xS ESE 82): 79-99, 1998

B THRF AR RA S ¢ 1987 X 1997 4

wEm 7 Pk - g - EER?
(BB : 1998 ETH 16 H - ETEW: 1998 E8 A 10H)

1 =

TR ARUER £ S TR0 5 00 M e R B R T AN - MRS AR
S 1987 SERTRFELEE - DI RS R SR T - MR RS =Rk D
WA - R ERE - B R T MM DG e - 5 MRS R A 5 AR 2 ~ 3 m ERIEEATER (79
30 m 7KER) - MFERS R 1987 SEATR LT - TEPIEINTRS ) - CERRE i AR
TEEEHEE - - FEaeTTREE - Fes - SRR S L 1987 £
il | RERTEAGE 10 ~ 20 m ] - BT LS8l st - BREeT R 3E thEAER R - iR
FEARTE SL R AR ACER - PRIDTUIRYYIS R - SR AR ORGSR RE T fE R A B 1 A
EF SRS T RN « R = PRk IR R o BE i R R IR I« (VBB
SYE SRR - HFEMERMEETRA SRR - BRI = R B R
TR ELHERFAE 1987 SEMIARNE » A L AN - BEAL o /) RURRERE R TE M
Bt BOR A - AIRER 2 REH TG R R SN e S ERaR - A
ftr o g IR A R - AR RS R R - e B - A B
% B i MR A R R S (DR EE S - (8RR 25 0 O (e L
HIER R A S - R R TR MR AR R 2 S AT RS -
R WAL TS R R MR Y - P HER SR EART Ay AN -

Wi - T o IR - HerELETE -

] E

HREZ e AR - EMRESEERR  WHAE T ilEh B
REFR ) - HohE kil R ek b B B AATEE - AR - FFA SRR e S IR AR S ey
R - R EART S AL R TR EsR SOl BRI A fEH (Anonymous, 1991;
Wilkinson, 1992; Wells, 1995) - Wilkinson (1992) {iz12E4 10% IHHRIHEC S E
SR SRR A A 30% AURINIREr G AR - FIRELE 10 ~ 20 SRRE{ERBER
L% - AR T A B SR A S 2 -

1. BEMCEEEIER AT S0 106 FENTIREEIIEY T -
2. $THELREHE  FHIE 046 5T T 88 596 5% -
3. iERHEE -



80 % R Vol. 8, No. 2

525 A R A AR AR B AR FE RS SR - SEEESREE 2 10 ~ 20 &R - &
PRI S RS 5 iy 7 A B RSB+ GBS - R SRR - HipAE
D - BEREERSCAEE (Liddell and Ohlhorst, 1992; Done, 1992a; Goreau, 1992; Porter
and Meier, 1992; Hughes, 1994; Andres and Witman, 1995; Bak and Nieuwland, 1995;
Shulman and Robertson, 1996; Connell et al. 1997) - LIS E AU AEHER S » B 1978 £
1993 SRR » MM ZERE S0%FREEE 5%  BEHH<S%IgINE 95% @ [REEEYH
LUS e S A RS - Sk DI IS EAYBEER o 1 HL A ssmte A 15 [ #k R S St f10 1
(Hughes, 1994, 1996; Andres and Witman, 1995) = Porter and Meier (1992) 7F{isif B2
SR AU B 1984-1991 4[] - ZE AR FRAVFES HMERD T 13-29% - 1
M RIFE T 7.3-43.9% » AAUHPRIBE RSB - BEMEEPRLAERER Y « id
AP A I R H 555 (black band disease) Fl1F1{L. (bleaching) - Done (1992a)7E
RPN A CR AR AR A L iR - EEAYREMEESRRS 1980-1990 £ « #E 1L - B
R AR (28 - ZHIE AR - BERAIEYCH - I H 38 T IREE RS -

fEFP R FHEE 2T - DR E S A R - Eiaea oMt s
(IRRE - BT XK OERAERILZY) » BURHESP B 10 A e e k] A 2 o
FIREIRE A+ 0T HE W A REAY SRR 9T » (3R T i iak i B e £ SR RAF 50 3
ZF PR R E - b o ERE T REORE R e B - CET TR RIS
1% - FRIEAHAR - FERIRRRRER FBEME &R GRER - 1987 8 » 1996 © Dai,
1988, 1990, 1991a, b, 1993) » $3% Hair MEEE 2R AT AE S SE REAYIERE « 280 JTHEAR
HAE @ EAE AR R e A O KRR E - SEREERNEEATGE
SR TEF AR - AR T EMEE  TamiEEFE G IErEEEEE) - A EER
(IR B MU SR AR IR ) » L EGE HELIZR - SRS RS - 1RR
BT EIR A RE PR AR H TS (B > 1989, 1990, 1991 © %[+ 1992, 1993,
1995) » 7F 1988-1995 £ » @HEFFEAYTS 0N B AEHEY - 28 » 115 -
MG - TTYS i - S BT - BREEES - 190 A REZAIRIE - £
IR S 0 BT EF AN ENIENEERE T GECAES: THEE (B 0 1996
Dai, 1997) » {Hi2 (S ELZ 2 iPERE BAFEER  IIREFEGSE T e MsieR
FEA T a[RE ? B R ? DU AT SR B R LA BB T
fiE 7 35 SRR ph A R Y E REER A o AR RSB - A H BRI
B - FRetk IR E o B EATIERIERY -

