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Abstract

Taiwan is an island surrounded by its vast marine province. Theclsirg
coastline represents one of the most complex systems in nature. Ocean Engineering is
devoid of bionomic data as heretofore.

The paper investigates the marine communities around breakwaters at
Hsin-Chuy An-Ping Hsint& Wushykeng fisheries harbor frogep 204@ to July 206
sampling of seawater and marine organisms on armored blocks. In order to find out
the ecological property of the study region, we investigate the water quality and the
biological performance and analyze the data of organisms usrgyntilarity and the
indices of diversityThe performance of the Benthic Index of Biotic IntegfiB-1Bly
will be used to evaluate the degree of ecological effects in whole studying area.
Finally, we expect the achievements will provide a useful consultation for evaluating
the ecological effects with blocks in the future.

Keywords: Ecotechnolod Envirorment Monitoringy marine organisms
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6 1.20027 <Y N A QN <ne (ind/m*)],
CTp 4 (@ md )
species Al A2 Bl B2 C1 Cc2 D1 D2 E TOTAL
k] Amphipoda
Ampithoe rubricate 38 75 123 236
Autonoe angularis 38 38
Corophium volutator 19 85 11960 386 9 12460
Caprella btusifrons 9 9
P -2 Ericthonius rubricornis 66 141 66 358 631
] Eohaustorius subulicola 264 9 952 1225
P -1 Ischyrocerus kroeyer 66 9 584 349 85 170 330 9 19 1621
r Kamakm Derzhavin 9 132 707 848
T Oediceridae spl 254 123 66 9 66 9 179 707
f Urothoe sp. 5297 1791 189 19 207 19 226 19 7766
3 Cumacea
Bodotriidae sp. 160 9 57 217 443
R 3 Cyclopoida
Cyclopidae sp. 9 38 47
rR3 Decapoda
b U Diogenes spinifrons 38 556 594
U Pagurus geminus 9 9
Polyonyx bella 217 217
f Brachyura
& liyoplax sp. 141 9 151
re Macrophthalmus abbreviatu 19 19 19 57
€ Macrophthalmus &anzai 9 19 75 914 311 594 170 2092
n Y Matuta lunaris 38 28 19 9 38 57 189
ré o4 Mictyris brevidactylus 547 4552 971 38 1989 3610 7172 141 19020
] A TH Nanosesarma gordoni 57 9 47 113
i Scopimera bitympana 226 9 9 28 179 47 500
P F Tmethypocoelis ceratophorz 330 9 339
A4 Helice wuana 47 19 19 198 9 292
p T Pinnotheridae sp. 264 264
p Pinnotheres sinensis 19 19
o Portunus pelagicus 9 9 9 28
Ko Uca borealis 170 28 28 9 9 245
=X Uca lactealactea 198 236 434
pni Philyra pisum 9 9
€ B Megalopa Larva 28 38 47 179 28 151 160 113 745
f Penaeidea
Alpheus sp. 94 19 113
n Automate sp. 9 19 28
Penaeidae sp. 19 38 38 94 9 57 9 9 273
dx Upogebiawuhsienweni 9 9
R3 Isopoda 0
e  hhw Gnathia maxillaris 47 9 57
5 Thoracica
& Balanus uliginosus 9 9
R Gastropoda
7 Eulima bifasciata 9 9
Littorina scabra 75 75 773 254 9 19 1206
A 3 Littoraria unaulate 19 9 28 9 28 66 38 198
y Thais clavgera 9 9
Ha 3 Natica lurida 19 28 19 151 9 226
[5%¢] Polinices didyma 9 9 9 9 9 9 57
T Nassarius nodifer 9 28 9 9 28 85
noo Decorifer insignis 19 19
To Umbonium vestiarium 19 141 160
Bivalvia
Barbatia uwaensis 9 9
e’ Laternula anatina 9 1244 1188 85 660 16494 1904 9 21593
Mactra veneriformis 85 28 170 19 9 179 19 217 9 735
R Hormomya mutabilis 19 57 9 19 104
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® 1 2002y K T, A Q1Y T

