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Preliminary observations of macrobenthic invertebrates and megafauna
communities in the upper mesophotic coral ecosystems in Apo Reef
Natural Park, Philippines

Timothy Joseph R. Quimpo, Patrick C. Cabaitan®, Ronald Dionnie D. Olavides, Edwin E. Dumalagan,
Jr., Jeffrey Munar and Fernando P. Siringan

Abstract. The Philippines is located within an area of high reef biodiversity. However, it is vulnerable to the
overexploitation of marine resources, which has reduced the abundance of many species, particularly large reef fish
and marine turtles in the shallow reef areas (< 30 m). There is a need to assess the populations of these marine animals
in the mesophotic coral ecosystems (> 30 m). The objectives of the study were (1) to determine the macrobenthic
invertebrates and megafauna communities across the different reef type and depth; (2) compare species composition
of macrobenthic invertebrates and megafauna communities across reef type and depth; and (3) to determine the
benthic cover across reef type and depth. Macrobenthic invertebrates and megafauna communities in the upper
mesophotic zone (30-40 m) in Apo Reef Natural Park, Philippines were sampled using 15 min Underwater Visual
Census (UVC). We observed ‘regionally’ rare macroinvertebrates and megafauna such as Holothuria fuscogilva,
Thelenota ananas, Bolbometopon muricatum, Cheilinus undulatus, Alopias pelagicus, Triaenodon obesus, and
Eretmochelys imbricata, which may be attributed to the long term (21 years) protection provided by Apo Reef.
Interestingly, there were no significant differences in species richness, abundance and species composition across
reef types and depths, probably because of horizontal and vertical movement of megafauna and the relatively similar
benthic composition. This study provides one of first quantification of macrobenthic invertebrate and megafauna
communities in mesophotic reefs, which is data deficient in the coral triangle; thus, contributing to the budding

mesophotic research program in the region.
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INTRODUCTION

The Philippines is considered the center of marine biodiversity
(Carpenter & Springer, 2005; Veron et al., 2008); however,
overexploitation has greatly reduced the abundance of
many reef associated invertebrates, reptiles, and fishes in
the country (Shanker & Pilcher, 2003; Nafiola et al., 2011;
Erikson & Clarke, 2015; Lavides et al., 2016). Particularly
more vulnerable to exploitation are large bodied benthic
and nektonic animals, which exhibit slow growth rates and
reproductive maturity (Banse & Moser, 1980; Jennings et
al., 1994; Brey, 1999). These large bodied animals may
be referred to as ‘macrobenthos’ (for sessile and mobile
invertebrates) and ‘megafauna’ (for nektonic fish, reptiles,
and mammals) (Warwick & Clarke, 1993; Blanchard et al.,
2004; Lewison et al., 2004; Lewison et al., 2013). Currently,
there is no consensus as to the exact size requirement for
an animal to be categorised as a ‘macrobenthos’ and a
‘megafauna’; hence, in this study, we defined macrobenthos
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as invertebrates that reached a size of > 30 cm while
megafauna were fish and reptiles that reached a size of > 50
cm. Majority of macrobenthos and megafauna communities
are threatened in developing countries, such as the Philippines
because of unregulated fishing and socioeconomic demands
(e.g., overpopulation, market infrastructures, to name a
few) that have contributed to their decline (Lavides et al.,
2016). However, these findings were based predominantly
on observations from shallow fringing reefs, with minimal
observations in atoll reefs and no observations on deep reef
ecosystems, such as the mesophotic coral reef ecosystems.

Majority of the coral reefs in the Philippines are fringing,
consequently, most of the reef assessments were confined
to nearshore shallow fringing reefs (see Gomez et al., 1994;
Narnola et al., 2004, 2011; Go et al., 2015). Few studies have
been conducted on offshore atoll reefs, such as Apo Reef
Natural Park and Tubbataha Reef Natural Park. These atoll
reefs have distinct communities because of less exposure
to impacts by disturbances associated with nearshore reefs,
e.g., sedimentation, pollution (Dygico et al., 2013; Licuanan
et al., 2017). However, differences in reef communities
between fringing and atoll reef types and between depths
are not well understood.

