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Abstract

Clavularia inflata was first described from Ternate Island, Indonesia in 1896 and later reported appeared-from
Japan and Taiwan in 1953.Clavularia (Blainville 1830) soft corals exhibit complex morphological traits that are
difficult to differentiate, thus complicating their identification. DNA barcoding has been envisioned and actively
pushed as a credible method for assigning unidentified specimens to known species by comparison to a molecular
reference data database. DNA barcoding is an important tool to support the management of biological resources,
one of which are soft corals. As soft corals are among the species that are difficult to identify morphologically, DNA
barcoding data are very valuable for identifying them. Thus, the purpose of this study was to use molecular methods
to confirm the identity of 25 colonies taken from 13 Indonesian coral reef sites (Anambas, Natuna, Tanjung Lesung,
Kepulauan Seribu, Madura, Kangean, Bontang, Lombok, Manado, Wakatobi, Morotai, Kon, and Maluku Tenggara
Barat (MTB)) and putatively identified as C. inflata. All specimens were identified as C. inflata molecularly using the
mitochondrial DNA mtMuts gene. The results from this study can enrich the information base for barcoding of soft
corals elsewhere because the samples were taken across a range of nearly 4000km throughout [ndonesia,
archipelago. Although a comparison of the nucleotide base chains to Genbank data indicates that the sample:
belong to a single species, two clades in the phylogenetic tree and data from the Automatic Barcode Gap Discovery
(ABGD) indicate that there are two major groups of C. inflata in Indonesia, implying cryptic species.
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Introduction cover equal to or greater than that of scleractinian

corals (Tursch and Tursch, 1982; Dinesen, 1983; Dai,
The sub-class Octocorallia (Cnidaria: Anthozoa) 1988; Riegl et al., 1995; Fabricius, 1997).

contains more than 2,000 species which are spread

all over the world and occur in a variety of habitats There are about 96 soft coral genera belonging

(Bayer, 1973; Fabricius and Alderslade, 2001). to 23 families in the Indo-Pacific (Fabricius and

Octocorals have polyps with eight pinnate tentacles Alderslade, 2001). Manuputty (2002) notes 28

and internal calcareous skeletal elements, termed genera of soft corals in 4 families occuring in

Indonesian waters, one of which is Clavularia.
Clavularia (Blainville, 1830) spp., belonging to the
suborder stolonifera, are zooxanthellate soft corals,
with every single polyp connected to the base. Polyps
can be pink to brownish gray and measure about 30
mm in diameter. Stolons are brown to dark red, and
are often covered by algae or sponges (Fabricius and
Alderslade, 2001). Clavularia inflata was first
described from Ternate island, Indonesia (Schenk,

sclerites. The octocoral order Alcyonacea (soft corals)
is the largest in number of species. The species of this
order may or may not contain symbiotic algae in their
tissue (they are zooxanthellate vs. azooxanthellate
species, respectively). Alcyonacea are found in
abundance in coral reef habitats in most of the Indo-
West Pacific and play an important ecological role,
often occurring in percentages of benthic substrate
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1896). Utinomi (1953) later reported C. inflata from
Japan and Taiwan.

DNA barcoding has been envisioned and
widely promoted as a reliable technique by which
unidentified specimens can be assigned to known
species by comparison to a reference database of
molecular exemplars (Hebert et al., 2003). At this
time the use of DNA barcodes is widely spread
because it has several advantages: (1) DNA
accurately distinguishes groups that have the same
morphological character (Bingpeng et al., 2018), (2)
it can identify species at different stages of the
developmental cycle (Hubert et al., 2010), and (3) it
can be used to help identify specimens that are
damaged and incomplete (Prehadi et al, 2015).
Similarly, it can be used to identify material such as
processed fish or shellfish found in seafood products
and thus assist in the authentication of fishery
products (Abdullah et al., 2020) for traceability of
marine fisheries. A molecular approach has been
used successfully to identify marine biota at the
species level in a number of different taxa, i.e. soft
corals (McFadden et al., 2006a; McFadden et al.,
2009; Benahayu and McFadden 2011; Mc Fadden et
al., 2014; Kusuma et al., 2016), fish (Jefri et al.,
2015; Prehadi et al., 2015; Sembiring et al., 2015;
Madduppa et al., 2016; Toha et al., 2020; Fadli et al.,
2020; Madduppa et al., 2021), giant clams (DeBoer
et al., 2008), sea squirts (Anzani et al., 2019), coral
reef fish (Ackiss et al.,, 2013), small crustaceans
(Hazeri et al., 2019), sea turtles (Madduppa et al.,
2019), sponges (Madduppa et al., 2015), horse shoe
crabs (Aini et al.,, 2020), crown-of-thorns starfish
(Vogler et al., 2013), cephalopods (Kholilah et al.,
2021), gastropods (Selaky et al., 2017), and sea
cucumbers (Madduppa et al., 2017).

