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Fig. 7. Line regression with least square means for the relationship between the age of the coral (x-axis) and number of boring coral
species (y-axis) (A) and number of boring coral specimen (y-axis) (B). Line regression with least square means for the relationship
between age of the coral (x-axis) and number of boring coral specimens (y-axis) by three coral species (C) and by two types of coral

statuses (D).

(B)

Fig. 8. Dead and eleven-year-old specimens of two coral species, Favia (A) and Porites (B) were compared by number of species and

number of specimens.
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of 33.31 mm, with average of 13.60 + 5.59 mm
(mean + SD). Gastrochaena cuneiformis showed
shell heights with average of 15.41 £ 5.59 mm.

The differences in coral age patterns and
bivalve shell heights reflected changing shapes
in the size frequency distribution. All dominant
boring bivalves in corals with an age of more than
nine years old showed larger shell lengths when
compared to those in younger coral.

Moreover, corals in age Class d, those
more than nine years old, showed the highest
frequency distribution of almost bored coral
except with Botula cinnamomea (Class b, highest
frequency in 6-7 year old corals) (Fig. 10 D).
Interesting, Botula cinnamomea and Gastrochaena
cuneiformis were found in all age classes of coral,
whereas Lejosolenus lima, Lithophagus teres and
Coralliophaga coralliophaga were distributed in
corals more than 6 years old (Fig. 10)

DISCUSSION

Coral reefs are one of the most productive
marine systems in Thai waters and are mainly
found around fringing islands. Coral reefs around
the islands in the east part of the Gulf of Thailand
are usually shallow, and extend to depths of
approximately 2-5 m (ONEP 2004). Three groups
of massive corals have mainly colonized these
habitats; Porites spp., Platygyra sp., and Favia
spp. Coral colonies are very complex, with their
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dead undersides and branches offering shelter and
provide protection for mollusks and other animals
(Moberg and Folke 1999; Hadfield 1976).

Endolithic Bivalve Diversity

Eighteen species from 11 families reported
in this study represents moderate levels of coral
boring bivalves for the Gulf of Thailand. Eight
species are reported herein for the first time in
the region. The number of species was lower
than in the southeastern Gulf (Valentich-Scott and
Tongkerd 2008) but higher than the southwestern
region (Nielson 1976) where 21 and nine species
were reported, respectively. However this study
reported a higher number of species than
comparable temperate localities (Valentich-Scott
and Dinesen 2004; Riccia et al. 2015).

When compared to boring bivalve species
reported from southeastern Thailand (Valentich-
Scott and Tongkerd 2008), our study had
eight species in common. These include: two
gastrochaenids, Gastrochaena carteri and
Gastrochaena cuneiformis; four mytilids, Botula
cinnamomea, Leiosolenus lima, Leiosolenus
malaccanus, Lithophaga teres; one petricolid,
Petricola lapicida; and one trapeziid, Coralliophaga
coralliophaga. These species are also common
coral boring bivalves in western Thai waters
(Nielson 1976, 1986; Tantanasiriwong 1979). This
group of boring bivalves appears to be specific
shallow water habitats in the region. Leiosolenus

Fig. 9. The number of boring bivalve species and specimens from two seven-year-old Porites corals with different coral statuses were

compared, live coral (A) and dead coral (B).
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Fig. 10. Size frequency distribution (shell height) with mean + sd of the five dominant species. Five intervals of size classes (0-69 mm);
N = total sample; legend box of age classes, a < 6 years, b = 6-7 years, c= 8-9 years, d1 = 10 years, d2 =11 years.
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lima and Gastrochaena cuneiformis were wider
spectrum borers, in that they colonized all three
coral species sampled in this study. Similar to
previous reports our study found Leiosolenus
lima in a wide range of corals, including Faviidae,
Acroporidae and Fungiidae (Wilson 1979;
Kleemann 1980; Scott 1980; Morton and Scott
1980; Kleemann and Hoeksema 2002).

The giant clam, Tridacna maxima (Cardiidae),
byssally attaches to the upper surface of coral
colonies and in crevices. The coral scallop, Pedum
spondyloideum (Gmelin) (Pectinidae), is found in
narrow crevices in massive coral in Indo-Pacific
(Morton 1983; Scaps and Denis 2007). However,
neither species was included in this study. The
giant Tridacna is illegal to collect in Thailand. We
observed Pedum at almost all sites but they were
deeply imbedded in huge massive live colonies of
Porites and impossible to collect.