Mesophotic coral ecosystems (MCEs) are the deep extensions
of shallow coral reefs. MCEs have a depth range of 30
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Fig. 1. Map showing the location of Apo Reef Natural Park in the Philippines, as well as, the study sites that were surveyed in March 2016.

to 150 m, and are characterised by a photosynthetically
active radiation (PAR) of 1% (Lesser et al., 2009; Kahng
et al., 2010). Attributed to their depth, MCEs experience
lower levels of disturbances (e.g., bleaching, fishing, to
name a few), which may potentially protect many reef
associated species (Bongaerts et al., 2010; Bridge et al.,
2013). MCEs may also serve as nursery habitats, as well
as sites for ontogenetic migrations and mass spawning
events, highlighting the interconnectivity between shallow
and mesophotic reefs (Brokovich et al., 2007; Slattery et
al., 2011; Holstein et al., 2016). However, most of these
observations are limited to the Caribbean, with minimal
observations in the Indo-Pacific (Kahng et al., 2010) and
only one observation in the Philippines (Ross & Hodgson,
1981; reviewed in Turner et al., 2017).

In the present study, we determined the community structure
of macrobenthic invertebrate and megafauna communities
in Apo Reef Natural Park (ARNP) across different reef
types and depths. First, we determined dissimilarities in
species composition across depths and reef types (fringing
versus atoll). Second, we examined the spatial and depth
variability in species richness and abundance of macrobenthic
invertebrate and megafauna communities. Lastly, we
quantified the benthic composition across depths and reef

types. Given the capability of most marine megafauna to
move along a wide range of distances between depths and
sites (Papastamatiou et al., 2015; Khan et al., 2017), we
hypothesise that there may be less variability in the structure
of megafauna communities between depths and reef types.
However, it is not well understood whether the differences
in the structure of benthic communities will influence the
differences in megafauna community structure between
euphotic and upper mesophotic reefs, and between reef
types. The initial quantification of macrobenthic invertebrate
and megafauna communities in mesophotic reefs in the
Philippines will help to unravel the biodiversity of this
relatively unexplored ecosystem in the coral triangle.

MATERIAL & METHODS

Study site. The study was conducted in Apo Reef Natural
Park (ARNP) in Sablayan Occidental Mindoro (Fig. 1).
ARNP is one of the largest Marine Protected Areas (MPAs)
in the Philippines, covering a total area of 11,667 ha. The
spatial coverage of ARNP is sufficiently larger than the other
MPAs in the Philippines, which mostly cover an area of less
than 20 ha (Cabral et al., 2014). The MPA size of ARNP is
second only to Tubbataha Reefs Natural Park (97,030 ha),
the largest MPA in the country. It is a no-take MPA, which
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Fig. 2. Reef fish and marine reptile megafaunal species in Apo Reef Natural Park. A, Eretmochelys imbricata; B, Bolbometopon muricatum;
C, Balistoides viridescens; D, Cheilinus undulatus; E, Caranx melampygus; ¥, Cephalopholis argus; G, Macolor niger; H, Sphyraena
genie; 1, Triaenodon obesus.
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Fig. 3. Macrobenthic invertebrate species in Apo Reef Natural Park. A, Holothuria atra; B, Holothuria fuscogilva; C, Thelenota anax; D,
Thelenotarubra lineata; E, Thromidia catalai; F, Tridacna sp.; G, Xetospongia sp.
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has been protected since 1996; although, recreational diving
activities are allowed in some areas within ARNP. ARNP is
also one of the well managed MPAs in the country based on
MPA Effectiveness Assessment Tool (MEAT) scores (Cabral
et al., 2014). MEAT is used to evaluate governance and
management of MPAs based on indicators such as existence
of a consistent monitoring program, sustained enforcement,
funding support, and others (White et al., 2004).

Nine (9) survey sites were established in ARNP, which
covered Apo Island, and the northwest and southwest atoll
systems. The distances between the sites ranged from 0.5
km to ~ 3 km (Fig. 1). Here, Apo Island refers to the island
inside the ARNP in the Western Philippine Sea, which should
not be confused with the smaller (74 ha) Apo Island in the
Visayan Sea. Four (4) sites were located in the fringing
reefs within the main island, while five sites were located
in the atoll reefs. Euphotic surveys were conducted in all 9
sites, while mesophotic surveys were conducted in 7 sites.
All of the surveys were conducted in March 2016 as ARNP
is exposed to calmer weather condition around this time.