— MEHE G

(—) HEE R E R

AWFFEin R (1987) F1 Dai (1988, 1993) HHFEIAYMERRHUEREE » i HAE
[ — i BEET TR » DAEGOTER SR R 3 T L - AR 2t R AT 2 i
HIHEE iRk R /75 (Bouchon, 1981, 1985; Loya, 1972; Porter, 1972; Bull, 1982;
Riegl et al. 1995; Dai, 1996) * ‘EFF5 1 FiE/KIEREISHCEFHEMERFEI (Weinberg,
1981; Chiappone and Sullivan, 1991) -

December, 1998 WLEME @ BT EIS O M MSIRMEL RV EE 1987-1997 81

A P A A MG UK R O A B R A RS O ARG AT ¢ R =k
ZKEIBREE ~ $REEH - B R BHEEEFIUE (H—) - L1 10 m REYRBISIUREA 5
ARAEHURS - HUKER 2 ~ 3 m EREERTR (1730 moKEE) - ISR AL - 190
20 m MU — 0 f5— i BhE RUERSS 30 Z-1ef— R b SCskS APREs (R
RO - b ROk IE R - RE RV ERE  HAUEEEE YR R R A
ERIEAAEY) (RLAGTERE - HESE - i - IS ST IS REEYLEBTE
T B ~ WIRFATERBNE S0 et B SRR R VIS aE=E DI
HAGH ERERRERIZ - [ » ORI 5 om R P HER A/
# (EE <2em) BH - SHBEIRINASL (recruitment) HYHEET

@ — - 8 TEF ORISR S - * ¢ PTRENIERE -

(=) HisiEESRAGH AT

TIPSR AR R AT T SRR - ISR R BAT - SR T L EAOREEL - MRT
HEBY - MRS S i {4 HUGTIREE; A FE (Shannon-Weiner index) + ¥95 EHEEL
(Evenness index) FI{E84PE35M, (Simpson’s dominance index) 5 » B ORI IR A5 HERY
280l : T2 WG B 1986-87 fERVARE TR (GRAE » 1987) FL#E » LUNHERES
FEIRAY B SO BB - SRRy AT ¢
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1. FEE S FE% (Shannon-Weiner Index)

H = —3p,logp, = R A
PR P A S
2. 5 AEER (Evenness Index)
== HuclgS SN

3. {E544E8 (Simpson’s dominance index)
iy s sl n, : AT

NN-1)
N @ AR LARE R

4. HEEHIG I R

Sl = % L: EEERE

=M e

(—) HREIRES RS AT FILLEL

AWFFEILSERR TR =HE K OIHgE - BRI - Bo i SR Y
(B BRSO A - SRR B AR (e - SRR, - BES
PO » DU AR BEr s RANER 1 ~F 4 FoR » S A b B, St
IR R — » R MR R SR B AN R - HS FoRia R o E ST v i e
BIREIR » AE[FR]— MBS AR A AH B A ET - IR AR S AR R S (Dai, 1988,
1993) » (At » LABE S50 07 (ANOVA) Lhgi 1997 4EH1 1987 4[] MG A A Ae e 24 1
AR - HASRAIE 5 For - MR A P n BB RIANE — ~ F AR - ##5 L
AUEERE » S SRR AR ESE NS - Balan T
| Bz =RaHEK I

B =R K IR AT MR - A SRR S R0 1987 SRRl ey sl ST 1
HHFER (p<0.05, & 5) G —-FEERHTEREYLL 1987 EMBUA - AR
FHEAAARFRG B MR « MR REER Y - 95 Rl - SRS T I EY
A/ - AR EENER (p>005, &S5)-

FERESHIRE AR AL VIR E A A RIRE 5T - ANiRpgiy) S AR i 25 R E
[ 23% » I HITEKER S m DA B 17 - 19 m 2 [RIRES5 » BRAESIRIAEZK R 9 - 11 m K¢ 23
m LU T % » EEREAQRIELEIRE #9045 30%  REHEEERIE SMES (E2)
SRARAY AR KER 6 - 8 m BRI » A AR 25.88% » UMHIERER AR - FELCHY
Eﬁﬂlﬁf@iﬂfﬁfﬁ%ttﬁﬂﬁﬁﬁ? BRTOKEE S m LIA, HAB4EYEE.20  HER

ik 10% =

December, 1998 §RE M35 © S8 T 5 40 (00 i Mol A SRy M 1987-1997 83

# 1. HEEHKORLIRR R R - SRRV R A 4 - AR (S) -
FEGAEASS (N) - FRIM A S - G RAETRN (H) « B9 Tl (E) - %S (1)
LLE SRR A/ (SD) -

HfEsR  KEE(m) FE¥(S) EEREEON)  MEEFEC) H' E A S|
301 2 10 19 39.84 1.440 0625 0901 2097
302 3 19 36 4949 2427 0824 0941 1375
303 4 24 33 4968  2.960 0.931 0981 1505
304 5 I8 36 6782 2431 0.841 0943  18.84
305 6 17 22 1579  2.680 0.946  0.970 7.18
306 7 23 44 3828 2711 0.865  0.959 8.70
307 8 24 37 4872 2721 0.856 0970  13.17
308 9 17 36 76.68 2213 0.781 0914 2130
309 10 21 34 6130  2.836 0.931 0970  18.03
310 1 30 39 53.57  3.098 0.911 0981  13.74
311 12 21 34 4627 2519 0.827 0963  13.6]
312 13 22 13 5465  2.593 0839 0972 1656
313 14 25 39 5292  2.852 088 0969  13.57
314 15 20 26 1876  2.738 0914 0978 1491
315 16 17 24 3408 2.547 0.899 0967 1420
316 17 25 34 5136 2.831 0879 0968  15.11
317 18 24 36 56.04 2816 0.886 0975 1557
318 19 15 27 5628  2.118 0.782 0937  20.84
319 20 20 23 3149  2.768 0924 0988  13.69
320 21 7 19 28.39 1.269 0652 0749  14.94
321 22 12 23 4452 2.168 0.872 0929 1936
322 23 8 16 39.26 1.828 0.879  0.850 24,54