We have added 10 coral associated bivalve
species to the Gulf of Thailand. These include
Barbatia parva (Arcidae), Chama brassica
(Chamidae), Gregariella coralliophaga (Mytilidae),
Limaria fragilis (Limidae), three members of the
Noetiidae, Arcopsis symmetrica, Striarca navicella
and Striarca erythraea, Pintada margaritifera
(Pteriidae) and Cumingia striata (Semelidae)
(Morton 1982; Nielson 1976; Tantanasiriwong
1979; Valentich-Scott and Tongkerd 2008).

Ko Phrao Nok was important locality for
boring bivalve diversity. The high diversity of boring
bivalve species in Ko Phrao Nok can be explained
by the character and type of reef coral. This site
has a high composition of massive corals (Porites
spp, 75.49% coverage) providing large surface
of coral skeletons for bivalves to live within or on,
which may affect the diversity. Larger massive
coral assemblages provide shelter and protection
for a diverse range of taxa (De Vantier and Endean
1988). Kleeman (2009) demonstrated that a big
colony of fossil coral can have a high number of
boring bivalve species. Scott (1980) indicated that
very few borers were found on branching corals.
Massive corals provide large amounts of space
for many species to colonize with less interspecific
competition.

Environmental Factors

Physical factors, particular the highest
amount of total dissolved solids in Ko Phrao Nok
(related to organic loading from the mainland in
sea water column) may affect an increase in the
mass of coral (Risk et al. 2001; Floros et al. 2005)
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and the feeding of bivalves in coral host (Newell
2004). Londofio-Cruz et al. (2003) suggested that
sediment deposition may affect the diversity and
abundance of bored coral. High sediment load may
directly affect the living conditions for the borers by
deteriorating the habitat for settlement, and thus
yielding low abundance. Kleemann (1992) detailed
coral communities, mainly species of Porites and
Acropora, which had coral-bivalve associations in
the northern Red Sea. He suggested that it was
typical for specific reef areas to be correlated to the
food supply for the bivalves. The lowest numbers
of coral associated species have been found at the
most pristine sites (Scaps and Denis 2008).

Ko Bai Dung showed the highest density of
bored corals. This could be explained by the high
complexity of the coral habitat at the site, which
included a variety of bottom sediment and coral
covers. Coral cover is important for understanding
the abundance of coral-dwelling species, as well
as species that use coral habitat for recruitment
(Booth and Beretta 1994; Munday et al. 1997;
Munday 2002). Although Ko Bai Dung was an
important site for boring bivalve density it had
the lowest diversity value. Crowded populations
of boring bivalve species may affect interspecific
competition for space and food, whereas low
abundance of boring species might yield a high
diversity community. Kleeman (2009) suggested
that the advantage of dense settlement in hosts
is assumed to include substantially increased
reproductive success because simultaneous
spawning can occur at a closer range. In this
study, Coralliophaga coralliophaga was one of the
species with high numbers, and was seemingly
highly successful at competing for space and food.
The extremely high density at only one specific site
could be explained by the availability of an optimal
space for larvae settlement. Also, high populations
of this nestling bivalve species could be a function
of available crevices in dead Porites, or in empty
burrows of the coral- boring lithophagines (Morton
and Scott 1980; Nielson 1986; Morton 2014).

Importance of Lithophagine Mussels

In the southeastern Gulf of Thailand
lithophagines are an important coral boring group
(total density 195.37 individuals/m?, 30% of total
population density). This is similar to other studies,
such as the Brazilian coast where over 50% of
the corals were colonized by the lithophaginae,
Lithophaga bisulcata (Nogueira 2003). Further,
Lithophaga simplex is found to inhabit scleractinian
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corals in high densities (density of 0.22 + 0.11
bivalves/cm?) in the northern part of the Gulf of
Eilat in the Red Sea (Mokady et al. 1998).

