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Abstract The Philippine archipelago’s complex bathym-
etry, hydrology, and geologic history indicate the likely
development of unique coral communities. However, there
are few studies on coral community structure in the Philip-
pines. Adult coral composition was analyzed through clas-
sification and ordination of data from 206 sampling stations,
covering all Philippine marine biogeographic regions, on
upper slopes of mostly well-developed fringing reefs. Seven
coral community types are distinguished: [—moderately
wave-exposed, mostly southwest-facing slopes with abun-
dant massive Porites and branching Acropora; Il—highly
wave-exposed, mostly northeast-facing slopes, dominated
by encrusting Isopora; Ill—low-exposure slopes with high
hard coral cover (HCC), dominated by branching Porites;
IV—wave-sheltered communities with abundant Galaxea;
V—Ilow-HCC communities with stress-tolerant corals; VI—
Heliopora-dominated communities; VII—communities
with low HCC and high macroalgal cover. Coral composi-
tion in these types is influenced by broad-scale hydrologic
regimes (i.e., wave exposure and monsoon forcing) and local
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stressors. Applications of the typology are proposed for the
spatial management of protected seascapes.
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Introduction

Hard coral cover (HCC) and species richness are coarse
metrics widely used in assessing reef status (e.g., Bruno
and Selig 2007; Licuanan et al. 2019a). The study of coral
community structure (i.e., the composition and abundance
of hard corals in an assemblage) allows for a more detailed
characterization of reefs. Including information on coral
community structure as a metric of assessing reef status
provides a basis for more specific, scale-appropriate man-
agement regimes for coral reefs. For example, the selection
and zoning of marine protected areas (MPAs) could be better
guided by knowledge of available coral community types
and environmental conditions prevailing in a location (Riegl
and Riegl 1996). Detailed analysis of coral community
structure and its drivers can also be used to refine and assess
conservation goals and project future reef states (Done 1999;
Pandolfi et al. 2003).

Coral community structure is shaped by the complex
interactions of broad-scale environmental processes, epi-
sodic disturbance events, and local anthropogenic impacts.
Known drivers of heterogeneity among coral communities
include geological processes such as volcanic activity and
sea-level changes (Pandolfi and Jackson 2006; Houk and
Starmer 2010), broad-scale hydrological regimes such as
monsoons, tides, and currents (van Woesik and Done 1997,
Quibilan and Alifio 2006), wind energy and direction (Done
1982; Hongo and Kayanne 2009), degree of embayment
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(Licuanan and Gomez 1988) and proximity to land and
terrestrial influence (Done 1982; van Woesik and Done
1997). Coral community structure is also altered by chronic
impacts from fishing, tourism, sedimentation, and nutrient
input (Hawkins and Roberts 1993; McManus et al. 2000;
DeVantier et al. 2006), and these impacts are exacerbated
by disturbance events such as mass coral bleaching due to
thermal stress and storms (Loya et al. 2001; Fabricius et al.
2008; Hongo et al. 2012; Darling et al. 2013).

The Philippines, where this study was conducted, has the
third-largest reef area in the world (Spalding et al. 2001) and
the highest species richness of hard corals globally (DeVan-
tier and Turak 2017). The Philippines has a complex geo-
logic history (Carpenter and Springer 2005; Licuanan et al.
2019b) and wider latitudinal distribution than neighboring
Indonesia, which has a broader longitudinal gradient. Phil-
ippine reefs are mostly fringing (Faustino 1931), have dif-
ferent embayment and wave exposure conditions (Licuanan
and Gomez 1988; Quibilan and Alifio 2006), and marine
biogeographic regions are delineated by the country’s large
islands and ocean current systems (Alifio and Gomez 1994).
Philippine reefs are also exposed to annual reversing north-
east/southwest monsoons (Chang et al. 2005; Gordon et al.
2011).

Philippine coral communities have been altered by acute
disturbance events such as typhoons (Quibilan and Alifio
2006; Anticamara and Go 2017) and mass coral bleaching
(Magdaong et al. 2014). Three major bleaching events have
been recorded in Philippine reefs: 1998-1999, 2010, and
2016-2017 (Chou 2000; Tun et al. 2010; Licuanan et al.
2019a). Bleaching in Philippine reefs was also recorded
in 1982-1983 and 1987-1988, although data from these
bleaching events are limited (Arceo et al. 2001; Magdaong
et al. 2014). Coral cover loss of around 8% was reported
after the 1998-1999 bleaching event from a meta-analysis
of 317 reef areas across the country (Magdaong et al. 2014),
while severe bleaching was reported in the southern part of
Luzon Island (Fig. 1) and surrounding reef areas in 2010
(Tun et al. 2010). Bleaching was also reported in 20162017
on the deeper parts (> 7 m depth) of reef slopes in Philippine
fringing reefs (Licuanan et al. 2019a, in the same stations
examined in this study), albeit less in severity and extent
compared to bleaching reported in other parts of the globe,
such as the Great Barrier Reef (Hughes et al. 2017).

Fringing reefs in the Philippines are also exposed to
severe anthropogenic pressure, as population centers are
rapidly urbanizing, and most reefs are within an hour’s
boat ride from coastal towns (Samson and Licuanan 2002).
Coastal populations and more than a million small-scale
fishers rely on the reefs for livelihood, subsistence, shore-
line protection, and tourism revenue (White et al. 2000;
Tamayo et al. 2018). Despite the importance and unique-
ness of Philippine reefs, there are still very few detailed
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Fig. 1 Map of study areas. Black circles represent the 206 assess-
ment stations covered in the study. Marine biogeographic regions
(Alifio and Gomez 1994) are indicated

studies on coral community structure in Philippine reefs,
even with coral reefs in this area receiving scientific atten-
tion as early as the 1930s (e.g., Faustino 1931). Addition-
ally, Philippine reefs are at risk of further degradation due
to climatic and anthropogenic impacts, as the most recent
assessment of Philippine reefs revealed a loss of a third of
its hard coral cover (HCC) over the past 40 yr (Licuanan
and Gomez 2000; Licuanan et al. 2019a).

As such, Philippine reefs offer a unique opportunity
to study how coral communities are differentiated in the
center of biodiversity, where reefs are exposed to vari-
ous environmental conditions at different spatio-tempo-
ral scales (Reyes et al. 2022). This study identifies coral
community types in shallow upper slopes of fringing
reefs throughout the Philippines. The community types
are differentiated by hard coral composition at the genus
life-form level. Chronic stressors reflecting topography,
bathymetry, and long-term hydrological regimes were
examined to identify their influence on the coral commu-
nity structure in each type. Possible impacts of anthro-
pogenic disturbance and acute disturbance events, such
as typhoons and coral bleaching, on the differentiation of
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community types, were also evaluated. Lastly, applica-
tions are suggested for the spatial management of reefs
in MPAs.

