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Scyllaeidae is a small group of nudibranchs comprising three genera (Scyllaea, Notobryon, and
Crosslandia) with striking morphological similarities, making their identification challenging based
on external features alone. Previous studies have highlighted the significance of central radular teeth
in distinguishing Notobryon from Scyllaea and Crosslandia. The genus Scyllaea, commonly known
as the sargassum nudibranch, currently consists of only two valid species, Scyllaea pelagica and
Scyllaea fulva. These species inhabit Sargassum spp., feeding on hydroids. During a biodiversity
survey conducted in April 2023, seven individuals of sargassum nudibranch were collected from the
seaweed Sargassum spp. at a depth of 2 meters in Tai She Wan through SCUBA diving. Initially, the
specimens were misidentified based on their resemblance to Notobryon wardi and previous local
records. However, thorough morphological and molecular examinations confirmed them to be
Scyllaea fulva, representing the first record of this species in Hong Kong. Notably, our specimens
lacked the blue spots observed in specimens from Thailand and the West Pacific Ocean, as reported
in previous studies. Internally, a pineapple-like structure formed a honeycomb pattern on the surface
of the masticatory edge of the jaw flap, with the presence of central radular teeth. A Maximum
Likelihood tree analysis revealed Crosslandia to be the sister group of Scyllaea. Comparative

analysis of intra-specific distances between individuals from the Philippines, French Polynesia, and
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Hong Kong indicated a close relationship between the Hong Kong specimens and those from the
Philippines. Furthermore, we provide a detailed description of the external and internal morphology
of Scyllaea fulva in this paper, integrating valuable morphological information for future species

identification purposes.
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BACKGROUND

Scyllaeidae Alder and Hancock in 1855 is a small group of nudibranchs that consists of
Crosslandia Eliot, 1902, Notobryon Odhner, 1936, and Scyllaea Linnaeaus, 1758. They bear a
striking resemblance to algae based on the body colour and wing-like lobes and primarily feed on
epiphytic hydroids (Gosliner et al. 2008). Notably, they possess the ability to swim through the
flexing of their rhinophoral sheaths and lateral appendages (Gosliner et al. 2008). Morphologically,
Scyllaeidae can be distinguished by their dorsal margin, which extends into large lobes. These
lobes, whether continuous or separated, often exhibit traces on the rhinophoral sheaths and are
adorned with branchial tufts. The presence of an indistinct velum and the absence of frontal papillae
are additional distinguishing features. Their rhinophore club is perfoliate, and the anus is positioned
laterally or laterodorsally (Odhner 1936). However, due to the striking resemblance among
Scyllaecidae members, the high similarity in their external morphology has led to significant
confusion and misidentification (Pola et al. 2012).

Scyllaea, commonly known as sargassum nudibranch, can be distinguished from other
scyllaeids by a radula with a central tooth and two pairs of well-separated dorsal lobes (Odhner
1936). Scyllaea comprises two recognised species including Scyllaea pelagica Linnaeaus, 1758 and
Scyllaea fulva Quoy & Gaimard, 1824 (MolluscaBase 2023) which both inhabit the seaweed
Sargassum spp. Scyllaea fulva, a poorly studied species, was previously synonymized as Nerea
punctata Lesson, 1830, Scyllaea dracaena Kelaart, 1858 and Scyllaea quoyi Gray, 1850. All of
these species had been later synonymized as Scyllaea pelagica after Odhner (1936) considered
Scyllaea fulva to be a spurious species. Pola et al. (2012) demonstrated that specimens of Scyllaea
pelagica collected in the Indo-Pacific region were genetically distinct from those found in the

Atlantic. The genetic difference between the Atlantic and Indo-Pacific specimens was determined to
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be 7% in the cytochrome c oxidase subunit I (COI) gene. This significant genetic distinction
provided strong evidence for considering them as separate species. Therefore, the name Scyllaea
fulva was re-erected. Their study underscores the crucial role of molecular analysis in discerning
between morphologically similar organisms.

