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AESTRACT

This report presents a prehmmary study on the systematics, reproductive cycles,

growth rates, and ecological roles of alcyonacean soft corals in the Kentin National
Park area. It is concluded that colony morphology, polyps, and sclentes are the
most important characters in alcyonacean systematics. Thirty-two species, including
3 species of Alcyonium, 16 species of S:nulana, & species of Lobophytum, & species
of Sarcophyton, and 1 species of Neghthea, have been identified according to the
morphological characters. The alcyonacean fauna of the study area is a part of
the Indo-West Pacific province. S‘tUdJES on the reproductive cycles of three of

: | .
the most abundant alcyonacean corals,] Sarcophyton trocheliophorum, S: crassocaule,

and Lobophytum sarcophytoides, ha:ve ‘revealed that the possible spawning seasons

of these three species are August-Séptember orfand April-June. Transplantation
studies on the distribution of alcyonacean corals showed that the impoverished alcy-
onacean fauna on the east side of Nanwan Bay is possible due to low water energy
of the environment and the physiologicol restrictions of alcyonacean corals. Studieo
on the oompetitive abilities . of alcyonécean corals indicate that alcyonhacean corals
are subordinate .and they often suffer tissue damage by scleractinian corals. Inv-
estigation on the reef-building functlon of alcyonacean corals has revealed that
species of Sinujaria often build rock on thel_r colony base while species of other

genera do not have this function.
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Annotated List of Species
Order ALCYONACEA Lamouroux, 1812
Family ALCYONIIDAE Lamouroux, 1812

Genus Alcyonium Linnaeus, 1758

Alcyonium is easily distinguished from Sirularia by the absence of very large
stem spindles and the dense outer layer of clubs found in Sinularia (Figure 10}, Living

Alcyonium is softer ‘and more slippery to the touch than Sinularia.

Alcyonium simplex Thomson and Dean, 1931 (Figure 1)
Reference: Thomson and Dean {1931) p. 43, pi. 8 fig. 2, pl. 13 fig. 3.

Colony much branched with short, blunt lobes and short stalk. Sclerites spindle-

shaped with few or no prominences.

Distribution: Indonesia, Southern Taiwan.

Alcyonium molle Thomson and Dean, 1931 {Figure 2)
Reference: Thomson and Dean (1931) p. 43, pl. 8 fig. 3, pl. 24 fig. 4.

The colony is softer in texiure and the zooids are less crowded than 3. simplex,
Sclerites are biscutlike or oval shaped with more prominences.

Distribution: Indonesia, Southern Taiwan.

Alcyonium rotundum Thomsen and Dean, 1931 {Figure 3)

Reference: Thomson and Dean (1931) p. 43, pl. 12 fig. 1, pl. 24 fig. &.
The colony is stiffer with numercus fingerlike secondary lobes. Sclerites are
mostly short, broad, blunt-ended or rotund.

Distribution: Indonesia, Southern Taiwan.

Genus Sinularia May, 1898 ' .

Sinularia is readily distinguishable by its monomorphic zooids and by the fact
that its capitulum is not delimited from its sterile stalk, The Iinner sclerites are
very large warted spindles up to 1 cm leng. The typical sclerites of this genus
are shown in Figure 10. Living colonies of Sinularia are usually stiffer in texture

than Alcyonium.

Sinularia densa (Whitelegge, 1897)
Reference: Verseveldt and Alderslade (1982) p. 625, fig. 3 pl. 5A.

The colony of this species is low with numerous short blunt-ended lobes. Sclerites
from surface of lobes are mostly clubs and- those from coenenchyme are pointed
spindles,

Distribution: Widely distributed in the West Pacific.

— 11—




Sinularia ex1hs T1x1er Durivault, |97O
Reference: verseveldt (1930) p. 51 flg 20, pl. 1% f1g 2.

The colony is encrusting w1thu w1dely spaced, blunt, low lobes or processes
Sclerites from surface layer are leaf- clubs

Distribution: Bay of Nah Trang, Vje;tnam; Southern Taiwan.

Sinularia faéile’Tixier Durivault, 1970
Reference: Verseveldt (1980) p.' 53,|f1g 21, pl. 13 {ig. 3,
The colony is encrusting with hlgher stalk and larger, ridgelike lobes.

b
Distribution: Bay of Nah Trang, Vlgtnam; Southern Taiwan.

Sinularia flex1b1l1s (Quoy & Gaimard, 1833)
Reference: Verseveldt (1980) p.. 54, 'f1g 23,

This species is easily dlstlngmshable by the long, slender tube-like lobes.

Distribution: Widely distributed 1n the Indo-Pacific Ocean,
:
. i;
Sinularia gibberosa Tixier-Durivault, 1970
Reference: Verseveldt (1980) p. 61, fig, 27, pl. 27, 28,

The colony is high with elongéted stalk. The cpaitulum consists of lobes in

|
groups which often form hillock-shaped rosettes

Distribution: Bay of Nah Trang' (Vletnam) Seychelles, Southern Taiwan,

i .*i
Sinularia grandilobata Verseveldt, 1980
Reference: Verseveldt (1980) p. 63-65, fig. 28, pl. 19.

