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Abstract

Anthropogenic impacts and natural disturbances have been intense recently in the global scale, affecting the
composition of coral reef benthic communities from coral to algal dominated reefs. However, this condition does
not always occur considering corals are able to recover when the stressors falter. This study aims to investigate the
change in coral reef benthic communities and the relationship among benthic categories. The study was carried
out in 2014 and 2016 at five sites, three sites in the Lembeh Strait and two sites in Likupang, North Sulawesi
Province. Underwater Photo Transect (UPT) was used at depth of around 4-6 m in slope areas. The result
indicated that the benthic communities were slightly changing: the percent covers of hard corals, sponges, soft
corals, macroalgae and substrate categories were not significantly different between the years but category of
others, particularly seasonally growing hydroid, increased significantly, occupying the available substrates and
overtopping other benthos surrounding. The study also found that there was a significant relationship between
the change in benthic gradient and the number of hard coral colonies: when the composition becomes less
complex, the number of colony declines. In contrast, the hard coral diversity remained unchanged, suggesting the
coral reefs apparently have an ecological resilience (sustainable species diversity) against the change although
ecological complexity declines. In addition, the hard coral cover was significantly correlated with soft coral and
sponge covers, which did not change significantly among the years. In general, the coral reefs in North Sulawesi
might experience a temporary blip due to the increasing percent cover of others, and be predicted to recover as
there was no indication of soft corals and sponges to increase significantly. However, it is necessary to investigate
the dynamic of benthic communities in different depth gradients to gain a comprehensive understanding as the

communities respond differently to the light intensity.
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1 Introduction

Coral reefs degradation has been inevitable since anthropo-
genic factors became intense and continuous (De’ath et al., 2012;
Knowlton and Jackson, 2008). Furthermore, natural catastrophes
have caused sudden decline in coral cover and habitat complex-
ity (Goffredo et al., 2007; Campbell et al., 2007; Kulkarni et al.,
2008). Following the decline, a phase shift to algal dominated
communities commonly occurs; particularly resulted from poor
water quality and overfishing of herbivorous fishes (Hughes et al.,
2007; Bruno and Selig, 2007; Cheal et al., 2010). However, there
are evidences that coral reefs are able to recover and result in a
different coral community structure (Sheppard et al., 2008; Smith
et al., 2008; Gilmour et al., 2013; Ceccarelli et al., 2011). Hence, it
is clear that coral reefs are dynamic and needs a good under-
standing at which state coral reefs are becoming at present.

Coral reefs play an important role both in ecological and so-
cio-economic aspects. First, coral reefs provide a complex habit-
at which enables plenty of marine biota to settle, forage, spawn

and nurture their juveniles, making it the richest marine ecosys-
tem in the world (Moberg and Folke, 1999). Second, coral reefs
boost fishery and tourism industries, providing nutritious food
for people and creating many promising jobs (Brander et al.,
2007; McCook et al., 2010). In Indonesia, estimated annual eco-
nomic value from coral reef related to goods and services is ap-
proximately 127 million, 1.5 million and 387 million USD for
tourism, fishery and shoreline protection respectively (Burke et
al., 2012). These benefits are dynamic following the condition of
coral reefs, making the stakeholders have to manage the reefs
professionally and aware regarding the reefs’ trajectory.

Coral reefs in North Sulawesi, located in the Coral Triangle
Region, have been studied from some different point of views
(Tomboelu et al., 2000; Souhoka, 2004; Arifin, 2007; Manembu et
al., 2012; Putra and Handoyo, 2013; Hermanto, 2013). Neverthe-
less, the studies do not take into account the trajectory of coral
reef conditions which is essential information for stakeholders to
make decisions. The Lembeh Strait is well known for its exciting
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diving spots, having many long fringing reefs spanning along the
strait in both of the mainland and the Lembeh Island. Along with
the development of the local ports, shipping activities become
frequent and may undermine the coral reef ecosystem. In
Likupang, traditional fishery industry appears to be quite com-
mon, whereas, tourism sector is still rare, mainly due to lack of
infrastructure. These complex conditions may influence the cor-
al reef conditions, particularly the benthic communities, there-
fore monitoring is vital to understand the change of coral reef
condition before feasible solutions being made. This study aims
to investigate the change in coral reef benthic community condi-
tion and its relation among the categories.

