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Abstract

Coral reefs of the Tres Marias Islets provide habitat for diverse marine organisms and significantly contribute
to the economic activities in Northwest Leyte, Eastern Philippines. Unfortunately, no comprehensive and
detailed study was conducted to determine the status of the hard coral and the reef-associated benthic
resources in Tres Marias Islets, particularly, Tabuk Islet being a marine protected area. Baseline coral
resources assessment was done in randomly identified stations in the Tres Marias Islets. The modified Reef
Check methodology was used to determine the percentage covers and generic diversity based on the
Taxonomic Agglomeration Units (TAUs). Tabuk Islet had the highest hard coral cover and generic diversity
than the other two Islets. Four Evolutionary Distinct and Globally Endangered (EDGE) hard coral species
were recorded in Tres Marias Islets. Furthermore, a coral bleaching event was observed in the area and
reported officially in this study. The findings of this study highlight the effectiveness of the establishment of a

marine protected area in the growth and recruitment of reef-building corals.
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Introduction
Statuses of coral reefs in the country were assessed
over the years (Gomez et al., 1981; Gomez et al., 1994;
Licuanan and Gomez, 2000; Licuanan et al, 2017;
Licuanan et al., 2019). Results of these assessments
revealed significant loss of scleractinian coral cover in
the country affecting the ecosystem services it provides
(Licuanan et al., 2019). Coral reefs provides significant
environmental and economic contributions in the
country which of US $
352,249.00/ha/year  (Azanza et al,

Unfortunately, reef-building corals are continuously

accounts a total
2017).

declining due to competition for resources caused by
unprecedented rise of population, and global stressors
(Hughes et al., 2017).

Management strategies like establishment of Marine
Protected Areas (MPA) were launched. This approach
provides enough time for reef-building corals to grow
into bigger sizes, thus improving the coral cover
(Edgar et al., 2014). Moreover, the reef-associated
organisms will replenish their stocks through the
reduction of pressures and stressors (Groves & Game,
2016). Protections imposed in the MPAs are helpful
in achieving its primal objective for the sustainability

of marine resources (Sale et al., 2015).

In Palompon, Leyte, one of the islets in Tres Marias
Islets, Tabuk Islet, was declared a marine protected
area since 1996. This declaration was executed in
response to the declining fishery stocks brought by
unsustainable and illegal fishing practices done in the
area. However, no comprehensive and detailed
assessments were done to check the improvement of
coral cover, biodiversity, and fishery stocks in Tres
Marias Islets, particularly in Tabuk Islet. Studies
conducted in Palompon, Leyte focused on the siganid
fishery (Paraboles and Campos, 2018) and fish corral
industry (Cabansag et al., 2011). Hence, effectiveness
of conservation and protection could not be

determined without data from monitoring activities.

Thus, the establishment of baseline data on the status
of coral and other associated benthic resources in the
Tres Marias Islets needs to be undertaken for future

comparison to determine effectiveness, improvement

of hard coral cover, and biodiversity and address

sustainability of reef-associated stocks.

Materials and methods

Study Areas

Tres Marias Islets (which comprises Tabuk Islet,
Gumalac Islet, and Cabgan Islet) can be found
adjacent to the Leyte Island (Fig. 1). These groups of
islets are mangrove islets harboring diverse marine
organisms and serve as resting, feeding, and breeding
areas for pelagic and reef marine species. The reef in
Tabuk Islet is considered to be well-developed reef
with more than 200m reef flat and well-defined reef
crest and upper reef slope where the coral reef
surveys are conducted following the protocols of
Licuanan et al. (2019). However, the coral reef in
Gumalac Islet is a barrier reef with a deep lagoon
separating the reef flat from the fore reef.
Furthermore, Cabgan Islet has an incipient reef (van
Woesik and Done, 1997) with remaining patchy coral

colonies dominated by massive corals.

