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Mushroom corals (Fungiidae) in the Davao Gulf, Philippines, with 
records of associated fish and other cryptofauna

Arthur R. Bos1, 2, 3* & Bert W. Hoeksema2, 4

Abstract. Mushroom corals (Fungiidae) have rarely been studied in the southeast of the Philippines and even less 
studies have reported fish fauna associated with fungiids. The present study provides a species overview, relative 
abundance, and associated fish and invertebrate fauna of the mushroom corals from the Davao Gulf (southeast 
Mindanao). Thirty-three mushroom coral species belonging to 13 genera were recorded with Danafungia horrida 
being the most common coral with a relative frequency of 20.4%. By two additional records from previous studies, 
the mushroom coral fauna of southeastern Mindanao consists of at least 35 species, placing it in the centre of the 
Coral Triangle. The reports of the poorly-known species Podabacia sinai and Sandalolitha boucheti constitute first 
records for the Philippines, hence range extensions for both species. Furthermore, six rare species were encountered: 
Cycloseris mokai, Halomitra clavator, Heliofungia fralinae, Lithophyllon spinifer, Pleuractis gravis, and Podabacia 
motuporensis. The associated cryptofauna consisted predominantly of fish, shrimps, and acoel flatworms. Commensal 
fish were mainly represented by the Gobiidae and Tripterygiidae, with the goby Eviota rubriceps dwelling on 17 
mushroom coral species, being the most common associated fish species. The largemouth triplefin Ucla xenogrammus 
was encountered twice on individuals of Pleuractis paumotensis. Apart from the commensal shrimps Cuapetes 
lacertae, C. kororensis, and the acoel flatworm Waminoa sp., unidentified brittle stars (Ophiuroidea), and a crab 
were found in association with mushroom corals. This study resulted in new records of associated fauna for 
Fungiidae, whereas cryptobenthic species of various other taxa have been reported from mushroom corals studied 
elsewhere. Based on the diversity of Fungiidae in the central Philippines and other areas in the Coral Triangle, it 
may be expected that the species list of the Davao Gulf may be further expanded in the future.
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INTRODUCTION

Mushroom corals (Scleractinia: Fungiidae) constitute a 
family of stony corals, which are commonly encountered 
on Indo-Pacific coral reefs (Hoeksema, 1989). This family 
is represented by over 50 species with the majority (ca. 
80%) being free-living when fully-grown, and the others 
being encrusting or permanently attached (Hoeksema, 
1989, 2014; Gittenberger et al., 2011; Benzoni et al., 2012). 
While the occurrence of attached species is restricted to 
solid substrates during their entire sedentary life phase 
(Hoeksema, 2009; Gilbert et al., 2015), corals of free-living 
species detach themselves from the substrate (Hoeksema & 
Yeemin, 2011) and become mobile, which is advantageous 
during competitive interactions with other sessile organisms 
(Chadwick & Loya, 1992; Hoeksema & de Voogd, 2012; 

Hoeksema et al., 2014) and enables the corals to escape. 
Moreover, it allows the corals to inhabit coastal and offshore 
habitats as well as shallow reef flats and deep reef bases, 
including sandy bottoms and mesophotic reefs (Goffredo & 
Chadwick-Furman, 2000; Hoeksema, 2012a, 2012b; Waheed 
& Hoeksema, 2013, 2014; Lane & Hoeksema, 2016).