Soft coral research in Indonesia has been
limited to assessing the biological aspects and
distribution of soft corals (Manuputty, 2002, 2008,
2010). Phylogenetic relationships in Clavularia
tropical soft corals have been studied by McFadden
and Ofwegen (2012). To date, DNA barcoding has
been carried out for a number of species of
Clavulariidae: Clavularia borealis (Moore et al.,
2017), Hanabira yukibana (Lau et al., 2019),
Inconstantia procera, I. pannucea, Carijoa riisei, Arula
petunia, Cornularia pabloi (Mc Fadden and Ofwegen,
2012) and Trachythela rudis (Quattrini et al., 2014).

More recently, the use of molecular
identification for soft corals has also become a
supporting tool in describing or determining new
species (Benahayu and McFadden, 2011). The
results of identification can also aid in delineating
boundaries between species that have not been
revealed previously (McFadden et al., 2006, 2009;
France, 2007). The genetic information for marine

organisms in Indonesia is still sparse (Madduppa et
al., 2021). Therefore, this study aimed to apply DNA
barcoding on samples putatively identified as
Clavularia inflata collected from a suite of Indonesian
coral reefs in order to verify species identity and
assess the potential existence of cryptic species.

Material and Methods
Study sites, specimen and tissue sampling

Sampling of specimens and tissue was
conducted sporadically between February and August
2018 at 13 sites (Anambas, Natuna, Tanjung
Lesung, Kepulauan Seribu, Madura, Kangean,
Bontang, Lombok, Manado, Wakatobi, Morotai, Kon,
and Maluku Tenggara Barat; Table 1.).

Sampling was carried out using a purposive
sampling approach. Purposive sampling is a
nonprobability sampling technique in which the
researcher selects the sample according to its
presence (Etikan et al., 2016). This can reduce the
risk of an insufficient number of samples.
Furthermore, the selection of research sites
considered the spread of Clavularia inflata in
Indonesia and information from diving clubs and
divers. Samples were taken from between 4 and 7
colonies at each site. A colony, referring to an
individual, was defined as a discrete patch of polyps
connected by stolons, and only colonies more than 3
m apart were sampled (Bastidas et al., 2002). A total
of 25 sample mtDNA sequences were obtained from
13 locations across Indonesia coral reefs (Figure 1).

During the dive, each sample was stored in a
sample tube filled with seawater. Back on board,
samples were transferred into sterile sample bottles
of 10 ml volume filled with 97% ethanol. Upon arrival
in the laboratory, the samples were then stored in the
freezer at a temperature of 4°C. Sampled colonies
were documented before each sample was taken
using a Canon G16 camera in underwater housing.
For each colony, a wide-angle photo of the colony and
its surrounding environment and a close-up photo
were taken.

Molecular analysis

DNA was extrated from tissue samples using
the gSYNC DNA Extraction Kit for Blood and Tissue
from Geneaid. DNA extraction followed the standard
protocol of the manufacturer, modified and optimized
for the genomic DNA extraction from Clavularia
inflata. Approximately 40 mg of tissue sample were
ground and put into 1.5 ml microcentrifuge tubes,
150 ul GST Buffer and 20 ul Proteinase K were
added, and the samples were then vortexed. The
samples were incubated at 60 °C over night.
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Figure 1. Sites of tissue and specimen sampling at 13 coral reef locations across Indonesia

Table 1. Sampling sites and number of samples of Clavularia inflata across Indonesian coral reefs

Sampling sites

Number of samples

Position

Anambas

Natuna

Tanjung Lesung
Kepulauan Seribu
Madura

Kangean
Lombok

Bontang

Manado
Wakatobi

Morotai

Kon

Maluku Tenggara Barat (MTB)