In April 2023, we conducted a biodiversity survey in the Sargassum habitat. Seven
individuals of Sargassum-like nudibranchs were found firmly adhering to Sargassum thalli. Upon
initial examination, we identified the specimens as Notobryon wardi Odhner, 1936, based on a
thorough review of external morphological features only (Rudman 2002b; Picton 2002; Chow et al.
2022). The external morphology (body colour, the shape of dorsal lobes, etc.) exhibited striking
similarities between our specimens and those described in the literature. Furthermore, previous
records had documented the presence of this species in Hong Kong waters (Rudman 2002b; Picton
2002; Chow et al. 2022). However, to ensure accurate identification, we employed molecular
analysis to confirm the identities of our specimens. Surprisingly, the results revealed that our
specimens were not Notobryon wardi, but instead belonged to the species Scyllaea fulva. It
highlights the potential challenges of relying solely on external morphology for the identification of
scyllaeids. Interestingly, the absence of previous records of the genus Scyllaea in Hong Kong
literature (Jensen 1998; Chow et al. 2022; Astudillo et al. 2023) further emphasizes the significance
of our findings. Additionally, we observed a significant dearth of well-documented morphological
information (particularly internal morphology) pertaining to Scyllaea fulva in existing literature
(Quoy and Gaimard 1824; Lesson 1830; Gray1850; Kelaart 1858; Odhner 1936). Hence, we
initiated this study to present the first recorded occurrence of Scyllaea fulva in Hong Kong. This
study aims to investigate both the external and internal morphology of this species. Furthermore, we
seek to elucidate its phylogenetic position by analyzing three genetic markers: the cytochrome c
oxidase subunit I (COI), the 16S ribosomal RNA (/65 rRNA), and the Histone 3 (H3) genes. The
data generated through this study will provide valuable insights into the morphology of scyllaeids,

facilitating more accurate identification by researchers in the future.

MATERIALS AND METHODS
Sampling

Seven individuals of Scyllaea fulva were collected from Sargassum spp. at Tai She Wan
(22°21'32.7"N, 114°20'15.1"E) by SCUBA diving on 28th March 2023 and 11st April 2023. The

specimens were preserved in 95% ethanol for morphological and molecular analysis.
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Morphological analysis

External morphological characteristics were examined under a Motic SMZ-171
stereomicroscope (Motic, China). Seven specimens were dissected to extract the buccal mass and
reproductive system. The buccal masses were dissolved in 20% diluted bleach for 30 min at room
temperature to remove connective tissues and muscles. The jaws and the radula were isolated. The
jaws and the radula were dried, coated with gold, mounted on a stub, examined and photographed
under a LEO 1530 field emission scanning electron microscope (SEM) (Zeiss, Germany), and the

reproductive system was observed and was draw under the stereomicroscope.

Molecular analysis

Genomic DNA of foot tissues from two specimens (NMMB-MO011734 to 735) were
extracted using the Chelex 100 solution (Walsh et al. 1991). Concentration and purity of the DNA
samples were determined using a NanoDrop ND-1000 spectrophotometer (Thermo Fisher
Scientific, Wilmington, DE, USA), and DNA integrity was checked using electrophoresis on 1.0%
agarose gel. Polymerase chain reaction (PCR) reactions were then conducted using the extracted
DNA as templates to amplify the COI, 16S rRNA and H3 genes. Primer sequences for partial
sequences of COI were sourced from Folmer et al. (1994) using pairs LCO1490 (5'-
GGTCAACAAATCATAAAGATATTGG-3") and HC02198 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3'"). Partial sequences of the /16S ¥yRNA region were
amplified using the pairs 16Sar-L (5'-CGCCTGTTTATCAAAAACAT-3") (Palumbi et al. 1991) and
16s-xH (5'-CCGGTYTGAAMY YAGATCACGTAGG-3") (Mehrotra et al. 2020). Primers for the
H3 region were taken from Colgan et al. (2000) using the primers H3F (5'-
ATGGCTCGTACCAAGCAGACVGC-3') and H3R (5'-ATATCCTTRGGCATRATRGTGAC-3").
The following polymerase chain reaction (PCR) program was used for the COI gene: 1 min at 95°C
(initial denaturation); 35 cycles of 30 s at 95°C (denaturation), 30 s at 52°C (annealing), and 45 s at
72°C (elongation); and 7 min at 72°C (final extension). The PCR reactions for the /6S »RNA and
H3 genes were conducted using a similar programme, except that the annealing temperature was
50°C. PCR products were sent to BGI Hong Kong for sequencing on an ABI 310 Genetic Analyzer.
All new sequences were deposited in GenBank (Table S1).