The reefs around the islands of Hoga and
Kaledupain the Tukang Besi Archipelago along
the southeastern coast of Sulawesi in the Banda
Sea, in Indonesia, had an exceptionally high
73% coral infestation by lithophagids (Scaps
and Denis 2008). Interestingly, when comparing
lithophaginean densities, the southeastern
Thailand densities were higher than those in the
southeastern Banda Sea (Scaps and Denis 2008).

Members of the Family Mytilidae are one of
the most important coral borer groups in terms
of abundance and density, not only the shallow
waters sampled in this study, but also in coral
ecosystems at all depths (Bromley 1978; Morton
and Scott 1980; Morton 1983; 1990; Nielson 1986;
Kleemann and Hoeksema 2002; Nogueira 2003;
Valentich-Scott and Tongkerd 2008). In this study,
two mytilid coral borers, Lithophaga teres and
Leiosolenus lima had the highest abundance and
density.

Londono-Cruz et al. (2003) suggested that
the pioneering behavior of lithophagid mollusks
might be very important in the successional pattern
of the coral boring community on the Pacific coast
of Colombia. The success of the Lithophaginae
might derive from their capacity to colonize in
a large range of coral substratum, including
completely dead coral, the dead portion of living
coral, and also live coral (Morton 1983; 1990).
Lithophaginaes have mechanisms to erode and
deconstruct a wide range of calcareous skeletons
by using well-developed functional boring glands
found in the mantle margin (Yonge 1955; Morton
and Scott 1980).

Living versus Dead Corals as a Substratum for
Endolithic Bivalves

Many boring bivalves are associated with
both dead and live coral. This study found a
higher diversity of boring species in dead versus
living coral, similar to previous ecological studies
of boring bivalves (Kleeman 1980, 1992; Morton
1983; 1990; Nielsen 1986; Nogueira 2003; Scott
1980; Valentich-Scott and Dinesen 2004; Valentich-
Scott and Tongkerd 2008), thus supporting the
hypothesis that dead coral is a more easily
colonized substratum compared to live corals.
Some species were found mainly associated with
dead corals, such as Cumingia striata, Striarca
erythraea, and Pinctada margaritifera. Dead coral
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colonies provide a substratum for high abundance
and density of boring bivalves, as well as epizoic
bivalves that settle in dead corals or inhabit
crevices in corals (Morton and Scott 1980; Morton
1983; Nielson 1986). Epizoic bivalves in this
study, either byssally attached or cemented to the
coral, included members of the families Arcidae,
Carditidae, Pteriidae, and Chamidae. Taylor
(1971), who studied the corals of the lagoon shore
of Diego Garcia in the Indian Ocean, showed
that byssate species (e.g. Barbatia helblinggi,
Isognomon legumen, Septifer bilocularis, Lima
lima, and Gloripallium pallium) were common in
coral crevices and on dead coral branches.

Londono-Cruz et al. (2003) suggested that
dead coral colonies provided important physical
characteristics, such as an adequate substratum
where borers can settle. Boring bivalves are
similar to euendoliths (boring microflora including
cyanobacteria, chlorophytes, rhodophytes, and
fungi), which colonize live and dead substrates, but
have been shown to have higher densities in dead
corals (Le Campion-Alsumard et al. 1995).

Higher boring densities in dead corals could
explain why Ko Phrao Nok was an endolithic
bivalve diversity hotspot, as that site showed the
highest percentage of dead coral cover in our
study. A succession of boring bivalve communities
in the coral host is the likely explanation for the
higher diversity in older corals. There were positive
correlations between coral age and the number of
specimens.

Boring bivalves may induce some coral die
off, but they do not disturb overall growth of corals.
De Vantier and Endean (1988) showed slow
growth in massive corals at 0.5-1 cm per year.
Massive corals usually have a longer life span,
such as a colony host coral Porites lutea (Dai and
Yang 1995); therefore boring animals inhabiting
such corals might have a higher fitness (Hunte et
al. 1990).