Sampling design. Timed underwater visual census (UVC;
White et al., 2015) was conducted to survey the macrobenthic
invertebrate and megafauna communities in two depths,
euphotic (7-15 m) and upper mesophotic (30—40 m). This
method is ideal for the assessment of large animals, which
are difficult to sample using conventional visual census
methods that cover only small areas, because these animals
have large territories and exhibit behaviors that limit their
sightings (Richards et al., 2011). Moreover, this method
may also be advantageous to surveying relatively cryptic
animals (e.g., sea cucumbers) that hide in the holes, nooks
and crannies of limestone reefs (Shepherd et al., 2003).

Fifteen minute observations were conducted in each euphotic
and mesophotic station. The 15 min observation time was
conducted to standardise the assessment per depth, since
mesophotic surveys were limited to a maximum time of 15
min because of safety limitations using open-circuit SCUBA.
Macrobenthic invertebrates and megafauna observed during
the assessments were identified to species level along with
recordings of their abundance. One diver censused the
megafauna within a 10 m width area, while the macrobenthic
survey was conducted by another diver that censused within
a 2 m width area. The macrobenthic invertebrates and
megafauna were categorised according to their trophic levels,
namely: detritivore, suspension feeder, herbivore, omnivore,
piscivore and planktivore. The categorisation was based on
their predominant diets that were gleaned from Froese &
Pauly (2017) and Palomares & Pauly (2017).

To determine the benthic cover in each site, a modified
photo-quadrat method was used. Images were taken at ~
1 m intervals haphazardly within the area where the UVC
was conducted. The sampling time for this method was also
15 min, which yielded ~ 25 images per dive. The images
obtained were subsequently analysed using Coral Point
Count with excel extensions (CPCe; Kohler & Gill, 2000).
In each CPCe image, 25 (5 % 5 uniform grid) points were

overlaid. The benthic categories were classified as hard coral
(C), octocorals (OCT), algaec assemblages (ALG), small
invertebrates (< 30 cm; INV), dead coral (DC) and abiotic
components (e.g., sand; ABI).

Statistical analyses. The abundance data was square-root
transformed and visually inspected using an unconstrained,
non-metric multidimensional scaling (nMDS), with the
ordination distances based on Bray-Curtis similarity. To
determine differences in species composition across reef
types and depths, analysis of similarity (ANOSIM) test
was conducted. Species that contributed to the similarities
and dissimilarities in the macrobenthic and megafauna
communities were determined using similarity percentage
(SIMPER) test.

The differences in macrobenthic and megafauna abundance
across reef types (fixed factor, two levels: atoll and fringing)
and depth (fixed factor, two levels: euphotic and mesophotic)
were tested using multiple t-tests. The assumptions of the
t-test were tested using residual analysis (data normality)
and Levene’s test (data homogeneity). The raw data for
macrobenthos and megafauna were logl0 transformed
to improve data normality. Similarly, t-test was used to
determine differences in arcsin percentage cover of the
benthic categories across reef types and depth. To test for
differences in cumulative species richness across reef type
and depth, a permutation test was conducted (Rossi, 2011).
The permutation test is based on the difference between
community one and two (referred to as d) compared to
n differences in d,,,4m Obtained after permutating the
samples between communities (Rossi, 2011). A total of
499 permutations were conducted wherein p-values were
generated. We considered significant differences in species
richness between communities if p-values were below 0.05.
All statistical analyses were conducted using R software,
with the univariate analyses conducted using stats and rich
packages, and the multivariate analyses conducted using
vegan (R Core Team, 2017; Rossi, 2011; Oksanen et al.,
2017).

RESULTS

Overall, 38 macrobenthic invertebrate and megafauna species
were observed, with a total abundance of 528 individuals
(Table 1, Figs. 2, 3). Remarkable species that were observed
included the vulnerable Eretmochelys imbricata (hawks
bill turtle), Alopias pelagicus (pelagic thresher shark),
Bolbometopon muricatum (bumphead parrotfish), and
Holothoria fuscogilva (white teeth), as well as the nearly
threatened Triaenodon obesus (whitetip reef shark), and the
endangered Cheilinus undulatus (bumphead wrasse) and
Thelenota ananas (prickly red fish).