Alignments of the three genes were conducted separately and trimmed manually to 661 bp
for COI, 466 bp for 16S ¥yRNA and 328 bp for H3 using MEGA 7 (Kumar et al. 2016). The sequence
of COI, 16S rRNA and H3 genes from other scyllaeids and a distantly related outgroup (Melibe

viridis) were downloaded from GenBank (Table S1). Sequences were concatenated using
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SequenceMatrix v.1.7.8 (Vaidya et al. 2011) and then imported to the website version of IQ-Tree
(http://igtree.cibiv.univie.ac.at/; Nguyen et al. 2015) for Maximum Likelihood tree reconstruction
with 1,000 ultrafast bootstrap pseudoreplicates (Hoang et al. 2017). The best fit model
(TPM3u+F+I+G4) was determined by 1Q-Tree server. The phylogenetic trees were visualized and
edited using FigTree v1.4.4. Pairwise genetic distances for the respective COI, 16S and H3 genes
were estimated using MEGA 7 separately based on the p-distance method using the bootstrap
method with 10,000 pseudoreplicates for variance estimation. Rates among sites were gamma

distributed with invariant sites (G+I) and the gamma parameter was set to four.

RESULTS
TAXONOMIC ACCOUNT
Class Gastropoda Cuvier, 1795
Order Nudibranchia Cuvier, 1817
Family Scyllaeidae Alder & Hancock, 1855
Genus Scyllaea Linnaeus, 1758
Species Scyllaea fulva Quoy & Gaimard, 1824

Synonyms
Nerea punctata (Lesson 1830), Scyllaea dracaena (Kelaart 1858), Scyllaea quoyi (Gray 1850), Scyllaea pelagica (Pola
etal. 2012).

Materials examined: NMMB-M011734: 0.9 cm in length; NMMB-MO011735: 0.85cm in
length; NMMB-MO011736: 1.4 cm in length; NMMB-MO011737: 0.95 cm in length; NMMB-
MO11738: 0.5 cm in length; NMMB-M011739: 1.3 cm in length; NMMB-M011740: 2.9 cm in
length.

Locality: Seven specimens were collected from Sargassum spp. at Tai She Wan
(22°21'32.7"N, 114°20'15.1"E) at 2 m on 28th March 2023 and 11th April 2023.

Type locality: New Guinea. Geographic distribution (Fig. 1): Hong Kong (this study), Indo-
Pacific region including Japan (Baba 1949), Papua New Guinea, Philippines (Pola et al. 2012),
Réunion (Cadet 2012), Gump Station, Cook’s Bay, Moorea, French Polynesia (Goodheart et al.
2017 2018); Mozambique (Tibirica et al. 2017) and Thailand (Mehrotra et al. 2021).

Habitat: Inhabit on the seaweed Sargassum spp. (Fig. 2A).



Zoological Studies 63: 4 (2024)
I
Q@ Scyliaea fulva z g P e = ) L N
] A Scyliaea pelagica - pE— RS o M i
e ST Y == g S
e

. Pacific Ocean

o) Ok Philippines © -
O hailand L0 AP Sel . 125N-—
SN O . i
A\ 4 B, Y

;

Ve el ey,
T
Pacific Ocean '

'.Frcnch Polyncsia /

Fig. 1. Map showing the currently known distribution of Scyllaea fulva and Scyllaea pelagica in
the world.

Fig. 2. Selected photographs showing the sargassum habitat and Scyllaea fulva. A, Sargassum bed
at Tai She Wan; B, In situ swimming Scyllaea fulva; C, Dorsal view of Scyllaea fulva in a beaker;
D, Lateral view of Scyllaea fulva in a beaker. Scale bar = 0.5 cm.
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External morphology (Fig. 2B—D and Fig. 3A—B): The body colour varies from transparent
to semi-transparent green or light yellow. The body is slender, soft, flaccid, and elevated, but
laterally compressed. The body surface is smooth. There are some black or brown spots on the
body. The foot is narrow. The posterior crest is moderately large with an entire margin. The edge of
posterior crest is brown. The front of the head is expanded in a semicircular veil. The rhinophores
are perfoliate with 3—4 lamellae. There are two pairs of equal sized dorsolateral lobes. The lobes are
wing-like denticulated. Each dorsolateral lobe bears four to five large and transparent dendritic
‘gills’ on their upper surface and two on the tail as well as four on each side of tail.