Many species of scleractinian corals, including Fungiidae, 
may serve as habitat for an associated fauna represented by 
a large variety of species (Scott, 1987; Stella et al., 2011; 
Hoeksema et al., 2017). They belong to the reef cryptofauna, 
because they are usually well hidden due to their small size, 
endolithic position, or the use of camouflage (Hoeksema et 
al., 2012). Mushroom corals offer various kinds of habitats for 
cryptobenthic fauna. For example, the free-living mushroom 
coral Heliofungia actiniformis Quoy & Gaimard, 1833 with 
its unique long tentacles, provides shelter to various species 
of invertebrates and fish (Hoeksema & Fransen, 2011; Bos, 
2012; Hoeksema et al., 2012; Bos & Hoeksema, 2015). Some 
of the associated organisms have never been recorded from 
other coral species and appear to be host-specific, such as 
the pipefish Siokunichtys nigrolineatus Dawson, 1983 and 
the commensal shrimp Cuapetes kororensis (Bruce, 1969) 
(Hoeksema et al., 2012). Other fungiids host endolithic 
organisms living inside the coral skeleton, such as boring 
molluscs (Gittenberger & Gittenberger, 2011; Owada & 
Hoeksema, 2011) or fauna dwelling on the coral’s upper 
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surface, such as acoelomorph flatworms (Hoeksema & 
Farenzena, 2012), coral gall crabs (van der Meij & Hoeksema, 
2013; van der Meij et al., 2015) and serpulid tube worms 
(Hoeksema & ten Hove, 2014). The underside of mushroom 
corals may provide shelter to various invertebrates, which in 
some cases feed on their hosts (Gittenberger & Hoeksema, 
2013; Hoeksema et al., 2013a, 2013b; Alamaru et al., 2016). 
These hidden organisms may temporarily lose their shelter 
when their mobile host corals are accidently turned over and 
need to find an alternative hiding place until the host coral 
returns in an upright position (Gittenberger & Hoeksema, 
2013; Hoeksema & Bongaerts, 2016). Most studies of 
fungiid-associated fauna have reported invertebrates and, with 
the exception of H. actiniformis, very little is known about 
mushroom coral species serving as habitat for cryptobenthic 
fish fauna.

Since coral-associated organisms appear to be selectively 
linked to one or more hosts, areas with high densities of 
potential host corals may also have an abundant and species-
rich associated fauna. The Coral Triangle region in the 
central Indo-Pacific harbours the highest diversity of reef 
coral species in the world (Hoeksema, 2007). Recently, this 
was confirmed for mushroom corals (Waheed & Hoeksema, 
2013, 2014; Hoeksema & Lane, 2014; Waheed et al., 2015b; 
Lane & Hoeksema, 2016). As a consequence, the diversity 
of coral-associated fauna may also be high and studies on 
symbiotic relationships should ideally be conducted within 
the Coral Triangle. The Philippines is part of the Coral 
Triangle and knowledge of its mushroom coral fauna is 
limited to a few locations, which may no longer be complete 
and accurate (e.g., Hoeksema, 1989; Veron & Hodgson, 
1989; Veron & Fenner, 2000; Licuanan, 2009). Hence, 
information on species ranges, coral diversity patterns, and 
associated fauna from the Philippines is still poor, which 
can be overcome by adding species records from areas that 
so far have remained understudied.

The Davao Gulf, situated in the southern Philippines, provides 
an excellent setting for the study on associated fauna of 
mushroom corals. Previous studies on Philippine corals have 
neither included the Davao Gulf nor southeast Mindanao 
(Nemenzo, 1986; Veron & Hodgson, 1989; Lucuanan & 
Capili, 2004; Huang et al., 2015). Therefore, knowledge about 
coral reefs and the marine fauna of the Davao Gulf is limited. 
Recent studies have shown that these coral reefs vary in their 
reef fauna compositions compared to other locations in the 
Philippines (Bos & Smits, 2013; Bos & Gumanao, 2013; Bos, 
2014). Furthermore, these reefs support ecological processes, 
such as corallimorpharian polyps feeding on the crown-of-
thorns sea star Acanthaster planci (Bos et al., 2008, 2011; 
Bos, 2011), that have so far not been observed elsewhere. 
The Davao Gulf borders the area where the westward North 
Equatorial Current divides itself into the southwest-ward 
Mindanao Current and the Kuroshio Current, which continues 
its way northward to Taiwan and Japan along the east coast 
of the Philippines archipelago (Hoeksema, 2007: Fig. 11). 
This is of biogeographical importance because larval dispersal 
through these currents is shaping species richness patterns. 
Although southeast Mindanao is part of the Coral Triangle, 

located near its northeastern boundary (see Hoeksema, 
2007; Veron et al., 2015), there are no records supporting 
this position. Because previous studies on mushroom coral 
fauna in the Coral Triangle are available for comparison and 
considering the strategic marine biogeographical position of 
the area, the present study aims at describing and quantifying 
the mushroom corals in the Davao Gulf in the southern 
Philippines. Because fungiids constitute microhabitats for 
associated organisms adding to local marine biodiversity, 
the present study further aims at identifying fish and other 
fauna living on these mushroom corals.