Species composition of macrobenthic invertebrates and
megafauna were not significantly different across depths
(Fig. 4A) and reef types (Fig. 4B). The top 10 species that
contributed to the similarities and dissimilarities across depths
and reef types are summarised in Table 2. For instance,
Triaenodon obesus, Macolor macularis, and Cheilinus
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Table 1. Macrobenthic and megafauna species observed in Apo Reef along with their trophic groupings and IUCN status: O (Omnivore),
C (Carnivore), H (Herbivore), D (Detritivore) and P (Planktivore); NE (Not Evaluated), DD (Data Deficient), LC (Least Concern), NT
(Near Threatened), VU (Vulnerable), EN (Endangered) and CE (Critically Endangered).

Number of individuals
Trophic IUCN recorded

Species groups Status

Euphotic Mesophotic

Marine Reptiles

Eretomochelys imbricata (Linnaeus 1766) o CE 10 1
Laticauda colubrina (Schneider 1799) C LC 1 0
Marine fishes

Balistoides viridescens (Bloch & Schneider 1801) C NE 1 0
Bolbometopon muricatum (Valenciennes 1840) H A0 44 0
Chelinus undulatus (Ruppell 1835) C EN 15 4
Caranx ignobilis (Forsskal 1775) C NE 1 0
Caranx lugubris (Poey 1860) C NE 2 5
Caranx melampygus (Cuvier 1833) C NE 1 3
Caranx sexfasciatus (Quoy & Gaimard 1825) C NE 0 9
Cephalopholis argus (Schneider 1801) C LC 1 4
Epinephelus howlandi (Gunther 1873) C LC 0 1
Plectropomus leopardus (Lacepede 1802) C NT 2 0
Lutjanus bohar (Forsskal 1755) C NE 1 0
Macolor macularis (Fowler 1931) C NE 12 17
Macolor niger (Forsskal 1755) C NE 115 0
Pinjalo lewisi (Randall, Allen & Anderson 1987) C NE 0 2
Naso brevirostris (Cuvier 1829) P LC 8 0
Naso hexacanthus (Bleeker 1855) P LC 2 44
Naso vlamingii (Valenciennees 1835) P LC 2 0
Gymnosarda unicolor (Ruppell 1836) C LC 1 37
Sphyraena barracuda (Edwards 1771) C LC 13 0
Sphyraena genie (Klunzinger 1870) C NE 79 0
Shark

Alopias pelagicus (Nakamura 1935) C A0 0 1
Triaenodon obesus (Ruppell 1837) C NT 29 19
Macrobenthic invertebrates

Holothuria atra (Jaeger 1833) D LC 3 1
Holothuria edulis (Lesson 1830) D LC 5 0
Holothuria fuscogilva (Cherbonnier 1980) D VU 1 0
Pearonothuria graeffei (Semper 1868) D LC 1 0
Thelenota ananas (Jaeger 1833) D EN 0 1
Thelenota anax (Clark 1921) (0] DD 8 0
Thelenota rubralineata (Massin & Lane 1991) o DD 2 1
Choriaster granulatus (Lutken 1869) D NE 1 0
Thromidia catalai (Pope & Rowe 197) D NE 0 2
Culcita novaeguineae (Muller and Troschel 1842) D NE 1 0
Tridacna crocea (Lamark 1819) o LC 2 0
Tridacna maxima (Roding 1798) o LC 2 1
Xetospongia sp. (0] NE 2 7
Total 368 160
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Fig. 4. Results of the non-metric multidimensional scaling (nMDS) across depths (A) and reef types (B). Analysis of similarity (ANOSIM)
results along with the corresponding p values are included in the plots (A and B). Vectors showing the influence (direction and magnitude)
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Fig. 5. Barplots represent the total species richness across the depths
(A) and reef types (B). C and E show the abundance of macrobenthic
invertebrates and megafauna, respectively, with their corresponding
trophic groups across depths. D and F show the abundance of
macrobenthic invertebrates and megafauna, respectively, with their
corresponding trophic groups across reef types.

undulatus had comparable mean abundances between the
fringing and atoll reef types. The vector plot (Fig. 4C) across
the two depths indicate that corals and algae had a higher
cover in euphotic relative to mesophotic reefs. In contrast, the
vector plot across the two reef types had no distinct patterns,
i.e., there were sites in the atolls and in the fringing reefs
that had high coral cover and high abiotic cover.