The colony is high and bushlik@e with a thick stalk and numerous large, long,

stiff lobes on the capitulum.

Distribution: Mindoro (Phl[lpplI'IES), Southern Taiwan.

Sinularia gra_ﬁosa'- Tixier-Duyrivault, 1970 (Figure 10)
Reference: Verseveldt (1980) p. 73, fig. 35, pls. 24, 29.

The colony consists of several large elongated lobes with a number of digitiform
lobules or protuberances and a stalk of 3 5 cm high.

DlStl’lbU‘l‘lon Bay of Nah Trang (Vletnam) Great Barrier Reef, Southern Taiwan.

. Sinularia -!ochques Kolonko, _1926
Reference: Verseveldt (1980) p. 80, figs. 39, 0.
The colony consists of lobes '.witﬂ srpall, elongated lobules and a stalk of 2-

3 cm high. |
Distribution: Widely distributed in the West Pacific.




Sinularia mollis Kolonko, 1926
Reference: Verseveldt {1980) p. 92, fig. 47, pl. 24,

The colony consists of a long stalk and a capitulum with numerous long, slender
lobes. Surface tayer of lobes without sclerites.

Distributuon: West Pacific from the Philippines to Ckinawa.

. Sinularia muralis May, 1899
Reference: Verseveldt (1980) p. 94, fig. 48, pl. 30.

The colony consists of a thick basal plate with wide, sinuous crests and a low,
broad stalk.

Distribution: Sri Lanka, Southern Taiwan.

Sinularia numerosa Tixier-Durivault, 1970
Reference: Verseveldt (1980) p. 96, figs. 49, 50.

The capitulum 'is densely covered with blunt finger like lobules. - Sclerites from

coenenchyme are up to 3.5 mm long and about 0.5 mm wide.

Distribution: New Caledonia, West Madagascar, Southern Taiwan.

Sinularia polydactyla (Ehrenberg, 1834)
Reference: Verseveldt (1980) p. 108, fig. 57.

The colony is densely lobed with varying lengths of fingerlike lappets and in
all spiculation -shows the very long pointed spindles.

Distribution: Widely distributed in the Indian and the Pacific Ocean,

Sinularia scabra Tixier-durivault, 1970

Reference: Verseveldt (1980) p. 118, fig. 63, pl. 36. .
The colony is small with densely lobed capitulum and an indistinct stalk. Sclerites
from coenenchyme are often in irregular shapes.

Distribution: Bay of Nah Trang (Vietnam), Southern Taiwan.

Genus Lobophytum Von Marenzeller, 1886
The colony r.nay bé either low, encrusting, or dish-shaped with a distinct stalk.
Polyps are dimorphic; both siphonozooids and autozooids exist on the capitulum.
It differs with Sarcophyton by its capitulum with crests or fingerlike, lobes and

by its low colony. Figures 7-9 shows its typical sclerites.

Lobophytum batarum Moser, 1919
Reference; Verseveldt (1983) p. 16, figs. 2, 3, pl. 7 fig. 1.




\i I
The living colony is low and ‘encrusting with densely folded capitula. The aut-
ozooids and siphonozooids are small w1th a distance about 1 mm between them.

Distribution: Philippines, Okmawa, Madagascar, Vietnam, Southern Taiwan,

Lobophytum érasgum Von Marenzelier, 1886
Reference: Verseveldt (1983) p 25 32, figs. 8, 9. pls. 4-6.

The colony is flat with a broad h capltulum and a low stalk. The capitulum is -
irregularly folded with cockscombhkg cqests.
Distribution: Widely distributec‘ji in! the Indo-West Pacific tropical areas.
o
Lobophytum rﬁiragbile Tixier-Durivault, 1956 (Figure 7)
Reference: Verseveldt (1983) p. ‘70 72 fig. 34, pl. 19.

The capitulum is dnesely lobed thh sinuous crests.  Sclerites from surface

‘layer are clubs of 0.10 to 0.25 mm long and those from coenenchyme are spindles
of 0.2 to 0.3 mm long.

Distribution: Pacific Ocean, Me{dagascar.
Lobophytum ‘pauéiflorum (Ehrinberg, 1834) (Figure 8)
Reference: Verseveldt (1983) p. 74-79, figs. 36, 37.

The colony is low and encrusting. The cap tulum is flat with erect, digitiform
lobes, Sclerites from surface layer of lobes are mostly fusiform. Distribution: Widely
distributed in the Indo-West Pacific: seas,

Lobophytum sa;'cophytoides Moser, 1919 (Figure 9)
Reference: Verseveldt (1983) p. 86;'-89, fig. 43, pls. 26, 27.
The colony is flat with open folds and digitiform of crestlike lobes. Sclerites

from surface layer are small clubs and those from interior part are slender spindles.

Distribution: West Pacific and ' Madagascar .

Lobophytum solidum Tixier-Durivault, 1970
reference; Verseveldt (1983) p. 91, fig. 45, pl. 18.
The colony is erect and usually i, small. The cpaitulum is folded with slender,

fingerlike lobes. :

.Distribution: New Caledonia, Southiern Taiwan.