Species Al A2 Bl B2 C1 c2 D1 D2 E TOTAL
L Crassostrea gigas 19 57 75
Hiatella rugosa 113 57 302 47 28 547
n Sanguinolaria diphos 9 9 19
6 0 Subgenus macoma s.s 66 66
Tellinidae sp. 330 1188 735 28 132 349 9 123 405 3299
Felaniella sowerbyi 9246 2356 3120 19 9 4496 38 85 339 19708
Yy - Anomalocardia producta 9 9 19
n Cyclina sinensis 9 9 123 245 85 47 9 528
i] Gomphinaaequilatera 104 9 19 19 151
n Meretrix meretrix 38 28 123 9 9 19 9 236
Paphia sp. 481 113 94 688
WA n Posinia japonica 9 38 47
3l Ruditapes philippinarum 9 9
1 Macoma sp. 28 28
Bivalvia sp. 9 9
. R Polychaeta
Orbiniinae sp. 434 339 735 28 3101 38 160 4835
Hb Capitella sp. 471 189 57 4383 2309 5306 811 368 198 14090
M Armandia intermedia 2356 924 1706 47 9 1140 19 104 1065 7370
E Perinereis aibuhitensis 66 38 9 179 38 57 292 273 57 1008
ns Psudopolydora czerniavsky 1348 123 1470
ow Melinna sp. 528 528
1 Spionidae sp. 19 19
x dE Glycera subaenea 245 170 273 113 9 94 28 716 1649
PdE Goniada emerita 518 123 443 47 38 9 1178
b E Magelonidaesp. 9 9
R E Lumbrineris heteropoda 66 198 226 66 405 38 999
Prionospio sp. 9 28 368 47 452
E Diopatra sp. 38 104 9 38 66 38 292
<] Laonome albicingillum 9 19 28
Chaetopterus variopedatus 151 151
1 Chaetopterus sp. 38 8445 8483
Eusyllis sp. 28 19 9 57
Cirratulus cirratus 9 9
dE Nephtyidae grube 57 57
dE 1 Nephtyidae sp1 19 57 226 302
v E Paraleonnates uscharovi 9 9
A Paraonidae cerruti 75 28 104
1 Prionospio sp. 47 123 85 254
1 Spiondae sp.1 9 9 19
R Polychaeta(unknow) 75 75
A Oligochaeta
A Oligochaeta sp. 19 19 57 170 141 75 481
8 Q Echinodermata
X Sinaechinocyamus mai 75 386 462
FE Q Sipuncula
TE Q Phascolion strombi 85 85
GO Sipunculus nudus. 38 9 292 19 358
£ Q Nemertinea
£ Q Nemertinea sp. 66 28 123 217
N Nemertinea sp.1 19 75 9 179 85 368
Cerebratulina sp. 9 9
R Brachiopoda
pp Lingual nuguis 9 9
z" Other
i} insect larva 9 47 19 19 57 151
Periophthalmus modestus 19 38 57
" Gobiidaesp. 9 19 28
X3 Operculina ammonoides 9 9 19
a~ unknow 19 19
. 20943 12809 10829 9887 4533 21574 38869 12564 15382 147389
Q 38 46 40 54 30 43 40 35 45 103
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species Al A2 B1 B2 [e1 c2 D1 D2 E TOTAL
k<] Amphipoda
Ampithoe rubricate 9 245 123 9 387
Autonoe angularis 9 66 19 94
Corophium volutator 453 274 9 736
Corophium sp. 9 28 38 160 38 19 19 311
P -2 Ericthonius rubricornis 9 9 19 19 57
q Eohaustorius subulicola 406 519 66 47 396 1434
P -1 Ischyrocerus kroeyer 38 28 66 9 66 19 226
r Kamakm Derzhavin 19 38 104 38 198
T Oediceridae spl 170 38 19 19 123 368
f Urothoe sp. 340 123 1179 47 9 28 66 311 2104
3 Cumacea
Bodotriidae sp. 9 38 a7
MR 3 Cyclopoida
R Cyclopidae sp. 9 9
r*R3 Decapoda
b v Diogenes spinifrons 19 28 a7
v Pagurus geminus 19 19
Polyonyx bella 962 962
f Brachyura
I € Macrophthalmus abbreviatus 38 38
€ Macrophthalmus banzai a7 9 75 123 425 575 377 1632
n Y Matuta lunaris 9 9 9 28
T el Mictyris brevidactylus 47 2028 311 28 283 170 104 2972
T Scopimera bitympana 170 75 28 170 104 19 566
T Scopimera longidactyla 28 19 a7
x4 Helice wuana 19 9 9 38
FRG llyoplax tansuiensis 9 94 104