Materials and methods
Study area and sampling methodology

Coral community types were determined by assessing
hard coral composition at the genus life-form level from
206 fringing reef assessment stations, sampled from 2014
to 2017, covering all six Philippine marine biogeographic
regions (Fig. 1; see Licuanan et al. 2019a). Sampling was
focused on stations in well-developed fringing reefs, which
were defined using the following criteria: (1) a reef flat of
least 15-m width, which can be measured and viewed in
satellite images, (2) a well-defined reef crest, observed dur-
ing the initial site selection, and (3) a reef slope extending
to at least 5-m depth. Stations were also established facing
the dominant monsoon wind (i.e., NE or SW).

The reefs surveyed were selected through stratified ran-
dom sampling according to the aggregate area of fringing
reefs in each marine biogeographic region. Initial randomi-
zation was done by proportionally scattering 500 points, cor-
responding to WGS84 coordinates of a reef, across the six
marine biogeographic regions (Table 1). Afterward, satellite
images were reviewed, and the coordinates were adjusted
to prioritize reef areas facing NE or SW at the scale of the
landmass where the fringing reef is located. For example, if
the fringing reef is located along an island, the coordinates
were adjusted to the NE or SW side of the island. Similarly,
if the fringing reef is located on the mainland, the coordi-
nates were adjusted to prioritize the NE-facing or SW-facing

parts of the reef, where appropriate. Each reef point was
visited and subsequently sampled if it met the above criteria.

Moderately exposed reefs within gulfs and bays were
also surveyed; sheltered and marginal reef areas were not
initially considered and were only surveyed if there were
no other reefs in the location that met the criteria described
above. If no reefs in a sampling location qualified under
the described criteria during a field expedition, assessments
were still performed on reefs representative of the location.
Additional points, following the criteria above, were also
sampled during each survey trip if accommodated by the
fieldwork schedule. The final number of stations sampled in
each bioregion (Table 1) was determined by the availability
of reefs that fit the criteria described, the accessibility of
the sampling locations, and the feasibility of travel to the
different bioregions. Fringing reefs in the West Philippine
Sea were sampled more comprehensively than the other
bioregions relative to its reef area, since the accessibility
of the area for field trips and lower cost of travel allowed
for more exhaustive sampling. Additionally, five monitoring
locations, with at least four sampling stations each, were
established and/or revisited in the West Philippine Sea (see
Licuanan et al. 2019a, b) within the survey period, and reef
assessments from these stations were also included in the
present study. In total, 415 stations were visited, and 206
of these were sampled (Table 1). All sampled stations were
included in the analysis.

Each assessment station covers a rectangular area of
1875 m? on the upper reef slope. Each station’s dimensions
are 25X 75 m or 18.75 % 100 m, depending on the range of
depths over which coral was present. Five 50-m transects
were deployed in each station, parallel to the shore and fol-
lowing the reef’s contour. First, a 75- or 100-m belt transect
was deployed to demarcate the deepest limit of each station,
at 57 m depth. The four remaining transects were deployed

Table 1 Fringing reef assessment stations sampled according to Philippine marine bioregion

Bioregion Fringing Percent (%) of Number of Number Number of Number of points surveyed
reef area total fringing  original ran-  of reefs reefs visited, - -
(km?) reef area domized reef  visited+sur-  but not sur- Qualified as Did pot Total r}umber
points veyed veyed a well-devel-  qualify as a of stations
oped reef well-devel- surveyed
oped reef
Celebes Sea 889.9 11.2 56 31 14 14 3 17
North Philip-  1315.7 16.6 83 50 22 26 2 28
pine Sea
South Philip- 972.9 12.2 61 50 30 20 0 20
pine Sea
Sulu Sea 879.2 11.1 55 45 16 20 9 29
Visayan Sea 3168.0 39.9 200 130 84 31 15 46
West Philip- 710.8 9.0 45 109 43 49 17 66
pine Sea
Total 7936.5 100 500 415 209 160 46 206
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at least 1 m apart and parallel to the preceding transect. A
random number generator was used to determine x- and
y-coordinates, in meters, where the remaining four transects
were deployed. This random deployment of transects within
the 25X 75 m or 18.75x 100 m station resulted in each sta-
tion spanning a depth range of 2 m (shallowest transect)
to 7 m (deepest transect). The angle of the reef slope was
considered in selecting stations, where five transects should
fit within the depth range and station dimensions; as such,
steep slopes and walls were not sampled.

The composition of the reef benthos in each station was
measured using photo-transects as the primary sampling
unit. Photographs of the benthos beneath each transect were
taken at 1-m intervals using Sony Cyber-shot DSC-RX100
I digital cameras enclosed in Ikelite underwater cases and
equipped with INON UWLH100 wide-angle lenses. Each
image covered at least a 1-m? base area. The cameras were
mounted on a 1 X 1Xx 1.2 m tetrapod to maintain a uniform
distance from the substrate. At least 250 transect photo-
graphs were taken at each station.

Each photograph was overlain with ten random points,
corresponding to pixels, using Coral Point Count with Excel
extensions v4.0 (CPCe; Kohler and Gill 2006). The reef
bottom type and benthos were then identified to taxonomic
amalgamation units (TAUSs; see Licuanan et al. 2019a). Hard
corals were classified into 59 TAUs, representing a combi-
nation of genus and life form, following the taxonomy in
Veron (2000)’s Corals of the World, which are optimized
for processing transect images (Licuanan et al. 2019a). 2500
points were identified for each station.

Environmental parameters
Environmental data were collected from existing databases

and remotely processed to match the locations or geo-
graphic coordinates of each assessment station (Table 2;

Table 2 Environmental parameters analyzed. Data sources are indicated

see Electronic supplementary material). The variables were
selected based on previous smaller-scale studies on coral
composition in Philippine reefs (Licuanan and Gomez 1988;
Uychiaoco et al. 1992; Samson and Licuanan 2002; Quibilan
and Alifio 2006). Supplementary data were collected during
reef assessments through field observations and interviews.

Geographic data were visualized in Google Earth Pro and
QGIS 3.4.15. The Google Earth Pro line measurement tool
was used to estimate each station’s minimum distance from
land, in meters. The role of wave exposure was approximated
using three different measures representing different spatial
scales. First, wave exposure data were extracted from the
Wave Exposure Model (WEMo) database of Villanoy et al.
(2013) to generate a Relative wave Exposure Index (REI)
value. Each REI value is a unitless measurement of exposure
at the coastal village (i.e., “barangay”) level, where higher
REI values correspond to higher levels of wave exposure
on the coastlines of each “barangay” (Villanoy et al. 2013).
WEMo uses an equation that accounts for wind direction,
wind speed, and fetch in the eight cardinal directions (Vil-
lanoy et al. 2013).

NE and SW station orientation was categorized to
approximate wind exposure at the station level relative to
the direction of the Philippines’ annual reversing NE and
SW monsoons. Each station was given a score from 0 to
5 for NE and SW orientation, with higher scores indicat-
ing longer fetch and approximating higher levels of wind
exposure in either direction. For instance, a NE-facing sta-
tion with fetch > 100 km would score 5 for NE orientation
and O for SW orientation. Stations facing neither southwest
nor northeast would score 0 for both NE and SW station
orientation.