METHODS

Mushroom corals were studied in the Davao Gulf, Philippines 
between 11 March and 2 May 2016. A total of 19 surveys were 
conducted along the western coasts of the islands of Samal 
and Talikud using SCUBA (see Bos et al., 2013 for details 
about the location of the study area) and 11 additional surveys 
were conducted in shallow patch reefs while snorkelling. 
The vast majority of surveys was conducted during the day 
(between 0900 and 1700 hours), whereas four surveys were 
conducted after sunset. During each survey, mushroom corals 
were searched for using the roving diving technique, which 
is the most effective method for detecting mushroom coral 
species (Hoeksema & Koh, 2009). Each observed mushroom 
coral was carefully approached avoiding disturbance of 
associated fauna. Close-up photographs were taken of the 
oral side, and in some cases also of the underside of the 
corals for documentation and identification purposes. Relative 
frequency (the percentage of individuals per mushroom 
coral species related to all individuals encountered during 
the study) was used to provide a quantitative measure of 
mushroom coral density.

Organisms were considered associated fauna when touching 
tissue and/or the skeleton of mushroom corals. Associated 
fish species were identified using Froese & Pauly (2016) 
and associated invertebrates were identified using Bruce 
(1992) and Gosliner et al. (1996). The World Register of 
Marine Species (WoRMS Editorial Board, 2016) was used 
for updating nomenclature of species names. Total Length 
(TL) of fish was estimated to the nearest 5 mm. Numbers of 
organisms using mushroom corals as habitat were counted 
per mushroom coral species and per individual coral and 
the nature of the association was recorded. The water depth 
of the surveys ranged from 0 to 31 m. Water temperature 
was measured at 1°C accuracy and ranged from 27 to 30°C 
during the study period.

RESULTS

Fungiidae. A total of 515 mushroom coral individuals, 
belonging to 13 genera and representing 33 species, were 
studied in the coral reefs in the Davao Gulf (Table 1). 
Danafungia horrida was the most common species with 
a relative frequency of 20.4%. Lithophyllon repanda, 
Pleuractis granulosa, Fungia fungites, P. paumotensis, and 
P. moluccensis, in order of decreasing relative frequency 
(>5%), were also commonly encountered (Table 1).
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Several of the mushroom corals encountered in the Davao 
Gulf were uncommon species for the region or constituted 
range confirmations or range extensions (Fig. 1). The records 
of the little known species Podabacia sinai and Sandalolitha 
boucheti constitute range extensions and first records for 
the Philippines (Fig. 1A, 1B). The individual of Podabacia 
sinai was encountered in a relatively protected inshore reef 
at a depth of 14 m. Podabacia sinai is normally an attached 
species, but the single individual found in Davao Gulf had 
regenerated from a detached fragment. As a consequence, it 
remained detached and grew relatively large with a diameter 
of about 40 cm (Fig. 1A). Therefore, its appearance was 
similar to Zoopilus echinatus, but it was distinguished by 
its much finer septal ornamentation (see Hoeksema & Lane, 
2014) as recognised from a close-up photograph. Corals of 
Podabacia sinai appear to be thin and fragile and therefore 
probably break and regenerate easily, as observed in P. 
dentata (Hoeksema & Dai, 1991). The single individual of 
Sandalolitha boucheti was found at a depth of 10 m in an 
offshore reef that is highly exposed to tidal currents.

The uncommon mushroom coral species Halomitra 
clavator, Heliofungia fralinae, and Lithophyllon spinifer 
are conspicuous species and can be easily identified (Fig. 
1C–E), but were rarely encountered, each with a relative 
frequency of 0.6% (Table 1). Similarly, the uncommon 
species Cycloseris mokai, Pleuractis gravis and Podabacia 
motuporensis (Fig. 1F–H), easily confused with some of their 
respective congeners, had low relative frequencies (Table 1).

Associated fauna. The fauna associated with mushroom 
corals in the Davao Gulf were mainly represented by Pisces, 
Caridea, and Acoela (Table 1). Twenty-two coral species 
were used as habitat, but associated fauna was completely 
absent from 11 coral species. Pisces and Caridea were absent 
from all representatives of the fungiid genera Cycloseris, 
Halomitra, Polyphyllia, and Zoopilus, and from the coral 
species Lithopyllon spinifer, Pleuractis gravis, Podabacia 
motuporensis, and Sandalolitha boucheti.