Coral Species and Endolithic Bivalves

The massive coral Porites has been reported
by many authors to be infested with many bivalve
species (Nielson 1976; 1986; Tantanasiriwong
1979; Valentich-Scott and Tongkerd 2008).This
coral genus is the most successful in recolonizing
and is the most abundant group of corals in
Thailand and the Indo-Pacific (Scoffin et al.
1992; Veron 1986; 1995). However, this study
has demonstrated that Favia and Platygyra are
also key groups in the coral ecosystem, as they
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both support a high diversity and abundance of
boring bivalves. By not focusing solely on Porites
colonies, we have expanded the known bivalve/
coral associations. Notably, Limaria fragilis was
found only on 10 year old dead Platygyra from
Ko Wai. Striarca erythraea was found at only on
Favia and Platygyra. Morton (1983) showed Favia
was an important coral for the lithophaginaes such
as Lithophaga simplex. Kleeman (1992) further
suggested that the frequency of coral-bivalve
occurrence in coral community was dependent on
factors such as the coral growth form, growth rate,
skeletal density, and lifespan.

The colony morphology of the genera Favia
and Porites is plocoid corallite (Veron and Stafford-
Smith 2000). Wielgus et al. (2006) reported that
boring spionid worms generally infested plocoid
coral species (corallites with their own walls)
with small polyps which may facilitate infestation
by providing sufficient surface areas. Favia has
discretely separated walls that may provide an
advantage for coral boring larvae settling, or
an easier path to infestation (Veron 1986). The
position of the boring bivalve site might also be
determined by the coral species. Faviid species
are more frequently bored by bivalves on the
upper surface, whereas Porites was attacked at
the base of colony (Morton 1983). Since Favia
and Platygyra have low bottom coverages in Thai
waters, we are unable to definitively state that
they are more important in the coral boring bivalve
community when compared to Porites, especially
in the context of global coral ecosystems.

Endolithic Bivalve Distribution

Coral boring bivalve abundance is not clearly
grouped by different localities or coral species but
was closed related to coral status (boring within
dead or live coral). All four island study sites
were located within Ko Chang National Park, and
environmental factors and coral species were not
different between sites. It is possible that endolithic
bivalve species were not specific to a coral host
but rather needed a massive coral for successful
colonization.

The succession of boring organisms in
the coral community has been demonstrated in
number of species, with a variety of abundance
and biomass (Karlson 1999; Osborne 2000). In
this study, we have demonstrated that a host coral
over 9 years old may represent the beginning
succession point for the boring bivalve community.

The productivity of a population can vary
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because of the fluctuation in its density, size
structure, and growth characteristics (Caetano et
al. 2006). Cardoso and Veloso (2003) suggested
that smaller bivalve individuals have rapid growth
and a short life span, whereas large individuals
have slower growth. The larger boring bivalve
species, Leiosolenus lima and Lithophagus teres
showed more variation in shell height when
compared to other boring species. This may be
related to their higher density, higher growth rate,
and higher lifetime reproductive success when
compared to other mytilids.

The distributions of shell height frequency and
mean of shell height of the five dominant species
of this study were more variable than previously
reported from the Gulf of Thailand (Valentich-Scott
and Tongkerd 2008). This may be a function of the
size or health of the coral hosts in Trat Province
is better than Chantaburi Province (ONEP 2004).
Brickner et al.(1993) suggested that significant
differences in maximal boring bivalves shell
dimensions may be caused by the different size of
host corals, or possibly the bivalves were limited
by the thickness or mass of the boring substratum
(Bagur et al. 2013).

Bioerosion

Bioerosion is an important part of coral
dynamics, producing reef sediments (rubble,
sand, silt, and clay) (Trudgill 1983), and plays
an important role in regulating coral reef growth
(MacGeachy and Stearn 1976). Coral boring
bivalves are one of the main marine bioeroders
in this ecosystem (Hutchings 1986; Kiene and
Hutchings 1992). Mokady et al. (1998) considered
that the symbiotic association between boring
bivalves and their host coral to be mutualistic. The
boring bivalve Lithophaga simplex has been shown
to produce ammonium as nitrogenous waste
products, which are then recycled by the coral host
and may account for a significant portion of the
coral / zooxanthellae nitrogen requirements.

The most abundant members of the Mytilidae,
Trapeziidae and Gastrochaenidae play a significant
bioerosion role in destruction of dead coral at Ko
Chang, Thailand. Large mytilid species, particularly
lithophagians, are important bioeroders (Riccia et
al. 2015) and affect the rate of erosion (Scott and
Risk 1988; Scaps and Denis 2008; Bagur et al.
2013). Leiosolenus lima and Lithophagus teres
were primary boring bivalve species in this study,
their larger size, ability to bore into live or dead
massive corals, make them keystone species for
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bioerosion of corals in the region.