Each station’s degree of embayment was calculated to
estimate wind exposure relative to a station’s location within
a bay. The degree of embayment was calculated using an
adapted embayment morphometric parameter (y,) equation

Environmental parameter Geographic resolution

Data used

Data sources

Degree of embayment Station-level

Computed embayment morphometric

Google Earth Pro measurement tool

parameter (adapted from Fellowes
etal. 2019)

Relative exposure

NE/SW orientation Station-level

Coastal village- or island-level REI value

Score of 0 to 5, based on fetch facing

WEMo database (Villanoy et al. 2013)

Google Earth Pro measurement tool

the NE and SW directions

Horizontal distance from land Station-level

Substrate geomorphology Station-level

Measurement in meters
Score from 1 to 10, from least to most

Google Earth Pro measurement tool
Scored by field teams

developed (adapted from Houk and
Starmer 2010)

Coastal population size Coastal village-level

Coastal population data (number of per- Philippine Statistics Authority (PSA)
sons per barangay)

2015 Census of Population

@ Springer



Coral Reefs (2023) 42:873-890

877

derived from Fellowes et al. (2019), where a higher embay-
ment morphometric parameter indicates a higher degree of
embayment (see Electronic supplementary material). Non-
embayed stations were scored as 0.

The predominant geomorphology of each station was
identified based on Houk and Starmer (2010), where each
station was given a score from 1 to 10, representing increas-
ing levels of reef development (see Electronic supplemen-
tary material for the corresponding scores). Geomorphol-
ogy was scored at the station level by visual assessment and
review of videos taken at the survey station. The observed
geomorphology at the station level was recorded and scored.
Coastal population sizes, at the coastal village (“barangay’)
level, were obtained from the 2015 Census of Population
data (Philippine Statistics Authority 2020).

Data analyses

Hierarchical cluster analysis using the unweighted pair
group method with arithmetic mean (UPGMA) algorithm
and principal coordinates analysis (PCoA) ordination were
performed to elucidate station groupings that distinguish
distinct coral community types, both using Bray—Curtis as
the distance measure. Percent abundance of hard coral TAUs
was used as the species data input. Average HCC and aver-
age coral generic richness were used to further describe each
community type and were compared with the Philippine
averages (22.8% + 1.2 SE average HCC and 14.5 TAUs +0.5
SE average generic richness; Licuanan et al. 2019a), which
were derived from the same dataset used in this study.
Analysis of similarity (ANOSIM) was used to examine
if the groupings obtained in the classification differed sig-
nificantly from one another. Groupings were then rechecked
and optimized according to the ANOSIM results. The data-
set was also classified using Ward’s Method as the group
linkage method since it creates linkages that minimize the
within-cluster variance of groups. Cross-comparisons were
done between the UPGMA and Ward’s Method groupings
to identify distinct coral community types. For groupings
that were not resolved in Ward’s Method but were distinct in
the UPGMA classification, groupings that showed marked
differences in HCC and non-coral benthic composition were
reported as distinct coral community types. Similarity per-
centage analysis (SIMPER) was also performed to identify
hard coral TAUSs that caused the clustering patterns.
Canonical correspondence analysis (CCA) was per-
formed to analyze the influence of the selected environ-
mental variables on coral composition. Prior to gradient
analyses, environmental data were centered and normal-
ized, with bi-plot scaling to a mean of zero. Axis scores
were also centered and standardized to unit variance. A
randomization test was performed (999 randomizations)

to identify the significance of species-environment cor-
relations. Data were analyzed using Past 3.26 (Hammer
et al. 2001) and PC-ORD 7.0 (McCune and Mefford 2011).

Results
Overview of coral community types

Seven coral community types were distinguished from the
surveyed assessment stations (Fig. 2).

A. Wave-exposed coral communities.

Type I. Moderately wave-exposed, mostly southwest-fac-
ing slopes with abundant massive Porites and Acropora.
Type II. Highly wave-exposed, mostly northeast-facing
slopes, dominated by encrusting Isopora.

B. Wave-sheltered coral communities.

Type 111. Low-exposure slopes with high hard coral cover
(HCC), dominated by branching Porites;

Type 1V. Wave-sheltered communities with abundant
Galaxea.

C. Communities indicative of disturbance.

Type V. low-HCC communities with abundant massive
Porites and faviids.

Type VI. Heliopora-dominated coral communities.

Type VII. low-HCC communities with high macroalgal
cover.

The groupings obtained in classification were corrobo-
rated by findings from the PCoA ordination (32.7% vari-
ance explained in axes 1-3; see Electronic Supplementary
Material). All community types are significantly dissimi-
lar from one another (ANOSIM p < 0.05; all uncorrected
pairwise p <0.05, R=0.7602) and are characterized by
high abundance of one or two unique coral TAUs (Fig. 3;
Table 3). Pooled comparisons generated from SIMPER
indicate that the abundant hard coral TAUs are the largest
contributors to dissimilarity among community types (i.e.,
% contributions to dissimilarity: massive Porites=21.7%,
branching Porites =15.5%, Heliopora =6.1%, branch-
ing Acropora=5.7%, Isopora=5.0%, encrusting
Porites=4.0%, Galaxea=3.5%, Favites =3.1%). Massive
Porites is within the five most abundant hard coral TAUs
of all community types (Table 3).

Two outlier stations from the first PCoA ordina-
tion were removed from succeeding analyses since they
occluded the visualization of the remaining stations in the
ordination space (see Electronic Supplementary Material).
Both outlier stations are in the Sulu Sea. One station is
within an embayment dominated by Anacropora, and the
second outlier station is a SW-facing reef dominated by
Seriatopora.
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Coral community type

Fig. 2 Left: Hierarchical cluster analysis (UPGMA algorithm, Bray—
Curtis dissimilarity) dendrogram of coral composition in the reef
assessment stations. Each branch in the dendrogram corresponds to
one assessment station, labeled with a unique sample ID. Coral com-
munity types are indicated in Roman numerals, and larger groupings
are indicated by capital letters (A =wave-exposed coral communities,
B =sheltered coral communities, C=community types indicative of
disturbance). Right: A map of the Philippines with the assessment
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Fig. 3 Rank-abundance curves of hard coral taxonomic amalgamation units (TAUs) recorded in each coral community type. Each point indi-
cates the rank abundance of a hard coral TAU. The ten most abundant hard coral TAUs in each coral community type are shown in Table 3

Hard coral cover, generic richness, and spatial
distribution of community types

The seven coral community types differ in number of sam-

ples, average HCC, and to a lesser extent, average coral
generic richness. Average HCC of the community types
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ranges from 0.5% + 1.3 SE (Type VII) to 38.5% +3.8
SE (Type III), and average coral generic richness ranges
from 2.1 TAUs + 1.3 SE (Type VII) to 18.4 TAUs +0.5
SE (Type I). A more detailed examination of non-coral
benthos in the three community types with the lowest aver-
age HCC (Types V, VI, and VII) reveal dominance by turf
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Table 3 Ten most abundant hard coral TAUs in each coral community type ranked by average cover. Average HCC (+SE) of each coral TAU
per community type is indicated. Results were obtained from SIMPER analysis

