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Abstract. This study reports on a reef site with diverse sea slugs and polyclad flatworms in

Houwan, Kenting National Park, southern Taiwan. From February 2013 to May 2015, 70 species

of opisthobranchs and 15 species of polyclads were recorded on a reef with a 20 x 20-m area and at

15 m in depth. This site is adjacent to the outlet of Paoli Stream, which nourishes the local benthos

with potential food for various sea slugs. When the water gets warmer in February, the sea slugs may

aggregate in this area for foraging and mating. When the sea is calm from February to May, Houwan

can be an ideal site to study the life history and behaviors of sea slugs.
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INTRODUCTION

Sea slugs, mainly representing mollusk
species of the subclass Opisthobranchia, are
some of the most visually appealing yet least
understood of all animals in the sea (Behrens
2005). As diving communities grow and
underwater photography has become more
common in recent years, our knowledge about
sea slugs is significantly accumulating owing to
observations by divers and biologists around the
world (Behrens 2005; Huang 2010).

Often with as glorious coloration as
opistobranchs, polyclad flatworms are as shy
and cryptic as sea slugs, yet even more fragile
and difficult to study than the latter (Newman
and Cannon, 2003). There are cases of polyclads
that resemble toxic nudibranchs (Newman
and Cannon 1994; Ang and Newman 1998) in
coloration for the purpose of mimicry. These two
animal groups may have similar life history traits.
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However, the occurrence of most sea slugs is
usually sparse, and it is difficult to anticipate the
seasonality and their migration routes. A site with
adequate food resources may attract sea slugs for
foraging and mating. In the reproduction season,
this may be an ideal location for studying the
natural history and behavior of these animals.

In a survey dive in February 2013, a reef
site with highly diverse sea slugs and polyclads
was reported at 15 m deep in the nearshore area
of Houwan in Kenting National Park, southern
Taiwan. More than 20 species of sea slugs were
observed in 1 day. This study investigated the
biodiversity of sea slugs and polyclads in this area
and the habitat which can support such diversity.
The feasibility of conducting long-term sea slug
monitoring in the area is also discussed.

MATERIALS AND METHODS

Study Site
This site at Houwan (21°57'50"N,
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120°42'44"E) is approximately 3 km from the
outlet of the Paoli River; tidal currents bring
runoff sediments and cause water visibility to
range 5~15 m throughout the year. It encompasses
coral reefs and soft bottoms at depths of 15~20
m. At the site, reef corals are relatively less
dominant, while benthos such as sponges,
hydroids, octocorals, and ascidians flourish in the
area; algae also thrive during winter and spring

(Fig. 1).

Survey and Investigation

All surveys were conducted by scuba diving
in an area of approximately 20 x 20 m at the site.
Survey dives were conducted on March 6 and
7, and April 20, 2013, February 18 and October
21, 2014, and May 2, 2015. Divers searched for
animals with the naked eye. Sea slugs, polyclads,
and their surroundings were recorded with
underwater cameras and camcorders. Images
and videos were used to determine animal
species according to references and field guides
(Newman and Cannon 2003; Cobb and Willan
2006; Debelius and Kuiter 2007; Coleman 2008;
Gosliner et al. 2008; Jie and Chan 2009; Jie and
Kuo 2014). The behavior of these animals and the
food foraged were also noted and documented.

RESULTS AND DISCUSSION

According to investigations up to May
2015, 70 species of opisthobranchs representing
18 families and 15 polyclad flatworms of two
families were documented at the site (Tables 1,
2). This is by far the highest diversity of sea slugs

Fig. 1. Scene from the study site. Sessile invertebrates

flourish in the area. The visibility of the water ranges

5~15 m throughout the year.

ever recorded at a single site in Taiwanese waters.
In the surveys, sea slugs were witnessed foraging
on algae and various benthic animals such as
sponges, corals, and ascidians; we also observed
several nudibranchs tailing each other and mating
between February and May, which indicated their
ongoing breeding season.

Since sea slugs with diverse trophic traits
occurred in this area, we assumed that the site
provides adequate food diversity for different
species. The runoff from the Paoli River brings
sediments, which limits the growth of reef corals,
but other sessile invertebrates such as sponges,
cnidarians, and ascidians benefit from the food
particles brought by currents and therefore
flourish in the area. The diverse benthic fauna in
the area provides adequate food for various sea
slugs. They may also gather at the feeding ground
by tracking other sea slugs for mates, and also for
prey.

In this study, we also recorded a mutually
mimicking sea slug and polyclad at the site. The
nudibranch Chromodoris strigata resembles
an unidentified polyclad Pseudoceros sp. (as
Pseudoceros sp. 2 in Table 2) with almost the

Fig. 2. A sea slug and polyclad flatworm that resemble

each other recorded in the study: The nudibranch
Chromodoris strigata (A) and an unidentified flatworm

Pseudoceros sp. (B).
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same coloration (Fig. 2). Many brightly colored
sea slugs employ chemical defenses to repel
predators (Cimino and Ghiselin 1999). Whether
this flatworm itself is toxic or merely mimics
the coloration of the sea slug needs further
investigation.