2 Materials and methods

2.1 Study area

The research was carried out in May 2014 and August 2016 by
taking five sites; three sites located in Bitung (the Lembeh Strait)
and the rest occurred in Likupang (Fig. 1). The condition in the
Lembeh Strait was relatively moderate in term of current with
visibility, at the moment of the observation, around 10-13 m. The
characteristic of the shore commonly is steep, rocky with short
reef flat. In Likupang, the condition is relatively the same in term
of visibility but the current is slower than in the strait. The sandy
shore with long reef flat is the common characteristic of the land.

2.2 Protocol

The condition of coral reef benthic communities was quanti-
fied based on the percent covers. The method used to quantify
was Underwater Photo Transect (UPT), using a 44 cmx58 cm iron
frame (Giyanto et al., 2010; Giyanto, 2012a, b). The frame was put
on a laying transect line, which was installed parallel to the coast

line at around 4-6 m in depth, starting from 1 m to 50 m with in-
terval of 1 m. The frame was set up and down of the transect line
for odd and even numbers respectively.

2.3 Data analyses

The photo data collected from UPT method were then ana-
lyzed by using Coral Point Count with Excel extensions (CPCe)
(Kohler and Gill, 2006). A 30 random point was spread on each
frame (having total 1 500 points per transect); substrates and
benthic categories picked by the points were identified following
the given codes (Table 1). Live corals were identified further un-
til species level by referring to Coral of the World (Veron, 2000a,
b, c). The percent cover of benthos and substrate categories is
automatically counted in Excel extension by the program. In ad-
dition, the number of coral colonies was also counted by calcu-
lating the total number of occurrences from the 50 photos.

To investigate the difference of coral reef conditions over
time, it was used ¢-test with percent cover as a variable. Then, the
change of benthic communities and substrates among the sites
through the time was examined by using Principal Component
Analysis (PCA) on Euclidean distance and grouped by overlying
slices derived from a hierarchical cluster analysis. Beforehand,
the percent cover data were transformed Ig (x+1) to minimize the
deviation from normality. The relation of the change was viewed
from the change in gradient composition of the PCA axis (PC 1)
to coral’s species richness (S) and colony number (N). Further-
more, the relationship among the categories was also examined.

3 Results

3.1 Change in benthic covers and substrates
It appears that the benthic covers and substrates did not
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Fig. 1. Study sites in Bitung and Likupang, North Sulawesi, Indonesia.
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Table 1. Codes of benthic and substrate categories

Benthic and substrate categories Code
Live coral LC
Acropora -AC
Non Acropora -NA
Dead coral DC
Dead coral with algae DCA
TurfalgaeSoft coral TASC
Sponge SP
Fleshy seaweed FS
Others oT
Rubble
Sand S
Silt SI
Rock RK

change significantly, particularly hard corals (p=0.55), DCA
(p=0.19), soft corals (p=0.53), fleshy seaweed (p=0.68) and sub-
strates (p=0.11). On the other hand, sponges and others differed
significantly between the year with p=0.03 and p=0.00 respect-
ively. Although the coral cover was not significantly different, it
slightly declined by 3.61% (Fig. 2). The slight decline also oc-
curred to DCA and substrate categories by 4.68% and 3.29% re-
spectively. In contrast, the increase occurred to four different cat-
egories, including fleshy seaweed (0.9%), sponge (1.84%), soft

corals (1.99%) and others (10.47%).
Su

Fig. 2. Percent cover of benthic categories and substrates. HC
represents hard coral, DCA dead corals with algae, SC soft coral,
SP sponge, FS fleshy seaweed, OT others, and Su substrates
(rubble and sand).
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3.2 Change in benthic and substrate composition