NN

NNNEPWOWNMNNNENN

3°23'27.2"N 106°08'56.0"E
4°00'12.1"N 108°24'45.8"E
6°28'43.7"S 105°39'31.3"E
5°38'38.4"S 106°33'25.0"E
7°12'03.7"S 114°02'55.8"E
6°50'33.7"S 115°13'40.1"E
8°43'25.7"S 115°57'42.5"E
0°04'40.6"N 117°33'50.9"E
1°32'42.9"N 124°48'55.2"E
5°28'05.9"S 123°42'49.2"E
2°02'42.1"N 128°17'27.4"E
3°55'26.8"S 131°12'33.8"E
8°14'41.4"S 130°42'28.3"E

Mitochondrial DNA mtMuts partial gene
fragments were amplified by using ND42625F (5-
TACGTGGYACAATTGCTG-3) (Lepard 2003) and Mut-
3458R (5-TSGAGCAAAAGCCACTCC-3) (Sanchez et al.,
2003). The PCR reaction was carried out in a total
volume of 25 pl, including 12.5 pl MyTag™ Red Mix -
Bioline, 10 mM of each primer (Foward and Reverse)
at a volume of 1.25 pl, 9 pl deionized water (ddH20),
and 1 ul DNA template. The mixture was run in a
thermal cycler by using the following PCR cycle: pre-
denaturation at 95°C for 3 mins, followed by 35
cycles of denaturation at 95°C for 30 sec, annealing
at 50°C for 30 sec, and extension at 72°C for 1 min.

DNA product quality was checked by using an
electrophoresis chamber. The 1 % agarose gel and
DNA dye Ethidium Bromide (4pl) were used as gel
agarose media of electrophoresis. A total of 1yl PCR
product was loaded and inserted in agarose wells.
The electrophoresis process was run using an

electrophoresis machine with a voltage of 100 V-
135V and a current of 400 mA, with a time of 35
minutes. Electrophoresis results were visually
inspected using an an Alphamager Mini doc gel
machine, and the photos of the results stored
digitally. PCR products of sufficient quality were then
sequenced by using a modified Sanger protocol
(Sanger et al., 1977) at Firstbase Company, Malaysia.

Data analysis

Sequences were edited and aligned using
MEGA 6.06 (Molecular Evolutionary Genetic Analysis)
(Tamura et al., 2013). After editing and aligning, DNA
sequences were trimmed to reduce the negative
impact from alien oligonucleotide sequences in the
read end (Criscuolo and Brisse, 2013). The aligned
data was matched in the NCBI (National Center for
Biotechnology Information) search system using
BLAST (Basic Local Alignment Search Tool) accessed

DNA barcoding of Clavularia inflata in Indonesian coral reefs (B. Subhan et al.)
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via the website http://blast.ncbi.nim.nih.gov, and
percent identity and query cover noted. The percent
identity is a quantity that explains how similar the
query sequence is to the target sequence (number of
characters in each sequence that are identical). The
higher the percent identity is, the more significant the
match. The query cover is a number that describes
how much of the query sequence is covered by the
target sequence. All sequences were deposited in
BOLD systems under the project “DNA barcoding of
Clavulariidae in Indonesia” (http://www.boldsystems.
org). Species delineation by determining the number
of Operational Taxonomic Units (OTUs) based on
pairwise sequence distances between individuals
within the dataset was applied with the Automatic
Barcode Gap Discovery (ABGD) tool (Puillandre et al.,
2012).

Phylogenetic  tree  reconstruction  with
Neighbor-Joining and Maximum Likelihood was
performed in MEGA 6.06. Re-sampling characteristics
used non-parametric bootstrapping with 1000
replications per bootstrap to visualize the branch in

MEGA 6.06. For DNA evolution, there are many
models that can be used to reconstruct a
phylogenetic relationship. Initially, the best-fitting
model was searched by using Find Best DNA/Protein
(ML) in the MEGA 6.06 Program. The Tamura 3-
parameter model was used to select the best-fitting
model based on maximum likelihood. To analyze
genetic distance, the Neighbor-Joining (NJ) method
and a Kimura 2-parameter model were used. 1000
replicates per bootstrap were used, and out-grouped
with the species Eunicea flexuosa (accession
number: KC310539.1) to root the trees.

Results and Discussion

The molecular identification (Table 2.)
confirmed that all tissue samples belonged to
Clavularia inflata, with a high percent identity (92% -
100%) and query cover of 95-100%. Most of the
percent identity was between 99-100%; only four of
the 25 samples (from Kon and Bontang) had a
percent identity value below 99%.