Internal morphology (Fig. 3C—F and Fig. 4): The buccal mass contained a pair of thin and
triangular jaws. The masticatory edge of the jaws is expanded into a wing-like flap. Over the edge
of this flap is a series of pineapple-like structure. These structures form a honey-comb pattern over
the entire surface of the masticatory edge, the number of rodlets on pineapple-like structure ranged
from two to five. Central radular teeth were present. Each primary denticle bear two to five
secondary denticles. The radula formula was 11 x 15.1.15. The reproductive system contained a
small bursa copulatrix, a big size of female gland mass, a duct connected between female gland
mass and a prostate with the ampulla.

Remarks: Scyllaea fulva can be distinguished from Scyllaea pelagica based on the radular
formula. The radular formula of Scyllaea pelagica is 16-24 x 24-54.1.24-54 (Odhner 1936), which

exhibits a higher number of denticles compared to Scyllaea fulva.
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Fig. 3. Drawing showing the external and internal morphology of Scyllaea fulva. A, Dorsal view;
B, Lateral view; C, Jaw; D, Radula; E, Teeth; F, Reproductive system. bc, bursa copulatrix; fmg,
female gland mass; pr, prostate; amp, ampulla; hd, hermaphroditic duct. Scale bars: A and B =0.5
cm; C=0.5mm; D=250 um; E =20 pm; F = 0.2 mm.
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Fig. 4. SEM photos showing the jaws and radula. A, Overview of a jaw; B, Jaw element; C, Central
teeth presented on the radula; D, Close-up image of the denticles. Scale bars: A =500 um; B = 20
um; C =500 um; D =20 pm.

Molecular analysis

Three gene sequences were obtained from each of the two specimens (NMMB-M011734 to
735). Alignment and concatenation resulted in a dataset of 1455 bp (661 bp for COI, 466 bp for 16S
rRNA and 328 bp for H3). Our phylogenetic analyses showed that the two specimens we collected
from the field were Scyllaea fulva (Fig. 5). Pair-wise sequence comparisons were conducted to
determine the inter- and intra-specific p-distances (Table 1; Table S1). Interspecific p-distances
amongst Scyllaea fulva and Scyllaea pelagica were 6.90%—7.20% for COI, 2.20%—2.50% for 16S
and 0.00% for H3. Intraspecific p-distances in the Scyllaea fulva were in general very small, with

0.00%—-0.60% for COI, 0.00%—0.20% for 165, and 0.00% for H3.
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Fig. 5. Phylogenetic tree of the concatenated COI/16S/H3 sequence dataset constructed using the
maximum likelihood method. Bootstrap values >50 are shown in the nodes.

Table 1. Scyllaea inter- and intra-specific uncorrected p-distance for COI/16S/H3. (P) indicates the
specimens from Philippine (Pola et al. 2012); (FP) indicates the specimen from French Polynesia
(Goodheart et al. 2017; 2018); (HK) indicates the specimens used in this study. Detail can be
referred to table S2—4

Species col 16S H3

Scyllaea pelagica vs Scyllaea fulva 6.90%-7.20% 2.20%-2.50% 0.00%

Scyllaea fulva (P) vs Scyllaea fulva (HK) 0.30%-0.60% 0.00%-0.20% 0.00%

Scyllaea fulva (FP) vs Scyllaea fulva (HK) 0.60% 0.00% -

Scyllaea fulva (HK1) vs Scyllaea fulva (HK2) 0.30% 0.00% 0.00%
DISCUSSION

We have successfully confirmed the specimens to be Scyllaea fulva, commonly called
sargassum nudibranch. After reviewing Astudillo et al. (2023), Jensen (1998), and Chow et al.
(2022), we have documented the occurrence of Scyllaea fulva as the first record in Hong Kong
waters, which is consistent with the known distribution of the species. Morphologically, our
specimens did not bear the blue spots on the body, which is different from the individuals found by
Gosliner et al. (2008), Goodheart et al. 2017 2018) and Mehrotra et al. (2021). This indicates that
external morphological variation occurs within the species. Moreover, our specimens closely
correspond to the original descriptions of Scyllaea fulva and its synonyms, exhibiting an elongated
body, tawny color, grooved underside, and four slender wings, with the tentacles widened at the tip

(Quoy and Gaimard 1824-1826; Lesson 1831; Gray 1850; Kelaart 1858). However, the literature

10
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did not provide detailed information on the morphology of Scyllaea fulva, particularly its internal
morphology. Therefore, our findings on internal morphology of Scyllaea fulva is important for
integrating the morphological information of the species.