The composition of benthos and substrates were variable
from hard coral domination to soft corals and sand domination
in positive and negative scores respectively (Fig. 3). The princip-
al component 1 (PC 1), accounting for 30.2% of variation, ordin-
ates the composition from sand in the negative scores to hard
corals (Oculinidae) in the positive score. The second principal
component (PC 2) differentiates Acroporidae in the positive
scores to soft corals in the negative scores, having about 27.2% of
variation.

It appears the composition was slightly changing during the
time period and different among the sites (Fig. 3). In this case, the
benthic and substrate compositions at four sites, including Stas 1,
2, 3 and 5 were not quite different between the years (indicated
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Fig. 3. Principal component analysis (PCA) for benthic and sub-
strate categories from five different sites in 2014 (blue color) and
2016 (red color). Acr represents Acroporidae, Fav Faviidae, Por
Poritidae, Ocu Oculinidae, OHC other hard corals, SP sponge, SC
soft coral, FS fleshy seaweed, DCA dead coral with algae, OT oth-
ers, S sand, and R rubble.

by the close distance), but different among the sites as grouped
into three different clusters. Conversely, the composition at Sta. 4
appeared to be changing, characterized mainly by Acroporidae in
2014 to soft corals and Oculinidae in 2016.

3.3 Relationship between the gradient composition (PC 1) and
species richness (S) and colony number (N) of coral; and
among the benthic categories and substrate
The number of coral species found in 2014 and 2016 were

slightly different, accounting for 130 and 133 species respectively

(Table A1). Whereas the average colony number was 148 and 107

colonies in 2014 and 2015 respectively. Then these data were

linked to the change of the gradient composition of benthos and
substrates. The change in benthic and substrate composition,
from high structural complexity dominated by hard corals

(Oculinidae and Poritidae) in the positive scores to low structur-

al complexity dominated mainly by sand and soft corals, appar-

ently brought different trends to species richness of coral and the
number of colonies. In this case, species richness of coral ap-
peared to be relatively similar (p=0.93, R2=0.001) although the
gradient composition of benthic and substrates changed (Fig. 4a).

In contrast, a moderate upward trend occurred in the number of

colonies (p=0.04, R2=0.409), indicating that the lower structural

complexity, the less number of colonies found (Fig. 4b).

Among the benthic and substrate categories, an insignificant
relationship occurred between hard coral cover and DCA com-
bined with fleshy seaweed (p=0.80), others (p=0.90), and rubble
(p=0.27) (Figs 4c, d and e). In contrast, a significant relationship
only occurred between hard coral cover and soft coral combined
with sponge covers (p=0.02), suggesting that the decline in hard
coral cover was likely associated with the increase of soft coral
and sponge covers (Fig. 4f).

4 Discussion and conclusions
Coral reefs are a dynamic ecosystem in which the communit-
ies respond differently to the change of environmental condi-
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Fig. 4. Relationship between gradient benthic and substrate compositions and coral’s species richness (S) (a) and colony number (N)
(b); the relationship between hard coral cover (HC) and DCA and FS (c), others (OT) (d), SC and SP (e), and R (f). UCL represents

upper confident limit and LCL lower confident limit.