Genus Sarcophyton I esson, ,
The colony is usually mushroom-shaped.  The capitulum is smooth and only

folded on the margin. Polyps are dimorphic.

Sclerites from the surface layer are cluds and those from the coenenchyme

are spindles or rods. Figures 5-6 shows its typical sclerites.




Sarcophyton crassocaule Moser, 1919 (Figure 5)
Reference: Verseveldt (1982) p. 27-34, figs. 9-11, pls. 5-8.

The colony is thick with flat, basin-like capitulum, The capitulum has distinct,

thick folds on the margin. The colony may reach up to 2 m in diameter,

Distribution: Widely distributed in the West Pacifie.

Sarcophyton ehrenbergi Von Marenzeller, 1886
Reference: Verseveldt (1982) p. 40-48, figs. 14-17, pls. 10, 12.

The species' is distinguished by its cup-shaped capitulum, The capitulum is thin

and folded in the margin.
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Fig. 1. Alcyonium simplex Thomsonrand Dean, a-j, sclerites from lobes and branches;

k-p, sclerites from the stalk. (TEA-QS)




Fig. 2. Alcyonium molle Thomson and Bean, a-l, sclerites from lobes and branches;

m-x, sclerites from the stalk. (D-7)




Fig. 3. Alcyonium rotundumn Thomson and Dean. a-i, sclerites from surface layer of

a lobe; j-n, sclerites from interior of a lobe; o-s, sclerites from surface layer
' i

of the stalk; t-w, sclerites from%iinterior of the stalk. {(B-3)

i
1




Fig. 4. Sarcophtor trocheliophorum Von Marenzeller. a-g, sclerites from surface layer
of the disc; i-n, sclerites from interior of.the disc; o-t, sclerites from surface
of the stalk; u-y, sclerites from interior of the stalk; a-u, at upper scale by
0.lmms v-y, at lower scale by 0.2mm. (B-8, TA-17)




Fig. 5. Sarcophyton crassocaule Moser. (A-13, A-15). a-i, from disc surface; j-n, from
disc interior; o-t, from stalk surface; u-x, from staik interior; All with same

scale.




Fig. 6, Sarcophyton stellatum -Kukenthal. a-i, sclerites from surface layer of the

disc; j-n, sclerites from interior of the disc; o-u, sclerites from surface layer

of the stalk; w-, sclerites from interior of the stalk. (B-1)




Fig. 7.

£
E
S

. i.
Lobophytum mirabiie Tixlier-“Durivau]t. a-g, sclerites-from surface of the disc;
h-m, from interior of the disc; n-r, sclerites from surface of the stalk; s-u,

from interior fo the stalk, (TA-40)




Fig. 8. Lobophytum pauciflorum (Ehrenberg). a-f, sclerites from surface layer of the
disc; g-k, sclerites from interior of the disc; 1-g, sclerites from surface of
the stalk; r-v, sclerites from?interior of the stalk. (TA-47}
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Fig. 9. Lobophytum sarqpphytoigés }}Moser. a-j, sclerites from surface layer of the

. . b ' . : . , . .
disc; k-r, sclerites from! interior of the disc; s-y, slcerites from interior of
! ; Y L

. 3 4

the stalk. Magnification;rioi all of-.the sclerites as indicated by O0.imm at i
Lo

(D-8) ] i
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Fig. 10. Sinularia granosa Tixier-Durivauit. a-g, sclerites from surface layer of a lobe;
h-m, sclerites from interior of a lobes

n-t, sclerites from surface layer of
the stalk; u-z, sclerites from interior of the stalk;

u-z, by lower scale. (D-6)

a-t, by upper scale;
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Merulinidae Meruling ampiiata

Fchinophyllia asper
Mycedium leephanto-
tus

Pectiniidae

Oculinidae Galaxea fascicula-

ris
I*.2qidae
Dendrophy11lidae
Milleporidae Millepora
Elatzghziia

Helinporidae

Alcyoniidae

Platygyra daedalea
P, lameiiing

F. sinensis

Symphyliia radians
g, recta
. agaricia
LobophyTTia
Corymhosa

Acanthastrea .
echipata

1l

Turbinaria frondens

I, reviformis
J. immersa

sw-cophyLon
trocheTinphorum

Lobophytum
sarcophyloides

Table 4. Coral species occupy the five categories of relative competitive apility.
Famiiy aggressive moderate intermediate moderate subordinate
aggressive subordinate
Acroporidae Acrapora aspera A, humilis A. hyacinthus M, informis M. venosa
A palifera K nana B. foRticulosa M, foveolata M. monasteriata
A. tenuis %% gemmifera M. peltiformis Astreopora listeri
Woniipora foligsa grisea M. ehrenberg’
. gnsaga . Toberculosa
M. verrycosa M. aequituberculosa
M. spumosa
Pacilloporidae Pociliopora Serijatopora P, eydouxi P. damicornis
Verrucosa yStrix
Stylophora
E1sg1 ata
Poritidae Porites P, Tichen P. lutea
australiensis P, cylindrica
P. {Synaraeaj rus P, nigrascens
Agaricidae Pavona vearians Pachyseris rugasa
. Specinsd
CocToseris mayeri
Faviidae Hydnophiora exesa Favia speciosa Montastrea Leptastrea Lyphastrea
Favia favds 7. pallida vaienceinessi purpurea chalcigicum
Féhinopira Favites flexuosa Plesiastrea
jamellosa versipora
Goniastrea
seclinats