Total species richness was higher in the euphotic (32) than
in the mesophotic (19) zone, and was higher in the fringing
(28) relative to atoll reefs (23) (Fig. 5A, B). However, both
of these differences were not statistically significant (depth:
d =13, p = 0.19; reef type: d = 5, p = 0.46). The mean
abundance in the mesophotic zone for the macrobenthic
invertebrates was higher relative to the euphotic zone (Fig.
5C), however, the opposite was true for the megafauna
wherein abundance was higher in the euphotic than in
the mesophotic zone (Fig. 5E). Atoll reefs had a slightly
higher mean abundance compared to fringing reefs for the
macrobenthic invertebrates (Fig. 5D); whereas, the abundance
of the megafauna was higher in the fringing than in the atoll
reefs (Fig. 5F). Yet, these differences across depths were
not significant for macrobenthic invertebrates (t = 0.60, p
= 0.56) and for megafauna (t = 0.11, p = 0.91). Similarly,
differences in abundance across reef types for macrobenthos
(t=1.52, p=1.34) and megafauna (t = 0.58, p = 0.56) were
not statistically significant.

The macrobenthic invertebrates were represented by only
two trophic groups, i.e., detritivores and suspension feeders,
which did not vary across depths and reef types (Fig. 5C,
D). In contrast, megafauna had a more diverse set of groups
in the euphotic relative to the mesophotic reefs (Fig. SE).
However, between the atoll and fringing reefs, there were
only slight differences in the number of megafauna trophic
groups (Fig. 5F).
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Table 2. Summary of the SIMPER results showing the top 10 species that contributed to the similarities/dissimilarities in species composition.

Abundance
Species % Contribution

Euphotic Mesophotic
Naso hexacanthus 10.45 3.67 3
Triaenodon obesus 10.31 4 3
Macolor niger 8.78 19.16 0
Bolbometopon muricatum 8.56 7.33 0
Gymnosarda unicolor 7.62 6.16 0.12
Xetospongia sp. 6.36 0.33 0.86
Sphyraena genie 6.03 13.17 0
Macolor macularis 54 3 1.38
Chelinus undulatus 3.28 1.67 1.12
Eretmochelys imbricata 2.29 1.33 0.37

Fringing Atoll
Naso hexacanthus 11.98 6.28 0.28
Triaenodon obesus 10.83 4.14 2.71
Xetospongia sp. 7.26 0.42 0.85
Macolor niger 7.15 0 16.42
Bolbometopon muricatum 6.6 6.28 0
Gymnosarda unicolor 6.1 5.42 0
Macolor macularis 5.42 2.57 1.57
Sphyraena qgenie 491 0 11.28
Chelinus undulatus 3.46 1.28 1.42
Sphyraena barracuda 2.34 0 1.85

A

40

Mean percentage cover

= Euphotic
= Mesophotic

Nl

C DC OCT INV ALG ABI

Depth

60

40

= Atoll
= Fringing

il

C DC OCT INV ALG ABI

Reef type

Fig. 6. Mean percentage cover of the benthic categories across depths (A) and reef types (B). Abbreviations of the benthic categories are
as follows: C — hard coral, DC — dead coral, OCT — octocoral, INV — small invertebrates, ALG — algae assemblages and ABI — abitoic.
Significant differences are denoted by an asterisk (*) sign.
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Benthic cover across depths and reef types were dominated by
dead and hard corals, with the remaining cover occupied by
the 5 other benthic categories (Fig. 6). Significant differences
in benthic cover were only observed across reef types (Fig.
6B). Specifically, coral cover was higher in the fringing reefs
relative to the atoll reefs (t = 3.40, p < 0.001).

