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The results of a review article entitled “Molecular characteristics and taxonomic status of
morphologically similar barnacles (Amphibalanus) assessed using Cytochrome C Oxidase 1 gene”

1. What are the characteristics of the five water sampling locations (lines 12 & 13)
Resnponse: due to words limitation on the abstract, ecological characteristics are placed in the method.

2. What were the reasons for the five locations being selected as sampling sites (lines 12 & 13)
Resnponse: due to words limitation on the abstract, ecological characteristics are placed in the method.

3. What are the results of Pitriana et el's (2020) research regarding the COI gene as a molecular

marker for the identification of barnacles in Maluku (lines 67 & 68)

Response: It has clearly stated on Line 67 & 68 that COI gene is a reliable marker for species
identification of barnacles

4. Is it enough for 5 locations to see the connectivity of the population of barnacles throughout

Indonesia (lines 73 & 74)

Response: We did not explained about connectivity among barnacles populations in Indonesia based
on 5 localities. The statement on Line 73 & 74, we would like to provide an example about the
important of precise taxonomic status of barnacle (resulted from taxonomic study like our current
study). Of course, connectivity study need more sampling sites and covers all part of Indonesian region
from Sumatera to Papua. After we obtained valid taxonomic status of our samples, in further study, we
will sample barnacle from more sampling sites representing western, center, and eastern Indonesia.

5. How to consider the western and eastern monsoons as a basis for sampling consideration. While

sampling was only carried out in the eastern monsoon (lines 79 until 81)

Response: | thought there is misunderstanding about the term of western and eastern monsoons (in
Indonesia is musim barat dan musim timur), not monsoon in the western and eastern (bukan musim di
bagian barat dan bagian timur). Therefore, all sampling sites are affected by western and eastern
monsoons

6. What is the percentage difference in nucleotides, so that a species can be said to be different

genetically (lines 146 & 147)
Response: has been added in the discussion

7. What is the genetic distance, so that a species is said to be different (lines 161 & 183)

Response: it has been clearly discussed about how samples could be determined belong to different
species based on genetic distance (Line 208 — 229)

8. There were 43 samples from Lampung, Semarang, Bali and Lombok grouped into A. reticulatus,
while 2 samples from Jakarta were grouped into A. variegatus. The location of Jakarta is relatively in
the middle based on geography, how can this distribution case be explained by monsoons (lines 188
until 191 & lines 79 until 81).

Response: All marine ecosystems in Indonesia are affected by monsoons including Java Sea.
Therefore, wherever we collect marine organism samples from Indonesia sea, they will be affected by
monsoons, including Jakarta Bay which is located in Java Sea (see Pramita et al. 2020 and other
references)

9. On the background of this study, it is stated that the purpose of this study is to see the connectivity
of the population of barnacles throughout Indonesia (lines 73 & 74), and the basis for sampling based
on monsoons. But in this paper, the connectivity based on monsoon has not been discussed. Logically,
in the farthest or remote locations will have a different sample character (species), in fact, the sample
relatively in the middle (Jakarta) has different species, this has not been discussed in this paper.



Response: we did not state that connectivity analysis is among the purpose of this study. We only
stated that the result of this study about taxonomic status is important for further study such as study
on connectivity.
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Species identity and molecular characteristics and-taxenomic-status-of
morphologically similar barnacles (Amphibalanus) assessed using
Cytochrome C Oxidase 1 gene

Abstract. Historically, Amphibalanus variegatus and A. reticulatus are-the-were included as members of the perplexing Balanus
amphltrlte species complex._Like other members |n the group, Fthey have similar me#phelegymorpholoqles A\Amaklnq species
discrimination significantly difficult. —Molecular
characterization using mitochondrial gene cytochrome c oxidase 1 (COIl) gere—provides-has Qroven an excellent tool for precise
species identification of morphologically identical-similar species. This study aimed to assess the meleeutar-characteristiesidentity of
morphelogicathysimilarAmphibalanus barnacle (Amphibalanus)-specimens collected at five localities in Indonesia to validate their
taxonomic status—Amphibalanus-samples-were-ecoHeetedfrom and assess their distribution at Lampung, Jakarta, Semarang, Bali, and
Lombok. Fhe-A portion of the COI gene was amplified using the primers LCO1490 and HCO2198-primers—Fheand the PCR product
gene-was sequenced using bi-directional sequencing-at-1*base-Asia. Taxonomic status of the specimens was determined based on
sequences identity, genetic distance, monophyly, nucleotide compositions, and nucleotides in a—particular positions. Forty-five
barnacle specimens were collected during-from the field_sites-trips. Birect-Initial identification, according to shell shapes, placed
classed all barnacle-specimens inte-as A. reticulatus. However, based on their molecular characteristics, 43 samples were identified as
A. reticulatus, while the two remaining samples were identified as A. varlegatus Morphologlcally 5|m|Iar Amphlbalanus have
significant differences in their molecular characteristics- T
A-variegatus but can be differentiated and identified on the basis of their molecular characteristics.