Heliopera coerulea

5. crassgcaule
5. glaucum

L. pauciflorum
Sinularia

SinuTaria compacta Sinularia grancsa

SinuTaria facile

Sinularia exilis

polydactyla Sinularia
SinuTaria scabra qibberosa

51Nuiariad fumeronsa
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CORAL COMMUNITIES OF SOUTHERN TAIWAN

ABSTRACT

Coral communities on the 1ringing reefs of southern Taiwan were studied by
a line-transect sampling method,  Six sites were selected for this sampling and a
total of 161 lines, with 25 to 30 lines from each site, were surveyed, On average,
corals (including scleractinians, alcyonaceans, and hydrozoans) cover from 33 to 50%
of the reef surface. Comparison of faunal composition among study sites reveals
two types of coral communities, The type [ community, represented by two sites
on the west coast and two sites on the east side of Nanwan Bay, is mainly composed
of scleractinian corals; alcyonaceans contribute less than 6% to the total coral cover.
The type 11 community, represented by two sites on the west side of Nanwan Bay,
is comprised of more than 30%. alcyonaceans and less than® 50% scleractinians in
total coral cover. At the within reef scale, four types of coral communities were
recognized, i.e., (1) the reef margin and reef front, {2) the alcyonacean-dominated
community, (3} the foliaceous coral community, and (4} the current track community.
Among themn, only the alcyonacean-dominated and the foliaceous coral communities
have distinct fawunal uniformity. The foliaceous coral community, existing at deeper
protected areas (15-25 ), is dominated by foliaceous scleractinians. The alcyonacean-
dominated community, existing at areas exposed to .moderately strong water flow,

is dominated by fleshy alcyonaceans.




I
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INTRODUCTION

Taiwan is located near .the ce:‘lnterls of species and generic diversity of Indo-
Pacific corals which lies between the Philippines and Northeastern Australia (Wells,
1957, 1969; Stehli and Wells, 1971; P‘ichon, 1977; Potts, 1983). Among the reefs
of the island and several adjacent isllots, southern Taiwan (Lat. 21°55'-22°00" N,
Long. 120°40'-120°52' E) has thg best developed. fringing reefs and the highest
diversity of corals (Dai, 1986} Joﬁes ;et al. (1972) {first drew attention to the coral
communities of southern Talwan. Durmg their_short period of survey, they described
the reet morphology and bwlogma] communities of southern Taiwan with emphasis
on fishes and corals. Subsequent s*udulas (Yang et al. 1976, 1977; Randall and Cheng,
1977, 1979; Yang, 1985) were focuse‘d on further descriptions of reef morphology
‘and on the ecology of plankton and fishes. According to previous studies, two major
characteristics of the coral reefs of southern Taiwan are (1} the discontinuity of
the reef which is separated by sand channels of various width, and (2) the pronounced
variation of . coral fauna that ex1|sts|among different localities of the study area.
However, . no quantitative studles on coral communities encompassing the reefs of

southern Taiwan have been conducted before the present one.

The purposes of this study are :/(1) to provide a quantitative comparisen of coral
communities at different localities; (2) to demonstrate the distribution pattern of

|
corals along bathymetric gradients; and (3) to determine whether ther are detectable
| [

within-reef zonation patterns.
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METHODS

Sampling

Six sites on the coast of Hengchun Peninsula, southern Taiwan, two on the east
coast (A, B) and four in Nanwan Bay (C, D, E, F), were chosen for the study of
coral communitieé (Fig. 1). The six study sites were chosen to represent the various
types of coral communities of the study area. At each site, a traverse was estab-
lished perpendicular to the coast and extending seaward to the edge of the reef
(about 25 m in depth). A 10-m chain with links 1.5 cm in length was laid parallel
to the depth confcour at intervals and with its center sitting on the traverse line.
A line-transect was sampled at approximately 15-m intervals with reference to
depth contours for most part of the study sites except the submarine terrace of
site D where the reef is flat and a 25-m interval was applied. A total of 25-30
line-transects were sampled at each sites. All benthic organisms under the line were
recorded and the length of each orgénism that intercepted the line was measured
to the nearest 0.25 cm and recorded. All scleractinian, alcyonacean and hydrozoan
corals were identified to species. Whenever confronted with the identification of
a certain coral colony, a color photograph was taken by Nikonos V camera and a
small piece was chopped off and placed into a plastic bag carrying a number tag
for further identification in the laboratory. No effort was made to identify the
species of algae, sponges and other benthic organisms. These organisms were recorded
easily recognizable classes or phyla. A coral colony was defined as any continuous
tissue growing independently of its neighbors. In the cases where two or more
colonies were overlapping, only the intersected length of the top colony was used
for coverage calculations, while the length of the underlying colonies were also rec-
orded for coral species diversity (Loya, 1972; Loya, 1978). The study was conducted
in May to August, 1986, and February to April, 1987,

Data Processing

Several indices were calculated for each iinetransecf. The basic descriptors
are (1) number of species, S; (2) number of colonies, N; and (3) percent of coral
coverage (COV %). Four information indices were also calculated.