Table 2. Quality of molecular identification of sample sequences collected from the different sampling sites, showing ID numbers
used in BLAST searches on NCBI, maximum identification (%), and query cover (%). All samples were identified as

belonging to Clavularia inflata.

ID Number Sampling sites Max. Ident (%) (QD/;J)ery Cover
ITK SC ANAMBAS 02 Anambas 99 99.84
ITK SC ANAMBAS 01 Anambas 99 100

ITKSCNAT17 Natuna 100 100
ITKSCNAT13 Natuna 100 100
ITKTLSC23 Tanjung Lesung 99 100
ITKTLSCO9 Tanjung Lesung 99 100
ITKPJGSC10 Kep Seribu 99 100
ITKPJGSCO9 Kep Seribu 99 100
ITK MDR SC 05 Madura 99 100
KANG 01 Kangean 99 100
KANG 02 Kangean 99 100
ITKLMBKSC 1_12 Lombok 99 100
ITK LMBK SC 1_06 Lombok 929 100
ITK BON SC 32 Bontang 94 99.46
ITK BON SC 35 Bontang 914 99.46
ITK MER SC 03 Manado 100 99.49
ITK MER SC 02 Manado 100 99.49
ITK WKT SC 09 Wakatobi 99 95.76
ITK MER SC 10 Manado 100 99.49
ITK MOR SC 05 Morotai 100 100
ITK MOR SC 07 Morotai 99 100
ITK KON SC 07 Kon 93 99.82
ITK SC KON 16 Kon 92 100
ITK MTB SC 48 Maluku Tenggara Barat 99 99.96
ITK MTB SC 50 Maluku Tenggara Barat 99 99.96

DNA barcoding of Clavularia inflata in Indonesian coral reefs (B. Subhan et al.)
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Table 3. Summary statistics for nucleotide frequency distribution of Clavularia inflata sequences (n = 25) across the 13 sampled

Indonesian coral reef locations

Nucleotide base Min Mean Max
C% 16.24 16.35 17.29
G% 18.78 19.31 20.47
A% 28.60 30.22 30.63
T% 33.28 34.12 34.52
- 86| ITKMTB SC
TKP)GSC09 .
ITK MTI
TKTLSC23 e "_QBE’(‘
TKPIGSC10 SC2:
TK MDR 5C 05 | ITKPIGSCo9
TK MTB 5C 3| ITKPIGSCIO
TK MTB SC ITK MDR SC 05
85| ITK LMBK SC 106
19[] ITK LMBK 5C 1 06 )
ITK LMBK 5C 112 K.ANj Dj
TTOr KANG O
KANG 01 ITK LMBK SC 112
. L ITK SC ANAMBAS 02
ITK SC ANAMBAS 02 i
73 gor ITKBON 5C32 o ITK SC ANAMBAS 01
‘ [ TK BON SC 35 1l 11K MOR SC 07
98] ITK KON SC 07 ITKTLSCO9
) FSI_— ITK SC KON 16 B0 117K MOR SC 05
ITK SC ANAMBAS 01 ITKSCNATI?
ITK MOR 5C 07 ITKSCNAT13
ITKTLSCO9 Clavularia inflata voucher RMNH:Coel. 40903,
ITK MOR 5C 05 557 | Clavularia inflata voucher OKA170530-01
ST ITKSCNATI? Clavularia inflata voucher OKA170530-01
ITKSCNAT13 og— ITK BON 5C 32
Clavularia inflata voucher RMNH:Coel. 40903, [ ITK BON SC 35
Clavularia inflata voucher OKAT70530-01 98 ITK KON 5C 07
Clavularia inflata voucher OKA170530-01 76 ITK SC KON 16
ITK MER SC 03 ITK'WKT 5C 09
ITK MER 5C 02 . ITK MER SC 03
ITK MER SC 10 “og] ITK MER SC 02
ITK WKT SC 09 ITK MER 5C 10
Eunicea flexuosa Eunicea flexuosa
— —
002 oo
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Figure 2. Phylogenetic tree of 25 sequences Clavularia inflata constructed using (A) Neighbor Joining (NJ) and (B) the Maximum
Likelihood method with Kimura 2 Parameter model, bootstrap value 1000x.

The results of genetic analysis confirmed the
entire study samples as belonging to Clavularia
inflata. The phylogenetic trees constructed from the
25 nucleotide base chain sequences derived from the
samples using Neighbor Joining and Maximum
Likelihood show two large clades (Figure 2.).