¢Gumalac'island

Fig. 1. Map showing the location of Tres Marias Islets
(Map of the Philippines (A), showing the location of
Palompon, Leyte (B), surveyed Islets (C) (Source
map: Google Earth Pro, 2020).

Data Collection and Analyses

A total of eight stations were surveyed in this study:
three (3) stations were established in Tabuk and
Gumalac Islets while two (2) stations in Cabgan Islet.
The field sampling was done using the modified Reef
Check methodology in the randomly identified survey
stations. In each station, two 50-m transect lines were
laid in the upper reef slope, following topographic

contours at 5-m tide corrected depth.
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A total of 201 points were gathered at 0.25m interval,
starting from om of the transect line. The substratum
directly under each point was identified using the
Taxonomic Agglomeration Units (TAUs). The study
applied a one-of-kind methodology that was adopted
for the first time, where the Reef Check method was
supplemented with TAUs to provide more details on

the taxonomic composition of hard corals.

Percentage cover of the coral colonies and associated
benthos as well as the generic diversity were
computed from the data gathered. The revised
scheme based on Licuanan et al. (2019) was utilized
to describe the status of the hard coral cover and

generic diversity (Table 1).

Table 1. Categories for hard corals.

Parameter Measure Category
% hard coral
> 44% HCC HCC Category A
Coral cover > 33-44% HCC HCC Category B
> 22-33% HCC HCC Category C
0-22% HCC HCC Category D
> 26 coral TAUS  Diversity Category A

Generic > 22-26 coral TAUSDiversity Category B
> 18-22 coral TAUSDiversity Category C

0-18 coral TAUS

Diversity

Diversity Category D

Results and discussion

Hard Coral Cover

The overall hard coral cover in Tres Marias was 31.14%
which belongs to Hard Coral Coral (HCC) category C
(Licuanan et al., 2019). Among the three islets, Tabuk
Islet has the highest mean HCC with 51.82% which
belongs to HCC Category A (Fig. 2). Gumalac Islet has
25.04% HCC which falls under HCC Category C while
Cabgan Islet has the lowest HCC with only 16.54%
which belongs to HCC category D.

Among the stations, Tabuk Islet’s station 1 has the
highest HCC. This station is known as a diving and
snorkeling site. The high cover and rich diversity of
hard corals in this station provides habitat to different
reef fish and macroinvertebrates. However, coral
colonies are prone to boat damages as it is next to the

channel where commercial boats and roro pass by.

Percentage Cover

TabukIsland Gumalaclsland Cabganlslet Mean

Sampling Area

Fig. 2. Percentage covers of the hard coral resources
in Tres Marias, Northwest Leyte. Data were analyzed

using the mean + SEM.

The hard coral cover in Tres Marias was mostly
attributed through the different lifeform of the genus
Porites which is known to tolerate environmental
stressors, not prone to physical stress (Guest et al,
2016) and to dominate in degraded reefs (Licuanan et
al., 2019). Other stress tolerant genera like
Diploastrea, Favia, Favites, and Cyphastrea were
also recorded with low percentage covers. Hard corals
under the stress-sensitive genus Acropora were
observed with poor percentage covers. Unfortunately,
most of the coral colonies in the sampling sites were
dead (particularly in Gumalac Islet and Cabgan Islet),
affecting the reef structure, which led to the loss of
structural complexity and reduction of biodiversity

(Graham and Nash, 2012).

Octocorals Heliopora coerulea and Tubipora musica
were also recorded in the sampling stations. Gumalac
Islet has the highest cover of H. coerulea. High
percentage cover of this species in a coral reef could
imply that reef is degraded with changes in seawater

chemistry (Guzman et al., 2018).