tions (Graham et al., 2006). In this study, the benthic communit-
ies were changing differently, given that hard corals and DCA
were declining while the rest of benthic communities appeared
to increase. This decline in hard coral cover was also reported in
some places in the mid and southeast of Indonesia’s archipelago,
including Kendari, Wakatobi, Raja Ampat and Lombok (Pra-
mudji, 2016; Yosephine et al., 2016; Gerung et al., 2016; Bachtiar
et al., 2016). This declining conditions might be related to the
mass bleaching event occurring in 2016 (Australian Institute of
Marine Science (AIMS), 2016; Ampou et al., 2017). Although it
was declining, the coral cover was not significantly different to
the previous year, indicating the corals might encounter a less
stressful condition compared to the other areas as it is located in
the north of Sulawesi and heading to the open sea of West Pacific
Ocean. Furthermore, there was no bleaching event reported in

this area in the recent years. The same insignificant result also
occurred in Biak and Ternate which are located in the northeast of Indon-
esia’s archipelago (Giyanto et al., 2016; Cappenberg et al., 2016).
These locations may enable corals to receive continuous flow of
West Pacific’s mass oceanic water and therefore increase mass
transfer that allow oxygen radical and their derivate to move from
the cells through diffusion process, minimizing the likelihood of
coral bleaching (Nakamura and Van Woesik, 2001; Monismith,
2007; Mass et al., 2010).

Another explanation of such coral decline was related to the
significant increase of category of others, especially hydroid
(Aglaophenia cupressina), which could occupy DCA, and the tufts
overtopped the spaces and benthos surrounding, including live
corals (Figs 5a, b). Seasonally growing hydroids were found to be
abundance in reef slope in which the light and current are optim-
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Fig. 5. Hydroid occupying the spaces and overtopping the benthos surrounding.

al and hard substrates are highly available (Gravier-Bonnet and
Bourmaud, 2006). Furthermore, in North Sulawesi, A. cupressina
was found to be able to compete with corals-forming very large
tufts and having symbiosis with stinging zooxanthellae-and cor-
related positively with rainfall, which can sustain food availabil-
ity (Di Camillo et al., 2008). In addition, a prolonged rainy season
in the North Sulawesi for almost two years might boost the hy-
droid growth; May 2014 was the end of rainy season which was
then followed by a transitional season prior to the dry season
which ended in January 2015, and then rainy season occurred
throughout the year of 2015 and 2016 which was beyond the nor-
mal condition of two seasons per year (Badan Meterorogi,
Klimatologi, dan Geofisika (BMKG), 2016).

A technical issue might also contribute to the differences. Al-
though the GPS coordinates are the same, the accuracy will not
be exactly 100 percent. Therefore, the position of transect line
was unlikely similar to the previous one, given there was no mark
installed on the reefs. However, the 50 photos taken from the
same depth range could represent the reef condition accurately
compared to other methods (Giyanto et al., 2010).

In general, the benthic and substrates compositions were
slightly changing, given that most of the sites were not too far
from each other (between 2014 and 2016) (Fig. 4). However, Sta.
4 appeared to change dramatically from Acroporidae and other
hard corals to soft corals and others dominated reef. It is likely to
be related to the local environment, in this case the site is situ-
ated nearby a residential area, namely Gangga II village, which
most of the villagers are fisherman. This might bring an adverse
effect to the reef, particularly from waste household, boat trans-
portation, and fishing activities. A long lasting or rapid change in
a community structure can occur at local scales (small individual
reefs or patches) as a result of local stressors (Nystréom et al.,
2008). The Acroporidae and other hard corals might be dying,
providing more hard substrates available than usual for category
of others to occupy. However, this result cannot be categorized as
a phase shift, considering that others comprise some sorts of
benthos, not a single type, and should persist for more than five
years of domination (Shulman and Robertson, 1996; Ostrander et
al., 2000; Ledlie et al., 2007). In addition, the study also found that
the benthic and substrate compositions among the sites were
heterogen, given that it was divided mainly into three big clusters
(Fig. 4). The conditions might be related to the gradient environ-
ment conditions, microhabitat and complexity of interaction
among biota (Karlson et al., 2004; De’ath and Fabricius, 2010;
Barott and Rohwer, 2012).