Thus, boring bivalves can, and should,
be used as one indicator of coral reef status,
including bioerosion and nutrient recycling in coral
ecosystem.

CONCLUSIONS

Coral reefs are one of the most productive
marine systems in Thai waters and are mainly
found around fringing islands. In this study 18 coral
boring bivalve species from 11 families represents
moderate levels for the Gulf of Thailand and
includes eight newly reported species. The high
diversity and density of endolithic bivalve species
was more related to the character or type of coral
host, such as coral age or coral status (live or
dead), rather than the locality. Our findings suggest
that a host coral over 9 years old may represent
the beginning succession point for the endolithic
bivalve community. Corals over that age represent
the highest diversity with the highest frequency
distribution and size of boring bivalves.

This study of boring bivalves and their coral
hosts provides one indicator in bioerosion coral
reef ecosystems. Members of the bivalve families
Mytilidae, Trapezidae, and Gastrochaenidae play
a significant bioerosion role in destruction of dead
coral in the region.

Acknowledgments: We acknowledge the
Department of Biology, Faculty of Science,
Ramkamhang University and the Department of
Zoology, Faculty of Science, Kasetsart University
(Visiting Professor Fund) who provided financial
support. We deeply thank the staff of Ko Chang
National Park who allowed us to conduct field
research. We also thank students from the Marine
Biodiversity Research Group, Ramkhamhaeng
University, and the Department of Zoology, Faculty
of Science, Kasetsart University for field collection
assistance and laboratory sorting of specimens.

REFERENCES

Bagur M, Richardson CA, Gutiérrez JL, Arribas LP, Socorro
Doldan M, Palomo MG. 2013. Age, growth and mortality
in four populations of the boring bivalve Lithophaga
patagonica from Argentina. J Sea Res 81:49-56.

Booth DJ, Beretta GA. 1994. Seasonal recruitment, habitat
associations and survival of pomacentrid reef fish in the
US Virgin Islands. Coral Reefs 13:81-89.

Brickner |, Kramarsky-Winter E, Mokady O, Loya Y. 1993.

page 16 of 18

Speciation in the coral-boring bivalve Lithophaga
purpurea: evidence from ecological biochemical and SEM
analysis. Mar Ecol Prog Ser 101:139-145.

Bromley RG. 1978. Bioerosion of Bermuda reefs. Palaeogeogr
Palaeoclimatol Palaeoecol 23:169-197.

Caetano CHS, Cardoso RS, Veloso VG, Silva ES. 2006.
Population biology and secondary productivity of
Excirolana braziliensis (Isopoda: Cirolanidae) in two sandy
beaches of southeastern Brazil. J Coastal Res 22(4):825-
835.

Cardoso RS, Veloso VG. 2003. Population dynamic and
secondary production of the wedge clam Donax
hanleyanus (Bivalvia: Donacidae) on a high-energy,
subtropical beach of Brazil. Marine Biology 142(1):153-
162.

Crossland CJ, Hatcher BG, Smith SV. 1991. Role of coral reefs
in global ocean production. Coral Reefs 10:55-64.

Dai CF, Yang HP. 1995. Distribution of Spirobranchus giganteus
corniculatus (Hove) on the coral reefs of southern Taiwan.
Zool Stud 34:117-125.

De Vantier LM, Endean E. 1988. The Scallop Pedum
spondyloiddeum mitigates the effects of Acanthaster
planci coral Porites: host defense facilitated by exaptation.
Mar Ecol Prog Ser 47:293-301.

Floros CD, Samways MJ, Armstrong B. 2005. Polychaete
(Spirobranchus giganteus) loading on South African
corals. Aquat Cons Mar Fresh Ecosys 15:289-298.

Hadfield MG. 1976. Molluscs associated with living tropical
corals. Micronesica 12(1):33-148.

Huang D, Licuanan WY, Hoeksema BW, Chen CA, Ang PO,
Huang H, Lane DJW, Vo ST, Waheed Z, Amri AY, Yeemin
T, Chou LM. 2015. Extraordinary diversity of reef corals
in the South China Sea. Mar Biodiv 45(2):157-168. doi
10.1007/s12526-014-0236-1.