The 25 sequences generated from Clavularia
inflata show a nucleotide composition of A= 30.22%,
T= 34.12%, C= 16.35%, G= 19.31% (Table 3.). The
nucleotide composition of all sequences was related
to the genetic distances between individuals. Sample
ITK WKT SC 09 from Wakatobi had the highest
genetic distance to other samples in this study (Table
4.). The number of OTUs generated by ABGD based
on the Kimura-2-parameter model (K2P) varied from

2 to 5 (Figure 3.). The initial partition at a prior
intraspecific divergence (P)= 0.001-0.007 produced
3 OTUs, while a Recursive partition at a prior
intraspecific divergence (P)= 0.0129-0.1 produced 2
OTUs.

All samples used in this study could be
unequivocally identified as belonging to C. inflata by
means of molecular tools. The use of molecular
identification for soft corals has become a regular tool
for describing or determining new species (Benahayu
and McFadden, 2011). Furthermore, the results of
molucular identification can also provide support in
delineating boundaries between species that have
not been previously revealed (France, 2007;
McFadden et al., 2009).

DNA barcoding of Clavularia inflata in Indonesian coral reefs (B. Subhan et al.) 5
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DNA sequences of C. inflata are still rarely
found in genetic databases. For example, there are
only eight mtMuts sequences n GenBank, each
originating from either Okinawa/Japan or Palau. As
this study has contributed an additional 25 Clavularia
inflata sequences to a database that is freely
available to the public, the results from this study can
enrich the information base for barcoding of soft
corals elsewhere because the samples were taken
across a range of nearly 4000km throughout
Indonesia. The available sequences will also be
beneficial for DNA barcoding identification. Additional
information from this research can help in studying
and deciphering complexities in the clavulariidae
family in particular or soft corals in general.

Information from ABGD shows that there are
two major groups of C. inflata found in Indonesia. The
two groups were also seen in the phylogenetic tree,
namely the group from the first clade originating from
Wakatobi and Manado and the second clade from
samples originating from Tanjung Lesung, Kepulauan
Seribu, Maluku Tenggara Barat, Lombok, Madura,
Anambas, Bontang, Kon, Natuna, Kangean and
Morotai. Currents are one of the factors that causes
genetic similarity in the same species in different
locations (Knittweis et al., 2009). Wakatobi and
Manado are passed by the ITF which moves through
the Pacific, passing by Manado and then to the south
via Wakatobi. This is likely responsible for the higher
genetic closeness at these compared to other
locations. The observation of two major groups
indicates the possibility of the presence of cryptic

species in this type. The potential for identification of
cryptic species and genera using mtDNA barcodes is
still high, as evidenced by the outcome of biodiversity
studies in the Red Sea and elsewhere (McFadden et
al., 2006a, 2009). Previous research using visual
tools identified C. inflata var. luzoniana May 1899
(Roxas, 1933) in the Philippines, which has different
morphological characteristics from Clavularia inflata.
However, genetic information about the variant is not
yet available, so this study cannot be compared
genetically. The hypothetical existence of two species
in this study region could eventually be confirmed by
using other primers on different loci of DNA. The
species  partition  hypothesis needs further
exploration, such as the inclusion of more than one
locus as additional information, since a single locus is
not strong enough to develop reliable species
hypotheses (Puillandre et al., 2012). In a previous
study of Alcyanium, interspecific genetic distances
were twice greater for msh1 than COI, each marker
identified similar numbers of species, and the
extended COI + igrl + mshi barcode more effectively
discriminated sister taxa (McFadden et al., 2011).

DNA barcoding is an important tool to support
the management of biological resources, one of
which are soft corals. As soft corals are among the
species that are difficult to identify morphologically,
DNA barcoding data are very valuable for identifying
them. Studies that combine molecular character-
state data (i.e. barcodes) with traditional
morphological taxonomic approaches have greatly
improved our understanding of species boundaries
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Figure 4. The number of genetically distinct Operational Taxonomic Units (OTUs) according to the recursive partition (red dots)
and initial partition (yellow dots) at a prior intraspecific divergence value generated by Automatic Barcode Gap Discovery

(ABGD) based on the Kimura-2-parameter model (K2P).
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Table 4. Pairwise comparisons based on mean Kimura-2-parameter (K2P) distances between Clavularia inflata across the sampled Indonesian coral reef locations. Locations for each sample ID are given
in Table 2
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Sample Id

