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Abstract

Tubastraea, commonly known as sun coral, is a genus of brightly coloured azooxanthellate corals in the family
Dendrophylliidae. The diversity of this genus is low, with only seven recognized species. Herein, we describe Tubastraea
megacorallita sp. nov. from Hong Kong based on morphological and molecular analyses. This new species exhibits
several characteristics of the genus including being colonial, having a rough texture of corallum and no epitheca. It can be
distinguished from its congenerics by bigger corallites, and the Pourtalés plan arrangement of its septa. The ¥rDNA gene
sequences (consisting of /751, 5.8S, ITS2, 18S and 28S) showed 2.45-5.18% divergence from those of its closest relatives,
T. coccinea and T. micranthus.
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Introduction

Dendrophylliidae Gray, 1847 is one of the most diverse scleractinian families, comprising 22 genera and 173 extant
species (Hoeksema & Cairns 2020). Traditionally, the taxonomic classification of this family depended heavily on
morphological characters related to growth form (solitary or colonial), absence or presence of zooxanthellae (azoo-
xanthellate or zooxanthellate), and skeletal appearance, as well as septal arrangement. In the most comprehensive
phylogenetic reconstruction of the Dendrophylliidae, based on morphological traits of 364 extant and fossil speci-
mens, Cairns (2001) analysed ten characters in four categories: gross morphology (colony form, corallum shape,
buddying type and corallum attachment), thecal structure (presence or absence of synapticulotheca, epitheca and
endotheca), calicular elements (septal arrangement and columella appearance), and the symbiosis with zooxanthel-
lae. He concluded that the family Dendrophylliidae is monophyletic and can be divided into 21 extant genera.

Some scleractinian corals may display intra-specific plasticity in morphological characters (Todd 2008), which
highlights the importance of molecular approaches in delineating species within the same genus. In particular,
two studies have revisited the systematics of Dendrophylliidae, both with a molecular approach using various
mitochondrial and nuclear markers. A study inferring interfamily relationships confirmed it as a well-supported
monophyletic scleractinian family composed of shallow to deep-water azooxanthellate and zooxanthellate species
(Kitahara et al. 2010). Yet, further examination of the systematics within the Dendrophylliidae (Arrigoni et al.
2014) revealed polyphyletic relationships in some of the dendrophylliid genera, including Balanophyllia Wood,
1844, Cladopsammia Lacaze-Duthiers, 1897, Dendrophyllia de Blainville, 1830, Rhizopsammia Verrill, 1870 and
Turbinaria Oken,1815. They also noted that the morphological characters used by Cairns (2001) to distinguish den-
drophylliid taxa may be insufficient in inferring the evolutionary changes and speciation in this family.

Among the 11 genera examined by Arrigoni et al. (2014), Tubastraea Lesson, 1830 represented a monophyletic
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clade. The genus is characterized by six characters: 1), colonial coralla firmly attached and encrusting; 2), septa
cycles hexamerally arranged and typically inserted with spongy columella; 3), septa not arranged in a Pourtalés
plan; 4), corallum with a rough texture; 5), colony developing from a common basal coenosteum by budding, with
clear connection among polyps; 6), columella small to moderate in size and lacks an epitheca (Cairns 2001; Cairns
& Kitahara 2012). This genus includes seven extant species that are native to the Indo-Pacific region, including 7.
aruea Quoy & Gaimard, 1833, 7. coccinea Lesson, 1830, T. diaphana Dana, 1846, T. faulkneri Wells, 1982, T. flo-
reana Wells, 1982, T. micranthus Ehernberg, 1834 and T. tagusensis Wells, 1982.

Little is known about the diversity of ahermatypic scleractinian corals in Hong Kong (Chan et al. 2005).
Scott (1984) was the first author to document ahermatypic corals of Hong Kong and reported on eight species of
Dendrophylliidae and two species of Oculinidae Gray, 1847. A more recent study, based on sampling from two
underwater caves, reported 16 species from three families, including 12 species of Dendrophylliidae, one species of
Oculinidae and three species of Rhizangiidae d’Orbigny, 1851 (Lam et al. 2008). Based on the current taxonomic
classification (Hoeksema & Cairns 2020), only five of the reported ahermatypic corals species in Hong Kong belong
to Tubastraea, including T. aurea, T. coccinea, T. diaphana, T. faulkneri, and T. micranthus.