Pisces were represented by the Gobiidae and Tripterygiidae 
with the goby Eviota rubriceps (Fig. 1D) being the most 
frequently associated fish, dwelling on 17 mushroom coral 
species (Table 1). This goby was regularly found in pairs 
on the mushroom corals. Apart from these associated E. 
rubriceps individuals or pairs resting on the corals, small 
groups of up to seven individuals were observed in close 
proximity of the corals at some occasions. Its congeners E. 
lachdeberei and E. pellucida were associated with two and 
three mushroom coral species respectively. The triplefin 
Ucla xenogrammus was encountered twice on individuals of 
Pleuractis paumotensis (Fig. 2A). Two individuals (TL 50–70 
mm) of the cardinal fish Cheilodipterus quinquelineatus 
Cuvier, 1828 were observed swimming about the extended 
tentacles of Heliofungia actiniformis polyps (Fig. 2B).

The commensal shrimps Cuapetes lacertae (Fig. 2C) and 
C. kororensis were found on seven and one mushroom 
coral species, respectively (Table 1). During a night survey, 
nine individuals of C. lacertae were found on one coral 

of Herpolitha limax (Table 1). The shrimp Ancylomenes 
venustus was only hosted by Heliofungia actiniformis.

The acoelomorph flatworm Waminoa sp. was found living 
on seven mushroom coral species (Table 1) and was always 
present in high numbers, ranging from 15 to several hundreds.

A relatively large brittle star (Ophiothrix sp.) rested one of 
its arms on a polyp of D. scruposa (Fig. 2C). Furthermore, 
four individuals of an unidentified genus of brittle star 
(Ophiuroidea) were found on three polyps of Danafungia 
horrida (Fig. 2D) and one individual of the same brittle 
star on a coral of D. scruposa. All of these relatively small 
brittle stars had their central disk at the underside of the 
coral while several arms were clung around the coral’s edge, 
seemingly hiding in the grooves between the septa of the 
corals. Apart from the above mentioned associated fauna, 
an unidentified crab was found living underneath a coral 
of Herpolitha limax, and two polychaetes had tubes grown 
into the skeletons of D. horrida and Lithophyllon concinna.

DISCUSSION

The total number of 33 Fungiidae species is high for the 
Davao Gulf, especially considering that this report is based 
on photographic records (Table 1). In an earlier study 
(Hoeksema, 1989), four mushroom coral species were 
recorded from southeast Mindanao, and two of these were 
not encountered in the present survey: Cycloseris cyclolites 
Lamarck, 1816 and C. somervillei Gardiner, 1909. They may 
not have been encountered during the present survey, because 
they generally occur in relatively deep water, especially the 
latter species (Hoeksema, 2012a). This implies that the total 
record of Fungiidae for southeastern Mindanao may be at 
least 35 species. The same number of mushroom corals was 
recorded off Kota Kinabalu, northwestern Sabah (Waheed & 
Hoeksema, 2014), whereas it is slightly lower than the total 
of Fungiidae species reported from other locations within the 
Coral Triangle: 40 from the central Philippines (Hoeksema 
& Putra, 2000) and west Papua (Hoeksema, 2008), 36 from 
Ternate in eastern Indonesia (Gittenberger et al., 2015), 42 
from north Sulawesi (Hoeksema, unpublished data), 44 from 
eastern Sabah (Waheed & Hoeksema, 2013), and 39 from 
both the northernmost tip of Borneo (Waheed et al., 2015b), 
and Brunei (Lane & Hoeksema, 2016).