Keywords: Amphibalanus, Balanus, genetic distance, identification, species complex
Abbreviations (if any): COI = cytochrome ¢ oxidase 1; BLAST = basic local alignment search tool
Running title: Molecular characteristics of morphologically similar barnacles

INTRODUCTION

Barnacles is-are the only sessie-crustaceans that are sessile, which-shews-theand consequently are -morphologically
distinct from all other taxa, difference-to-the-other—crustacean,: H-hasincluding at both the planktonic larvale and sessile
adult stages (Chen et al., 2014). +-is-aThey are cosmopelite-cosmopolitan organisms in the marine environment, that
inhabits a broad range of habitats—ranging from deep-sea ocean to intertidal zones (Jones 2012). Nevertheless, mest-the
greatest diversity of barnacles live in intertidal and sub-tidal zones (Fertl & Newman 2018) where they are easily
observed. Despite being distinguishable from other crustaceans, high variability within barnacle taxa makes identification
among species difficult.

Barnacle systematics have been refined over the last several decades with Superoder Thoracica is-encompassing the
most dominant group.-efbarracle): Adults individuals-of this taxon of these-barnacles-group-arelive attached permanently

Commented [JZ1]: It might be more appropriate to cite Darwin:
Darwin, C.R. (1854) A Monograph on the Sub-class Cirripedia, with
Figures of All the Species. The Balanidae, (or Sessile Cirripedes); the
Verrucidae, etc., etc., etc. The Ray Society, London.
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in-to a wide range substrates and-including other living organisms (Power et al. 2010). Within Thoracica, there-is-an-order
called Order Sessilia; which-censisted-consists of several families, including the speciose Balanidae. Balanidae-which is
divided into_three extant subfamilies Balaninae, Amphibalaninae, and Megabalaninae (Pitriana et al. 2020). Because of
morphological variation, species |dent|f|cat|0ns in thls family can be partlcularly challenging, espeually Wlthln the genus
Amph|balanus (Pltnana et aI 2020).

Balanu lﬁaw enry and
McLaughIm (1975) stated that beth—gene;a—are—d#ﬁe;entspeues d|fferences in thls group depend in-on the presence of

dentlcles in the labrum and the colour pattern of panetal—garles and sheath—m—Ampralanus—ha—the—peHed—that

Commented [JZ3]: These two would be appropriate references:

Newman, W.A. & Ross, A. (1976) Revision of the balanomorph
barnacles; including a catalog of the species. Memoirs of the San
Diego Society of Natural History 9: 1-108

Pérez-Losada, M., Hgeg, J.T. & Crandall, K.A. (2004) Unraveling the
evolutionary radiation of the thoracican barnacles using molecular
and morphological evidence: A comparison of several divergence
time estimation approaches. Systematic Biology, 53: 244-264
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2014; Shahdadi et al. 2014; Pochai et al. 2017), A. reticulatus (Pitombo 2004; Pochai et al. 2017) and A. variegatus
(Pitombo 2004; Horikoshi and Okamoto 2005), are easily mistaken for each [otherl

Amphibalanus amphitrite is characterized by having a conical to a-round shell. Amphibalanus reticulatus has a conical
or cylindrical shell—The-characteristics and the shell of Amphibalanus-A. variegatus are-is steeply conical shell-or tubular
in crowded populations (Pitriana et al. 2020). The-similarities—in—general-merphelogy—of thosethreemightcause
mrsrelentlireatren—espeelally—fer—leeg%mel;taxenenmet Accordmg to Henry and McLaughlln (1975) e e
reticulatus and A. variegatus . ; asy can be
differentiated them-solely leaseekemtherrl morphology ltewasrturther—stateelJeyFurthermore Chen et al. (2014) and
Pitriana et al. (2020) state that the three species of-Balanus—amphitritein this [complex] can generally be differentiated
through anatomical analysrs of thelr shell tergum and cirri, and the colour pattern en—of their shells. However
Hdentifications o W m N re particularly challenging because-they
haveeverlappmg@eegnapmc—ehembuhemn m|xed populatlons Where gradations in morphology are present and all three
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species overlap geographically in the Indo-Pacific (Jones and Hosei, 2016). Amphibalanus amphitrite is widely distributed
over the Warld-world from tropic to subtropical regions (Henry and McLaughlin 1975; Chen et al. 2014). At the same
time, A. reticulatus is an |nd|gen0us species in_the Indo-Pacific (Carlton et al. 2011), including the Indonesian