During underwater surveys conducted in a study of corallivorous animals in Hong Kong, we discovered three
species of coral-eating nudibranchs: Phestilla fuscostriata Hu et al., 2020 feeds on Pavona decussata (Hu et al.
2020a), and Phestilla goniophaga Hu et al., 2020 feeds on Goniopora (Hu et al. 2020b) in shallow water (< 10 m
depth); Phestilla melanobrachia Bergh, 1874 feeds on Duncanopsammia peltata (Esper, 1790) in shallow water, and
on the sun corals Tubastraea, Dendrophyllia and Balanophyllia in deeper water (10-30 m) (Yiu et al. 2021). Among
these sun corals, we discovered several colonies of Tubastraea that do not match the morphological descriptions of
earlier recorded species. The present study therefore applies an integrated morphological and molecular approach to
describe this new species and determine its phylogenetic relationships with other species of this genus.

Methods

Sample collection. Four colonies of Tubastraea megacorallita sp. nov. were collected from Breaker reef (22.461°N,
114.420°E) at 17 m water depth by SCUBA. They were preserved in 95% ethanol and deposited in the Tropical
Marine Biodiversity Collections of the South China Sea (TMBC), Chinese Academy of Sciences.

Morphological analysis. Photographs of the specimens were taken using an Olympus OM-D EM ImarkIl
with a M. Zuiko Digital ED 60mm f2.8 Macro lens. Morphological characters defined by Cairns (2001); Cairns &
Kitahara (2012) and Arrigoni et al. (2014) were used for species identification. They included whole colony size,
corallite size, fossa depth, intercorallite distance and septa arrangement. The size measurements were performed
using Coral Point Count with Excel extensions (CPCe) 4.1 (Kohler & Gill 2006) on photographs taken along with
aruler. The following abbreviations were used: GCD, greater calicular diameter; LCD, lesser calicular diameter; S,
septa.

DNA extraction and sequencing. Genomic DNA was extracted from the tissues of three specimens (BU-Cni-
20-001 to 3) using the CTAB method (Stewart & Via 1993). DNA quantity and purity were checked using a Nano-
Drop ND-1000 spectrophotometer (Thermo Fisher Scientific, US). DNA quality was examined using 1% agarose
gel electrophoresis. The products were submitted to Novogene (Beijing, China) for commercial library construction
and sequencing on an Illumina Novaseq 6000 platform to produce 5 GB paired-end sequencing data with an average
read length of 150 bp.