(1) Shannon-Wiener's index (H") ‘

H' = -5 pi logepi where

Total length covered by species i

pt =

Total length covered by all species




(2) Pielou's evenness index {J')

I = H'/Hmax where

Hmax = logeS, S5 = total f\umber of species in a transect.

(3) Simpson's index (D)

_ 2ni (ni-l)
N (N - 1) l .‘l
P
P
: i
L 1
Total coral coverage |

{4) Size index (81), where

51 =

" Total number of coral c;olonies
|

| "\

.

A single one-way analysis ol vaf'riance was carried out on all the community
descriptors (3, N, COV %, H', ]'.’ D:, and size index) to compare the community
structure of the study sites. The null hypothesis for this analysis s that there are

no differences in the coral commur*|t|1ty structure among the study sites. Where ANOVA

indicated significant differences, § rr?ultlple comparison of means for each of the

community parameters was carrled out by using Tukey's studentized range (HSD)
I i‘

i

Hlerarchical classification dnaly51s was used to group the study sites and lines

test procedures (Ray, 1982a).

on a traverse to reval the faunal‘ 51m:1ar1ty among and within reefs. The characters
used in the classification were coral«coverage of each species and were log (X+1 O)
transformed prior to the ana]yms Spec1es that occurred on only one line-transect
were omitied in the analysis. Ward'sﬂ‘ agglomerate hierarchical method of SAS cluster

procedures was used for this grouping.!
;
All statistical analyses were|conducted at the Yale Computer Center using the

SAS package (Ray, 1982a, b). o

i
!

RESULTS
;i
A total of 214 species represénting 62 genera of corals were recorded during

i
the sampling study of coral communmes Of this total, 170 species in 50 genera

of scleractinians, 39 species in ll genera of alcyonaceans, and 4 species of | genus

{(Millepora) of hydrocorals were qecogmzed. These represent 76% of the species rec-

orded in the study area, Among thém, only 45 species were recorded on all traverses




and 135 species were recorded on 3 to 6 traverses,

Among Reef Comparisons

Table 1 shows the average and standard deviation of various statistics measured
for each line-transect at the six traverses. The results of one-way ANOVA indicated
significant differences (P < 0.05) for all community descriptors (except Simpson's
index}) among the traverses, Further analysis of Tukey's multiple comparison test
(Table 2) shows that site D had the lowest average number of species and the diff-
erences in remaining sites were not statistically discernible. The values of the species
diversity index (H') and the evenness index (J') show similar trends to that of the
average number of species. However, comparisons of living coverage show a reversw
relationship, Site A had the !owast'}average coral ‘c'ovefage and no significant diff-
erences were discernible among the remaining sites. The trend in size index was
similar to that of coral coverage. In conclusion, site D has the highest living coral
coverage, the largest average colony size, the lowest species diversity, and the lowest
evenness, On the other end, site A has the lowest coral coverage, the smallest

colony size, the highest species diversity, and the highest evenness.

Table 1. Average and standard deviation (in parenthesis) of various statistics measured

on the six study sites. n: number of lines, $: number of species, N: number

of colonies, COV: coral, coverage (%).

site n. S "N . CON H ki D St
A 26 22.54 31.58 34,29 2.788 0.899 0.917 10,92
(3.77) (6.42) (7.65) (0.205)  (0.038)  (0.029)  (1.36)
B 26 21.50 36.86 44.61 2.623 0.858 0.890 12.41
(3.81) (7.40) (7.27) (0.288)  (0.070) (0.049)  (2.52)
C 25 21.96 34,40 49.06 2.662 0.865  0.864 14.21
(3.95) (6.12) (14.78)  (0.289)  (0.059)  (0.183)  (3.46)
D 30 17.63 29.43 50.41 2.322 0.814  0.857°  18.07
(4.40) (8.81Y  (18.21)  (0.364)  (0.073)  (0.061) (7.70)
E 28 21.2! 34,57 56.49 2.618 0.864 0.893 13,70
' (5.18)  (7.31)  (16.72)  (0.306)  (0.049)  (0.035)  (4.87)
F 26 20.42 31.96 48,11 2.607 0.869 0.898 15.10

(6.64) (12.92)  (0.263)  (0.50) (0.006)  (3.29)




i )
studentized range y‘(HS.D) test for differences between site means
!

Table 2. Tukey's
for: No. of species, & lf;Jo. of colonies, ¢; coral coverage, ; H', O ;3 I

o; D, B ; size index, & . | j

] ,
site A B . ¢ : D E F
; |
A —_— :
' |
B ok (JoO e A
o
C *x om P
b
D A *x oBA|Ae [OA|AS Do A —_—
| i
E *010 [ Ae TOA —_
F *00 A Al A (oA —_
!