# 2. U ROR T - B R BRI ROR S ¢ SRR (S) - HRY
Bl (N) - IpSsESE - MR (H) - 59N (E) - ESEER (1) B
ZEHHAEHE A/ (SD) -

Hutkss  JkE(m) HE(S)  BFESELON)  WEREE(%) H' E A Sl
401 4 12 25 65.04 1.751 0.704 0.877 26.02
402 5 19 39 89.88 2.502 0.850 0.958 25.68
403 6 13 27 57.48 1.965 0.766 0.909 21.29
404 7 17 32 33.87 2.460 0.868 0.944 17.46
405 8 17 37 84.19 2359 0.833 0.946 2275
406 9 20 35 65.40 2446 0.816 0.956 18.69
407 10 15 29 75.79 1.994 0.736 0.929 26.14
408 11 15 35 4596 2.353 0.869 0.934 13.13
409 11 19 41 70.78 2.376 0.807 0.945 17.26
410 12 18 29 3547 2.487 0.860 0.961 12.23
411 13 12 19 47.52 1.871 0.753 0.918 25.01

412 14 18 34 64.15 2.224 0.769 0.941 18.87
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# 2. thEEHIHLT RN - SHUERABRITEE (8D #¢ 3. PRakhHTEABSER R - SRR BRI R ()

MEERR  KiE(m) FEES)  FFREN)  WEEC) H' E A sl MR K¥Em) BB  BEBN  MEE%) H' E A sl
413 15 23 37 6122 2489 0.794 0965  16.55 521 19 13 28 4517  1.963 0.765 0876  16.13
414 16 17 30 5194 2584 0912 095 1731 522 20 7 26 4138 1.682 0.865 0852 1591
415 17 23 35 4478 2876 0917 0975 1280 523 20 1 28 53.98  1.539 0.642 0802 1928
416 18 26 44 5494 2985 0916 0966 1249 524 21 12 23 66.24 1669 0.672 0925 2880
417 19 21 31 45.19 2613 0.858 0976 1458 525 22 10 29 5544 1.549 0.673 0855 1912
418, 20 23 33 3622 2.967 0.946 0972 1097 526 23 1 26 48.67 1351 0.563  0.812 1872
419 21 20 33 40.51 2623 0.875 0945 1228 527 24 14 27 4735 2461 0933 0943  17.54
420 22 26 41 5942 2972 0912 0961 1449 528 25 1 28 5525 1.293 0.539 0794  19.73
421 23 20 34 68.57  2.638 0.880  0.966  20.17 529 26 12 29 2894  2.162 0.870  0.887 9.98
422 24 27 47 63.07 2968 0,900 0966 1342 530 27 11 15 15.65  1.909 0.796 0952  10.43
423 25 17 41 61.58 2396 0.846 0909  15.02
424 26 17 34 4322 2553 0.901 0950 1271 7 4. FERIGIEMEERNEE - SRR TR - 5 © FEIER (S) - M
425 27 13 15 13.68 2442 0952 0971 9.12 MR (N) - B = - M AR (H) - 9958 (E) - E¥EiEE (1) DIRE
426 28 7 9 9.31 1.605 0.825 0944 1035 FEIRBEAREN Ko )s (SI) -

427 29 19 29 36.14 2.479 0.842 0.96] 12.46 s AEm) BBS)  PERmEN W= (%) H E i gJ
428 30 12 15 1205 2359 0949 0571 803 601 3 17 36 5550  2.410 0850 0929 1542
602 4 16 64 59.86  2.145 0.774 0813 9.35
7 3. ProMbTis s R - SRR A - 5 ¢ FBEER (S) - MEEE 603 5 17 43 1948 2436 0.860  0.891 9.18
B (N) - SRR R R AR (W) - 59 EY (B) - 8RR (1) DIETFY 604 p 25 26 4845  2.860 0888 0874 1863
SHEHE A/ (SD - 605 7 25 45 54.85 2813 0874 0944 1219

Pugie  AKdm) EES) EEEO)  WEECG)  H E A I 606 8 24 38 60.50 2958 0931 0966 1592
501 2 24 46 5258 2713 0.834 0939 1143 607 9 17 28 5275  2.352 0.830 0942  18.84
502 3 1 17 13.03 2140 0.893  0.934 1.67 608 10 20 31 4034 2772 0925 0963  13.01
503 4 6 15 2904 0801 0447 0762  19.36 609 1 12 34 4267 2272 0914 0920 1255
504 5 22 39 3286  2.738 0.886  0.951 §.42 610 12 16 24 3499 2368 0.854 0964  14.58
505 b I8 26 32.52 2.640 0.913 0.972 12.51 611 13 g 729 5071 0.960 0.462 0613 20.42
506 6 16 31 36.58 2416 0.872 0953  11.80 612 14 22 37 5342 2.699 0.873 0943 1444
307 7 25 38 36.74 2914 0.905 0.977 9.67 613 15 18 17 72.%2 2.463 852 0.925 1968
508 7 17 25 28.80 2.606 0.920 0.960 11.52 614 16 27 48 47.59 2917 01885 0952 99]
509 8 23 31 34.87  2.805 0.895 0974 1125 615 16 27 50 58.15 2,951 0.895 0966  11.63
510 9 20 35 3557 2678 0.894 0943 1016 616 17 18 35 3970 2.625 0908 0943  11.34
511 10 22 33 2916 2770 0.896  0.973 8.84 617 17 19 33 61.80  2.708 0920 0953  18.73
512 1 25 35 4423 2956 0918 0963  12.64 618 18 25 39 5928  2.839 0.882 0964 1520
513 12 22 26 271 2814 0.930 0988 1258 619 19 20 33 60.14  2.464 0.823 0955  18.23
514 13 15 27 3554 2.038 0753 0920 13.16 620 19 19 35 56.16  2.497 0.848 0943  16.05
515 14 24 38 52,18 2.825 (1.889 0.974 13.73 621 20 15 3] 56.81 7.255 0.833 0.927 18.33
516 15 22 29 2796 2877 0.931 0.980 9.64 622 21 15 25 5510 2.106 0778 0940  22.04
517 16 17 31 56.16 2412 0.851 0.951 18.12 673 71 17 34 60.94 3 244 0.792 0.948 17.92
518 17 20 40 47.09 2.384 0.796 0.933 11.77 624 77 13 27 44.06 |.946 0.759 0.889 16.32
519 17 10 28 49.08 1.903 0.826 0.823 17.53 625 23 6 ] 13.94 1.335 0.745 0.833 15.49