ITK SC ANAMBAS 02

ITKSCANAMBAS 01 0,003

ITK BON SC 32 0,038 0,038

ITKBON SC 35 0,038 0,038 0,003

KANG 01 0,002 0,002 0,04 0,04

KANG 02 0,002 0,002 0,04 0,04 0

ITK KON SC 07 0,03 0,033 0,031 0031 0031 0,031

ITK SC KON 16 0,042 0,042 0,04 0,04 0,044 0,044 0,03

ITK LMBK SC 12 0,002 0,002 0,04 0,04 0 0 0031 0,044

ITK LMBK SC 06 0,002 0,002 0,04 0,04 0 0 0031 0,044 0

ITK MDR SC 05 0,002 0,002 0,04 0,04 0 0 0031 0,044 0 0

ITKMER SC 03 0,012 0,009 0,033 0,033 0,01 0,01 0,042 0,047 0,01 0,01 0,01

ITK MER SC 02 0,012 0,009 0,033 0,033 0,01 0,01 0,042 0,047 0,01 0,01 0,01 0

ITK MOR SC 05 0,007 0,003 0,038 0038 0,005 0005 0,037 0042 0,005 0005 0,005 0,005 0,005

ITKMOR SC 07 0,003 0 0038 0038 0002 0002 0033 0042 0,002 0002 0,002 0009 0,009 0,003

ITKMTB SC 48 0,005 0,005 0,044 0044 0,003 0003 0,035 0,047 0003 0,003 0003 0014 0014 0,009 0,005

ITK MTB SC 50 0,005 0,005 0,044 0044 0,003 0003 0035 0,047 0003 0,003 0003 0014 0014 0,009 0,005 0

ITK SCNAT17 0,007 0,003 0,038 0038 0,005 0005 0,037 0042 0,005 0005 0,005 0,005 0,005 0 0,003 0,009 0,009

ITK SCNAT13 0,007 0,003 0,038 0038 0,005 0005 0,037 0042 0,005 0005 0,005 0,005 0,005 0 0,003 0,009 0,009 0

ITK PJGSC10 0,002 0,002 0,04 0,04 0 0 0031 0,044 0 0 0 0,01 0,01 0,005 0,002 0,003 0,003 0,005 0,005

ITK PJGSCO9 0,002 0,002 0,04 0,04 0 0 0031 0,044 0 0 0 0,01 0,01 0,005 0,002 0,003 0,003 0,005 0,005 0

ITK TLSC23 0,002 0,002 0,04 0,04 0 0 0031 0,044 0 0 0 0,01 0,01 0,005 0,002 0,003 0,003 0,005 0,005 0 0

ITK TLSCO9 0,005 0,002 0,04 0,04 0,003 0003 0,035 0044 0,003 0,003 0,003 0,007 0,007 0002 0002 0007 0007 0,002 0002 0,003 0003 0,003
ITK WKT SC 09 0,048 0,044 0,066 0066 0,046 0046 0,073 0073 0046 0,046 0046 0,038 0038 0,044 0044 0,049 0049 0044 0,044 0046 0,046 0046 0,046
ITKMER SC 10 0,012 0,009 0,033 0,033 0,01 0,01 0,042 0,047 0,01 0,01 0,01 0 0 0005 0,009 0014 0,014 0,005 0,005 0,01 0,01 0,01 0,007 0,038
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and intracellular relationships and have identified
new, diagnostic morphological character states
useful for field identification in several speciose and
ecologically important genera of octocorals
(McFadden et al., 2006a, 2009; France, 2007). C.
inflata is known to possess biomedical properties
(Sheu et al., 2019) but is also traded as an
ornamental animal for marine aquaria (Wabnitz et al.,
2003). The data presented here can later be used as
a basis for tracking the sources of invasive origin or
introduced species in other regions. For example,
observations in Brazil have found Clavularia cf. viridis
soft corals invading benthic substrate. The presence
of these invertebrates is assumed to originate from
the ornamental aquarium trade sourced from the
Indo-Pacific region (Mantelatto et al., 2018).

Conclusion

Molecular analysis confirmed all samples as
belonging to C. inflata. The combination of different
genetic tools in this study suggests the presence of
cryptic species in this type. Further studies using
additional molecular markers and morphological
characteristics are suggested to further explore the
possibility of cryptic species.
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