The rich shallow-water molluscan fauna of
Kenting National Park has been surveyed, but the
opisthobranchs were not included (Lee and Chao
2004). On the west coast of Kenting, underwater
photographers have recorded many sea slugs,
including some rare species despite their rarity
and sparse occurrence, which indicates that
the rich biodiversity of sea slugs needs further
systematic investigation. The present observations
indicate that such sites may attract diverse
opisthobranchs to feed and mate, which makes
Houwan an ideal site to study their behavior and
life style during the aggregation season.
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Table 1. Species list of opisthobranchs in Houwan, Kenting, southern Taiwan.

Suborder Family Species

CEPHALASPIDEA Aglajidae

Philinopsis reticulata (Eliot, 1903)
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CEPHALASPIDEA Gastropteridae Sagaminopteron psychedelicum Carlson & Hoff, 1974

NOTASPIDEA Pleurobranchidae  Berthella martensi (Pilsbry, 1896)
NUDIBRANCHIA Arminidae Dermatobranchus gonatophora van Hasselt, 1824
NUDIBRANCHIA Bornellidae Bornella anguilla Johnson, 1984

NUDIBRANCHIA Chromodorididae  Cadlinella ornatissima (Risbec, 1928)

NUDIBRANCHIA Chromodorididae ~ Chromodoris albonares Rudman, 1990

NUDIBRANCHIA Chromodorididaec ~ Chromodoris aureopurpurea Collingwood, 1881

NUDIBRANCHIA Chromodorididae ~ Chromodoris collingwoodi Rudman, 1987

NUDIBRANCHIA Chromodorididae ~ Chromodoris decora Pease, 1860

NUDIBRANCHIA Chromodorididae ~ Chromodoris fidelis (Kelaart, 1858)

NUDIBRANCHIA Chromodorididae  Chromodoris geometrica Risbec, 1928

NUDIBRANCHIA Chromodorididae ~ Chromodoris kunei Pruvot-Fol, 1930
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NUDIBRANCHIA Chromodorididae ~ Chromodoris strigata Rudman, 1982
NUDIBRANCHIA Chromodorididaec ~ Chromodoris tinctoria (Ruppell & Leuckart, 1828)
NUDIBRANCHIA Chromodorididae  Chromodoris verrieri (Crosse, 1875)
NUDIBRANCHIA Chromodorididae  Durvilledoris pusilla (Bergh, 1874)
NUDIBRANCHIA Chromodorididae  Glossodoris atromarginata (Cuvier, 1804)
NUDIBRANCHIA Chromodorididae  Glossodoris cincta (Bergh, 1888)
NUDIBRANCHIA Chromodorididae  Glossodoris rufomarginata (Bergh, 1890)
NUDIBRANCHIA Chromodorididae  Hypselodoris apolegma Yonow, 2001
NUDIBRANCHIA Chromodorididae  Hypselodoris bullockii (Collingwood, 1881)
NUDIBRANCHIA Chromodorididae  Hypselodoris carnea (Bergh, 1889)
NUDIBRANCHIA Chromodorididaec  Hypselodoris emmae Rudman, 1977
NUDIBRANCHIA Chromodorididae  Hypselodoris iacula Gosliner & Johnson, 1999
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NUDIBRANCHIA Chromodorididae  Hypselodoris maculosa (Pease, 1871)
NUDIBRANCHIA Chromodorididae  Hypselodoris nigrostriata (Eliot, 1904)
NUDIBRANCHIA Chromodorididae  Hypselodoris purpureomaculosa Hamatani, 1995
NUDIBRANCHIA Chromodorididae  Hypselodoris zephyra Gosliner & Johnson, 1999
NUDIBRANCHIA Chromodorididae =~ Noumea angustolutea Rudman, 1990
NUDIBRANCHIA Chromodorididae  Risbecia tryoni (Garret, 1873)
NUDIBRANCHIA Chromodorididae  Thorunna australis (Risbec, 1928)
NUDIBRANCHIA Chromodorididae  Thorunna daniellae (Kay & Young, 1969)
NUDIBRANCHIA Chromodorididae  Thorunna halourga Johnson & Gosliner, 2001
NUDIBRANCHIA Discodorididae Halgerda carlsoni Rudman, 1978
NUDIBRANCHIA Discodorididae Halgerda willeyi Eliot, 1904
NUDIBRANCHIA Discodorididae Jorunna funebris (Kelaart, 1858)




Huang et al : Diverse Opisthobranchs and Polyclad Flatworms in Houwan

NUDIBRANCHIA Discodorididae Jorunna parva (Baba, 1938)
NUDIBRANCHIA Discodorididae Jorunna ramicola Miller, 1996
NUDIBRANCHIA Discodorididae Mexichromis multituberculata (Baba, 1953)
NUDIBRANCHIA Eubranchidae Eubranchus sp.