520 13 15 29 45.24 2.086 0.770 0.894 15.60
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2. BT
PR USRI TR MR A R B AT 1987 SEAVEDRHEEEE - SRR - FIG R - T
HIfREE - RGP R NS 28 - fEEER (p > 0.05, & S5) » {E

ME RS R E RS AR (59K p < 0.05; E35E : p < 001, &

0.140 n.s.
1.971 n.s.

0.85 = 0.02 |2343 + 398

0.609 n.s5.
0.824 n.s.

0.960 n.s,
0.906 n.s.

5.140*
2.842 n.s.

5.062*
3.762 ns.

10.279%+
0.987 n.s.

12.5809+*=

T.B48**
11.57 = 1.27]25.29 £ 5.00(45.36 = 17.33 1.77 £ 043 | 0.72 + 0.15 | 0.88 = 0.06 [17.76 =+ 6.36

22.77 = 4.85|38.00 + 6.83 [52.94 £ 10.57| 2.67 = 0.30 | 0.86 £+ 0.05 | 0.90 + 0.04 |14.21 + 3.32
16.75 = 5.88|3042 £ 4.70(44.23 = 861 2.30 £ 0.50 | 0.83 + 0.09 | 0.91 + 0.06 | 14.68 + 2.88

15.67 = 2.52|28.33 = 2.08|65.85 = 6.00] 2.21 = 0.13 | 0.81 + 0.01

1987
1997
F-value
1987
1997
F-value

5) » SELUREUR IR SRR » (EESSRRAELL 1987 SR - S5 |12 BLERERLREL EF [ BEL
EE&‘EW*UE%H’J%%@%?EE ! Zk?ﬁﬁ?ﬁﬁ IEleLWH‘ErIEEmﬂiTEL:LLEkHIHfHJﬁ . ﬁ = H +H : + |-+ E +HIH ,E H i+ f, = ':E{ == | 4| .T:: :f
¥ #IEEEEIRY 55% » KEE 12 m LU TR BHEAE MBI ¥ #9052 m 32% - 5% 15 BEEREREELEEIE FE | |IREE
W ETREGAING 28% » HIESE RS (H=) ¢ v - K mAmsec o I S ] ] ) we [LEE
ARG ELBIETERS 10% - %,, = 18]41818]: [8]8] 4[2|5| JEJ% 318,
S B 22 "l BEGRERRERRE 28 IEREE
BRI AR LG IS X » ACE R TR T 1987 SEAYZDRILLAS - B =8 | (& BPBEPRE 2R o' | B
FTAETIHERRSY - BEA - R BRI I RES S b A SR GIRES : p 20 Ns = B sl =k el
<0.01 ; FEfS : p<0.01 ; FEEEE : p<0.01 : 598 : p<0.05 : 72 5) - MRS E - S |2|E1212]5 121515 |22 4 %@ =
RSB/ NS 5 (p > 0.05) » S AR AR A 25 FERERS S TR S ot S A =4l a8 o i 51 i B Ra [P00E
REATHERS 1987 HEAG/KHE » {ELAIHRERY  BERSRGRIS SR T A L aa |12 EIPEECIEECEEN =E | [B5°
SAATHEE. I AHSIR K « A5 H ARy A EE 503 65  ZKPE 10 m LAPY /K% 11~20m J& 2 T o e v g e e i v €2 le
KB 21 m LU F3 = W B AEEE B A HTHORS SR BB /KER 10 m LUA S= LI BIEERIARIEEICE Y sn | 592
B E A EE R (p<0.05, %6) 4 HiFSESBAMEE SR (p>0.05): & TIY LRIEEREERIESE Rs [FREE
IZEZKYE 11~20 m 2 » AUSREROORER - EASN - BT RRRE SS FE RO A B ekl I B JCIRIEPIEERF EE | [REF
AOZESE (RN © p<0.01 :H¥MEH: p<001 ; AHEH: p<0.05; L : p<0.05) wx LB B EEIEE BE S8 [z
T B AT - T PR - PSR ISR A N e e e e B - S e
HEEER (p>0.05) /K% 21 m LU FAORBSRERAE S S HEE D (p<0.01) & S o R Bl P21l el L R ] < B8 G 1 A
BRETES AL AU © WER ~ FESLE - SRR/ - AR 5;&% ®e ECEEPEENEES] &8 [FEES
EREHSREA » (R » 82 1987 SEMUZPRMEIIMEEE 2 7 | 47 Lt bk S [ 2] =l Rl 2E g% [T
T SR S8 A A R Y B e V) O L 0 B = B FlEEEEERREE . g0 B0
FECHEEIRIE TR NG ST » AMSRELEISS X © #(5ICTIN 40% (B e Ble [BlESESREEELER 28 ELkE
V) WA SR R A 440 - (LR EL BIERARE (<5%) 22 (ARETT IR 25% » s &<l BIFRECERCERCE £ |BlEES
AT © SRR 9 - 20 m Z ARG 10% L0 L © SEABAEPIAEARE 3 -8 m & 15 2E el Ts = B EeT=:r1E 2% []==
- 19 m ZRIES » 15 10%L E » KEE 3 - 8 m BELUEEESE 5 /KHE 15 - 19 m BEAILLGH 1 o il el P o 2 B e 2 B
FE ; JE51 » AEKHE 20 m B FIOMPHIREATMSLREs |- » 3T SLAT5 MO » At SREEC NI EEE 8SglElE
BEBIGIE L 30 om BUE » BURIERAIER S E A SRS - g o 5 EEEPRECIEENE B8Z 2=
4. HEEGH %ﬁ+§; ;E’I_‘;EE;;EEEEE. %%E e
TR MR A TS ¥+ AE SRR AERS B 1987 (ERYRDRIEL pEa|H2 2222512121212 25 eRE| 222
B+ BTATHIRS ST S R R R (p > 005, £ 5) » ELRRAEN = ¥ BoE
TSRS M R L AT DRI - R 7E 4 R 5 - mEREE OB g B I ST 2
SHSHAE S T4 430 BB R R A P T T T M s A SIS = [Fleg  |€ I 7