Rank Typel Type I Type 111 Type IV Type V Type VI Type VII
1 Porites massive  Isopora Porites branching Galaxea Porites massive  Heliopora Porites massive
8.1%+0.5 SE 5.1%+1.6 SE 29.1%+3.1 SE 10.6%+1.1SE  0.8%+0.1 SE 7.5%+1.5SE 0.07%=+0.02 SE
2 Acropora branch- other encrusting ~ Porites encrust-  Porites massive  Favites Porites branching  Favites
ing corals ing 1.6%+0.7 SE 0.3%+0.1 SE 0.8%+0.5 SE 0.06%+0.03 SE
2.6%+0.6 SE 1.7%+0.4 SE 41%+1.7SE
3 Porites branching  Favites Porites massive  Acropora branch- other encrusting  Seriatopora Astreopora
1.9%+0.2 SE 1.7%+0.4 SE 4.1%+1.5SE ing corals 0.6%+0.4 SE 0.06% +0.04 SE
1.5%+1.5SE 0.2%+0.1 SE
4 Heliopora Porites encrusting Heliopora Porites branching Acropora branch- Porites massive  other massive
0.9%+0.2 SE 1.5%+0.7 SE 0.8%+0.5 SE 1.3%+1.0 SE ing 0.6%+0.3 SE corals
0.2%+0.1 SE 0.06% +0.02 SE
5 Acropora corym-  Porites massive  Echinopora Goniopora Pocillopora other massive Porites branching
bose 1.1%+0.3 SE 0.7% +0.5 SE 0.7% +£0.6 SE 0.2% +0.0 SE corals 0.05% +£0.05 SE
0.9%+0.1 SE 0.3%+0.2 SE
6 Favites Pocillopora Seriatopora Euphyllia Favia Echinopora Pocillopora
0.8%+0.1 SE 1.1%+0.2 SE 0.7% +0.5 SE 0.4%+0.3 SE 0.2%+0.0 SE 0.3%+0.3 SE 0.04% +0.04 SE
7 Acropora table Acropora digitate  circular mush- Heliopora Acropora corym-  Pocillopora Acropora digitate
0.8%+0.1 SE 1.0%+0.2 SE room corals 0.4%+0.2 SE bose 0.2%+0.2 SE 0.02%+0.02 SE
0.6%+0.3 SE 0.2%+0.1 SE
8 other encrusting  Acropora corym-  Isopora Favites Diploastrea Favia other encrusting
corals bose 0.6%+0.5 SE 0.2%+0.2 SE 0.1%+0.1 SE 0.2%+0.1 SE corals
0.8%+0.1 SE 0.8%+0.3 SE 0.02% +0.02 SE
9 Porites encrusting Favia Diploastrea other encrusting  Heliopora other encrusting  Heliopora
0.7%+0.1 SE 0.5%+0.1 SE 0.4%+0.3 SE corals 0.1%+0.1 SE corals 0.02% +0.02 SE
0.2%+0.1 SE 0.2%+0.1 SE
10 Seriatopora Montipora Acropora branch-  other massive other massive other branching  Millepora
0.6%+0.1 SE encrusting ing corals corals corals 0.02% +0.02 SE
0.4%+0.2 SE 0.3%+0.1 SE 0.2%=+0.1 SE 0.1%+0.0 SE 0.2%+0.1 SE

Table 4 Frequencies, average hard coral cover (HCC), and average
generic richness (i.e., number of hard coral TAUs) in each coral com-

munity type. The percentage of stations belonging to a coral commu-

nity type in each Philippine marine biogeographic region (Alifio and
Gomez 1994) is indicated

Coral n Aver- Average coral Percentage (%) of stations according to Philippine marine biogeographic region
community age HCC generic richness - - - -
type (% + SE) (TAUs + SE) Wgst Phil- Norlth Phil- Soqth Phil-  Celebes Sea (%) Sulu Sea (%) Visayas Sea (%)
ippine Sea  ippine Sea  ippine Sea
(%) (%) (%)
1 144 266+1.0 18405 45.1 10.4 3.5 9.7 10.4 20.8
1I 16 18.7+22 154=+1.1 0.0 37.5 50.0 6.3 6.3 0.0
1 11 385+3.8 109+1.1 0.0 0.0 9.1 0.0 9.1 81.8
v 3 183+3.0 18.7+49 0.0 0.0 0.0 333 0.0 66.7
v 18 4.0+0.6 83+1.1 16.7 5.6 333 0.0 0.0 444
VI 12.5+2.9 8.6+1.7 429 0.0 0.0 14.3 0.0 429
vl 5 05%13 2.1+£05 20.0 20.0 60.0 0.0 0.0 0.0

algae and macroalgae. Celebes Sea and Visayas Sea bio-

geographic regions have the highest number of coral com-

munity types represented, with five each. Type I is the only
coral community type observed in all six biogeographic

regions (Table 4).

Correlation with environmental parameters

Relative exposure and NE/SW station orientation most
strongly influence differences in coral composition among

community types (Fig. 4). Coastal population sizes,
although appearing in the first two axes of the canonical
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Fig. 4 Canonical correspondence analysis plot with station points
labeled according to coral community type. Centroids are marked
with black circles. The black arrows indicate environmental axes (NE

correspondence analysis, did not appear to influence vari-
ations among the types (Fig. 4). Species-environment cor-
relation is statistically significant, with the first three axes
explaining 5.7% of the variance among stations (randomi-
zation test for species-environment correlations, 998 runs:
p <0.05). The Type I centroid is oriented toward the SW
axis, while the Type II centroid lies along the NE axis. No
distinct patterns were observed for Types III to VII, yet
centroids in Types IV and VI are oriented more toward
the SW axis, and centroids in Types III, V, and VII are
oriented toward the NE axis. The REI and NE axes are also
aligned in a similar direction, where centroids of Types I,
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= northeast-facing, Coastal population, SW = southwest-facing, REI
= relative exposure index). Eigenvalues are indicated

III, V, and VII are oriented. Closer inspection of Type III
and IV stations in maps reveals that most Type III and IV
communities are in short-fetch locations (e.g., inner seas,
within bays, or between islands).

Average geomorphology, horizontal distance from land,
and degree of embayment did not appear on the first two
axes of the CCA plot. Among the 47 embayed assessment
stations, the degree of embayment ranged from 1.077 (most
embayed) to 0.003 (least embayed). Average horizontal
distance from land ranged from 33 m to >4 km. Average
geomorphology scores for Types V, VI, and VII are lower
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Fig. 5 Coral communities in Philippine fringing reefs. a Type I:
massive Porites and branching Acropora are abundant. b Type II:
dominated by encrusting corals, such as Isopora spp. ¢ Type III: dom-
inated by stands of branching Porites. d Type IV: hard carbonate sub-

strate interspersed with sand patches; Galaxea, branching Acropora,
and soft corals are abundant. e Type V: low-relief carbonate sub-
strates dominated by turf algae. f Type VI: dominated by Heliopora.
g Type VII: dominated by macroalgae
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(6.4+0.3 SE) than the average geomorphology scores for
the other coral community types (8.2+0.3 SE).