Molecular analysis. Raw sequences were filtered using Trimmomatic v0.38 (Bolger ef al. 2014) under the fol-
lowing settings: ILLUMINACLIP:TruSeq2-PE.fa:2:30:10 LEADING:5 TRAILING:5 SLIDINGWINDOW:4:15
MINLEN:40. SPAdes v3.13 (Bankevich et al. 2012) was used to assemble the sequences, and BLAST+ v2.2.26
was used to extract the scaffold outputs that matched the mitochondrial cytochrome ¢ oxidase subunit I (COJ), the
mitochondrial intragenic region between COI and trnM, trnM and The mitochondrial intragenic region between
COI and trnM, trnM and the mitochondrial intragenic region between #7nM and the ribosomal subunit (/GR), ITS1,
5.8S, ITS2 and a portion of /8S and 28S (rDNA) genes from a query file with data from the corresponding gene
sequences of Tubastraea sp. 3 downloaded from NCBI’s GenBank. Goniopora djiboutiensis Vaughan, 1907 (Pori-
tidae) was chosen as the outgroup. The corresponding gene sequences from G. djiboutiensis, as well as members
of the family Dendrophylliidae (Capel et al. 2020) were downloaded from GenBank (Table S1) for determination
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of the phylogenetic position of the collected specimens. Alignments of the three genes were conducted separately
with MUSCLE (Edgar 2004) and trimmed manually to 601 bp for COI, 448 bp for /GR and 632 bp for rDNA us-
ing Unipro UGENE v.36.0 (Okonechnikov et al. 2012), then concatenated using SequenceMatrix v.1.7.8 (Vaidya
et al. 2011). Phylogenetic analyses were conducted using both Maximum Likelihood (ML) and Bayesian Inference
(BI) methods as in Xu et al. (2019). For ML, the website version of [Q-Tree (Nguyen et al. 2015, http://igtree.cibiv.
univie.ac.at/) was adopted to conduct the partitioned reconstruction with 1,500 ultrafast bootstrap pseudoreplicates
and random starting trees (Hoang et al. 2017). ModelTest (Kalyaanamoorthy et al. 2017) in IQ-Tree was applied for
each partition of the concatenated sequences, which detected TPM3u+F+I as the best model for COI, HKY+F+G4
for IGS and K2P+I+G4 for rDNA based on the Bayesian Information Criterion. BI analysis was performed using
MrBayes v.3.2.7a (Ronquist & Huelsenbeck 2003) with four Metropolis-coupled Markov Chain Monte Carlo ap-
plied to 10 million generations, sampled at every 10 generations with a 25% burn-in. Since the best models detected
for the concatenated dataset by ModelTest were not available in MrBayes, they were substituted by the closest over-
parameterized models (Huelsenbeck & Rannala 2004): GTR+I+G for COI, HKY+I+G for /GR and K2P+I+G for
rDNA. The phylogenetic trees were visualized with the ‘ggplot2’, ‘ape’ and ‘ggtree’ packages (Wickham 2016; Yu
et al. 2017; Paradis & Schliep 2019) in RStudio 1.2.5019 and annotated by Photoshop CC 2018. Pairwise genetic
distances for the COI, IGR and rDNA genes were estimated using MEGA X (Kumar et al. 2018 separately based
on the nucleotide substitution type, p-distance method with 10,000 pseudoreplicates for variance estimation. Rates
among sites were assumed to be gamma distributed with invariant sites (G+I) and the gamma parameter was set to
four.

Results

Systematic account

Class ANTHOZOA Ehrenberg, 1834

Order SCLERACTINIA Bourne, 1900
Family DENDROPHYLLIIDAE Gray, 1847
Genus Tubastraea Lesson, 1830

Diagnosis of genus Tubastraea (emended after Cairns 2001 and Cairns & Kitahara 2012)

Colonial coralla firmly attached and encrusting; septa cycles hexamerally arranged and typically inserted with
spongy columella; septa arranged /not arranged in a Pourtalés plan; corallum with a rough texture; colony develop-
ing from a common basal coenosteum by budding, with clear connection among polyps; columella small to moder-
ate in size and lacks an epitheca.

Tubastraea megacorallita sp. nov.
http.//zoobank.org/Nomenclatural Acts/fdcf7eaf-110d-40f6-b042-d39037e883d2

Synonymy

Tubastraea coccinea—Scott 1984:40, fig.48.

Balanophyllia ponderosa—Lam et al. 2008:735, figs. 1C-D.
Tubastraea sp. 3—Arrigoni et al. 2014:678, figs. 11M-O.
Tubastraea tenuilamellosa—Rowlett 2020:508.

Materials examined. Holotype: TMBC030850, colony with 14 corallites, 62 mm in length and 25 mm in height.
Paratypes: TMBC030851, colony with 11 corallites, 51 mm in length and 24 mm in height; TMBC030852, colony
with 9 corallites, 42 mm in length and 23 mm in height; TMBC030853, colony with 4 corallites, 16 mm in length
and 11 mm in height.

ANEW SPECIES OF SCLERACTINIAN CORAL Zootaxa 5047 (1) © 2021 Magnolia Press - 3



Type locality. Breaker reef (22.461°N, 114.420°E), Hong Kong.

Etymology. Tubastraea megacorallita sp. nov. has relatively large corallites when compared with its conge-
neric species. The species epithet reflects this morphological character.