*: p<0.05: **: p<0.01; n.s.: fEEEEE .

10~20 m
=20 m

B OAF 22 m DA FEPEHE S EEEER 50% e s A o S AKE 23 m LU T
AT - 22 WIEE R LA R - #E=0 2 — (1) S A6LUKER 8 m
LAN#ES 5T 10%LA L » Hoftr 4= YrrnsE A (S LG 2 - SR G ek g
15 m DU YRR i ot 2 b SRaT 2 AR R » BURIEERI AR TR -
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(=) HHshAERTINA R

FEVU{ERR A U B TR R D - ISR IR B R AL (% 7) - HdllEaie
S - Y9 10 m BVHUERAR B H SR 14 S/ MR (B <2om B) - BEE
FORZ=HEK IR - SRR LA 0~3 1§ - BURE s sh ey in A
AR - 1 B A A S - TRESARRA - BEhin AR BeRrRRFIE nTREE ) -
SEL e SN2 B LS LN E

2 7. miEE I E R RS AERRER - TR SRR by RS () -

kO

HEEH

ZI %]

HEHE

7K

<im

0.4

0.5

3.6

1.33

6-8 m

0

2

1.5

0

9-11 m

0.33

0.75

2

2

12-14 m

2

1.67

2.5

15-16 m

3

0.67

0.33

17-19 m

2.33

0.6

20-22 m

1.33

|

=23 m

0.5

1.2

0

(—) PR R BT

Fre LA LRI R - P R R IR A A E 2 ] 2 ERARE K
AE# S  PUE R ARG o DA G R SR B ik AR SRR R e ) W
= REE  UHEEKEE 1020 m 2 [EryE bR BEE - BrE iR D
PEA S - (A A R A S/ IR el - B E o MRS
HEH B -

HEARE SR [RIRF AN S A R L - (1 2 E R ED - [ H ST B HfEy
B R EAE (Edmunds and Bruno, 1996; Karlson and Cornell, 1998) - #F2=f R AE | »
(] — kA B s AU E SR SR rTRE R (R B | fERFRIRE | » FEEEM - 1
EAEIZEAIE - #heThe 2B E AR E) - (BRI FOEVE L o S B e ol
{ZERREREE S - SN0 ERIR aTsEfE R ] P st (R B SR il » AR R R A
E RN A e FH AGET A I R SR AR E I » /N2 R SR N BT FRriS B RS am
SR - HiE o SR IRS R R EA TSRS TERN S - MG EIEE R
PIRAELEBOR R A R » DUR EE e Ryl R EFaefir & (Jackson, 1992; Connell
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S ACAEIFEC AR (Chadwick, 1987, 1991) « b4 ity 35 HE A 5% B R <2101
RS e e - 1 o 3E 3 B4R RAE RO ARy 3650 - (I - E7E R M S ot
[ $RAEEEMEORE S0 RAE ARSI - (D HRRE -
SR+ Al —HeH o AR Ak R OB S 4 O R B 40 A B R SR A 1
[ » MR AT A R SRR S R R AR R 2 i e B R A 5 S i s o H
SR A et AT e R R A R 1 o (8 U B S Rk AR R
{315 B v A SR G B 1 M SR PSRl - YRESEROPS A T RE LA DS SL R
8 A T iEES: - 20T B i i A SRR AL R SE R SRR T EL BRI I A v s e AN e
fiR - TRESEAE B RIRRTE - FHENHEEE ERIPGIEEIR -



94 FAESNI L = Vol. 8, No. 2
- & E|

AWFerem 1 Rl ERR T R, (=P KO - e - PG - /K
M) AR E R o A0EE 1978 SEAVEPRIEEE o A5 R SRR s
RIBFIREE L T BN ENE  HERHRAIIPMRER A 2 (IHERFAE 1987 SFAURRE - BFIRAY
SIEEMER/ERERE) A DA EE e - AmAEREE 2 B o R
[BIARE BAFAE » SERE S B p R R SR 2 R R i 2 A B 98 » 58
A HE B [ s S I e (2 R R A I -