The change in the benthic and substrate compositions was

responded differently by the coral community structures. In this
case, there was no significant relationship between the change
and coral species richness. Furthermore, the number of species
found between the years was nearly similar, having a difference
of three species (Table Al). On the other hand, the change was
significantly correlated with the number of colonies, which de-
clined as the composition became less complex. This situation
may imply the coral reefs have an ecological resilience (sustain-
able species diversity) against the change. When less resistant
species is lost or reduced to a minor status-the state in which the
number of colonies drops into the smallest number-the remain-
ing species may be able to fill the potential gap that appears (Hu-
ston, 1985). However, it requires extra time to fill the gap than
losing the coral colonies, resulting in high species diversity but
poor in colony numbers. This situation would represent a severe
reduction in ecological complexity (DeVantier et al., 2006).

During the study, it was found as many as 187 coral species,
belonging to 54 genera. This accounts for approximately 34% of
species and 60% of genera recognized from this region (Veron,
2000a; Suharsono, 2008; Veron et al., 2015). The species found
was lower than the literatures as the observation took place at
depth around 4-6 m using UPT method, therefore could not rep-
resent all coral species following depth gradient. Mostly, corals
are found at less than 20 m in depth-the diversity increases from
the surface to the depth of approximately 10 m then declines
gradually-and able to survive at depth more than 20 m (Bak and
Nieuwland, 1995; Bak et al., 2005; Carpenter et al., 2008; Lesser et
al., 2009). Furthermore, it took place at five stations in a local
scale in which the general conditions and habitat availability in
the location may not be able to sustain all corals to exist, there-
fore need a wide range area of observation to collect more data.
Compared to other studies in this region, the number of species
found is fairly similar to Banggai and Kendari by 194 and 184 spe-
cies respectively (Siringoringo et al., 2012; Siringoringo and Hadj,
2015). This may indicate that in these recent years the coral di-
versity in this location remains high.

This study confirms that there was a significant relationship
between hard coral cover and soft coral and sponge. Although
this study indicates others (especially the hydroid) appeared to
increase significantly, the high percent cover of the seasonal
growing hydroid may not persist for several years as they possess
a seasonality in their annual life cycle; meaning their abundance
is driven by the alternation of dry and rainy seasons which affect
nutrient availability and turbidity (Boero, 1994). In contrast, soft
corals and sponges are less vulnerable to seasonal changes, but
to natural disturbances, such as cyclone and bleaching event
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(Thompson and Dolman, 2010; McMurray et al., 2011), and an-
thropogenic factors (Fabricius et al., 2005; De Voogd and Cleary,
2008). Although such factors have the same impact to hard cor-
als, sponges and corals apparently have different responses to
changing ocean chemistry and environmental conditions, such
as depth, light and current (Bell et al., 2013). In addition, soft cor-
als and sponges have ability to compete by producing chemical
compounds (allelopathic effect) and boring calcareous sub-
strates, particularly by Clinoid sponges (Maida et al., 2001; Paw-
lik et al., 2007; Chaves-Fonnegra et al., 2008; Chadwick and Mor-
row, 2011). Previous studies also found a change in community
structures from hard corals to soft corals (Dinesen, 1983; Stobart
et al., 2005) and sponges (Aronson et al., 2002; Ward-Paige et al.,
2005). These relationships among the categories suggest that cor-
al reefs in the strait and Likupang may encounter a temporary
blip due to increasing percent cover of a seasonally-growing hy-
droid. Furthermore, soft corals and sponge percent covers ap-
peared not to increase significantly, implying that there will be a
likelihood for hard corals to recover.