Geographical distribution. Currently only known in Hong Kong (this study) and Kii-Nagashima, Japan (Ar-
rigoni et al. 2014).

Habitat. Exposed sites with moderate current, rocky substrate, at 10-25 m water depth.

Description. When alive (Fig 1a), the tissue outside epithecal wall is light orange or pink and corallite bright
red, and the tentacles are yellow and translucent. The colonies are phaceloid with each of the long corallite having
its own wall. The corallites are formed by extratentacular budding (Fig 1b), consisting of 3 to 14 corallites. They
vary between 16-62 mm in length and 11-25 mm in height. The corallites are elliptical (825 mm in GCD and
6.5-19 mm in LCD) with a thick wall. The total number of septa varies from 34 to 92, with 10-16 of the septa fused
with columella (Table 1). The number of septa increases as the corallites become bigger. The septa are hexamer-
ously arranged, containing 5 cycles, the last cycle incomplete, with the sizes increasing from the inner to the outer
as S =S >S >§ =S.. The septa are usually arranged in a Pourtalés plan with the axial edges of pairs of higher cycle
septa bending in front of and uniting before their adjacent lower cycle septum (Fig. 1c). The septa extend from the
edge, curving down to the columella. The columella (Fig.1d) consists of a spongy network (2—10 mm in GCD and
1-4 mm in LCD). The depth of the fossa ranges from 2.5 mm to 10 mm. The costae are granulated and the intercos-
tal striae are porous (Fig.1e)

S.
Si .

_Ss/SsS3

S:

FIGURE 1. Tubastraea megacorallita. sp. nov. A: A living specimen in the field; B: Skeleton of a specimen with tissues
removed (TMBC030850); C: a corallite (TMBC030853); D: Fossa (TMBC030853); E: Costae (c¢) and Intercostal striae (i.s.)
(TMBCO030853). Scale bar: A-B: 1 cm; C: 5 mm; D-E: 1 mm.

4 - Zootaxa 5047 (1) © 2021 Magnolia Press YIU ET AL.



Taxonomic remarks. Our specimens belong to the genus Tubastraea because it shares seven characters with
congeneric species (Cairns & Kitahara 2012): 1) corallum is colonial; 2), corallum is firmly attached; 3), corallum
is encrusting; 4), multiple septa cycles are hexamerally arranged and spongy columella; 5), texture of corallum is
rough; 6), number of coralla increases by budding from a common basal coenosteum, the connection among polyps
is quite evident, and the septa are normally inserted; 7), columella is moderate to small in size and lacks epitheca.
However, it is the only species of Tubastraea in which the septa are arranged in a Pourtalés plan.

Morphologically, Tubastraea megacorallita sp. nov. can be easily distinguished from its congeneric species. It
has five septal cycles and the septa are usually arranged in a Pourtalés plan, whereas the other seven species have
only three to four septal cycles without a Pourtalés plan. Although 7. megacorallita sp. nov. is most closely related
to T' coccinea and T. micranthus in our molecular phylogenetic analysis, they differ substantially in corallite mor-
phology (Table 1). The corallites of 7. megacorallita sp. nov. are larger than those of 7. coccinea and T. micranthus.
Tubastraea coccinea and T. micranthus have four and three septal cycles, respectively but 7. megacorallita sp. nov.
has five.