Hunte W, Marsden JR, Conlin BE. 1990. Habitat selection in the
tropical polychaetes Spirobranchus giganteus Ill. Effects
of coral species on body size and body proportions. Mar
Biol 104:101-107.

Hutchings PA. 1986. Biological destruction of coral reefs. Coral
Reefs 4:239-252.

Karlson RH. 1999. Dynamics of coral communities. Kluwer
Academic, Netherland.

Kleemann K. 1980. Boring bivalves and their host corals from
the Great Barrier Reef. J Moll Stud 46:13-54.

Kleemann K. 1992. Coral communities and coral-bivalve
associations in the Northern Red Sea at Safaga, Egypt.
Facies 26(1):1-9.

Kleemann K, Hoeksema BW. 2002. Lithophaga (Bivalve,
Mylilidae), including a new species, boring into mushroom
corals (Scleractina, Fungiidae) off South Sulawesi,
Indonesia. Basteria 66:11-24.

Kleeman K. 2009. Gastrochaena liteshospitiumi sp. nov.,
trace fossil by a coral associated boring bivalve from the
Eocene and Miocene of Austria. Geol Carpath 60(4):339-
342.

Kiene WE, Hutchings PA. 1992. Long-term bioerosion of
experimental coral substrates from Lizard Island, Great
Barrier Reef. In: Richmond RH (ed) Proceedings of the
7th International Coral Reef Symposium 22-27 June 1992.
Vol. 1. University of Guam Press, Guam, pp. 397-403.

Le Campion-Alsumard T, Golubic S, Hutchings P. 1995.
Microbial endoliths in skeletons of live and dead corals:
Porites lobata (Moorea, French Polynesia). Mar Ecol Prog
Ser 117:149-157.


http://link.springer.com/article/10.1007/s12526-014-0236-1

Zoological Studies 55: 50 (2016)

Londofio-Cruz E, Cantera JR, Toro-Farmer G, Orozco C. 2003.
Internal bioerosion by macroborers in Pocillopora spp. in
the tropical eastern Pacific. Mar Ecol Prog Ser 265:289-
295.

MacGeachy JK, Stearn CW. 1976. Boring by macro-organisms
in the coral Montastrea annularis on Barbados reefs. Int
Revue Ges Hydrobiol 61(6):715-157.

Magurran AE. 1988. Ecological diversity and its measurement.
Princeton University Press, New Jersey.

Moberg F, Folke C . 1999. Ecological goods and services of
coral reef ecosystems. Ecol Econ 29:215-233.

Mokady O, Loya Y, Laza B. 1998. Ammonium contribution
from boring bivalves to their coral host - a mutualistic
symbiosis? Mar Ecol Prog Ser 169:295-301.

Morton B. 1982. The mode of life and functional morphology
of Gregariella coralliophaga (Gmelin 1791) (Bivalvia:
Mytilacea) with a discussion on the evolution of the boring
Lithophaginae and adaptive radiation in the Mytilidae.
In: Morton B, Tseng CK (eds) Proceedings of the First
International Marine Biological Workshop: The Marine
Flora and Fauna of Hong Kong, 1980. Hong Kong
University Press, Hong Kong, pp. 875-895.

Morton B. 1983. Coral-associated bivalves of the Indo-Pacific.
In: Wilbur KM, Russell-Hunter WD (eds). The Mollusca.
Vol. 6 - Ecology. Academic Press, New York, pp. 139-224.

Morton B. 1990. Corals and their bivalve borers, the evolution of
a symbiosis. In: Morton B (ed) The Bivalvia, Proceedings
of a Memorial Symposium in Honour of Sir Charles
Maurice Yonge, Edinburgh, 1986, Hong Kong University
Press, Hong Kong, pp. 11-46.

Morton B. 2014. The biology and functional morphology
of Coralliophaga lithophagella (Bivalvia: Arcticoidea:
Trapezidae): An abyssate, deep-water, nestler from
the Acgores. With comparative notes on the estuarine
Trapezium liratum from Hong Kong. Estuar Coast Shelf
Sci 142:50-59.

Morton BS, Scott PJB. 1980. Morphological and functional
specializations of the shell, musculature and pallial glands
in the lithophaginae (Mollusca: Bivalvia). J Zool 192:179-
204.