Description of coral community types

Type I

Type I is the most common coral community type
(n=144; Table 4). All 59 hard coral TAUs were observed in
Type I, where massive (=hemispherical) Porites and branch-
ing Acropora are most abundant (Table 3; Figs. 3, 5a). The
average HCC (26.6% + 1.0 SE) and average generic richness
(18.4 TAUs 0.5 SE) in Type I communities are both higher
than the Philippine averages. 92 of the 144 Type I communi-
ties face southwest at the island or landmass scale (Fig. 2).

Since Type I contained more than half of the assessment
stations in the study, classification and ordination were per-
formed to identify possible subtypes within Type 1. Follow-
ing the process outlined in the Methods section, the clas-
sification and ordination of only Type I stations revealed
three distinct subtypes. ANOSIM validated that these three
subtypes are significantly different from one another (ANO-
SIM p <0.0001; R=0.5056; all pairwise p <0.05). These
subtypes were not treated as distinct coral community types
(e.g., one of the seven coral community types presented in
this study) since the within-Type I groupings in the UPGMA
classification were not discrete when cross-checked with
Ward’s Method classification. Hence, these groupings are
presented as subtypes under Type I in this study.

Subtype 1-A contains 83 of the 144 Type I stations, and it
is characterized by the abundance of massive and branching
Porites. Subtypes 1-B (n=25) and 1-C (n=36) are charac-
terized by the dominance of massive Porites and branching
Acropora, respectively. Pooled SIMPER percent (%) contri-
butions to dissimilarity are 22.1% for massive Porites, 14.2%
for branching Acropora, and 5.6% for branching Porites.

Type 11

Type II consists of 16 assessment stations, most of which
are dominated by encrusting and submassive Isopora, fol-
lowed by Porites and Favites (Tables 2, 3; Fig. 5b). All Type
II communities are well-developed reefs facing the dominant
monsoon wind; 12 of 16 Type II stations have long fetch
and face northeast (Fig. 2). 52 out of 59 hard coral TAUs
were observed in this community type (Fig. 3; see Elec-
tronic Supplementary Material). Type Il communities have
lower HCC (18.7% +2.2 SE) but higher generic richness
(15.4 TAUs + 1.1 SE) than the Philippine averages. Foliose
Montipora, Pectinia, Seriatopora, and free-living fungiids
were not observed in Type II communities.

Type 111

Eleven assessment stations belong to coral community
Type III, which is dominated by branching Porites (> 60%
average relative cover; Figs. 3, 5c), followed by massive and
encrusting Porites and Galaxea (Table 3). A total of 49 out
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of 59 hard coral TAUs were recorded in Type III communi-
ties (Fig. 3; see Electronic Supplementary Material). Type
III has the highest average HCC (38.5% + 3.8 SE) among
the seven coral community types, higher than the Philip-
pine average by more than 15%, yet average generic richness
(10.9 TAUs + 1.1 SE) is lower than the Philippine average.
Type III communities appear to be relatively more wave-
sheltered (i.e., not directly facing the dominant monsoon
wind or have short fetch) than the other community types
(Fig. 2).

Type IV

The three assessment stations that comprise Type IV
are dominated by Galaxea (>55% average relative cover),
massive and branching Porites, branching Acropora, and
Goniopora. The average HCC (18.3% + 3.0 SE) of Type
IV is below the Philippine average (Table 4). Only 34 out
of 59 hard coral TAUs are present in Type IV (Fig. 3; see
Electronic Supplementary Material), yet it has the high-
est average generic richness among the community types
(18.7+4.9 TAUs) (Table 4). All Type IV communities are
relatively remote from urban areas and are in wave-shel-
tered environments, such as within embayments or between
islands (Fig. 2). However, the distribution and prevalence of
Type IV communities are likely underrepresented since the
assessments focused on outer reef slopes. Type IV substrates
are carbonate rock interspersed with sand patches (Fig. 5d).
Similar to Type III, Type IV communities exhibit compo-
sition patterns characteristic of inshore environments, yet
Type IV has higher relative abundance of branching acropo-
rids and lower relative abundance of Heliopora (Table 3).

Type V

Type V consists of 18 assessment stations, 15 of which
are well-developed reefs facing the dominant monsoon wind.
Massive Porites has the highest relative abundance, followed
by Favites, other encrusting corals, branching Acropora and
Pocillopora (Table 3). However, Type V communities do
not exhibit strong patterns in rank-abundance (Fig. 3). Type
V communities have an average HCC of 4.0% + 0.6 SE,
nearly one-fifth the Philippine average, and an average
generic richness of 8.3 TAUs+ 1 SE, almost half the Phil-
ippine average. Type V communities typically have a low-
relief substrate dominated by non-coral benthos, such as
turf algae (51.5% + 6.1 SE average cover) and macroalgae
(24.1% + 6.5 SE average cover) (Fig. 5e). Macroalgal cover
in Type V communities is nearly three times higher than the
Philippine average (8.7% + 1.2 SE; Licuanan et al. 2019a).

Type VI

The seven stations classified under Type VI are domi-
nated by Heliopora (61.8% +5.4 SE average cover), fol-
lowed by massive and branching Porites, Seriatopora, and
other massive corals (Table 3; Fig. 5f). The average HCC
(12.5% +2.9 SE) and generic richness (8.6 TAUs+ 1.7 SE)
of Type VI communities are nearly half the Philippine
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averages. A total of 45 out of 59 hard coral TAUs are present
in Type VI (Fig. 3; see Electronic Supplementary Material).
Acroporids such as branching and robust-branching Acro-
pora, encrusting and foliose Montipora, and Isopora were
not recorded in Type VI. Type VI communities also have rel-
atively high abiotic cover (23.8% +4.1 SE combined average
cover of sand, silt, and rubble) compared to the other types.

Type VII

Five stations comprise coral community Type VII, which
has the lowest average HCC (0.5% + 1.3 SE) and generic
richness (2.1 £0.5 SE TAUs) among community types
(Table 4). Only 19 of 59 hard coral TAUs were observed
in Type VI communities. Massive and branching Porites,
Favites, and other massive corals are most abundant (Fig. 3;
Table 3; see Electronic Supplementary Material). Benthic
cover in Type VII communities is dominated by macroalgae
(56.0% +7.4 SE average cover) (Fig. 5g). Compared with the
other assessment stations, most coral TAUs in Type VII are
ubiquitous (i.e., present in the top 10 TAUs, when ranked by
average cover, of the seven coral community types; Table 3).