Two mushroom corals encountered during the present study, 
Podabacia sinai and Sandalolitha boucheti, were originally 
described from the Red Sea and Vanuatu, respectively (Veron, 
2000; Hoeksema, 2012c) and had never been found in the 
Philippines and thus constitute new records. Both species are 
known from eastern Sabah (Waheed & Hoeksema, 2013), 
Layang-Layang atoll in the Spratly Islands (Waheed et al., 
2015a), and northern Sulawesi (Hoeksema, unpublished 
data). Additionally, P. sinai was found in northwestern Sabah 
(Waheed & Hoeksema, 2014) and in west Papua, Indonesia 
(Hoeksema, 2008). Hence, the nearest previous records of P. 
sinai and S. boucheti are from northern Borneo and eastern 
Indonesia, respectively. The Davao Gulf is approximately 
at the same latitude as Layang-Layang (7°N), which so far 
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Fig. 1. Uncommon mushroom corals (Fungiidae) from the Davao Gulf, Philippines. A, Podabacia sinai; B, Sandalolitha boucheti; C, 
Halomitra clavator; D, Heliofungia fralinae with associated goby, Eviota rubriceps (arrow); E, Lithophyllon spinifer; F, Cycloseris mokai; 
G, Pleuractis gravis; H, Podabacia motuporensis.
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has been the northernmost record for both species. The new 
records in the Davao Gulf, located further north-east than 
all other localities, therefore constitute range extensions. 
Both species were encountered only once during the present 
study (Table 1), and due to their rareness, information about 
their preferred habitats is limited. The present observations 
suggest however, that S. boucheti prefers more exposed 
reefs than P. sinai. Since both species are known from a 
few localities, their discovery in the Davao Gulf means that 
this area harbors rare coral species and that it is important 
for the reef coral fauna of the Philippines.

Three other mushroom coral species are so far only known 
from a few localities: Halomitra clavator, Heliofungia 
fralinae, and Lithophyllon spinifer (Table 1). Each of these 
have previously been reported from the Philippines (e.g., 
Huang et al., 2015) and were encountered three times 
during the present survey. Halomitra clavator is a very 
fragile species, which is usually encountered on lower reef 
slopes (> 10 m depth) and in clear water with little sediment 
accumulation (Hoeksema, 1993, 2008, 2012a; Hoeksema & 
Gittenberger, 2010; Waheed & Hoeksema, 2013; Gittenberger 
et al., 2015). In the Davao Gulf however, turbidity is 

relatively high and visibility is usually no more than 10 m 
(A. R. Bos, pers. obs.). Heliofungia fralinae is usually also 
found on lower reef slopes (Hoeksema, 2012a, 2012b) and 
due to its well-developed capacity of asexual reproduction 
through budding, it is able to form large aggregations 
(Hoeksema, 2004). However, such an aggregation was not 
observed during the present study. Lithophyllon spinifer is 
most commonly found on soft sediment of relatively deep 
reef bases (Hoeksema, 1993, 2012a; Waheed & Hoeksema, 
2013; Gittenberger et al., 2015; Lane & Hoeksema, 2016), 
which was confirmed by our observations. Also Cycloseris 
mokai, Pleuractis gravis, and Podabacia motuporensis are 
poorly known reef-slope species, predominantly found in the 
Philippines, Indonesia and Malaysia (Hoeksema & Putra, 
2000; Hoeksema, 2008; Waheed & Hoeksema, 2013, 2014; 
Gittenberger et al., 2015; Huang et al., 2015).

Densities of mushroom corals vary with location and depth. 
E.g., in Singapore densities of more than 6 m-2 have been 
reported (Hoeksema & Koh, 2009) and in Indonesia densities 
reached values as high as 10 m-2 (Hoeksema, 2012a). In 
aggregations, mushroom corals may occur in extremely high 
densities with coral cover reaching 100% (Hoeksema & 

Fig. 2. A, Individual of the largemouth triplefin, Ucla xenogrammus, on a turned-over mushroom coral, Pleuractis paumotensis; B, Juvenile 
of a five-lined cardinalfish, Cheilodipterus quinquelineatus, hovering between the tentacles of a Heliofungia actiniformis; C, An arm of 
a brittle star, Ophiothrix sp., and a shrimp, Cuapetes lacertae (arrow), on a polyp of a Danafungia scruposa; D, Two arms of another 
species of brittle star resting in grooves (arrow) between septa of a Danafungia horrida.



204

Bos & Hoeksema: Fungiidae and associated fish fauna

Gittenberger, 2010). Densities of mushroom corals have not 
been studied in the Davao Gulf, but coral cover of fungiids 
reached up to 2.4% of the sediment in some reefs surrounding 
Samal Island (Gumanao, 2009). Although mushroom coral 
densities may be lower in the Davao Gulf, this did not result 
in a significantly lower diversity of mushroom coral species.