Munday PL, Jones GP, Caley MJ. 1997. Habitat specialisation
and the distribution and abundance of coral dwelling
gobies. Mar Ecol Prog Ser 152:227-239.

Munday PL. 2002. Does habitat availability determine
geographical scale abundances of coral-dwelling fishes?
Coral Reefs 21:105-116.

Natheewuttana A. 2007. Island diversity of Thailand (in
Thai). Marine and Costal Conservation Group Press,
Department of Marine and Coastal, Ministry of Natural
Resources and Environment, Bangkok.

Newell RIE. 2004. Ecosystem influences of natural and
cultivated populations of suspension- feeding bivalve
Molluscs: A Review. J Shell Res 23:51-61.

Nielsen C. 1976. Notes on boring bivalves from Phuket,
Thailand. Ophelia 15:141-148.

Nielsen C. 1986. Fauna associated with coral Porites from
Phuket, Thailand. Part 1: Bivalves with description of a
new species of Gastrochaena. Res Bull Phuket Mar Biol
Center 42:1-24.

Nogueira JMM. 2003. Fauna living in colonies of Mussismilia
hispida (Verrill) (Cnidaria: Scleractinia) in Four South-
eastern Brazil Islands. Braz Arch Biol Technol 46(3):421-
432.

ONEP. 2004. Thailand’s Coastal Resources and Environment

page 17 of 18

Profile. Ministry of Natural Resources and Environment,
Bangkok.

Osborne PL. 2000. Tropical ecosystems and ecological
concepts, the University Press, Cambridge, the United
Kingdom.

Peterson CH, Lubchenco J. 1997. On the value of marine
ecosystems to society. In: Daily GC (ed.) Nature’s
Services: Societal Dependence on Natural Ecosystems.
Island Press, New York, pp. 177-194.

Pengsakun S, Yeemin T. 2011. Growth rates of the scleractinian
coral Porites lutea in the inner Gulf of Thailand during the
2010 bleaching period. Paper presented at Proceedings
of 37th Congress on Science and Technology of Thailand,
Mahidol University, Bangkok, Thailand, 10-12 October
2011.

Riccia S, Perasso CS, Antonelli F, Petriaggi DB. 2015. Marine
Bivalves colonizing roman artefacts recovered in the Gulf
of Pozzuoli and in the Blue Grotto in Capri (Naples, Italy):
boring and nestling species. Int Biodeterior Biodegradation
98:89-100.

Risk MJ, Heikoop JM, Edinger EN, Erdmann MV. 2001. The
assessment “toolbox”: community-based evaluation
methods coupled with geochemical techniques to identify
sources of stress. Bull Mar Sci 69:443-458.

Samsuvan W, Yeemin T, Yucharoen M, Sutthacheep M,
Pengsakun S. 2015. Spatial pattern of coral diseases
on massive Porites spp. in the Gulf of Thailand and the
Andaman Sea. Paper presented at Proceedings of the
41st Congress on Science and Technology of Thailand,
Suranaree University of Technology, Nakhon Ratchasima,
Thailand, 6-7 November 2015.

Sangmanee K, Klingthong W, Samsuvan W, Sutthacheep M,
Yeemin T. 2012. Status of coral community at Hin Gurk
Maa following the 2010 coral bleaching event. Paper
presented at Proceedings of 38th Congress on Science
and Technology of Thailand, Chiang Mai, Thailand, 7-19
October 2012.

Scaps P, Denis V. 2007. Associations between the scallop
Pedum spondyloideum (Bivalvia, Pteriomorphia:
Pectiniidae) and scleractinian corals from the Wakatobi
Marine National Park (southeastern Sulawesi, Indonesia).
Raffle Bull Zool 55:1-10.

Scaps P, Denis V. 2008. Can organisms associated with live
scleractinian corals be used as indicators of coral reef
status? Atoll Res Bull 566:1-18.

Scoffin TP, Tudhope AW, Brown BE, Chansang H, Cheeney
RF. 1992. Patterns and possible environmental controls
of skeletogenes is of Porites lutea, South Thailand. Coral
Reefs 11(1):1-11.