p T Pinnotheridae sp. 9 9
o Portunus lagicus 9 9
o Uca borealis 9 9 9 28 57
6i Uca lactealactea 28 85 387 9 509
m Co Metaplax elegans 57 57
pni Philyra pisum 9 9
® E Ocypode stimpsoni 9 9
®'QCO Hemigapsus penicillatus 9 9
y 4 Helice formosensis 9 9
(S} Megalopa Larva 28 94 28 66 160 377
f Penaeidea
N Alpheus rapacida 113 38 104 9 264
Palaoemon sp. 9 9 a7 19 9 9 104
[¢ VP Upogebiawuhsienweni 9 9
R3 Isopoda
LR N Cirolana sp. 9 9
R Gastropoda
R Avrchitectonica trochlearis 9 9
F Clypeomorus coralium 9 9
3 Littorina scabra 19 9 19 57 104
A 3 Littoraria unaulate 9 9 19 9 47
y Thais clavigera 28 28
n Mitrella sp. 19 19
Ha 3 Natica lurida 47 47
€3 Polinices didyma 9 9 19
Nassarius bellula 57 9 75 9 19 170
T Nassarius nodifer 9 9
Nassarius festivus 9 9 9 28
Nassarius sp. 38 38
0 Umbonium vestiarium 19 19
A Batillaria zonalis 19 19
Pyramidellidae 19 19
Tornidae sp. 19 9 28
Bivalvia
e’ Laternula anatina 28 75 613 396 3123 113 9 4358
Mactra veneriforns 132 38 9 179
R Hormomya mutabilis 38 38
L Crassostrea gigas 38 19 57
n Sanguinolaria diphos 19 19 9 a7
6 V] Subgenus macoma s.s 19 19
Tellina jedonensis 925 57 858 811 9 66 57 9 2792
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Cip 4 (@ mPM )
n 0 Tellinarutila 75 66 19 9 170
species Al A2 B1 B2 Cl c2 D1 D2 E TOTAL
Felaniella sowerbyi 255 1009 226 113 9 9 1623
Yy - Anomalocardia producta 19 19
n Cyclina sinensis 160 85 85 179 28 538
i) Gomphina aequilatera 19 9 28
M Glauconomya chinensis 28 9 9 47
n Meretrix meretrix 19 9 19 47
n Meretrix lusoria 57 47 9 113
wA i Posinia japonica 19 19
(S Scapharca satowi 19 9 28
Q Amilida
_ M Polychaeta
Orbiniinae sp. 75 75 57 19 9 28 19 283
H Capitella sp. 38 9 9 57
H a Heteromastus sp. 9 47 245 1566 2491 5425 57 9840
M Armandia intermedia 1009 481 679 94 28 179 660 3132
E Perinereis aibuhitensis 9 66 170 377 38 660
ns Psudpolydora czerniavsky
wAE Nereis japonica 9 9 9 47 94 19 9 198
1 Spionidae sp. 9 9
x dE Glycera subaenea 113 a7 132 19 19 19 19 368
PdE Goniada emerita 38 9 217 9 19 9 302
wAPdE Goniada japonica 28 19 877 75 113 57 19 1189
R E Lumbrineris heteropoda 47 19 28 38 132
i E Neanthes glandicincta 9 9
E Diopatra sp. 38 28 19 47 132
() Laonome albicingillum 28 19 47
Chaetopterus variopedatus 575 575
1 Chaetopterus sp. 9 9
Eusyllis sp. 19 9 28
dE Nephtyidae grube 28 28
v E Paraleonnates uscharovi 19 19
s Paraonidae cerruti 9 9
1 Prionospio sp. 9 9
T1 Spionidae sp.1 9 9
Eunicidae sp. 9 9 38 57
R Oligochaeta 142 142
A Oligochaeta sp. 113 113
6 1Q Echinodermata
4% Archnoides placenta 9 9
FE @ Sipuncula
Qo) Sipunculus nudus. 9 85 94
£ 1Q Nemertinea
£ Q Nemertinea sp. 9 9 38 57
Cerebratulina sp. 9 9 19
Al Other
0 insect larva
[ Telmatogetoninae 28 28
€ Boleophthalmus pectinirostri 28 9 38
Periophthalmus modestus 9 9 9 28
Gobiidae sp. 9 28 9 9 57
X 3 Operculina ammonoides
f Pennatulacea
Virgulidae sp. 9 9
X 4066 4915 4566 4226 3538 5151 11113 972 3755 42302
Q 35 31 43 48 28 39 31 17 33 105
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Q19817 1H 1y 20027 1b, =y Vo <MHYdn =@k
W el € p E 4 p E i CO
a a total average