In general, the majority of benthic communities in North Su-
lawesi appeared to be slightly changing. The changing was cor-
related with the number of hard coral colonies, but the hard cor-
al diversity remained stable. This can boost coral reef conditions
as the other benthic competitors did not change, except the oth-
ers (especially the seasonally-growing hydroid). Hence, it is very
important to understand the dynamic of coral reef benthic com-
munities to predict the trajectory of coral reef conditions. It is
suggested to observe the benthic communities in different depth
gradients, therefore can be obtained a comprehensive under-
standing the dynamic of reef benthic communities in recent
changing environment.
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Appendix:

Table Al. Total number of colonies of hard coral species at five ~ Continued from Table Al

stations . Number
, Number No. Species 2014 2016

No. Species 2014 2016 52 Favia favus 2 0
1 Acanthastrea echinata 0 1 53 Favia lizardensis 2 1
2 Acropora aculeus 1 0 54 Favia matthaii 0 3
3 Acropora acuminate 7 0 55 Favia maxima 0 2
4 Acropora aspera 1 0 56 Favia pallida 2 2
5 Acropora cerealis 0 1 57 Favia rotundata 0 2
6 Acropora cytherea 3 1 58 Favia sp. 14 5
7 Acropora florida 4 1 59 Favia speciosa 1 4
8 Acropora formosa 12 29 60 Favia stelligera 1 0
9 Acropora granulosa 0 1 61 Favia veroni 0 1
10 Acropora humilis 3 1 62 Favites abdita 10 6
11 Acropora hyacinthus 1 0 63 Favites acuticollis 0 1
12 Acropora latistella 1 1 64 Favites bestae 0 1
13 Acropora loripes 0 1 65 Favites chinensis 0 1
14 Acropora microphthalma 1 1 66 Favites complanata 5 13
15 Acropora millepora 2 0 67 Favites flexuosa 0 3
16 Acropora nasuta 2 1 68 Favites halicora 2 3
17 Acropora palifera 14 0 69 Favites micropentagona 0 1
18 Acropora pulchra 0 2 70 Favites paraflexuosa 2 1
19 Acropora secale 0 1 71 Favites russelli 0 1
20 Acropora selago 1 0 72 Favites sp. 10 4
21 Acropora sp. 4 4 73 Fungia concinna 10 18
22 Acropora stoddarti 0 1 74 Fungia fungites 0 1
23 Acropora striata 0 1 75 Fungia granulosa 0 1
24 Acropora tenuis 2 0 76 Fungia horrida 0 1
25 Acropora valencinennesi 2 0 77 Fungia klunzingeri 6 1
26 Alveopora spongiosa 0 2 78 Fungia paumotensis 2 5
27 Alveopora tizardi 0 1 79 Fungia repanda 4 0
28 Astreopora gracilis 2 0 80 Fungia scabra 12 6
29 Astreopora myriophthalma 1 1 81 Fungia sp. 1
30 Astreopora sp. 1 0 82 Galaxea astreata 8 24
31 Barabattoia amicorum 2 0 83 Galaxea fascicularis 36 33
32 Caulastrea curvata 1 0 84 Gardineroseris planulata 4 2
33 Coeloseris mayeri 2 1 85 Goniastrea aspera 1 0
34 Coscinaraea columna 3 0 86 Goniastrea edwardsi 7 0
35 Ctenactis echinata 0 2 87 Goniastrea favulus 0 1
36 Cycloseris patelliformis 0 1 88 Goniastrea minuta 0 3
37 Cyphastrea chalcidicum 0 1 89 Goniastrea pectinata 1 4
38 Cyphastrea microphthalma 0 1 90 Goniastrea retiformis 5 3
39 Cyphastrea serailia 1 2 91 Goniastrea sp. 7 0
40 Cyphastrea sp. 0 1 92 Goniopora columna 3 12
41 Diploastrea heliopora 2 2 93 Goniopora fruticosa 0 1
42 Echinophyllia aspera 3 0 94 Goniopora lobata 9 2
43 Echinophyllia sp. 0 1 95 Goniopora minor 0 1
44 Echinopora horrida 0 2 96 Goniopora sp. 4 1
45 Echinopora lamellosa 8 5 97 Halomitra pileus 1 0
46 Echinopora pacificus 1 0 98 Heliopora coerulea 4 0
47 Euphyllia ancora 1 2 99 Herpolitha limax 3 1
48 Euphyllia divisa 0 2 100 Hydnophora exesa 0 4
49 Euphyllia glabrescens 10 15 101 Hydnophora microconos 1 0
50 Euphyllia yaeyamaensis 1 0 102 Hydnophora pilosa 1 0
51 Favia danae 0 1 103 Hydnophora rigida 1 1

to be continued to be continued
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Continued from Table Al Continued from Table Al
No. Species Number No. Species Number
2014 2016 2014 2016