Despite the low mean hard coral cover and no
significant differences, results could suggest how
effective the protection and strong management
imposed in Tabuk Islet. Reefs in this islet continue to
grow as they were spared from further anthropogenic
damages and pressures. Thus, same protection should
also be applied to some coral reef areas in Gumalac and

Cabgan Islets to provide enough time for recovery.
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Other Reef Associated Benthos

Table 2 shows the mean percentage covers of the
other reef-associated benthos as well as the
corresponding overall mean cover computed for Tres

Marias Islets.

Turf algae which cover dead coral colonies have
19.33% mean cover. Gumalac Islet has the highest
mean cover with 27.11% followed by Tabuk Islet with
25.79%. As observed, Cabgan Islet has the lowest
mean cover with only 5.10% knowing that dead coral
colonies in this area have been dominated mostly by
macroalgae. The high turf algal cover is typical of a
degrading reef as they quickly dominate the available
space that was left by coral colonies (Littler et al,
2006). However, these algal assemblages were
considered possible settlements for coral juveniles

(Licuanan et al., 2019).

Table 2. Summary of the percentage covers of the

other benthos in Tres Marias Islets, Northwest Leyte.

Sampling Sites
Category Tabuk Gumalac Cabgan
Islet Islet Islet Mean
Algal Assemblage 25.7877 27.1144 5.0995 19.33
Dead Coral with Algae  1.0779 1.0779 0.0000 0.72
Macroalgae 0.5804 28.9386 47.7612 25.76
Rubble 2.1559 4.8093 15.0498 7.34

Sand 15.4229 11.8574 14.427913.90
Other Biota 1.8242 0.6633 1.2438 1.24

Macroalgae have higher mean percentage cover with
25.76%. Cabgan Islet has the highest cover of
macroalgae with 47.76% followed by Gumalac Islet
with 28.94%. Tabuk has the lowest cover with only
0.58%. Most of the macroalgae which thrived and
dominated in Gumalac Islet and Cabgan Islet were
brown algae belonging to the genera Sargassum spp.,
Dictyota spp.,

Padina spp. and red algae,

Actinotrichia spp.

High percentage cover in Cabgan Islet could denote
shift from coral dominance to macroalgal dominance
which has been documented in other areas in the
Indo-Pacific (Ward-Paige et al., 2015). Aside from the
decline of hard corals, influx of nutrients coming from
nearby rivers and mangrove area in the Cabgan Islet

influenced the preponderance of macroalgae.

Abiotic factors like sand and rubble have considerably
higher mean percentage covers in Tres Marias. Sand
has 13.90% mean cover where Tabuk Islet has the
highest cover with 15.42% followed by Cabgan Islet
with 14.43% and Gumalac Islet with 11.86%. Sand
accretion in the reef can be attributed to the
mangrove forests and river systems near the area,
though Gumalac Islet is less affected knowing its
orientation as a barrier reef. This sand accretion can
affect water turbidity (Flower et al, 2016) which
limits the light penetration essential for coral growth
and photosynthesis of its symbiotic algae. Sediments
tend to smother corals and other resources which

coral juvenile could not grow bigger.

Furthermore, coral rubble has 7.34% overall mean
cover. Cabgan Islet has the highest mean cover with
15.05%, knowing the area as an open fishing ground,
coral colonies were exposed to different
anthropogenic damages. Also, it was observed during
the sampling that these coral rubbles were fragments
of branching coral colonies. Gumalac and Tabuk
Islets have 4.81% and 2.16% coral rubble cover,
respectively. Associated benthos composed of
heterotrophic filter-feeding sponges, sea anemones,
crinoids and grazing sea cucumbers constitutes a
mean percentage cover of 1.24%, coralline algae with

0.14 and soft corals with 0.48%.

Coral Generic Diversity

Coral generic diversity has an average of 23.9 coral
TAUs which falls under Diversity Category B (based
on the diversity scheme proposed by Licuanan et al.,
(2019) (Table 3). Tabuk Islet has the highest diversity
with 27.7 mean coral TAUs which is categorized
under Diversity Category A followed by Gumalac Islet
with 24.0 mean coral TAUs which falls under
Diversity Category B. Cabgan Islet has the lowest
generic diversity with only 20.0 mean coral TAUs

recorded which belongs to Diversity Category C.