19811 abundace 3100 1500 1200 6400 4000 3100 8300 10000 NT 37600 4700
20021 abundace 1178 1847 829 1159 226 3214 622 500 1235 10811 1201
19811 Q 22 16 30 28 36 32 31 32 NT 106
20021 Q 13 11 15 16 5 17 14 12 21 53
19811 H' 1.2 1.2 2.0 1.0 1.7 2.1 2.1 2.0 NT
20021 H 1.7 1.6 2.1 2.0 1.2 1.7 2.0 2.1 2.3
19811 J' 0.5 0.5 0.8 0.4 0.6 0.7 0.7 0.7 NT
20021 J 0.7 0.7 0.8 0.7 0.8 0.6 0.8 0.9 0.8

5 €H 19817 --0.94mm 20021 --0.5mn},
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® 4 n Y Aly i 4 p E Y D1y 19817 1 200271 =y Yo <( HND)A =( JIM)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
. 1981 abundanc 3100 6500 4200 900 800 800 600 500
‘ 2002 abundanc 1178 3704 4694 3638 2799 1838 1084 434 311 330 198 735
n E 1981 abundanc 11200 7500 7800 1100 2600 5200 1900 6400
2002 abundanc 622 3120 3478 4543 11715 6880 1989 2347 2309 452 481 933
. 1981 Q 21 20 19 18 15 14 15 15
/ 2002 Q 13 13 12 17 13 14 8 11 10 11 8 8
n E 1981'Q 32 26 24 20 30 26 21 31
2002 Q 14 17 16 12 12 15 10 11 12 11 12 11
. 1981 H' 1.2 0.6 0.8 1.0 1.8 19 1.7 1.9
’ 2002 H' 1.73 157 118 151 137 186 1.07 196 179 212 172 1.48
n E 1981 H' 1.8 1.5 1.7 1.8 21 18 21 19
2002 H' 2.0 1.9 1.2 11 13 12 10 12 11 17 23 17
. 1981 J' 0.3 0.1 0.2 0.3 07 08 08 08
’ 2002 J' 068 0.61 047 053 053 0.71 052 0.82 0.78 088 0.83 0.71
p E 1981 J' 0.5 0.4 0.5 0.7 07 05 09 05
2002 J' 0.8 0.7 0.4 04 05 04 04 05 04 07 09 07

5 €M 19817 --0.94mm 20021 --0.5mn},
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®5 YW 19817 ---20027 A QR ®

T B Aq a (%) ¥ pH -

1981 E 5 0.13 7.6 32.5

M 2002 E 1 0.08 7.7 31.2
1981 ¢ E 5 0.13 7.7 32.5

2002 o E 2 0.13 7.8 31.6

1981 E 3 0.14 7.5 31.6

A M 2002 E 10 0.12 7.7 33.1
1981 ¢ E 3 0.14 7.5 32.8

2002 ¢ a 44 0.7 7.6 33.5

1981 E 18 0.37 7.7 33.3

€ 2002 a 30 0.7 7.4 31.6
E 1981 a & 14 0.28 7.6 32.0
2002 o E 7 0.49 75 30.2

1981 a 50 0.67 7.6 29.2

4 2002 & 30 1 7.3 28.5
E 1981 ¢ a 43 0.66 7.7 20.5
2002 o E 2 0.1 7.4 19.3

97



Q E "H 2001

A1(120.907,24.7685 A2(120.903,24.7716 B1(120.909,24.7796
B2(120.904,24.7788 C1(120.911,24.7970 C2(120.906,24.7984
D1(120.908,24.8074 D2(120.905,24.8070 E(120.8984,24.7589
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a0 Q Co £ C Coaov
UM € NET N