Archipelago. [AlthoughlA mphibalanus. variegatus has a narrower geographic distribution, Indonesia regien-still belongs to

Formatted: Font: Italic

its geographic range, whremsthe—lnele—west—llaelflereglens(Henry and McLaughlin 1975; Jones and Hosie 2016).

istDifficulties in identifying species morphologically
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can be resolved by usmg themolecular characters for spet:les determination. The mitochondrial gene cytochrome ¢ oxidase
subunit 1 (COI) has become a standard marker in animal characterization during species-level identification (Riehl et al.
2014; Raupach and Radulovici 2015; Karanovic 2015). +-is-bBecause the eytechrome-c-oxidase-2COI gene has-is a highly
variable fragment, which-it can be decisive for species differentiation of morphologically identical species (von der
Heyden et al. 2014), such as members of speciesB—amphitrite complexes (Chen et al. 2014). Taxonomic status of the
samples can be determined based on sequences identity (Nuryanto et al. 2017; Bhagawati et al. 2020). Other parameters
are genetic distance and monophyly of the specimens to the-conspecific references (Kusbiyanto et al. 2020, Nuryanto et al.
2018). It has been reported those variable genetic distances between and among species or within and among families and
orders were observed (Pereira et al. 2013). |

Previous studies had-have preven-shown that the COIl gene is a reliable marker for species-level identification of
crustaceans (da Silva et al. 2011; Jeffery et al. 2011), including speciesmembers of an amphipod species complex (Weis et
al. 2014). Other studies were-have also proved-shown that the COl gene is alse-a powerful marker te—for separate
separating morphologically identical species (Camacho et al. 2011; Bilgin et al. 2015; Bekker et al. 2016). Moreover, the
COIl gene was-has also been reported as a reliable marker for species-level identification of specimens with limited
morphological characters, such as fish and crustacean larvae (Tang et al. 2010; Ko et al. 2013, Pereira et al. 2013;
Thirumaraiselvi et al. 2015; Palero et al. 2016; Palecanda et al. 2020). In the case of barnacles, the COI gene was-is alse
reported as a powerful molecular marker for speues |dent|f|cat|0n of barnacle specrmens from the Maluku islands of
Indonesia (Pitriana et al. 2020).-Howey

No study has leeeneleeeemheeharaetematmcharactenzed e#morphologmally S|m|Iar barnacle spe0|mens collected
from different-other localities in Indonesia._This study aimed to assess the-molecular characteristies—differences of
morphologically similar barnacle (Amphibalanus_spp.) specimens collected at five localities in the Greater and Lesser

Sunda Islands of Wlndone5|a to vahdate the|r taxonomlc status. Ihe—useel—ef—eyteehreme-&exrelase—l—gene—on

merphelegwal—relentrﬂeahemPrecrse taxonomic status is essentral |nformat|on for further studles of barnacles% and
for determining patterns of connectivity among barnacle populations across Indonesia-Archipelage. The data are vital as a

scientific basis for barnacle-speciesmeasures of biodiversity and ecosystem management in Indonesia.

MATERIALS AND METHODS

Sampling sites and laboratory examination

Barnacle samples were collected at five Iocal|t|es in Indonesia_from the islands of Sumatra, Java, Bali and Lombok,
pung (Figure 1). [The locations were selected by considering
current changes throughout the western and eastern monsoons and monsoon seasons in the Java Sea until Bali and Lombok
Straits. Barnacle samples were collected during the field trips in July and August 2020.

[ C d [JZ8]: The meaning of this sentence is unclear.
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INDONESIA

A JAVA SEA

INIDAN OCEAN

Figure 1. Indonesia archipelagos and sampling sites

Sample collection and morphospecies identification

Barnacle samples were collected from the shoreline manually using chisel and hammer—TFhat-sampling-technigue-was
apphied-because barnacles-are-Firmby-attached to detach them from their-to-the substrates. Fresh individuals were directhy
initially identified—categorized into morphospeues based on shell shape by ecemparing—comparison to previously
Chen et al. (2014). Afterwards, barnacle specimens were
96% ethanol for subsequent valldatlon usmq molecular characters Pwhwnapy—rdenﬂ#rea&en

publication—published accounts by
preserved in

DNA extraction and COI marker amplification
Total genomic DNA of the barnacle samples Mas extracted using chelex®100 (Walsh et al. 1994). Fragment-A

fragment oﬂ the eytochrome—c-oxidase-1COIl gene was multiplied-amplified using a polymerase chain reaction (PCR)
technique. Fhe-For amplification we used [My HS ready mix }emh%rnguln combination with a pair of standard primers,