Before the work of Pola et al. (2012), Scyllaea fulva was considered a spurious species
(Odhner 1936). Pola et al. (2012) demonstrated a 7% genetic distance for COI among specimens
from the Atlantic and Indo-Pacific regions confidently supported its recognition as a distinct
species. Thus, Scyllaea fulva was re-established. Additionally, Odhner (1936) noted that scyllaeids
can be differentiated at the genus level by the presence or absence of a central tooth on the radula.
Rudman's (2002abc) SEM photos of scyllaeids revealed that Scyllaea pelagica and Crosslandia
viridis also had a central radular tooth, but Notobryon wardi did not. Several Notobryon species
described by Pola et al. (2012) and Caballer and Ortea (2014) also lacked the central radular tooth,
which is consistent with Odhner (1936) and Rudman's (2002abc) conclusions.

To precisely identify scyllaeids, Pola et al. (2012) demonstrated that molecular analysis is a
powerful tool for delineating species boundaries. In the present study, we also used molecular
analysis to avoid misidentification and accurately identify our specimens. Our findings on inter- and
intra-specific p-distances revealed that H3 lacked a phylogenetic signal, but COI is a useful gene for
delimiting the species. Compared with the genetic distance (0.30%-0.60%) for COI among Scyllaea
fulva specimens from the Philippines, French Polynesia, and Hong Kong, the Hong Kong Scyllaea
fulva is closely related to the species in the Philippines.

This occurrence of Scyllaea fulva expands the diversity of nudibranchs in Hong Kong,
making it the second member of Scyllaeidae to occur in Hong Kong since Rudman (2002b)
confirmed the Hong Kong specimen (AMC139151) stored in the Australian Museum to be
Notobryon wardi. Additionally, the present study also reports the external and internal morphology
to integrate the morphological data for Scyllaea fulva. These findings provide insights for the

morphological identification of scyllaeids in the future.

CONCLUSIONS
Our study reports the first documented occurrence of Scyllaea fulva in Hong Kong waters.
The confirmed presence of this species expands the diversity of nudibranchs in the region. The
observed external morphological variation, coupled with detailed morphological data, provides
valuable insights for future identification of scyllaeids and contributes to our understanding of
Scyllaea fulva's biology. This study highlights the importance of ongoing research to further explore

the phenotypic and genetic diversity of marine organisms.

11



Zoological Studies 63: 4 (2024)

Acknowledgments: This study was financially support by the project (AFCD SQ 314 21C)
Provision of Services for Conducting Night Fisheries Resources Surveys. We would like to thank
Kwok Leung for field assistance. We would also like to thank two anonymous reviewers’ useful

comments for manuscript improvement.

Authors’ contributions: SKFY and MY initiated the study, SKFY, TKTL and GYL conducted
sampling, TKTL conducted the drawing, SKFY performed molecular and morphological analysis as

well as drafted the manuscript.

Competing interests: SKFY, TKTL, GYL and MY declare they have no conflict of interest.

Availability of data and materials: The accession numbers of specimens had been deposited on
the GenBank. The examined specimens are deposited at National Museum of Marine Biology and

Aquarium in Taiwan.

Consent for publication: All of the authors agreed to publish the paper.

Ethics approval consent to participate: Not applicable.

REFERENCES

Astudillo JC, Williams GA, Leung KMY, Cannicci S, Yasuhara M, Yau C, Qiu JW, Ang PO, To
AWL, Shea SKH. 2023. Hong Kong Register of Marine Species.
https://www.marinespecies.org/hkrms. Accessed on 30 June 2023.

Baba K. 1949. Opisthobranchia of Sagami Bay: collected by His Majesty the Emperor of Japan.
Iwanami Shoten, Tokyo, Japan.