Associations between fishes and corals have been 
reported from Indo-Pacific and Caribbean coral reefs with 
representatives of the Gobiidae (suborder Gobiodei) being 
the most commonly encountered (Schiemer et al., 2009; 
Sih & Chouw, 2009; Tornabene et al., 2013; Goatley et al., 
2016), whereas also cases are known that involve fish families 
belonging to the suborder Blennioidei (Butter et al., 1980; 
Böhm & Hoeksema, 2017). Although associations between 
mushroom corals and shrimps have been well documented 
(Hoeksema et al., 2012), the association between fish and 
mushroom corals has long been considered to be only existent 
in the white pipefish, Siokunichthys nigrolineatus being a 
strictly host-specific associate of Heliofungia actiniformis 
(Phillips & Pullin, 1987; Hoeksema et al., 2012). However, 
15 species of the Apogonidae, Gobiidae, Labridae and 
Pomacentridae were recently identified to find refuge among 
the tentacles of H. actiniformis (Bos, 2012; Bos & Hoeksema, 
2015). In previous studies associated fish fauna in fungiids 
had been given little attention (Hoeksema et al., 2012). 
During the present study, three gobies (Eviota spp.) and one 
representative of the Tripterygiidae (Ucla xenogrammus) 
frequently settled on mushroom corals of various species 
(Table 1). Eviota rubriceps appears to be a habitat generalist, 
because it was found on 17 fungiids (Table 1). Although it 
was not found in Heliofungia actiniformis, a fungiid with 
long tentacles that is known to provide micro-habitats for 
small assemblages of co-habiting fish and invertebrates (e.g., 
Hoeksema & Fransen, 2011) during the present study, earlier 
records from this coral (Bos, 2012; Bos & Hoeksema, 2015) 
confirm its generalist behavior. Until today, apart from the 
well-known association between S. nigrolineatus and H. 
actiniformis, which surprisingly has never been reported 
from the Davao Gulf, associations between fishes and 
mushroom corals have only been studied in the Davao Gulf 
(Bos, 2012; Bos & Hoeksema, 2015). It is remarkable that 
these unique associations have neither been reported from 
other coral reefs in the Coral Triangle, nor from the wider 
Indo-Pacific region.

Bos & Hoeksema (2015) firstly reported the association 
between a brittle star (Ophiuroidea) and H. actiniformis. 
During the present study, five individual brittle stars, 
representing two species, were found living entirely or 
partly on or underneath mushroom corals with their arms 
exposed to the oral side of the corals (Fig. 2). The nature 
of this relation between brittle stars and corals is presently 
unknown and deserves further investigation.

Acoelomorph flatworms, in particular Acoela belonging 
to the genus Waminoa, have been recorded for a few 
areas and some coral species in the Indo-Pacific, including 
mushroom corals (Haapkylä et al., 2009; Barneah et al., 
2012; Hoeksema & Farenzena, 2012; Cooper et al., 2015; 

Ponti et al., 2016). The present record of seven host species 
is high considering that these only cover fungiid corals. 
Since several undescribed acoelomorphs have been observed 
in North Sulawesi, where a high concentration of species 
was observed on scleractinians, corallimorpharians and 
alcyonaceans (Farenzena & Hoeksema, unpubl. obs.), they 
may contribute more to marine biodiversity than previously 
suggested.

The nature of the relation between mushroom corals and 
their associated fauna is usually not clear. It is likely that 
various cryptobenthic species are commensals just looking for 
shelter underneath free-living corals or about their tentacles 
(Hoeksema et al., 2012). Some species of fish, shrimps and 
ophiuroids may indeed look for a hiding place, but may 
additionally receive protection from the stinging cells of 
the coral (e.g., Bos & Hoeksema, 2015). Moreover, we 
postulate that associated fauna may consume mucus from 
a host’s ectodermis or take food particles from a feeding 
host. Associated organisms may therefore be restricted to 
only one or few host species. Aquarium observations and 
experiments may help retrieving more detailed information 
about the role of associated fauna in relation to their coral 
habitats.
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