Commented [JZ10]: Unpublished dissertations should not be
referenced.
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LCO1490: 5'-GGTCAACAAATCATAAAGATATTGG-3' as-the-forward primer-and-reverse-primer-wasand HC02198:
5-TAAACTTCAGGGTGACCAAAAAATCA-3' (Folmer et al. 1994). Thermal cyclinger was run-performed in-with the
following conditions: initial denaturation at 95°C for 3 minutes_followed by; five initial cycles eensisted-consisting of
denaturation en-at 95°C for 30 seconds, 66-secends-annealing en-at 48°C for 60 seconds, an-extension for-60-seconds-on-at
72°C for 60 seconds—Fhe-actual with a subsequent 35 cycles of amplification process-was-conducted-for-35-eycles-with
denaturation en-at 95°C for 30 seconds, annealing en-at 51°C for 45 seconds, and extension at 72°C for one minute-on
72°C. The-A final extension was performed at 72°C dene-for nine minutes en-72°C-and-followed the-by stere-stagestorage
at 8°Cfiveminutes. Extracted DNA and amplification products were visualized in SyBr-stained agarose gels over a UV
light trans-illuminator.

Data analysis

Forward and reverse sequences of all samples were assembled using Bioedit (Hall 2005) to obtain a complete
fragment. The complete sequences were translated to amino acid sequences using ORF finder online software
(https://www.ncbi.nlm.nih.gov/orffinder/) to ensure that functional fragments are-were obtained. All sequences were
checked for their identity to conspecific sequences available in GenBank using the basic local alignment search tool
(BLAST) technique. Multiple sequences alignment was performed using ClustalW (Thompson et al. 1994) in Bioedit (Hall
2005) and checked manually te-aveid-unnecessaryduplicate sites or gaps. All sequences had-have been deposited in
GenBank with the accession numbers from-MW196394 to MW196438.

Nucleotide content and number of polymorphic sites ef-eachper species were calculated using Arlequin 3.5. (Excoffier
and Lischer 2011). Monophyly of barnacle samples and-with their conspecific references was ebtained-confirmed through
phylogenetic analysis. Fhe-Pphylogenetic trees was—were reconstructed using neighbour-joining (NJ) and Maximum
Likelihood algorithms and-with a Kimura 2-parameter (K2P) substitution model in MEGAX (Kumar et al. 2018). The
reliability of tree topology was obtained from the outgroup comparison using other barnacle species harvested from
GenBank and 1000 bootstraps values. The outgroup specimens were Amphibalanus amphitrite KU204305, Amphibalanus
improvisus MG935146, Amphibalanus rhizophorae JQ035511, Amphibalanus eburneus MK240319, Amphibalanus
subalbidus MK308125, Amphibalanus zhujiangensis MK995341, Amphibalanus cirratus MG450353, Balanus glandula
MG319462, Semibalanus balanoides HQ987373, and Haptosquilla hamifera KMO074037. The distantly related
stomatopod speeimen-sequence was atse-used to ensure that all barnacle species formed a monophyletic group.

length?
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RESULTS AND DISCUSSION

Morphospecies concept

Forty-five total barnacle samples were obtained during-thefrom field trips in Lampung, Jakarta, Semarang, Bali, and
Lombok. Shell shape-based identification en-of fresh samples placed 45 barnacle specimens into a single morphospecies,
namely Amphlbalanus retrculatus The placement of the samples into a srngle morphospecies is—reasenable-because
y y is congruent with the criterion by
Claridge et al. (1997) that i-under_the morphologlcal specres concept specres status is only determlned based on
morphologrcal S|m|Iar|ty W

A

plaeemeh&wa&beeause%”%mpkﬂbalanus—speeie&haveSrmrlar to other studres (Prtombo 2004) the specrmens were

extremely similar in external morphology -especially-in-their-shel-shapes{Pitombe-2004). Therefore, it was reasonable

that skimming-visual identification en-of newly collected samples placed-gouped all samples-specimens into a single
species.