B G A R R [ A - ATREBE R ARAY TS 3 ~ AR
EERAM - TTREYS R RER R0 R T bRSERs - K LR EATED 12
AR RA RVTREEARMS AN iSRS R R SR -

ARG R R S A R A B ELE - AR INA R FTRE R 2 IR TR TREY)
8% YA SRR E  (EE GBS E NSRRI » HmEE T
REhT AT - BESIShAEATINA R - iR R RA R - RR{ENBMEEREY
ST SRR SRS RSP R SR Ak UL » me TR TS R IR
AR -

EH AT B IR AR TR — A Ay B = - APIEER A —ERIPREE .2 A » |2
BN TSR E R - (HE PR - e R HEE R R - Mt
HEPR E| BT s AR R A 2 DR A TR ENE - (BRI R RS Rsh £ B R
D S E R B R (L 25 TR 5 TR (R R A 4 SR 1E
JFRAEE » FEEGET TSR IE IR & LOELIRECRAN B S0 K M ER I

AFFRENBER R T ER AR ETLEMSH ST - AR - T
FFARBITIATRIZIE TS R - AL SO B REE K ok B A -
LA -

£ -~ 5 F XM

HEIEHE » 1993 - |TRHEFARGFRUSE el RGN It - BT
g 1955 86 H -

SRELHE - WER, 0 1987 o BT EIR DR SeE R e A Y A MR o — PR
I B B SR A RE R BTSE » BGRB8 T R A RE MR R TS &5
425524 7TH -

Shipgs - 1992 - B T ES G BN RO RS R R A P R R A AR - BT R
FETEHFARERRATHRMRES 1250 64H -

HiHgE 0 1993 - SETRRIF BN R A A R IR A A - MBI E R
FRTEIF TR H TR RS 20 5% 82 H -

December, 1998 WEBE @ BT Hx MM ERIEirRaaRE 1987-1997 95

Fhgy - 1996 - BT EBIF VS EHIRE < SR R B R SR A S - BGR
BRBETREFARTHEBSTHITRES 27H -

HHERE - 1989 o BT RE ARSI SRS NEGIERER TRXLRE
HER{THERESE 2% 31 H -

BIMERS - 1990 - BT EFAEEEABREEAFERS NEEEEFER THEL
FEEEEE TSR 63k 0 39H -

HRERRS - 1991 - BTHRZAREEEEEYE TSRS  NEEEEER TE
FOREEER T CHES 9 -

WEM - 199 - BEAEMEABEFRRENEBEESY - BE O RRT LIFEHFN
[EIRRE R S e A 19-31 H - ABEEAE -

ER, 1996 - B TEIF BRI AR - S ERSAE R
TN H - NEEBEFE T REAREERE -

Andres, N. G. and J. D. Witman. 1995. Trends in community structure on a Jamaican reef.
Mar. Ecol. Prog. Ser. 118: 305-310.

Anonymous. 1991. Reports of UNEP-IOC-WMO-IUCN meetings of experts on a long-term
global monitoring system of coastal and near-shore phenomena related to climate change,
pilot projects on mangroves and coral reefs. Intergovernmental Oceanographic
Commission, UNESCO.

Bak, R. P. M. and G. Nieuwland. 1995. Long-term change in coral communities along depth
gradients over leeward reefs in the Netherlands Antilles. Bull. Mar. Sci. 56: 609-619.

Bouchon, C. 1981. Quantitative study of the scleractinian coral communities of a fringing
reef of Reunion Island (Indian Ocean). Mar. Ecol. Prog. Ser. 4: 273-288.

Bouchon, C. 1985. Quantitative study of scleractinian coral communities of Tiahura reef
(Moorea Island, French Polynesia). Proc. 5th Int. Coral Reef Congr., Tahiti 6: 279-
284,

Bull, G. D. 1982. Scleractinian coral communities of two inshore high island fringing reefs at
Magnetic Island, North Queensland. Mar. Ecol. Prog. Ser. 7: 267-272.

Chadwick, N. E. 1987. Interspecific aggressive behavior of the corallimorpharian Corynactis
californica (Cnidaria: Anthozoa): effects on sympatric corals and sea anemones. Biol.
Bull. 173:110-125.

Chadwick, N. E. 1991, Spatial distribution and the effects of competition on some temperate
scleractinian and corallimorpharia. Mar. Ecol. Prog. Ser. 70:39-48.

Chiappone, M. and K. M. Sullivan. 1991. A comparison of line transect versus linear
percentage sampling for evaluating stony coral (Scleractinia and Milleporina)
community similarity and area coverage on reefs of the central Bahamas. Coral Reefs
10: 139-154,

Chou, L. M. and K. Yamazato. 1990. Community structure of coral reefs within the
vicinity of Motobu and Sesoko, Okinawa, and the effects of human and natural
influences. Galaxea 9: 9-75.

Connell, J. H. 1997. Disturbance and recovery of coral assemblages. Coral Reefs 16:
S101-8113.

Connell, J. H., T. P. Hughes, and C. C. Wallace. 1997. A 30-year study of coral abundance,
recruitment, and disturbance at several scales in space and time. Ecol. Monogr. 67:
461-488.



96 ] 52 4 [ AR R Vol. 8, No. 2

Coyer, 5. A, R. F. Ambrose, J. M. Engle and J. C. Carroll. 1993. Interactions between corals
and algae on a temperate zone rocky reef: Mediation by sea urchins. J. Exp. Mar. Biol.
Ecol. 167: 21-37.

Dai, C.-F. 1988. Coral commnunities on the fringing reefs of southern Taiwan. Proc. 6th
Int. Coral Reef Symp. Australia 2: 647-652.

Dai, C.-F. 1990. Interspecific competitions in Taiwanese corals with special reference to
interactions between alcyonacean and scleractinian corals. Mar. Ecol. Prog. Ser. 60:
291-297.