DISCUSSIONS

Five remarkable megafauna species (E. imbricata, A.
pelagicus, B. muricatum, T. obesus, and C. undulatus) and two
macrobentic invertebrates (H. fuscogilva and T. ananas) were
observed during the surveys in Apo Reef. The occurrence
of these species may be attributed to MPA protection. Apo
Reef is a strict no-take MPA that has been functioning since
1996 (21 years of protection), which may have protected
these fishery-targeted species for decades. Although, we were
unable to sample non-MPA sites near Apo Reef, indirect
evidence suggests that B. muricatum and C. undulatus
are now rarely observed in the Philippines because of
overexploitation (Lavides et al., 2016). Similarly, sea turtles
and sharks are still heavily exploited in the Philippines despite
management interventions, with their current population
status in the region relatively unknown (Shanker & Pilcher,
2003; Erikson & Clarke, 2015). However, based solely on
their traits (e.g., slow maturity and large body size) these
animals may also be on the decline (Jennings et al., 1994;
Cheung et al., 2005). Fortunately, MPAs in other regions
have showed improvement of their megafauna populations
such as Chelonia mydas (green seaturtle), B. muricatum, and
T. obesus because of MPA protection (Muioz et al., 2012;
Scott et al., 2012; White et al., 2015).

There were no differences in community structure of
megafauna across reef types and depths. The similarity in
the community structure between reef types was attributed
to the comparable mean abundances of Triaenodon obesus,
Macolor macularis, and Cheilinus undulatus between the
fringing and atoll reef types. Moreover, the mean abundances
of Naso hexacanthus, T. obesus, M. macularis, and C.
undulatus contributed to the similarity in community structure
between depths. A common trait among these species is they
attain large maximum lengths that range from 50 to 200
cm (Kuiter & Tonozuka, 2004). Although, we were unable
to directly track individual movements, studies show that
large bodied carnivorous megafauna exhibit horizontal and
vertical movements, wherein they may travel an area of 15
km wide and a depth of 70 m (Papastamatiou et al., 2015;
Khan et al., 2017). The daily movement of individuals is
attributed to foraging (Krumme, 2009), thermoregulation
(Papastamatiou et al., 2015), and seeking shelter (Khan et
al., 2017); whereas seasonal movement is due to spawning
(Papastamatiou et al., 2015; Holstein et al., 2016; Khan et
al., 2017).

Concordant with the multivariate results, univariate analyses
also indicate that there were no significant differences in
species richness and abundances across depths and reef types.
Again, this may be attributed to the movement of individuals.
Alternatively, the relatively similar benthic composition,

especially between depths, may also have contributed to
the similarity in species richness and abundances. Benthic
composition, specifically coral cover, is positively correlated
with the species richness and abundance of reef-associated
fauna (Bell & Galzin, 1984).

The macrobenthic invertebrates were only represented by two
trophic groups, namely: detritivores and suspension feeders.
There were no apparent differences in macrobenthic trophic
groups across the two depths and reef types. Megafauna,
on the other hand, had a more diverse trophic group in the
euphotic relative to the mesophotic reefs. A large portion of
this variability was attributed to the herbivore group. Rarely
does algae grow at a high rate in mesophotic reefs to support
herbivorous fishes because of low light levels; hence the
herbivore group is limited to shallow reefs (Kahng et al.,
2010). In contrast, mesophotic reefs had higher abundances
of omnivores and carnivores. The higher abundances of
these groups may be attributed to prey availability, which
has also been reported in other studies that the prey items
of these trophic groups increase with depth (Kahng et al.,
2010; Pinheiro et al., 2015). Across the two reef types,
there were only minimal differences in the trophic groups
for the megafauna.

In conclusion, we observed ‘regionally’ rare megafauna
species, together with other vulnerable animals across the
different reef types and depths in Apo Reef. Interestingly,
we found no differences in species richness, abundance and
species composition across reef types and depths, which
may be attributed to the movements of megafauna and/or
the similarity in benthic composition. This study provides,
to our knowledge, the first preliminary quantification of
macrobenthic invertebrates and megafauna communities
in mesophotic reefs in the Philippines; thus, contributes to
the budding mesophotic research in the data deficient coral
triangle.
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