Among the stations, station 1 in Tabuk Islet has the
highest generic diversity with 36 coral TAUs
recorded, the same station with the highest hard

coral cover.
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It can be expected for Tabuk Islet to have high generic
diversity knowing that it was established as a marine
protected area for 23 years. These could suggest that
the protection is implemented in the MPA positively
affects coral recruitment, which will gradually

improve the coral cover through time.

Table 3. Summary of the generic diversities in Tres
Marias Islets, Northwest Leyte.

Sampling Stations

Sampling Site Station 1 Station 2 Station 3 Mean
Tabuk Islet 36 19 28 27.7
Gumalac Islet 27 26 19 24.0
Cabgan Islet 27 13 - 20.0
Mean Generic Diversity 23.9

Endangered Coral Species

Four (4) coral species listed in the International
Union for Conservation of Nature (IUCN) Red List
and Zoological Society of London (ZSL) Evolutionary
Distinct and Globally Endangered (EDGE) were
recorded, namely: Turbinaria peltata, Pachyseris
rugosa, Fimbriaphyllia ancora, and Heliofungia
actiniformis (Fig. 3A-D).

The presence of these EDGE hard coral species can be
used as basis in the creation of conservation policies
as part of conservation plans of stakeholders (Crabbe,
2016), mainly, in local areas which they existed before
they lead to extinction which could significantly

impact biodiversity in the marine environment.

Fig. 3. Colony shots of the EDGE hard coral species:
Turbinaria peltata (A); Pachyseris rugosa (B);
and Heliofungia

Fimbriaphyllia ancora (C);

actinoformis (D).

Bleached Coral Colonies

Coral bleaching has been observed in Tres Marias
which is the first to have been officially recorded.
Partially and completely bleached corals were
apparent in all stations. Most of the colonies showing
signs of bleaching belong to the following genera:
Acropora, Astreopora, Pocillopora, and surprisingly,
Porites (Fig. 4A-C), when as mentioned earlier, the
species belonging to this genus are known to adapt to
wide variety of stressors. Also, the soft coral,
Lobophytum spp., was observed to be partially
bleached (Fig. 4D).

Coral bleaching usually happens when coral polyps
eject their endosymbiotic algae that reside within their
tissues as a stress response. The coral bleaching
recorded in sampling areas was associated with the
warming of the seawater brought by climate change.
The National Oceanic and Atmospheric Administration
(NOAA) issued a warning through their real-time
satellite seawater temperature that coral colonies
would likely to bleach in the coastal waters of
Northwest Leyte. With the use of thermometer, the
recorded average seawater surface temperature in Tres
Marias Islets was 33.5°C while the underwater
temperature was 32.2°C. According to Cesar et al.

(2014) these temperatures can potentially induce stress

to coral colonies which could lead to bleaching.

Fig. 4. Colony shots of the bleached corals recorded
in the sampling sites: Astreopora (A); Pocillopora
(B); Porites (C); and Lobophytum (D).
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Conclusions

This study revealed the status of hard coral in Tres
Marias Islets using the modified Reef Check method
supplemented for the first time with the Taxonomic
Agglomeration Units. The mean hard coral cover
belongs to HCC Category C while the generic diversity
falls under Diversity Category B. Tabuk Islet as a
protected area had the highest hard coral cover and
generic diversity, which implies strong protection and

management, is implemented.

Presence of evolutionary distinct and globally
endangered hard coral species was also recorded.
Bleaching was also apparent in some coral colonies in
the sampling areas. The findings of this baseline
assessment can be utilized for future reassessment
and monitoring activities to detect changes in the
temporal status of hard corals in Tres Marias Islets to
formulate appropriate management and conservation
strategies especially with the presence of endangered

hard corals species.
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