprocal averaging: An
eigenvector method of ordination. Journal
of Ecology 61: 237-249.

Hill, M. O. 1979. DECORANA - A FORTRAN
program for detrended correspondence
analysis and reciprocal averaging. Cornell
University, Ithaca, New York.

Hill, M. O., and H. G. Gauch, Jr. 1980.
Detrended correspondence analysis: An
improved ordination technique. Vegetatio
42: 47-58.

Jolliffe, I. T. 1986. Principal components
analysis. Springer-Verlag, New York.

KELE AR B IREER 7 AT

Kovach, W. L. 1999. MV SP-Multi-Variate
Statistical Package for window, ver. 3.1
Kovach Computing Services, Pentraeth,
Wales, UK.

Maarel, E. van der 1979. Transformation of
cover-abundance values in phytosociology
and its effects on community similarity.
Vegetatio 39: 97-114.

Noy-Meir, I. 1973. Data transformations in
ecological ordination. |I. Some advantages
of non-centering. Journal of Ecology
61: 329-341.

ter Braak, C. J. F. 1986. Canonical
correspondence analysis: A new
eigenvector technique for multivariate
direct gradient analysis. Ecology 67: 1167-
1179.

ter Braak, C. J. F. 1987. The analysis of
vegetation-environment relationships by
canonical correspondence analysis.
Vegetatio 64: 69-77.



BG4 Pse 4(2) = 9-29, 2002 29

Benthic Macro-Invertebrate Community in the Tatu
Estuary and Its Relation to Heavy M etal Contents

Ching-Yu Liou
Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

Abstract

Tatu Estuary in the central western Taiwan is the largest coastal sanctuary of the island. To
understand the interaction of the benthic macro-invertebrate community and its surrounding
environments in the tidal zone, macro-invertebrates were sampled seasonally at nine sampling stations at
intervals of three months in 2000. Salinity, pH value, and dissolved oxygen saturation were measured
seasonally. Contents of heavy metals, including cadmium, nickel, lead, zinc, chromium, copper, arsenic
and mercury in soil and macro-invertebrates were analyzed. The results indicated that there was
conspicuous variation in the benthic macro-invertebrate community structure among the sampling
stations, but not among the seasons. Water quality affected the community structure. The heavy metal
contents were highly variable among the stations for soils, but not for macro-invertebrates. The heavy
metal contents were also more variable among species than among sampling stations. The contents of

cadmium, nickel, lead, zinc, chromium and arsenic in bivalves were higher than those in crabs.
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