Molecular characterrstlcs

To en Hi i identify ic-staty
with molecular characterization. molecular characterrzatron aH—of the samples all specimens were subjected-to-molecularcharacterization-using-the
COlgene—Two-molecularcharacteristies-were assessed;—+-e- _for rucleotide-differences in particular nucleotide position
and nucleotide composition_using the COI gene.

Nucleotide differences

Pairwise comparison of nucleotide sequences of all barnacle samples preved-clearly indicated that the samples ean
were be-divided into two elear—distinct genetic groups. The first group consisted of 43 barnacle samples collected at
Lampung, Semarang, Bali, and [Lombok? The second group was-comprised only made—by-two barnacle individuals
collected in Jakarta. The nucleotide differences between these two morphologically similar samples are presented in
Table 1.

compare morphological

Table 1. Nucleotide differences between two groups of morphologically similar barnacles

Commented [JZ15]: All 43 specimens were genetically
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Commented [JZ16]: But they differed at 5 nucleotide positions
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Nucleotide Position

Group 12 14 23 32 74 77 83 95 116 125 143 146 162 164
Group L(n=43) C T A C Cc C T T ¢ A G A T A
Group 2.(n=2) T A T T T T A A T T T T ¢ T
167 182 185 191 194 204 206 212 228 230 239 263 264 266
Group 1 T T T T ¢ T A T ¢ T T ¢Cc ¢ T
Group 2 A C A A T C¢c T C T A C T T A
299 314 317 362 363 365 374 383 398 401 413 416 419 434
Group 1 T GA TC A ¢ T T T A C T A TC A
Group 2 G T A T T A A C T T A T A T
440 441 458 470 479 488 504 506 524 540 542 545 548 581
Group 1 A C T T T AC C T oT T A A T T
Group 2 c T A A A T T A A cCc Cc T A A

Based on the data presented in Table 2, both morphospecies groups have nucleotide differences at 56 positions. That

indicates that both barnacle groups are genetically different, indicating they might-indicate-that-they-arelikely belong to
differences species.

Nucleotide composition
Further analysns was performed to compare nucleotlde composrtron of the prevrously genetrcally different-identified

compesitions—Nucleotide-Computed nucleotide composrtlons of both genetlc groups are presented in Table 2.

Table 2. Nucleotide composition of two groups of morphologically similar \barnaclesl

. Nucleotide (%)
No Morphospecies Group C T A G
1 Group 1 17.42 37.70 29.17 15.71
2 Gorup 2 16.27 38.12 30.46 15.15

Commented [JZ17]: I think this table can be deleted, it doesn’t
provide any key information.
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Genetic species concept

Genetie-The genetic species concept can be applied in cases of-that-closedwhere related-speciesindividuals shewshave
a-highly similar morphologiesy. In that-such cases, species identification relying solely relied-on morphological characters
might-could lead to misidentification (Pitriana et al. 2020). Thus, genetic similarity can be assessed through sequence

identity, genetic distances, and monophyly of individuals (Bhagawati et al. 2020; Kusbiyanto et al. 2020). Genetie-With

the genetic species concept, is—a—eeneept—that-high genetic similarity in-between genetic—eenstituent—of-two or more
mlenduaIs ean%refe#edas m‘ers that they belongs toa smgle speues Claridge et al. (1997) m4eehmc—al-term—geneue

Basic local alignment search tool (BLAST) parameters

Sequence identity checks using the BLAST technique demonstrated preved-that 43 out of the 45 morphospecies had
high identity values to the sequences of A. reticulatus available in GenBank. The identity values were-ranged from
98.11% to 100%; and query cover ranged from 99% to 100%, and-withan [error value of 0]. However, the two
morphospecies had sequences identity values ranged-ranging from 99.53% to 99.84%, query coverage of 99%, and errore
values of 0 compared to A. variegatus in GenBank (MK995342, MK995343, and MK995345). Detailed data on BLAST
results are presented in Table 3.

It can be seen in Table 13, 43 morphospecies have a high sequence identity to A. reticulatus sequences deposited in
GenBank with high query cover and errer-low expect values of 0. Based on those BLAST parameters, 43 morphospecies
(BI_01 to Sr_15) are genetically identified as A. reticulatus. The two remaining morphospecies (Jt_02 and Jt_03) have
high BLAST identity to A. variegatus available in GenBank. According to the BLAST parameters in Table 13, these
both-merphospeciesthey are genetically identified as A. variegatus. The placement of these-these morphospecies into A.
reticulatus and A. varigatus is justified beeause-based on the—identity values were—that exceed hi
valuesthe 97% criterion as used in BeldBOLD system for species identity (Ratnasingham 2016; Ratnasingham and
Hebert 2007). High genetic homology among barnacle samples and their references species was lase-also reported by
(Pitriana et al. 2020). Similar phenomena were-have also been reported en-thefor other crustaceans (Bilgin et al. 2014;
Bhagawati et al. 2020; Kusbiyanto et al. 2020). Therefore, it can be stated that high genetic homology among individuals
within species is a common in wide range (Nuryanto et al. 2017; Ko et al. 2013).|