Table 3. ‘
Shows the coral faunal composition E‘of the six traverses by families. At site- A,
B, E, and F, most of the coral co;vergae is composed of scleractinian corals and
the most abundant families are ‘Acrbporidea and Faviidae, Alcyonacean soft corals,
including families Alcyoniidae and N%phtheidae, constitute less than 6% of the total
coverage. However, at sites C and D, soft corals comprise more than half of the
total coverage and scleractinian cofrals comprise, less than half of the coverage.
It is obvious that two types of ccn:‘al communities can be differentiated in terms
of faunal composition. Cluster analyfsis on faunal similarity based on coral coverage
(Fig. 2) confirms this fact. The type I community, represented by sites A, B, E,
and F, is dominatd by scleractinianicofals, and the type 11 community, represented

by sites ¢ and D, is dominated by alcyonacean corals.

Table 3. Percent coral cover in families of the six study sites. |

Family site A B C D E F
Alcyoniidae 489 046, 4804 6173 5.82 0.29
Nephtheidae 0.46 0.26. 4.56 1.92 - -

Helioporidae 0.73  10.16° 0.03 0.35 0.30 2.49
Acroporidae 32.04 S4.61. 9,40 9.02 20.40 43.25
Pocilloporidae 6.04 5.70- 1.48 2.90 2.77 1.03
Poritidae 4.32 2.06 6.83 813 1187 9.32
Faviidae 26.54 19.94 12.56  23.43 25.30

12.29




Pectiniidae 5.78 6.44 1.04 0.16 14.76 1.94

Merulinidae 2.42 1.73 2.06 0.45 12.53 4.96
Agariciidae 2.73 1.62 3.01 0.23 0.42 6.66
Others 3.05 4,67 3.61 2.57 . 8.06 4.76

Table 4. A list of ten of the most abundant coral species and their relative abund-

ance (percent of total coral cover) on the six study sites.

A B C D E F
HECO 9.73 HECO 1i0.16 SATR 9.30 SATR 10.43 MEAM 12.53 MOIN 8.85
MOIN 3,43 MOIN 8.93 LOSA 7.31 LOSA 835 MYEL 1058 MOFL 5.82
PLLA 2.73 MOEL 8,05 SACR 7.22 SACR 7.55 LOSA 2,51 MOSP  3.67
MOTU 2.59 MOSP 4.73 NEER 4,60 SIGR 4.94 MOFL 2.45 FASP 5.18
MEAM 2.42 ACFO 3.23 SAEH 3.75 SIEX 4.19 PORU 2,18 MEAM 4,23
ACHY 2.33 MYEL 2,97 SIFA  3.25 SIFA 3.77 POAU 2,12 MOVE 3.37
ECAS 2.31 MOVE 2.82 SIEX 2,95 SIPO 3.59 PLLA 2,11 PLLA 334

MYEL 2.06 MOH! 2.47 FASP 244 DIHE  3.16 FIAB 1,98 POLI 2.89
ACDI 2.02 SEHY 2.35 SINU 2,27 LOSO  2.79 PLSI 1.8% MOEH 2.8)
ACTE 2.00 STPI 2.17 POAU 2,21 POLU 2.65 POLI 1.83 MOVR 2.51
ACDI:  Acropora divaricata ACFO: Acropora fomosa
ACHY: Acropora hyacinthus ACTE: Acropora. tenuis
" DIHE: Diploastroa heliopora ECAS: Echinophyllia asper
FASP: E_a_nﬁ_i_g speciosa FIAB: Favites abdita
HECO: Heliopora coerulea LOSA: Lobophytum sarcophytoides
LOSO:  Lobophytum solichum MEAM: Merulina ampliata
MOEH: Montipora ehrenbergi MOFL: Montipora foliosa
MOHI: . Montipora hispida MOIN: Montjpora informis
MOSP: Montipora spumosa MOTU: Montipora tuberculosa
MOVE: Montipora venosa MOVR: Montipora verrucosa
MYEL: Mycedium elephantotus NEER: Nephthea erecta
PLLA: Platygyra lamellina PLSI:  Platygyra sinensis
POAU: Porites australiensis POLL: Porites lichen
POLU: Porites lutea PORU: Porites {Symaraes) rus
SACR: Sarcophyton crassocaule SAEH: Sarcophyton ehrenbergi

SATR: Sarcophyton trocheliophorum SEHY: Seriatopora hystrix




SIEX: Sinularia exilis . SIFA:  Sinularia facile

SIGR: Sinularia,grandilobata i i SINU: Sinalaria numerosa
SIPO:  Sinularia polydactyla U ' STPL: Stylophora pistillata

!
i
Figure 2. Dendrogram showing class:ﬂcanon of the six study sites based on tissue

coverage of corals. = Two main groups I(I and I} are distinguished at the similarity
roor :

level R%=0.5. L
Simila\;'rity". Index RZ
|
02 = 04

0.6 0.8

-
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Table 4, lists ten of the most abundant coral species at each study site. At sites C anc D,

eight in ten of the most abundant SPECJEb ‘are alcyonacean corals. ameng these, five species.
occur at both sites and the top three mlrank are identical at both sites. Scleractinian
corals which appear in the lists, such as Favia speciosa, Porites lutea, and Diploastrea

heliopora, are species with masswe forms Species that are abundant at site A,

|
B, E and F, are: Montipora mform15, M. foliosa, M. venosa, Platygyra lamellina,

Merulina ampliata, Mycedium elephantotus Heliopora coerulea. The abundant coral

species show differences in grow‘chH form at the four sites. At sites E and F, the
common growth forms of these spec1es are foliaceous, encrusting, and massive.