Discussion

This study identifies and examines seven coral community
types in Philippine fringing reefs. These coral community
types are distinguished by the relative abundance of their
dominant coral genera. At the scale of the Philippine archi-
pelago, broad-scale hydrologic regimes (i.e., wave exposure
and orientation relative to the dominant monsoon winds)
have a stronger influence on coral composition in the fring-
ing reef stations than station-specific chronic stressors such
as degree of embayment and distance from land.

Broad-scale environmental regimes: wave exposure
and monsoon forcing

Differentiation of coral community types in the examined
reef areas is most strongly influenced by the degree of wave
exposure and the periodic, reversing monsoon system. Most
Southeast Asian landmasses experience an annual reversal of
surface monsoon winds, which are then modified depending
on topography and bathymetry to create mesoscale differ-
ences in rainfall, wind exposure, and oceanographic fea-
tures (Chang et al. 2005; Gordon et al. 2011). The revers-
ing monsoons also cause variations in water circulation at
the archipelagic level (Gordon et al. 2011) and lead to local
variations in wind energy and wave exposure throughout a
year (Villanoy et al. 2012). The distribution of coral com-
munity types identified in the study showed stronger differ-
entiation based on NE/SW orientation and wave exposure
at an island/landmass scale and the Philippine archipelago
scale (Fig. 2; Table 4) compared to variation according to

marine biogeographic region. The latter was proposed based
on basin boundaries and major current systems (Alifio and
Gomez 1994).

In the Philippines, the NE monsoon blows relatively
stronger and drier northeasterly winds from around Novem-
ber to April, and the SW monsoon blows relatively wetter
southwesterly winds from around June to October annu-
ally (Chang et al. 2005; Villanoy et al. 2013). A SW-facing
reef slope would be windward during months when the SW
monsoon is prevailing but leeward when the NE monsoon
is prevailing. Degrees of wave exposure and the reversing
monsoon system have been reported to influence patterns of
coral community structure in Philippine reefs (Quibilan and
Alifio 2006; Licuanan et al. 2019b). The reversing monsoon
system has also been reported to reduce windward-leeward
differentiation (Licuanan and Gomez 1988; Quibilan and
Alifio 2006), a known driver of coral community structure
variations in the Great Barrier Reef in Australia (Done 1982;
van Woesik & Done 1997). In this study, Types I, II, III, and
IV reflect different wave exposure conditions and the effect
of the reversing monsoon system on the structuring of coral
communities.

High degrees of wave exposure due to long fetch
(>25 km) and orientation toward the stronger NE monsoon
led to the differentiation of Type II communities. Most Type
IT communities are also found in the North Philippine Sea
and South Philippine Sea bioregions on the Pacific coast
of the Philippines (Fig. 2; Table 4), which faces an open
ocean where wave action is strong and is the site of the
North Equatorial Current bifurcation (Cabrera et al. 2015).
Thus, Type II communities are composed of encrusting and
hardy coral forms that can withstand strong water move-
ment (Done 1982; Quibilan and Alifio 2006; Darling et al.
2012), such as the fully encrusting form of Isopora. Deli-
cate branching and foliose forms of Montipora, Pectinia,
and Seriatopora were not recorded in Type II communities.
Free-living fungiids that are often associated with sheltered
reef habitats (Done 1982) were rare.

Type I communities are prevalent in moderately exposed,
windward environments. Type I communities were found
in all Philippine marine bioregions, with nearly half of
Type I stations in the West Philippine Sea, which directly
faces the SW monsoon (Fig. 2; Table 4). At the island- or
landmass-scale, most Type I stations also face the SW mon-
soon (Fig. 2). Type I stations have a high abundance of pri-
mary coral framework-builders such as massive Porifes and
branching Acropora, which are associated with reef accre-
tion (van Woesik and Done 1997; Montaggioni 2005). The
presence of large, long-lived colonies (e.g., massive Porites;
van Woesik and Done 1997; Goodkin et al. 2011) indicate
sustained reef-building capacity across geologic timescales
(Shen et al. 2010).
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In wave-exposed reefs, strong water circulation and flush-
ing of sediments promote coral growth, reef framework-
building, and accretion (van Woesik and Done 1997; Houk
and van Woesik 2010; Houk and Starmer 2010). Between
Types I and II, exposure to the stronger NE monsoon,
stronger water movement (Done 1982) and higher incidence
of typhoons (Quibilan and Alifio 2006) may have contrib-
uted to lower HCC and coral generic richness in Type 11
communities. Bathymetry and tectonic activity in the eastern
Philippines (Yumul et al. 2008) may also affect reef develop-
ment and the structure of Type II communities.

Type III and IV communities are in wave-sheltered, short-
fetch environments such as the inner seas of the Visayas Sea
marine biogeographic region, between islands, within chan-
nels, or in low-wave energy environments such as embay-
ments (Fig. 2; Table 4). Furthermore, the slopes of Type
IIT and IV coral communities do not directly face either of
the dominant monsoon winds. Types III and IV have high
abundances of coral taxa that thrive in wave-sheltered envi-
ronments (Table 3; Done 1982; DeVantier et al. 2006).
However, this pattern is not strongly represented in the
canonical correspondence analysis, likely due to the small
number of Type IV stations and the relatively high coastal
village-level REI values, which may not completely reflect
wave-sheltered conditions at the embayment- or station-
level. Fewer typhoons make landfall along the latitude zones
spanning the Visayas (central Philippines; where most Type
III communities were recorded) compared to Luzon (Fig. 1)
(Tagaki and Esteban 2016), and shallow lagoon environ-
ments shelter some coral forms (e.g., massive and tabular)
from typhoon impacts (Hongo et al. 2012). Coupled with
the weedy life-history strategy (Darling et al. 2012) of the
dominant branching Porites, these prevailing conditions may
have contributed to high average HCC in Type III communi-
ties (Tables 2, 3).

Reef accretion may be slower in wave-sheltered reefs
since chronic wave exposure has been shown to positively
impact reef development (van Woesik and Done 1997; Houk
and Starmer 2010). The observed wave-sheltered reefs may
also be in their incipient stage (Goodkin et al. 2011). Incipi-
ent reefs and similar marginal environments have differ-
ent coral communities than those in well-developed reefs
and possibly harbor rare coral taxa (DeVantier et al. 1998).
In this study, Types III and IV are distinct wave-sheltered
coral communities that may have been differentiated by other
environmental factors not considered in this study, such as
bathymetry and reef development. While predominant geo-
morphology observed at the station level was considered in
this study, follow-up studies may benefit from the inclusion
of more quantitative measures of reef and island geomor-
phology (e.g., bathymetry charts, detailed maps, or echo
sounding) while incorporating broader-scale perspectives
(e.g., the entire reef area or shelf where a station belongs).
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The possible roles of local human impacts and thermal
stress events in structuring coral communities

This study hypothesizes that in addition to broad-scale
hydrologic regimes, anthropogenic impacts, and local dis-
turbance also affect coral community structure in Philippine
fringing reefs, especially in shallow upper reef slopes, which
are more susceptible to heightened temperatures, typhoon
impacts, trampling, and fishing (DeVantier et al. 2020). It is
also possible that variations in the response of coral commu-
nities to thermal stress and bleaching events over time con-
tribute to the structuring and differentiation of coral com-
munities in Philippine reefs. Additionally, the low percent
variance explained by environmental factors in the canoni-
cal correspondence analysis suggests that the sampled com-
munities are exposed to other factors (e.g., anthropogenic
stressors, episodic disturbance, and other natural sources of
variation) that could not be isolated from one another in
this study. While the present study did not initially seek to
quantify anthropogenic disturbance in Philippine reefs, the
differentiation of coral communities, especially in Types V,
VI, and VII, could not be attributed to any of the broad-scale
environmental patterns that were tested for in the present
analysis (Table 2). Examination of the characteristics of the
benthos in these coral community types revealed patterns
that may be attributed to local anthropogenic stressors. The
possible roles of anthropogenic disturbance and thermal
stress events are outlined below.