Molecular analysis. Three gene sequences were successfully obtained from each of the three specimens. Align-
ment and concatenation resulted in a dataset of 1.683 bp (COI: 601 bp, IGR: 450 bp, ¥DNA: 632 bp). Within the
three partitions, only »DNA has adequate phylogenetic signal for species distinction. The uncorrected p-distances
were 0% for all the three genes among the three individuals of 7. megacoralllia sp. nov. collected from Hong
Kong in this study (Table 2). With a p-distance of only 0 for COI, 0 for /GR, and 0.21 or 0.41% for rDNA (K12,
KI3 respectively), Tubastraea sp. 3. — an undescribed species collected from Kii-Nagashima, Japan (Arrigoni et al.
2014) — is considered to be conspecific to 7. megacorallita sp. nov. This new species exhibits 0-0.83%, 0-0.67%
and 2.45-6.91% p-distance with other congeneric species in the COI, IGR and rDNA genes, respectively. These
distances were equivalent or larger than the interspecific distances among T coccinea, T. micranthus and Tubstreaea
sp. 2, which supports the recognition of 7. megacorallita as a new species.
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FIGURE 2. Phylogenetic trees of the concatenated COI/IGR/rDNA sequence dataset constructed using the Maximum Likeli-
hood (left) and Bayesian Inference (right) method. Maximum Likelihood bootstrap values >50 and Bayesian Inference posterior
probability values > 0.7 are shown in the nodes. Specimens used in this study are denoted by an asterisk.
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The ML and BI trees exhibited a very similar topology. Both the ML and BI trees showed that the genus 7u-
bastraea formed a monophyletic clade within Dendrophylliidae (Fig. 2). Among the seven species of Tubastraea
used in this analysis, 7 megacoralllia sp. nov. was nested among the other species and was sister to Tubastraea sp.
3 K12, an undescribed species from Kii-Nagashima, Japan (Arrigoni et al. 2014). Together, they formed a clade
that was sister to a clade containing 7. coccinea, T. micranthus and Tubatraea sp. 2. However, it was not possible
to determine which of these species is most closely related to the clade consisting of 7 megacorallita sp. nov. and
Tubastraea sp. 3. Other species of Tubastraea are more distantly related to 7. megacorallita sp. nov.

Discussion

Among the eight recognized Tubasreaea species, T. megacorallita sp. nov. is the only species having corallites with
up to five septal cycles in a Pourtalés plan and it has the biggest corallites. In all other Tubastraea species the septa
are normally arranged and does not show a Pourtalés plan (Cairns 2001). This result supports our revision of the
diagnosis of the genus by removing “normally arranged septa” as one of the defining characters of Tubastraea. We
observed that the Pourtalés plan is absent in small corallites of Tubastraea megacorallita sp. nov., but it is usually
present in corallites at least 17 mm x 15 mm (GCD x LCD). Since the Pourtalés Plan has occurred several times in
the phylogeny of Dendrophylliidae (Cairns 2001) and it may be absent in juvenile corals, further studies are needed
to determine the value of this character in the taxonomy of the family.

Tubastraea megacorallita sp. nov. is the second species in this genus that has elliptical-shaped corallites. The
other species that has elliptical corallites is 7. aurea. However, the colonies of 7. megacorallita sp. nov. are phac-
eloid while those of 7. aurea are plocoid. Based on molecular phylogenetic results, 7. megacorallita sp. nov. is most
closely related to I" coccinea and T. micranthus. However, their morphological characters are significant different in
that the colonies of 7. micanthus are tree-like with the corallites forming long branches, and this character is unique
in this genus (Cairns & Zibrowius 1997). The colonies of 7. megacorallita sp. nov. are phaceloid, formed by very
few corallites. Tubastaea coccinea is plocoid with closely spaced corallites that have four septal cycles.

In the previous records of ahermatypic corals in Hong Kong, T. megacorallita sp. nov. might have been
misidentified as 7. coccinea by Scott (1984) because the specimen illustrated in this book is phaceloid, and the
corallites are widely spaced and elliptical with five septal cycles. Lam et al. (2008) reclassified this species as
Balanophyllia ponderosa. However, our molecular and morphological analyses supported the recognition of this
new species. Although there was no clear divergence in the COI and IGR genes among 7. aurea, T. coccinea, T.
micranthus, T. diaphana and Tubastraea spp. 1-3, these two genes have been shown to lack phylogenetic signal
for interspecies comparison in cnidarians (Shearer & Coffroth 2008). The »DNA sequences of T. megacorallita
sp. nov. exhibit 2.45-5.18% divergence with its closely related species, which are bigger than or equivalent to the
interspecific divergence between other species of this genus.