Caballer M, Ortea J. 2014. A new sibling species of Notobryon (Gastropoda, Nudibranchia) from
the Caribbean Sea. J] Mar Biolog Assoc UK 94(7):1465-1470.
doi:10.1017/S0025315414000605.

Cadet C. 2012. Scyllaea fulva Quoy & Gaimard, 1824 or pelagica. South-west Indian Ocean Sea
slug site. http://seaslugs.free.fr/nudibranche/a_scyllaeca pelagica.htm. Accessed on 29 June

2023.

12



Zoological Studies 63: 4 (2024)

Chow LH, Yu VPF, Kho ZY, See GCL, Wang A, Baker DM, Tsang LM. 2022 An Updated Checklist
of Sea Slugs (Gastropoda, Heterobranchia) from Hong Kong Supported by Citizen Science.
Zool Stud 61:52. doi:10.6620/2S.2022.61-52.

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. 1994. DNA primers for amplification of
mitochondrial cytochrome c oxidase subunit I from diverse metazoan invertebrates. Mol Mar
Biol Biotech 3:294-299.

Gray JE. 1850. Figures of molluscous animals, selected from various authors. Longman, Brown,
Green and Longmans, London, UK.

Goodheart JA, Bazinet AL, Valdes A, Collins AG, Cummings MP. 2017. Prey preference follows
phylogeny: evolutionary dietary patterns within the marine gastropod group Cladobranchia
(Gastropoda:Heterobranchia: Nudibranchia). BMC Evol. Biol 17(1):221. doi:10.1186/s12862-
017-1066-0.

Goodheart JA, Bleidissel S, Schillo D, Strong EE, Ayres DL, Preisfeld A, Collins AG, Cummings
MP, Wagele H. 2018. Comparative morphology and evolution of the cnidosac in
Cladobranchia (Gastropoda: Heterobranchia: Nudibranchia). Front Zool 15:43.
doi:10.1186/s12983-018-0289-2.

Gosliner TM, Behrens DW, Valdés A. 2008. Indo-Pacific Nudibranchs and Sea Slugs. Sea
Challengers/California Academy of Sciences, San Francisco, CA, USA.

Hoang DT, Chernomor O, Von Haeseler A, Minh BQ, Vinh LS. 2017. UFBoot2: Improving the
ultrafast bootstrap approximation. Mol Biol Evol 35:518-522. doi:10.1093/molbev/msx281.

Jensen KR. 1998. Zoogeographic affinities of Hong Kong Opisthobranchia (Mollusca, Gastropoda).
In: Morton, B. (Ed.), The Marine Biology of the South China Sea III. Hong Kong University
Press, Hong Kong.

Kelaart EF. 1858. Description of new and little known species of Ceylon nudibranchiate molluscs,
and zoophytes. Journal of the Ceylon Branch of the Royal Asiatic Society 3(9):84—139.

Lesson RP. 1831. Chapitre XI. Mollusques, Annélides et Vers; par R.-P. Lesson. pp. 239-456 [15
Nov 1831]. In: Lesson R.P. 1830-1831. Voyage autour du monde, Exécuté par Ordre du Roi,
sur La Corvette de Sa Majesté, La Coquille, pendant les années 1822, 1823, 1824 et 1825,
sous le ministere et conformément aux Instructions de S.E.M. le Marquis de Clermont-
Tonnerre, Ministre de la Marine; Et publié sous les auspices de son Excellence Mgr le Cte de
Chabrol, Ministre de la Marine et des Colonies, par M.L.I. Duperrey, Capitaine de Frégate,
Chevalier de Saint-Louis et Membre de la Légion d'Honneur, Commandant de I'Expedition.
Zoologie, par M. Lesson. Tome Second. 1re Partie. Paris, Arthus Bertrand, Libraire-Editeur,

Imprimerie de Firmin Didot.

13



Zoological Studies 63: 4 (2024)

Mehrotra R, Arnold S, Wang A, Chavanich S, Hoeksema BW, Caballer M. 2020. A new species of
coral-feeding nudibranch (Mollusca: Gastropoda) from the Gulf of Thailand. Mar Biodivers
50:36. doi:10.1007/s12526-020-01050-2.