|Of course, there are some exceptions, that individuals from single species might have low sequence identities
(Karanovic et al. 2015; Lin et al. 2015). The phenomena are common in nature populations. By studying wide range of
taxa, we could realize that different groups of animals might show a different genetic homology within species. It proved
by da Silva et al. (2011) and Bucklin et al. (2010) that different group animal species showed highly variable genetic
homology and differences among intraspecific individuals. All those previous studies strengthen our decision that the
genetically difference barnacle morphospecies can be referred as two genetic spemesl
Table 3. The result of BLAST to conspecific sequences available in [GenBanlg
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Sample Query cover (%) E-Value Identity (%) Conspecific References Accession Number
BI_01 igg g gggg Amphibalanus reticulatus Eﬁggggg
Bl 02 100 0 99.84 Amph!balanus reticulatus KU204350
- 99 0 100.00 Amphibalanus sp. MK995352
Bl 03 100 0 98.28 Amph!balanus reticulatus KU204256
- 100 0 98.13 Amphibalanus reticulatus KU204346
BI_04 133 g gggg Amphibalanus reticulatus Eﬂggiggg
Bl 05 100 0 99.38 Amphibalanus ret@culatus KU204320
- 100 0 99.22 Amphibalanus reticulatus KU204369
Bl 06 100 0 100 Amphibalanus sp MK995349
- 100 0 100 Amphibalanus reticulatus KU204350
Bl 07 100 0 100 Amph!balanus reticulatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Bl 08 100 0 98.14 Amph!balanus reticulatus KU204256
- 99 0 98.13 Amphibalanus reticulatus KU204370
Bl 10 100 0 98.11 Amph?balanus ret@culatus KU204370
- 100 0 98.11 Amphibalanus reticulatus KU204256
Bl 11 100 0 98.42 Amphibalanus reticulatus KU204256
= 100 0 98.26 Amphibalanus reticulatus KU204346
Bl 12 100 0 99.84 Amph!balanus reticulatus KU204350
- 100 0 99.69 Amphibalanus reticulatus KU204370
Bl 13 99 0 98.13 Amphibalanus ret@culatus KU204256
- 100 0 97.83 Amphibalanus reticulatus KU204370
BI_15 100 0 99.69 Amphibalanus reticulatus KU204370
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Sample Query cover (%) E-Value Identity (%) Conspecific References Accession Number

100 0 99.53 Amphibalanus sp MK995349

Lb 01 99 0 98.13 Amph!balanus ret@culatus KU204256
- 99 0 97.97 Amphibalanus reticulatus KU204346
Lb 02 100 0 99.69 Amph?balanus ret@culatus KU204370
- 100 0 99.53 Amphibalanus reticulatus KU204350
Lb 03 100 0 99.84 Amphibalanus ret!culatus KU204320
- 100 0 99.68 Amphibalanus reticulatus KU204369
Lb 04 100 99.38 Amphibalanus ret@culatus KU204346
- 100 0 99.38 Amphibalanus reticulatus KU204256
Lb 05 100 0 99.53 /—\mph!balanus reticulatus KU204346
- 100 0 99.53 Amphibalanus reticulatus KU204256
Lb 06 100 0 100 Amphibalanus ret@culatus KU204370
- 100 0 99.84 Amphibalanus reticulatus KU204350
Lb 08 100 0 100 Amphibalanus ret@culatus KU204370
- 100 0 99.84 Amphibalanus reticulatus KU204350
Lb 09 100 0 100 Amphibalanus ret!culatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lb 12 100 0 100 Amph!balanus reticulatus KU204370
- 100 0 99.84 Amphibalanus reticulatus KU204350
99 0 100 Amphibalanus sp. MK995352

Lb_15 99 0 100 Amphibalanus sp. MK995351
99 0 99.83 Amphibalanus reticulatus KU204350