Our field observation shows that 7. megacorallita sp. nov. appears to have a narrower depth range (10-25 m)
than 7. coccinea, which locally occurs from the surface to bottom (0—25 m) and this is consistent with the wide
depth range of this species (0—110 m) reported by Cairns (1994) from elsewhere. The geographical distribution of
T. megacorallita sp. nov. is unknown, but according to the gene sequences of a specimen collected from Kii-Na-
gashima, Japan (Arrigoni et al. 2014), this species should also be distributed at least in the sub-tropical to temperate
regions of the western Pacific.

The nudibranch Phestilla melanobrachia Bergh, 1874 has been found to feed on sun corals, including 7. aurea,
T coccinea, T. diaphana, and T. micranthus in various Indo-Pacific localities (Edmondson 1933; Harris 1968; Fau-
cci et al. 2007; Fritts-Penniman et al. 2020). In Hong Kong, P. melanobrachia is a common predator of 7. coccinea,
T diaphana, and T. megacorallita sp. nov. (Yiu et al. 2021). In addition, the gastropod Coralliophila costularis
(Lamarck, 1816) was found to feed on 7. megacorallita sp. nov., and 7. diaphana. Epidendrium sp. was also found
to feed on T. coccinea during an ecological survey (Fig. 3), but it is not sure whether they are common predators of
T. megacorallita sp. nov. Based on previous host records and distribution range, this snail species could be either
Epidendrium aureum Gittenberger & Gittenberger 2005 or E. sordidum Gittenberger & Gittenberger 2005 (Gitten-
berger & Gittenberger 2005, Gittenberger & Hoeksema 2013).
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FIGURE 3. Possible predators of Tubastraea megacorallita sp. nov. A: an individual of Phestilla melanobrachia feeding on T.

coccinea; also shown are egg masses (yellow) of the nudibranch; B: an individual of Coralliophila costularis feeding on a col-

ony of 7. megacorallita sp. nov.; C: three individuals of Coralliophila costularis feeding on a colony of Tubastraea diaphana.

D: an individual of Epidendrium sp. feeding on a colony of 7. coccinea.

Key to species of Tubastraea

la.
1b.
2a.
2b.
3a.
3b.
4a.
4b.
Sa.
5b.
6a.
6b.
7a.
7b.

Colony branching Uniplanar. . . .. .. ... .t e T. micranthus
Colony not branching uniplanar. . . .. ... ... e 2
Colony PloCOId . . . . oo 3
Colony non-plocoid . . . ... o e 4
Corallite elliptical. . . . ... e T aurea
Corallite non-elliptical . . . . ... 5
Corallite phaceloid . . . . ... e 6
Corallite non-phaceloid . . . ... ... . T. diaphana
Corallite with moderately deep fossa and up to 48 septa. . . ... .ov ittt T coccinea
Corallite with deep and spongy/shallow fossa and more than48septa.......... ... .. ... .. ..., T. faulkneri
Septal arranged in a Pourtalés plan . .......... ... . e T. megacorallita sp. nov.
Septa arranged normally. . . . . ... o e e 7
Corallite with moderately deep fossa and 3 septal cycles . ... i T. floreana
Corallite with deep fossa and 3 or 4 septal cycles .. ... ... T. tagusensis
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Conclusions

We described Tubastraea megacorallita sp. nov. based on molecular and morphological analyses. Like other spe-
cies of sun corals in Hong Kong, this new azooxanthellate species is distributed in the deeper waters, and is not co-
occurring with local zooxanthellate scleractinian corals, such as the reef-building species Pavona decussata, Porites
lutea and Platygyra carnosa (Yeung et al. 2021). This species is unique among Tubastraea spp. in that its septa are
arranged in a Pourtalés plan. In eastern Hong Kong waters, it is distributed at depths of 1025 m. This species may
be widely distributed in the tropical and subtropical Western Pacific. The nudibranch Phestilla melanobrachia is
a common predator of T megacorallita sp. nov. In deeper water, this nudibranch has an orange morph and a dark-
green morph. But in shallower water where this nudribranch feeds on Duncanopsammia peltata, its body and cerata
are beige (Yiu et al. 2021). The snails Coralliophila costularis and Epidendrium sp. are potential predators of this
new species of sun coral.
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