Mehrotra R, Caballer Gutiérrez MA, Scott CM, Arnold S, Monchanin C, Viyakarn V, Chavanich S.
2021. An updated inventory of sea slugs from Koh Tao, Thailand, with notes on their ecology
and a dramatic biodiversity increase for Thai waters. ZooKeys 1042:73—188.
doi:10.3897/zookeys.1042.64474.

MolluscaBase. 2023. MolluscaBase. Scyllaea Linnaeus, 1758. World Register of Marine Species.
https://www.marinespecies.org/aphia.php?p=taxdetails&id=138468. Accessed on 10 July
2023.

Nguyen LT, Schmidt HA, Von haeseler A, Minh BQ. 2015. IQ-TREE: A fast and effective
stochastic algorithm for estimating maximum-likelihood phylogenies. Mol Biol Evol 32:268—
274. doi:10.1093/molbev/msu300.

Odhner NH. 1936. Nudibranchia Dendronotacea. A revision of the System. in: Melanges Paul
Pelseneer. Mémoires du Musée Royal d'Histoire Naturelle de Belgique. (2)3:1057-1128.

Palumbi SR, Kessing B, Martin A. 1991. The simple fool’s guide to PCR, 2nd ed. Department of
Zoology, University of Hawaii, Honolulu.

Picton B. 2002. Notobryon from Hong Kong. Sea Slug Forum. Australian Museum, Sydney.
http://www.seaslugforum.net/find/5948. Accessed on 29 June. 2023.

Pola M, Camacho-Garcia YE, Gosliner TM. 2012. Molecular data illuminate cryptic nudibranch
species: the evolution of the Scyllaecidae (Nudibranchia: Dendronotina) with a revision of
Notobryon. Zool J Linn Soc 165:311-336. doi:10.1111/1.1096-3642.2012.00816.x.

Quoy JRC, Gaimard JP. 1824-1826. Zoologie. In: de Freycinet L (ed.) Voyage au tour du monde
fait par ordre du roi, sur les corvettes de S. M: 1'Uranie et la Physicienne pendant les années
1817 a 1820.

Rudman WB. 2002a. Radula of Crosslandia viridis. Sea Slug Forum. Australian Museum, Sydney.
http://www.seaslugforum.net/find/7937. Accessed on 29 June. 2023.

Rudman WB. 2002b. Radula of Notobryon wardi. Sea Slug Forum. Australian Museum, Sydney.
http://www.seaslugforum.net/find/7938. Accessed on 29 June. 2023.

Rudman WB. 2002c. Radula of Scyllaea pelagica. Sea Slug Forum. Australian Museum, Sydney.
http://www.seaslugforum.net/find/7939 Accessed on 29 June. 2023.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: Molecular Evolutionary Genetics Analysis Version
7.0 for Bigger Datasets. Mol Biol Evol 33(7):1870—-1874.
doi:10.1093/molbev/msw054.

14



Zoological Studies 63: 4 (2024)

Tibiri¢a Y, Pola M, Cervera JL. 2017. Astonishing diversity revealed: an annotated and illustrated
inventory of Nudipleura (Gastropoda: Heterobranchia) from Mozambique. Zootaxa 4359:1—
133. doi:10.11646/zootaxa.4359.1.1.

Vaidya G, Lohman DJ, Meier R. 2011. SequenceMatrix: concatenation software for the fast
assembly of multi-gene datasets with character set and codon information. Cladistics
27(2):171-180. doi:10.1111/5.1096-0031.2010.00329.x.

Walsh PS, Metzger DA, Higuchi R. 1991. Chelex 100 as a medium for simple extraction of DNA
for PCR-based typing from forensic material. BioTechniques 10(4):506-513.

15



Zoological Studies 63: 4 (2024)

Supplementary materials

Table S1. Accession numbers of scyllaeids for three genes used in the phylogenetic analysis.

(download)

Table S2. Uncorrected COI p-distances (%) calculated based on individual gene of the five

available Scyllaea species in the NCBI and the sequences of specimens from this study. (download)

Table S3. Uncorrected /6S p-distances (%) calculated based on individual gene of the five

available Scyllaea species in the NCBI and the sequences of specimens from this study. (download)

Table S4. Uncorrected H3 p-distances (%) calculated based on individual gene of the four

available Scyllaea species in the NCBI and the sequences of specimens from this study. (download)

16