Lp 01 100 0 100 Amphibalanus reticulatus KU204350
= 100 0 99.84 Amphibalanus reticulatus KU204370
Lp_02 100 0 100 Amph!balanus ret!culatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lp_04 100 0 99.84 Amph!balanus reticulatus KU204350
- 99 0 100 Amphibalanus sp. MK995352
Lp_06 100 0 99.69 Amph?balanus ret@culatus KU204350
- 100 0 99.53 Amphibalanus reticulatus KU204370
Lp_07 100 0 100 Amphibalanus reticulatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lp_09 100 0 100 Amphibalanus ret!culatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lp_10 100 0 100 /—\mph!balanus reticulatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lp 12 100 0 100 Amphibalanus sp MK995349
= 100 0 100 Amphibalanus reticulatus KU204350
Lp. 15 100 0 100 Amphibalanus ret@culatus KU204350
= 100 0 99.84 Amphibalanus reticulatus KU204370
Sr o1 100 0 99.84 Amphibalanus reticulatus KU204256
- 100 0 99.53 Amphibalanus reticulatus KU204346
Sr 02 100 0 99.84 Amph!balanus reticulatus KU204350
- 99 0 100 Amphibalanus sp. MK995352
Sr 03 99 0 100 Amph!balanus ret!culatus KU204350
- 99 0 100 Amphibalanus reticulatus KU204261
Sr 04 100 0 99.69 Amph!balanus reticulatus KU204350
- 99 0 99.84 Amphibalanus sp. MK995352
Sr 05 100 0 100 Amph?balanus ret!culatus KU204350
= 100 0 99.84 Amphibalanus reticulatus KU204370
Sr 06 100 0 99.84 Amphibalanus reticulatus KU204350
- 99 0 100 Amphibalanus sp. MK995352
Sr 07 100 0 99.84 Amphibalanus sp MK995349
- 100 0 99.84 Amphibalanus reticulatus KU204350
Sr 09 100 0 100. /—\mph!balanus reticulatus KU204370
- 100 0 99.84 Amphibalanus reticulatus KU204350
Sr 10 100 0 99.84 Amphibalanus reticulatus KU204350
= 99 0 100 Amphibalanus sp. MK995352
Sr13 100 0 100. Amphibalanus reticulatus KU204370
= 100 0 99.84 Amphibalanus reticulatus KU204350
Sr 15 100 0 99.84 Amph!balanus reticulatus KU204350
- 99 0 100 Amphibalanus sp. MK995352
Jt_02 99 0 99.69 Amphibalanus Variegatus MK995345
99 0 99.53 Amphibalanus Variegatus MK995343
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Sample Query cover (%) E-Value Identity (%) Conspecific References Accession Number
Jt_03 99 0 99.84 Amphibalanus Variegatus MK995343
99 0 99.84 Amphibalanus Variegatus MK995342

Genetic distances

Kimura 2-parameter (K2P) genetic distance analysis showed that 43 identical morphospecies (Group 1) has-had low
values-dissimilarity compared to A. reticulatus in-sequences from GenBankL. The genetic distances were-ranged between
0.000% and 2/647%. At the same time, genetic distances among two morphospecies (Group 2) samples have-had low
values compared to sequences of A. variegatus in [GenBank| The values were ranged from 0.000% to 0.346%. Genetic
distance between morphospecies Group 1 and morphospecies Group 2 samples ranged from 12.964% to 14.438% Genetic

Table 4. Genetic distance among samples to conspecific [species]