Dai, C.-F. 1991a. Distribution and adaptive strategies of alcyonacean corals in Nanwan Bay,
Taiwan. Hydrobiologia 216: 241-246.

Dai, C.-F. 1991b. Reef environment and coral fauna of southern Taiwan. Atoll Res. Bull.
354: 1-28.

Dai, C.-F. 1993. Patterns of coral distribution and benthic space partitioning on the fringing
reefs of southern Taiwan. Mar. Ecol. 42: 185-204.

Dai, C.-F. 1996. Dynamics of coral communities. In: Turner, LM., C. H. Diong, S. S. L.
Lim and P. K. Ng (eds.), Biodiversity and the Dynamics of Ecosystems. DIWPA
Series Vol. 1: 243-260.

Dai, C.-F. 1997. Assessment of the present health of coral reefs in Taiwan. In Grigg, R.
W. and C. Birkeland (eds.), Status of Coral Reefs in the Pacific, pp. 123-131. Sea
Grant Program, University of Hawaii.

De Nys, R., J. C. Coll and 1. R. Price, 1991. Chemically mediated interactions between the
red alga Plocanium namatum (Rhodophyta) and octocoral Sinularia cuciata
{Alcyonacea). Mar. Biol. 108: 315-320.

Dollar, S. J. and G. W. Tribble. 1993. Recurrent storm disturbance and recovery: a long-
term study of coral reef communities in Hawaii. Coral Reefs 12: 223-233.

Done, T. J. 1992a. Constancy and changes in some Great Barrier Reef coral communities:
1980-1990. Amer. Zool. 32: 655-662.

Done, T. J. 1992b.  Phase shifis in coral reef communities and their ecological significance.
Hydrobiologia 247: 121-132.

Edmunds, P. J. and J. F. Bruno. 1996. The importance of sampling scale in ecology:
kilometer-wide variation in coral reef communities. Mar. Ecol. Prog. Ser. 143: 165-171.

Goreau, T. J. 1992. Bleaching and reef community change in Jamaica: 1951-1991. Amer.
Zool. 32: 683-695.

Grigg, R. W. 1995. Coral reefs in an urban embayment in Hawaii: a complex case history
controlled by natural and anthropogenic stress. Coral Reefs 14: 253-266.

Hubbard, D. K. and D. Scaturo 1985. Growth rates of seven species of scleractinian corals
from Cane Bay and Salt River, St. Croix, U.S.V.I. Bull. Mar. Sci. 36:325-338.

Hughes, T. P. 1989, Community structure and diversity of coral reefs: the role of history.
Ecology 70; 275-279.

Hughes, T. P. 1994, Catastrophes, phase shifts, and large-scale degradation of a Caribbean
coral reef. Science 265: 1547-1551.

Hughes, T. P. 1996. Demographic approaches to community dynamics: a coral reef example.
Ecology 77: 2256-2260.

Hughes, T. P., D. C. Reed and M.-J. Boyle. 1987. Herbivory on coral reefs: community
structure following mass mortalities of sea urchins. J. Exp. Mar. Biol. Ecol. 113: 39-59.

December, 1998 WS ML @ 3BT H 50205 m MR IR R E IR ny 2 E 1987-1997 97

Hunte, W. and M. Wittenberg. 1992. Effects of eutrophication and sedimentation on juvenile
corals. II. Settlement. Mar. Biol. 114: 625-631.

Jackson, J. B. C. 1992. Pleistocene perspectives on coral reef community structure. Amer.
Zool. 32: 719-731.

Karlson, R. H. and L. E. Hurd. 1993. Disturbance, coral reef communities, and changing
ecological paradigms. Coral Reefs 12: 117-125.

Karlson, R.H. and H.V. Cornell. 1998. Scale-dependent variation in local vs. regional
effects on coral species richness. Ecol. Monogr. 68: 259-274.

Knowlton, N. 1992. Thresholds and multiple stable states in coral reef community
dynamics. Amer. Zool. 32: 674-682.

Liddell, W. D. and S. L. Ohlhorst. 1992. Ten years of disturbance and change on a Jamaican
fringing reef. Proc. 7th Int. Coral Reef Symp. 1: 144-150.

Loya, Y. 1972. Community structure and species diversity of hermatypic corals at Eilat,
Red Sea. Mar. Biol. 13: 100-123.

Maragos, 1.E., C. Evans & P.J. Holthus, 1985. Reef corals in Kaneohe Bay six years before
and after termination of sewage discharge. Proc. 5th Int. Coral Reef Cong., Tahiti 4:
189-194.

McClanahan, T. R. and D. Obura. 1997. Sedimentation effects on shallow coral
communities in Kenya. J. Exp. Mar. Biol. Ecol. 209: 103-122.

Ogden, J. C. and P. S. Lobel. 1978. The role of herbivorous fishes and urchins in coral reef
communities. Environ. Biol. Fish. 3: 49-63.

Pastorok, R. A. and G. R. Bilyard. 1985. Effects of sewage pollution on coral reef
communities. Mar. Ecol. Prog. Ser. 21: 175-189.

Peckol, P. and J. S. River. 1995. Physiological responses of the opportunistic macroalgae
Cladophora vagabunda (L.) van den Hoek and Gracilaria tikvahiae (McLachlan) to
environmental disturbances associated with eutrophication, J. Exp. Mar. Biol. Ecol. 190:
1-16.

Porter, J. W. 1972. Patterns of species diversity in Caribbean reef corals. Ecology 53:
745-748.

Porter, J. W. and O. W. Meier. 1992, Quantification of loss and change in Floridian reef
coral populations. Amer. Zool. 32: 625-640.