Scott PJB. 1980. Associations between scleractinians and
coral boring Molluscs in Hong Kong. In: Morton B (ed)
Proceedings of the first International Workshop on the
Malacofauna of Hong Kong and Southern China, Hong
Kong, 1977. Hong Kong University Press, Hong Kong. pp.
121-128.

Scott PJB. 1987. Associations between coral and macrofaunal
invertebrates in Jamaica, with a list of Caribbean and
Atlantic coral associates. Bull Mar Sci 40:271-286.

Scott PJB, Risk MJ. 1988. The effect of Lithophaga (Bivalvia:
Mytilidae) boreholes on the strength of the coral Porites
lobata. Coral Reefs 7:145-151.

Sudara S, Sanitwongs A, Yeemin T, Moordee R, Panutrakune
S, Suthanaluk P, Nateekanjanaparp S. 1991. Study of the
impact of sediment on growth of the coral Porites lutea



Zoological Studies 55: 50 (2016)

in the Gulf of Thailand. /n Alcala AC (ed) The Regional
Symposium on Living Resources in Coastal Areas. Marine
Science Institute, University of the Philippines, Quezon
City, Philippines, pp. 107-112.

Swennen C, Moolenbeek RG, Ruttanadadul N, Hobbelink
H, Dekker H, Hajisamae S. 2001. The Molluscs of the
Southern Gulf of Thailand. Biodiversity Research and
Training Program, Bangkok.

Tantanasiriwong R. 1979. A checklist of marine bivalves from
Phuket Island, adjacent mainland and offshore islands,
Western Peninsular Thailand. Phuket Mar Biol Center Res
Bull 27:1-15.

Taylor JD. 1971. Marine Mollusca from Diego Garcia. Atoll Res
Bull 149:105-125.

Tribollet A. 2008. The boring microflora in modern coral reefs: a
review of its roles. In: Wisshak M, Tapanila L (eds) Current
Developments in Bioerosion, Erlangen Conference
Series, Springer- Verlag, Berlin-Heidelberg, pp. 67-94.

Trudgill ST. 1983. Measurements of rates of erosion of reefs
and reef limestones. In: Barnes DJ (ed) Perspectives on
coral reefs. Australian Institute of Marine Science, series
contribution no. 200. B. Clouston, Manuka, pp. 256-262.

Valentich-Scott P, Dinesen GE. 2004. Rock and coral boring
Bivalvia (Mollusca) of the Middle Florida Keys, U.S.A.

page 18 of 18

Malacologia 46(2):339-254.

Valentich-Scott P, Tongkerd P. 2008. Coral boring bivalve
mollusks of Southeastern Thailand, with the description of
a new species. Raffles Bull Zool Supple 18:191-216.

Veron JEN. 1986. Corals of Australia and the Indo-Pacific. UK:
Angus & Roberstson Publishers, London.

Veron JEN. 1995. Corals in Space and Time: The Biogeography
and Evolution of the Scleractinia. University of New South
Wales Press, Sydney.

Veron JEN, Stafford-Smith M. 2000. Corals of the world.
Australian Institute of Marine Science, Townsville,
Australia, Volume 1: 463 pp., Volume 2: 429 pp., Volume 3:
490 pp.

Wielgus J, Glassom D, Chadwick NE. 2006. Patterns of
polychaete worm infestation of stony corals in the northern
Red Sea and relationships to water chemistry. Bul Mar Sci
78(2):377-388.

Wilson BR. 1979. A revision of Queensland lithophagiane
mussel (Bivalvia: Mytilidae: Lithophaginae). Rec Aust Mus
32:435-489.

Young CM. 1955. Adaptation to rock boring in Botula and
Lithophaga (Lamellibranchia, Mytilidae) with a discussion
on the evolution of this habit. Quart J Mic Sci 96:383-410.



	BACKGROUND
	MATERIALS AND METHODS
	RESULTS
	Coral profiles for each site is summarized in the text below
(Figs. 2 and 3).

	DISCUSSION
	Endolithic Bivalve Diversity
	Environmental Factors
	Importance of Lithophagine Mussels
	Living versus Dead Corals as a Substratum for
Endolithic Bivalves
	Coral Species and Endolithic Bivalves
	Endolithic Bivalve Distribution
	Bioerosion

	CONCLUSIONS
	Acknowledgments
	REFERENCES