Branching corals are less abundant 'at these two sites. However, they are relatively
abundant at sites A and B, although dl-fferent species are abundant at the two sites.
At site A, abundant species are Acr%ra hyacinthus, A. divaricata, and A. _@gﬂgg,

at site B, the abundant species are Acropora formosa, Seriatopora hystrix, and Sty-

lophora pistillata.

Within Reef comparisons

Zonation of reefs in the study area was first described by Jones et al. (1972)
based mainly on topographic characteﬁs. The topographical zones defiped by them,

such as reef margin, reef front, réefislope, submarine terrace, and block-and-fissure

— 52—




zohe, were followed in the current study. In addition, cluster analysis based on
faunal composition was applied to reveal the biotic zones. The grouping by this
nutnerical method shows considerable overlap of faunal compositions in the within-
reef scale. Biotic zones are detectable only at some protecied areas such as the
reef slopes of sites B, E and F, and the submarine terrace of site D. By considering
both the topographic features and faunal compositions, four types of coral comrunities
were recognized.

(1) The reef margin and reef front community, represented by a mixture of
massive, encrusting, and branching scleractinian coraIé, exists in highly exposed areas
and extends from the shoreline to about 15 m in depth., Species common in this

community include Montipora informis, M, spumosa, M. venosa, Porites lichen, P.
b —_— . L y

australiensis, Platygyra lamellina, Favia speciosa, Stylophora pistillata, etc. The

species diversity of this community is relatively high and the total coral coverage
ranges from 25 to 45 percent of the surface area.

(2) The alcyonacean-dominated community, characterized by the dominance of
alcyonacean corals intermingled with scattered massive and encrusting scleractinian
corals, occurs on the submarine terrace and reef front of sites C and D, ranging
from 4 to 15 m in depth. The major species of this community are Sarcophyton

trocheliophorum, Sarcophyton crassocaule, Lobophytum sarcophytoides, Sinularia exilis,

and Sinularia facile, The coral cover of this comrmunity is the -highest, while the

species diversity is relatively low due to the dominance of alcyonacean corals.
{3} The reei slope community, represented by foliaceous scieractinian corals,
exists on the protected reef slopes and extends from 16 to 25 meters in depth.

The major corals of this community are Merulina ampliata, Mycedium elephantotus,

Echinophyilia asper, Pachyseris speciosa, and Montipora foliosa.  These corals have

a similar morphology of foliaceous or plate-like forms with a variety of modifications.
In  general, this community has high coral cover and low’ species diversity.

(#) The block-and-fissure community, represented by highly irregular reef top-
ography and a mixture of small scleractinian and ‘alcyonacean colonies, exists on

some high-energy seaward slopes and ranges from 15 meters in depth to the edge

of reefs. Scleractinian corals common in this community have massive, encrusting

or stout and compact branching forms, including Diploastrea heliopora, Favia speciosa,

Montipora foveolata, and Pocillopora verrucosa. Alcyonacean corals common at this

area are small colonies of Sarcophyton trocheliophorum, S. ehrenbergi, and S. crass-.

ocaule. Both species diversity and coral coverage at this community are relatively

low.




DISCUSSION
Coral communities on the reefsﬁ:of southern Taiwan display patterns of dist-
tribution at two spatial scales, l.e,, 7:;1 be::tleeen—reef scale and a within reef scale.
The . patterns are distinctive despite the i"considerablee overlaps in species composition
of the within-reef zones and of the lbetween—reef communities defined. The distr-
ibution patterns among these communmes result from numerous biotic and abiotic
mechanisms, !
.
i !
|

. Between—Reef Patterns ' 4 \

The most prominent pattern made known by this study is related to occurrence
of two distinct faunal assemblages antong the six sites. The formation and main-
tenance of this pattern is of primary | mterest In particular, sites D and E, located
in the same bay and with a distance "of about I mile between them, have very diff-
erent coral faunas. Since the current pattern shows a considerable mixing of the
watet mass in Nanwan Bay during successwe tidal cycles {Liang et al. 1978), there
would appear to be no barriers to larv"al dlspersat Indeed, young alcyonacean colenies
were consistently found in areas dommated by scleractinian corals during the survey,
However, very few large alcyonacean' colomes (>10 cm in diameter) were recorded.