To identify if different coral community types may
respond differently to bleaching events and may therefore
result in variation between or within coral community types,
coral composition data from four (4) annually monitored sta-
tions were examined over time. These four monitoring sta-
tions are from two different locations, Lian, Batangas (year
2010-2019) and Taytay Bay, Palawan (year 2011-2018),
which were both impacted by the 2010 mass coral bleaching
event (see Abesamis et al. 2022; Reyes et al. 2022). Coral
composition data from the four monitoring stations were
plotted as successional vectors in a PCoA ordination first
containing all coral community types, where all monitoring
stations across all years belonged to Type I (see Electronic
Supplementary Material).

To examine variability within Type I stations and to
validate the presence of subtypes, the coral composition
monitoring data were plotted as successional vectors with
Type I stations only (Fig. 6). These four monitoring stations
appeared to exhibit a directional change in coral community
composition within Type I. Specifically, directional change
was observed in Tecas, Taytay over the year 2011-2018
while remaining within Subtype 1-A. In contrast, Nabat,
Taytay showed a directional shift from Subtype 1-A toward
the branching Acropora-dominated Subtype 1-C from 2011
to 2018 after being heavily impacted by the 2010 mass
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Fig. 6 Principal coordinates analysis ordination plot of Type I sta-
tions with Lian, Batangas and Taytay Bay, Palawan monitoring data.
Stations are labeled according to coral community subtypes. Suc-

bleaching event (see Abesamis et al. 2022). Galvez in Lian,
Batangas showed an opposite trend, where the 2010 coral
composition appeared to change from Subtype 1-C to Sub-
type 1-A in the years following the 2010 bleaching event.
Lastly, Clubhouse in Lian, Batangas, appeared to have a
directional change in composition while remaining in Sub-
type 1-B. Except for Galvez, hard coral cover increased from
2010 in all these monitored stations (not shown).

Since the monitoring stations all remained throughout
Type I within the monitoring period, this may indicate that
thermal stress impacts may affect HCC and non-coral ben-
thic cover (e.g., turf and macroalgae; see Abesamis et al.
2022) more strongly than coral community composition. For
example, while Tecas was severely impacted by the 2010
bleaching event and was dominated by macroalgae in the
years immediately following the bleaching event (43% mac-
roalgal cover in 2011; see Abesamis et al. 2022), changes
in coral composition, species density, and even HCC may
not have been large enough for Tecas to be classified under

cessional vectors (black arrows) are indicated, along with each sta-
tion’s first and last monitoring years. Meanings of the hard coral TAU
abbreviations are indicated in the Electronic Supplementary Material

another coral community type. In 2011, Tecas had an HCC
of 11.5%, where 24 hard coral TAUs were recorded; this
is still higher than the average values in Types V and VII.
Additionally, the abundant hard corals in Tecas remained
characteristic of Type I stations, as massive Poriftes remained
most abundant throughout the monitoring period, with
increases in relative abundance of Acropora over time (Abe-
samis et al. 2022).

The observed directional change in the coral composi-
tion of the monitoring stations and the occurrence of sub-
types within Type I suggest that coral communities may still
respond differently to mass bleaching events on a local scale,
but these changes may not be enough to create distinct coral
community types. Succession is dynamic in space and time
(Karlson and Hurd 1993), and the occurrence of succes-
sional states is determined by prevailing environmental con-
ditions, coral life-history strategy, and the type and extent of
disturbance (Jackson 1991). On one hand, dominance pat-
terns and abundant coral forms may change (Karlson and

@ Springer



886

Coral Reefs (2023) 42:873-890

Hurd 1993; DeVantier et al. 1998) after an episodic distur-
bance such as mass coral bleaching or due to the impact of
chronic anthropogenic stressors. On the other hand, coral
composition may not change markedly in a reef exposed to
disturbance, despite large changes in HCC and non-coral
benthic cover, as seen in the present study. Hence, these find-
ings suggest the importance of examining coral composition
along with tracking changes in HCC and non-benthic cover,
where appropriate, to adequately characterize coral com-
munities affected by disturbance and diagnose the response
of coral communities to episodic and chronic stressors over
time.

Low HCC, low coral generic richness, and high abun-
dance of hardy, stress-tolerant coral genera (e.g., massive
Porites, Heliopora, Favites) (Done and Potts 1992; Kay-
anne et al. 2002; Darling et al. 2012, 2013) in coral commu-
nity types V, VI, and VII may reflect the effects of chronic
anthropogenic disturbance (e.g., sedimentation, overfishing)
or reefs in different recovery states from episodic distur-
bance, especially in the absence of clear environmental and
geographic differences between these types (Table 4; Fig. 4).
The relative abundance of stress-tolerant massive Porites
in Indo-Pacific reefs is associated with high levels of dis-
turbance (DeVantier et al. 2020). Philippine reefs show a
similar pattern, where massive Porites is abundant in all
community types (Table 3) and have a higher relative abun-
dance in low-HCC reefs (Licuanan et al. 2019a).

High non-coral benthic cover and prevalence of stress-tol-
erant (Darling et al. 2012, 2013) and ubiquitous coral genera
suggest that Type V communities are degraded. First, Type V
communities have average turf algae cover of 51.5% +6.1 SE
and average macroalgae cover of 24.1% + 6.5 SE compared
to an average HCC of 4.0% + 0.6 SE, which indicates the
prevalence of algae over hard corals in this community type.
Further, among the hard corals present in Type V communi-
ties, the 20 most abundant coral TAUs in Type V are simi-
lar to those in Type I. However, rank-abundance patterns
reveal that Type V has a high cover of faviids and low Acro-
pora cover; the opposite trend is observed in Type I (Fig. 3;
Table 3; see Electronic Supplementary Material). Faviids
are resistant to wide-scale, high-intensity disturbance, and
acroporids are more susceptible to thermal stress and sedi-
mentation (Loya et al. 2001; Trapon et al. 2011; but see
Muir et al. 2017). Patches of hard coral along a transect line
were also fewer but larger in Type I stations than in Type V
stations (not shown).