Riegl, B. 1995. Effects of sand deposition on scleractinian and alcyonacean corals. Mar.
Biol. 121: 517-526.

Riegl, B. and G. M. Branch. 1995. Effects of sediment on the energy budgets of four
scleractinian (Bourne 1900) and five alcyonacean (Lamouroux 1816) corals. J. Exp. Mar.
Biol. Ecol. 186: 259-275.

Riegl, B, M. H. Schleyer, P. J. Cook and G. M. Branch. 1995. Structure of Africa’s
southernmost coral communities. Bull. Mar, Sci. 56: 676-691.

Rogers, C. S. 1983, Sublethal and lethal effects of sediments applied to common Caribbean
reef corals in the field. Mar. Pollut. Bull. 14:378-382.

Rogers, C. 8. 1990. Responses of coral reefs and reef organisms to sedimentation. Mar.
Ecol. Prog. Ser. 62: 185-202.

Rogers, C. S. 1993. Hurricanes and coral reefs: the intermediate disturbance hypothesis
revisited. Coral Reefs 12: 127-137.

Rogers, C. S., H. C. Fitz, M. Gilnack, J. Beets and J. Hardin. 1984. Scleractinian coral



98 CAEAN L 2] Vol. 8, No. 2

recruitment patterns at Salt River submarine canyon, St. Croix, U.S.V.1. Coral Reefs 3:
69-76.

Sakai, K. and M. Nishihira. 1991. Immediate effect of terrestrial runoff on a coral
community near a river mouth in Okinawa. Galaxea 10: 125-134.

Shulman, M. J. and D. R. Robertson. 1996. Changes in the coral reefs of San Blas,
Caribbean Panama: 1983 to 1990. Coral Reefs 15: 231-236.

Smith, S. V., W. J. Kimmerer, E. A. Laws, R. E. Brock and T. W. Walsh. 1981. Kaneche
Bay sewage diversion experiment: perspectives on ecosystem responses to nutritional
perturbation. Pacific Science 35: 279-402.

Stafford-Smith, M. G. 1993. Sediment-rejection efficiency of 22 species of Australian
scleractinian corals. Mar. Biol. 115: 229-243.

Tanner, J. E. 1995. Competition between scleractinian corals and macroalgae: An
experimental investigation of coral growth, survival and reproduction. J. Exp. Mar. Biol.
Ecol. 190: 151-168,

Telesnicki, G. J. and W. M. Goldberg. 1995, Effects of turbidity on the photosynthesis and
respiration of two south Florida reef coral species. Bull. Mar. Sci. 57: 527-539.

Tomascik, T. and F. Sander. 1987a. Effects of eutrophication on reef-building corals. II.
Structure of scleractinian coral communities on fringing reefs, Barbados, West Indies.
Mar. Biol. 94: 53-75.

Tomascik T, and F. Sander. 1987b. Effects of eutrophication on reef-building corals. 1II.
Reproduction of the reef building coral Porites porites. Mar. Biol. 94: 77-94.

Walker, D. I. and R. F. G. Ormond. 1982. Coral death from sewage and phosphate pollution
at Agaba, Red Sea. Mar. Pollut. Bull. 13: 21-25.

Weinberg, S. 1981. A comparison of coral reef survey methods. Bijd. Dierk. 51:199-218.

Wells, S. M. 1995. Science and management of coral reefs: problems and perspectives.
Coral Reefs 14: 177-181.

Wilkinson, C. R. 1992. Coral reefs of the world are facing widespread devastation: can we
prevent this through sustainable management practices? Proc. 7th Int. Coral Reef
Symp., Guam 1: 11-21.

Witman, J. D. 1992, Physical disturbance and community structure of exposed and
protected reefs: a case study from St. John, U.S. Virgin Islands. Amer. Zool. 32: 641-
654,

Wittenberg, M. and W, Hunte. 1992. Effects of eutrophication and sedimentation on juvenile
corals. I. Abundance, mortality and community structure. Mar. Biol. 112: 131-138.

December, 1998 W5 M5 ¢ 30T [ 5200 [0 /o 0 i ol B B TR ey ' 4 8 19871997 99

Changes of Coral Communities in Nanwan Bay, Kenting National Park:
1987-1997
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ABSTRACT: Coral communities at four sites in Nanwan Bay (outlet of the Third Nuclear Power Plant, Hou-
bi-hu, Tiao-shi, and Hsiang-chiao-wan), Kenting National Park were resurveved by the line-transect method.
Comparisons with the data obtained in 1987 were made to elucidate the changes of coral communities. The
results show that only the coral community at Tiao-shi displays significant decreases in species richness,
number of colonies, living coral cover, species diversity and evenness indices. In particular, significant
changes were found at depths between 10 and 20 m at Tiao-shi indicating that phase-shift of the coral
community may have occurred. Possible factors responsible for the changes of coral communities are
sedimentation pollution, bloom of macroalgae, and extensive growth of sea anemones. Minor changes were
found in coral communities near the outlet of the Third Nuclear Power Plant and Hou-bi-hu, while no changes
were detectable for the coral community at Hsiang-chiao-wan. Very few small coral colonies were found
during the survey on coral communities indicating that recruitment rates (<3 recruits/m’) were low. Heavy
sedimentation and the profusion of benthic algae are the possible factors that restrict the recruitment of juvenile
corals. Low coral recruitment will inhibit the recovery of coral community following disturbances.
Bleaching and partial mortality of coral colonies were frequently found in Nanwan Bay indicating that the coral
communities were under severe pollution stresses and protective measures must be taken to ensure the
sustainable development of coral communities.
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