> P
S0 " Y e vYym AYAsr =Y, » n H
EYAGd "~ EAE " Lo QN NMMN ) SAE
Y., ny O ~ oy Qw - (biodiversity) A I ] M E
A (1993)1 aAYs 16v0~ " YQ M 11,896e | ~
O71 3266 L ZMBUO uml YN AYWM ~ YW EW] A
Q YN 1,600e | € A FY wNQ €
AR Ltz£E4y1 Za AM L t37 @
Ada W, 1@ <A YO 1 e n o O
w” A YANA3AOY N © N § WIO
Yy "F Y EN YWM T WM fr & MoQ ON TAY
B d L
n r COF E A
nQ w < (Biological Community Diversity)l 2 4, aYC’'
nqQ ~ "H wnn L, MacArthur (1972 | nn B 'E  (Niche
space) EY Y QM NB ® <nN Y. AU
nooA oYW, vl AN H o}
eC NnNQxz AN B (ecologicalniche)Y W. n BHy
Z NVPLYE viayY A s T YKo +t¢ nn|eE

o]V xX1Y, Q H ARG
EYgCOY ¢ Z2-Q N1
3

(Pianka, 1983)° ¢4 ©® A BY
i A vas€eYw Rz A
M

QY~ E%Q|L. " Q m BE €EHEQ N
B~ (ecological niche overlag) #n ...( Cody and Diamond, 1975)
o) n B [ neéw M FoYenm " H
wnA Y MacArthur (1958 ¢ X N7 (warblersy v n n
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BN A ny QA NMA" A  via CH RA Y
p) Y A QY~ QlA v z &r N Y
Root (1967) h+t " f (Guid, ~é<¢ ¢ 7ANAO, onm

N <y N3€y N+ ¥y N BpQ YH | n MTR &Y
O. omén n € (Cluster Analysis)Y 'Ho 2 u n £ (Principal

Componens$ Analysis\v * & M (Pianka, 1988 Ludwig and Reynolds, 1988)

FOAYNR Kwxi” . NY® B N Q OA3
Al

“Fo¥wn 17 _ n & AY Wagner (1988 Cale (1994)
n C mné AYné " G A o] Suhonen, et. al.
(1993p 1 3. CméEAYunéE QN NB N (Predation) “ f

A | Poysa (1983) . _ mné€AvYn © N NB I
n vinn ..] Gullet € Crowe (1985)b i _ R
e " MW NBW "¢ M. Ay n Xw nej
O NV NM v "7 APe2Y, N NM "

A Y . = n NM 7 unu 7T X ..M~ ~ P 2 (Ricklefs
and Schluter, 199B)~ Q O M YAAu pW N & M

= (Furness and Greenwood, 1993, Szand Johnston, 1996) 'l ¥ n

~

QM ¢ F SR T MQ Q9 Y N
OHIKH AC |

) n " E nQ An EtY, pwKn N
6 T YNM N O Il enNo4 u s O VY, Z
H X AN LI HW T3 (Odum, 1994 Henry and Amoros (1995)
W3> o8 A pNN N O tWY p i N O XA
T 7 EY™ A 4O n N~ “ /Y~ O> " N
C) O pME P LN Vi YL Y& tfon N Ono

Ly o U Yz NQ A YQ . Ynoo ¢

Q Nvn BN N On3s Y, un ¢ N EN2naYKv W

Q OyUwzT Vv Vvl Bzi |



Cy Anéllz
Y N B “f MNunéH . R é neEvYo
T3t
YOy R ® -

v 1 Shannon diversity index (H):
H=-F (i/mIn(n/n), n £ i M 5Y~nk 11 A M A L
Y 3y 0D unué (Principal Components Analysis, PCA)

hWo DG Y ° B ., Lodwuwne

A0 vZOotCuodT UA {4 | Y 1K o. N

A <Yu f  wmésnQ /|

Yty F unE:

2 Wt » r M YAA> 2R v n nvyo
Z NPt " AOvirQAY Zwud 747 f  (NtiamoaBaidu et.al1998)
( Yoy , WD 74" §f Y A N oYWCOH V Knuéao
Typel ¢ W toY, R é 0 1

Type2 f By ¥y 0CO E NMHE T i
Type3 ¢ WB yi rE NN €£ T L @)
Typed ¢ W| R ¥ "R R NN T Lol
Type5 ¢ WHO y E W NI 7 L @)
Type6 f WEE WO , £ ol

Type7 ¢ Wb 2 MO N L Q)
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,2003, > At Avn™H A Al vy
M A1 D A> Gt € B G
Family Leucosiidae3 T
Subfamily Philyrinad U7
1 Philyra pisurrp 1 { 3 z 3
Family Matutidae 'Y 7T
2 Matutavictor Y 3 3 3
Family Potunidae | T
Subfamily Portunina | U7
Scylla serratz | 3 3
4 Portunus pelagicu I 3 3
5 Portunus sanguinolentn 3¢ | 3 3
SubfamilyThalamitinae ki
6 Charybdis japoniciw A 3 z z
7 Charybdis annulat 3 3
8 Charyhbdis orientali: & CO s
9 Charybdis feriatu 3 3 3
10 Thalamita spiniman{ s s z s
11 Thalamita crenat: s
Family Xanthidad 7
Subfamily Xanthinat O
12 Leptodius sanguinety s S 3 S
Family Eriphiidae’ T
SubfamilyEriphiinae” O
13 Eriphia sebani@ & " z
Subfamily Menippinav U7
14 Menippe rumphiN Yy % 4 3
SubfamilyOziinae 1 07
15 Ozius rugulosu i 3 3
Family Pinnotheridap T
Subfamily Pinnotheringp U T
16 Pinnotheres boninensA  p 3
17 PinnotheresinensisM  p
18 Pinnotheredaiyangensi p
Family Mictyridae€ O 7
19 Mictyris brevidactylu: & U 3 3 3
Family OcypodidaE 7T
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Subfamily OcypodinaE U
Ocypode stimpso & E
Ocypode ceratophthalmP  E
Ocypode sinensM  E
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Uca formosensiy |
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Uca lactea lacte. ©1T
Uca chloropltthalmus crassipe
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Scopimera bitympar T 1
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07
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Subfamily Macrophthalmine €
Macrophthalmus abbreviatt T €
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Family GrapsidaCO T
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u-

Grapsus albolineatt® GO
€
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Subfamily Varunina3 U
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Hemigrapsus sanguiney  'QCO

Hemigrapsus penicillatt /4 'QCO

Fo=a

Chasmagnathus conve> @i E
Helice formosensy 4
Helice wuanid, % 4
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51 Chiromantes haematochm 3 3 3 3
Family Plagusidae T
52 Plagusia tubercula VO 3
Family Gecarcinida® 7T
53 Cardisoma carnife€ W 3 3
54 Discoplax firtipes ® R 3 3 z z
Y y 54 49 47 41 22
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®3.Avn'H BB~ €E K p AbG

NO. Mn CEbPRB|ITBExbBXbrblFblUblab|xb|rCr)
1 | N

2 +

3w + | +

4 M + +

5 ITéU + + +

6 & E + |+ | +

7 AT + |+ |+ |+ |+ |+
g PKGE I + |+ |+ | + |+

9 | Of + |+ |+ |+

10 0 + |+ |+ |+ + |+ |+
11 171 + | +

12 € + + + | + + |+ |+ |+ + + +
13|CGD» € + + +
14 [k 93 +

5y + 0+ |+ |+ |+

16 [ G2 + + + +
17 M o + +

18 Th + |+ |+ +
19 Th + |+ |+ |+ |+ + |+ | +
20 QT v + |+ |+ |+ |+ ]+ ]+ |+
21 +

22 |RR +
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