104 Leptastrea sp. 1 0 159 Polyphyllia talpina 0 2
105 Leptoseris sp. 0 1 160 Porites annae 1 0
106 Lobophyllia hemprichii 6 1 161 Porites attenuata 11 1
107 Merulina scabricula 5 4 162 Porites cylindrica 62 24
108 Merulina sp. 1 0 163 Porites horizontalata 0 1
109 Millepora platyphylla 2 2 164 Porites lichen 2 0
110 Millepora tenella 1 1 165 Porites lobata 5 1
111 Montastrea curta 0 1 166 Porites lutea 51 26
112 Montastrea maginistellata 2 0 167 Porites monticulosa 0 1
113 Montastrea sp. 1 0 168 Porites negrosensis 2 6
114 Montastrea valenciennesi 1 0 169 Porites nigrescens 29 26
115 Montipora caliculata 5 2 170 Porites rus 28 21
116 Montipora crassituberculata 1 0 171 Porites solida 0 7
117 Montipora digitata 2 0 172 Porites sp. 13 5
118 Montipora efflorescens 5 1 173 Porites tuberculosa 0 1
119 Montipora foliosa 3 4 174 Psammocora nierstraszi 0 2
120 Montipora foveolata 1 0 175 Scapophyllia cylindrica 1 0
121 Montipora grisea 1 0 176 Seriatopora caliendrum 0 4
122 Montipora informis 7 4 177 Seriatopora hystrix 22 10
123 Montipora monasteriata 4 0 178 Stylophora pistillata 16 16
124 Montipora peltiformis 2 0 179 Symphyllia agaricia 4 1
125 Montipora sp. 26 13 180 Symphyllia radians 2 1
126 Montipora tuberculosa 1 0 181 Symphyllia sp. 1 0
127 Montipora venosa 1 1 182 Tubastrea micrantha 0 1
128 Mpycedium elephantotus 7 4 183 Tubipora musica 0 2
129 Mycedium mancaoi 0 2 184 Turbinaria mesenterina 3 1
130 Mpycedium robokaki 1 9 185 Turbinaria peltata 3 0
131 Oulophyllia bennettae 1 1 186 Turbinaria reniformis 1 0
132 Oulophyllia crispa 0 2 187 Turbinaria stellulata 0 1
133 Oxypora crassispinosa 3 0 Total number of colonies 741 534
134 Oxypora glabra 0 2

135 Oxypora lacera 5 2

136 Oxypora sp. 0 1

137 Pachyseris speciosa 2 0

138 Pavona explanulata 0 4

139 Pavona minuta 0 3

140 Pavona sp. 1 0

141 Pavona varians 3 0

142 Pavona venosa 3 2

143 Pectinia alcicornis 1 0

144 Pectinia lactuca 6 3

145 Physogyra lichtensteini 1 0

146 Platygyra daedalea 1 3

147 Platygyra lamellina 1 3

148 Platygyra pini 5 2

149 Platygyra ryukyuensis 24 0

150 Platygyra sinensis 6 1

151 Platygyra sp. 1 1

152 Plerogyra sinuosa 3 0

153 Plerogyra sp. 13 5

154 Plesiastrea versipora 0 3

155 Pocillopora damicornis 2 1

156 Pocillopora elegans 0 1

157 Pocillopora sp. 1 0

158 Pocillopora verrucosa 26 10

to be continued