NUDIBRANCHIA Facelinidae Cratena lineata (Eliot, 1905)
NUDIBRANCHIA Facelinidae Favorinus tsuruganus Baba & Abe, 1964
NUDIBRANCHIA Flabellinidae Flabellina bicolor (Keelart, 1858)
NUDIBRANCHIA Flabellinidae Flabellina riwo Gosliner & Willan, 1991
NUDIBRANCHIA Hexabranchidae Hexabranchus sanguineus (Ruppell & Leuckart, 1828)’
NUDIBRANCHIA Onchidorididae Diaphorodoris mitsuii (Baba, 1838)
NUDIBRANCHIA Phyllidiidae Phyllidia coelestis Bergh, 1905
NUDIBRANCHIA Phyllidiidae Phyllidia exquisita Brunckhorst, 1993
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NUDIBRANCHIA Phyllidiidae Phyllidia ocellata Cuvier, 1804
NUDIBRANCHIA Phyllidiidae Phyllidia varicosa Lamarck, 1801
NUDIBRANCHIA Phyllidiidae Phyllidia willani Brunckhorst, 1993
NUDIBRANCHIA Phyllidiidae Phyllidiella pustulosa (Cuvier, 1804)
NUDIBRANCHIA Phyllidiidae Phyllidiopsis krempfi Pruvot-Fol, 1957
NUDIBRANCHIA Phyllidiidae Phyllidiopsis shireenae Brunckhorst, 1993
NUDIBRANCHIA Phyllidiidae Phyllidiopsis striata Bergh, 1888
NUDIBRANCHIA Phyllidiidae Reticulidia fungia Brunckhorst & Gosliner, 1993
NUDIBRANCHIA Polyceridae Nembrotha sp.

NUDIBRANCHIA Polyceridae Roboastra gracilis (Bergh, 1877)
NUDIBRANCHIA Polyceridae Roboastra luteolineata (Baba, 1936)
NUDIBRANCHIA Polyceridae Tambja morosa (Bergh, 1877)
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NUDIBRANCHIA Polyceridae Tambja sagamiana (Baba, 1955)
NUDIBRANCHIA Polyceridae Thecacera picta Baba, 1972
NUDIBRANCHIA Scyllaeidae Crosslandia viridis Eliot, 1902
NUDIBRANCHIA Tergipedidae Phestilla melanobrachia Bergh, 1874
NUDIBRANCHIA Tergipedidae Trinchesia concinna (Alder & Hancock, 1843)
SACOGLOSSA Limapontiidae Stiliger smaragdinus Baba, 1949
SACOGLOSSA Plakobranchidae Elysia obtusa Baba, 1938

SACOGLOSSA Plakobranchidae Thuridilla albopustulosa Gosliner, 1995
SACOGLOSSA Plakobranchidae Thuridilla gracilis (Risbec, 1928)

Note: 1. Pictures of all species in this table were taken at the study site during the investigation.

2. The organism of Hexabranchus sanguineus recorded in the study is a juvenile.
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Table 2. Species list of polyclad flatworms in Houwan, Kenting, southern Taiwan.

Suborder Family Species

COTYLEA Euryleptidae Cycloporus venetus Newman & Cannon, 2002
COTYLEA Euryleptidae Eulepta sp.

COTYLEA Pseudocerodae Pseudoceros indicus Newman &Schupp, 2002
COTYLEA Pseudocerodae Pseudoceros intermittus Newman & Cannon, 1995
COTYLEA Pseudocerodae Pseudoceros prudhoei Newman & Cannon, 1994
COTYLEA Pseudocerodae Pseudoceros scintillatus Newman & Cannon, 1994
COTYLEA Pseudocerodae Pseudoceros scriptus Newman & Cannon, 1998
COTYLEA Pseudocerodae Pseudoceros uniborensis Newman & Cannon, 1994
COTYLEA Pseudocerodae Pseudoceros sp 1

COTYLEA Pseudocerodae Pseudoceros sp 2

COTYLEA Pseudocerodae Pseudoceros sp 3
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COTYLEA Pseudocerodae Pseudoceros sp 4

COTYLEA Pseudocerodae Pseudoceros sp 5

COTYLEA Pseudocerodae Thysanozoon nigropapillosum (Hyman, 1959)
COTYLEA Pseudocerodae Tytthosoceros lizardensis Newman & Cannon, 1996

Note: Pictures of all species in this table were taken at the study site during the investigation.
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