Combinations of local stressors may have contributed
to the low HCC and low generic richness of Types VI and
VIL. For instance, Heliopora dominance, low HCC, and high
algal cover in Type VI stations suggest that the reefs are
exposed to chronic stressors such as thermal stress (Kayanne
et al. 2002), sedimentation (Rogers 1990), or low salinity
(e.g., submarine groundwater discharge; Cardenas et al.
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2010; Senal et al. 2011). Nutrient enrichment from aqua-
culture effluent and sewage is also associated with declines
in HCC (Abaya et al. 2018), high algal cover (Quimpo
et al. 2020), and the development of harmful algal blooms
(Lapointe et al. 2005), with fringing and inshore reefs more
severely affected than offshore reefs. Type VII communities
have a hard calcareous substrate, which suggests past reef
accretion, yet these stations are almost devoid of hard corals
and are instead dominated by large, fleshy macroalgae. This
suggests that Type VII communities may be undergoing a
coral-algal phase shift, where widespread coral mortality
and inability to recover from disturbance leads to macroalgal
dominance and the long-term disruption of reef ecosystems
(Done 1992; Hughes 1994).

Anthropogenic stressors may also reduce the levels of
reef development, especially when a given reef area is algae-
dominated or colonized by ephemeral, short-lived species
yet have a hard, carbonate substrate indicating past reef for-
mation (van Woesik and Done 1997). The low HCC in Types
V and VII (i.e., < 10% average live coral cover) makes these
types vulnerable to reef erosion, as a minimum of 10% live
coral cover may be required to maintain positive reef accre-
tion rates (Perry et al. 2013). Further, turf algae-dominated
reefs may have undergone mass mortality of corals and are
still recovering from an episodic disturbance such as a mass
coral bleaching event (e.g., Abesamis et al. 2022) or typhoon
(e.g., Anticamara and Go 2017). Hence, long-term monitor-
ing is needed to capture and diagnose drivers of change in a
reef and to identify the prognosis of degraded reefs (Flower
et al. 2017).

Areas for future study and refining the typology
of Philippine fringing reefs

This study reports the first typology of Philippine fringing
reefs according to coral community structure, identifies the
significant roles of monsoon forcing and wave exposure on
the structuring of coral communities, and suggests the pos-
sible roles of disturbance in the differentiation of coral com-
munities. The percent variance explained in the ordinations
(i.e., 32.7% in PCoA, 5.7% in CCA) indicates other areas
of study to refine the typology. First, since the sampling
scheme prioritized well-developed fringing reefs facing the
dominant monsoon wind, sampling of sheltered and mar-
ginal reef areas may be performed to glean a more repre-
sentative spatial distribution and prevalence of less-exposed
coral communities (e.g., Type IV) and degraded coral com-
munity types (e.g., Types V, VI, VII). Second, since the
present study focused on shallow reef slopes, the typology
could be expanded to include coral community types in other
reef zones, such as reef flats, or across a range of depths
within a reef. This expansion may improve estimates of the
distribution and prevalence of coral community types and
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Fig. 7 Generalized spatial distribution of coral community types
in Philippine fringing reefs at different orientations relative to the
stronger monsoon wind and different degrees of wave exposure at

possibly lead to the identification of additional coral com-
munity types.

The study focused on hydrologic regimes; as such, natural
sources of variation such as island and reef geomorphology,
bathymetry, slope and aspect, and geologic history on an
island scale may be examined in greater detail to identify
their roles in the structuring of coral communities (Houk and
Starmer 2010; Licuanan et al. 2019a, b). Identification of
specific local stressors, both anthropogenic and non-anthro-
pogenic (e.g., freshwater input), that affect the structuring
of coral communities may also be performed to validate the
possible roles of anthropogenic impacts hypothesized for
Types V, VI, and VII. Lastly, findings from the successional
vector analysis (Fig. 6) show that analysis of long-term mon-
itoring data can be used to refine the typology by identifying
coral community types that may be successional stages after
chronic or episodic disturbance.

Implications for management
Corals are not homogeneously distributed across the Phil-

ippines. Figure 7 aims to summarize the findings of this
study and illustrates how coral community types may be

the A scale of the Philippine archipelago, B embayment scale, and C
island scale. The land is shaded in gray

distributed at different spatial scales. This study reports
that in that monsoon forcing and wave exposure account
for some of the differentiation of coral community types
at the scale of the Philippine archipelago (Table 4; Fig. 7a;
see Fig. 2 for the actual distribution of community types).
Local oceanographic features, orientation toward dominant
monsoon wind, and station-level wave exposure may lead
to the formation of different coral community types within
the scale of an embayment (Fig. 7b) or an island (Fig. 7c).
Further, the size and shape of an island or embayment may
result in the presence of more than one coral community
type along the same island or bay (Figs. 7b, c¢). The dia-
grams presented in Fig. 7 may be used as an initial guide
for identifying coral community types within a location
or a proposed protected seascape. However, the presence
of these coral community types must be validated with
reconnaissance visits and surveys.

The presence of degraded coral community types (e.g.,
Types V, VI, and VII) with high turf algae and macroalgal
cover may indicate local disturbance and human-induced
stressors in addition to broad-scale hydrologic regimes
such as monsoons and wave exposure, which were primary
determinants of coral community Types I, II, III, and IV
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identified in this study. Further, episodic disturbances such
as mass coral bleaching and typhoon impacts may also
lead to variations in coral composition, as exhibited by the
subtypes of Type I (Fig. 6). The extent and spatial distri-
bution of coral community types should be considered in
designing MPAs and establishing reef monitoring stations
to represent the various types adequately, especially in
areas susceptible to episodic disturbance and where local
stressors are prevalent. Monitoring temporal changes in
coral community structure is also suggested to identify
the effects of local stressors, human impacts, and episodic
disturbance that may not be reflected in measurements of
HCC and generic richness alone.

Refinements in data interpretation and analysis should
accompany the inclusion of coral community structure in
reef assessment and monitoring metrics. For instance, type-
specific baselines for HCC, generic richness, and rank-abun-
dance patterns allow for the development of more realistic
management goals (e.g., Type II coral communities are not
likely to have the HCC of Type III communities) and more
appropriate restoration goals (e.g., empirical baselines for
determining the appropriateness of passive or active man-
agement, identifying when active restoration is necessary).
Using coral community structure as a metric for setting res-
toration goals would be helpful in the Philippines, where
many coral gardening projects are attempted (Feliciano et al.
2018).

Lastly, the typology in this study may assist in the inter-
pretation of reef assessment and monitoring data by local
MPA managers and field technicians. These personnel may
be trained to determine coral community types by identify-
ing each type’s dominant taxa and relative abundances of
key benthos (e.g., massive Porites, Acropora, Heliopora,
macroalgae), as presented in this study. Type-specific scales
for HCC, generic richness, and coral community structure
may also be developed for evaluating the success of manage-
ment efforts in a monitored reef. These evaluations may be
standardized and simplified through tools such as compa-
rable scorecards for reef status and decision trees for diag-
nosing drivers of change, as well as corresponding citizen
science field methods (e.g., Licuanan et al. 2021).
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