Differential survival of recruits seems to be the primary factor that feads to

the between-reef distribution pattern Dinesen (1983) in her

study of the distribution patterns of soft corals across the central Great Barrier
Reef found that alcyonacean corals, espec1ally members of the families Alcyoniidae
and Nephtheidae, apparently {favor growmg on outer- and mid-shelf slopes where the
water clarity is high and the water CerlIlia‘l'lOl’l is good. Benayahu and Loya (1977)
and Tursch and Tursch (1982) reported that both high cover and high species diversity
of alcyonacean corals occur at 1ntermec[1ate depths on the reefs of the Red Sea
and Papua New Guinea. Since in alcyonacean corals the living tissues are spread
throughout the bulk of the colony, a‘s the colony grows larger, stronger water flow
will be required to bring essential substances and carry away wastes (Tursch and
Tursch, 1982). In addition, in calm waters sediment accumulation is heavier, a factor
that is harmiul to alcyonacean corals and restrict their distribution in areas where
the water flow is relatively slow. fOn IJthe other hand, since they do not have a
solid skeleton, extreme water flow w1[1 dtslodge them and cause mechanical damage
to them. Fishelson {1370) suggested that the damaging effect of wave action is
a -major factor inhibiting the growthl of | u soft corals. This view is substantiated by
the depauperate faune of aicyonacean Corals on very shallow reef flats (0-3 m) and

the predominance of low, encrusting forms (e. g. Sinularia exilis, S. facile) on lower

reef flats and the upper reef front (3- 6m)‘1n the study area.

Wherever they are present, local space monopolization by alcyonaceans corals




seems frequent. Both the studies by Benayahu and Loya (1977) and Tursch and Tursch
(1982) indicated that the first five most abundant species confribute over 80% to
the soft coral cover, and the first ten species comprise more than 95% of the cover.
Although the soft coral fauna on the reefs of southern Taiwan does not show obvious
space monopolization by few species, monospecific aggregahons are frequently observed.
Such a patch distribution pattern may resuit from asexual propagation by colony
fission andfor gregarious behavior of planula larva {Benayahu and Loya, 1984b, Ben-
ayahu, 1985).

Within-reef Patterns o

The observation and description of zonation patterns on reefs is longstanding
(e. g. Marshall, 1931; Goreau, 1959 Wells, 1954; Stoddart, 1969; Barnes et al,, 19713
Rosen, 1971;, Rosen, 1975; Pichon 1978; Dana, 1979; Done, 1983). Wells (1954) has
defined a zone as "an area where local ecological differences are reflected in the
species association and signalized by one or more dominant species". By referring
to this dafinitien, only two biotic "zones" are distingulishable at the study area,
i.e., the reef slope and the alcyonacean-dominated communities.

The reef slope community has been reported on most indo-Pacific reefs (e.g.
Wells, 1954 Stoddart, 1969; Dinesen, 1977; Sheppard, 1980, 1982; Done, 1983
Kiihimann, 1983). It has been named the Echinophyllia zone by Wells (1954), or
the Agariciidae and Pectiniidae zone by Pichon (1978). The Agaricia zone reported
by Goreau and Goreau (1973) and the 'lower fore reef siope' by Liddell and Ohlhorst
(1987) are equivalents of this type of community In the Caribbean. The formation
of the reei slope community has been related to light, sedimentation and trophic
features of corals. Since the environment of the protected reef slope is stable,
and the corals that dominate the community are good cofnpetitoés (Sheppard, 1979;
Dai, unpubl. data), it is likely that interspecific competition is an important factor
in steucturing the reef slope community.

The alcyonacean-dominated communities exist near the tips of Hengchun Peninsula
The areas are exposed to relatively high water energy from constant current flow
and occasional strong §urge waves (Liang et al. 1978). The major environmental
factor that influences the organisms in the alcyonacean dominated community seems
to be water movement. Studies on the effect of water movement on scleractinian
corals suggest that sirong water movement excludes corals with fraglle skeletal
morphologies and leads to the zonation of species with high skeletal plasticity or
compact growth forms (Guaus et al. 1977; Chappell, 1980). Scleractinian corals that
exist in the alcyonacean-dominated community are mostly in massive or encrusting

forms.  Alcyonacean corals, however, adopt different strategies. Soft corals alter




their morphology and body volume umgmhcantly under the influence of mechanical
stresses such as wave energy (Koehl 1977, 1982). In the case of high mechanical
stress, soft corals may contract . sngmhcantly and lose more than half of thelr body
volume, Therefore, they can resist wavF surge by reducing the drag caused by water
flow and hold the space eff1c1en1:iy. In terms of competitive ability, most of the
alcyonaceans are subjected to mese:l'nten‘al attacks by scleractinian corals. However,
they are able to resist the aggresﬂsjvei, behavior by developing a protective layer
{Sammarco et al.,, 1985) and by modifyir"\g their growth directions to escape the attack
or they may even overgrow scleractmlans

The distribution pattern of corals Icm the reefs of southern Taiwan displays two
extreme types of comrmunities whlch rinay be mainly structured by biological forces
in the one case and by’ physical forces in the other case, The basic morphological
explanation for this pattern is that |. the very attributes that contribute fo competitive
dominance (such as faster growth rate[and concomitant greater morphological relief)
may make them susceptible to wave damage (Wilson and Keddy, 1986). Conversely,
the maorphologies most resistant to wave damage . (massive, compact colonies) may
be weak competitors, since they. grow slower and are more- constant in form. On
coral reefs, physical factors (e, g. lwave energy, sediment) appear to determine which
species can live in a certain env1ronment and then, biclogical processes (e. g. com-

petition, predation) sturcture the co‘rnmg‘Jnlty
i
‘1
'
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