Sample  Conspecific Sequences Accession Number Genetic Distance (%)
. . KU204370 0.173
BI_01 Amphibalanus reticulatus KU204350 0346
Bl 02 Amph!balanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 0.346
Bl 03 Amph@balanus ret!culatus KU204256 1.925
- Amphibalanus reticulatus KU204346 2.104
. . KU204370 0.173
BI_04 Amphibalanus reticulatus KU204350 0346
Bl 05 Amph!balanus ret?culatus KU204320 0.346
- Amphibalanus reticulatus KU204369 0.520
Bl 06 Amphibalanus sp MK995349 2.647
- Amphibalanus reticulatus KU204350 0.000
Bl 07 Amphibalanus reticulatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Bl 08 Amphibalanus ret!culatus KU204256 2.104
- Amphibalanus reticulatus KU204370 1.928
Bl 10 Amph@balanus reticulatus KU204370 2.106
- Amphibalanus reticulatus KU204256 1.925
Bl 11 Amphibalanus reticulatus KU204256 1.794
= Amphibalanus reticulatus KU204346 1.928
Bl 12 Amphibalanus ret!culatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Bl 13 Amph!balanus ret!culatus KU204256 1.925
- Amphibalanus reticulatus KU204370 2.104
Bl 15 Amphibalanus reticulatus KU204370 0.173
- Amphibalanus sp MK995349 0.346
Lb 01 Amph!balanus reticulatus KU204256 2.104
= Amphibalanus reticulatus KU204346 2.283
Lb 02 Amph!balanus ret?culatus KU204370 0.173
= Amphibalanus reticulatus KU204350 0.346
Lb 03 Amph@balanus ret!culatus KU204320 0.173
- Amphibalanus reticulatus KU204369 0.346
Lb 04 Amph@balanus ret!culatus KU204346 0.519
- Amphibalanus reticulatus KU204256 0.519
Lb 05 Amph@balanus reticulatus KU204346 0.519
- Amphibalanus reticulatus KU204256 0.519
Lb 06 Amphibalanus reticulatus KU204370 0.000
- Amphibalanus reticulatus KU204350 0.173
Lb 08 Amphibalanus ret!culatus KU204370 0.000
- Amphibalanus reticulatus KU204350 0.173
Lb 09 Amph!balanus ret!culatus KU204350 0.173
- Amphibalanus reticulatus KU204370 0.000
Lb 12 Amph@balanus reticulatus KU204370 0.000
= Amphibalanus reticulatus KU204350 0.173
Amphibalanus sp. MK995352 0.000
Lb_15 Amphibalanus sp. MK995351 0.000
Amphibalanus reticulatus KU204350 0.173
Lp_01 Amphibalanus reticulatus KU204350 0.000
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Sample  Conspecific Sequences Accession Number Genetic Distance (%)

Amphibalanus reticulatus KU204370 0.173
Lp_02 Amph@balanus ret!culatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Lp 04 Amph@balanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 0.000
Lp_06 Amph!balanus reticulatus KU204350 0.346
- Amphibalanus reticulatus KU204370 0.519
Lp_07 Amphibalanus reticulatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Lp_09 Amphibalanus ret!culatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Lp. 10 Amph@balanus reticulatus KU204350 0.000
= Amphibalanus reticulatus KU204370 0.173
Lp 12 Amphibalanus sp MK995349 0.000
= Amphibalanus reticulatus KU204350 0.000
Lp_15 Amphibalanus reticulatus KU204350 0.000
= Amphibalanus reticulatus KU204370 0.173
Sr o1 Amph!balanus ret!culatus KU204256 0.173
- Amphibalanus reticulatus KU204346 0.519
Sr 02 Amphibalanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 2.470
Sr 03 Amph!balanus reticulatus KU204350 0.000
- Amphibalanus reticulatus KU204261 0.000
Sr 04 Amph!balanus reticulatus KU204350 0.346
= Amphibalanus sp. MK995352 0.173
Sr 05 Amph!balanus reticulatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Sr 06 Amph@balanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 0.000
Sr 07 Amphibalanus sp MK995349 0.173
- Amphibalanus reticulatus KU204350 0.173
Sr 09 Amph@balanus reti_culatus KU204370 0.000
- Amphibalanus reticulatus KU204350 0.173
Sr 10 Amph!balanus reticulatus KU204350 0.173
= Amphibalanus sp. MK995352 0.000
Sr 13 Amph!balanus ret!culatus KU204370 0.000
= Amphibalanus reticulatus KU204350 0.173
sr15 Amphibalanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 0.346
It 02 Amph@balanus variegatus MK995345 0.173
= Amphibalanus variegatus MK995343 0.346
303 Amph!balanus variegatus MK995343 0.173
- Amphibalanus variegatus MK995342 0.173
Amphibalanus reticulatus versus A. variegatus 12.964 — 14.438

H-isGenetic distance results clearly shewn-in-Table-4show that barnacle samples from Lampung, Semarang, Bali, and
Lombok (Group 1) has-show low genetic-distanee-tedissimilarity with A. reticulatus. ©n-the-same-time\While, barnacle
samples from Jakarta (Group 2) have low genetic-distances-tedisimilarity with A. variegatus. The data on genetic distance
between samples and reference species as-shown-inTable-4-has-provides additional data and-that validated the result of the
BLAST analysis. Therefore, morphologically identical barnacle samples collected at five localities consisted of two
different species; i.e. A. reticulatus and A. variegatus. The decision was made because the genetic distances were less than
3% compared to their reference species. The decision was strengthen by high genetic distances between samples from four
populations (Group 1) and from Jakarta (Group 2), which is over 3% (12.964% to 14.438%),indicated that both groups
belong to different species. Low genetic distance within-species has ben reported in several studies. For example,
Camacho et al. (2011) reported genetic distances within Vejdovskybathynella edelweiss species was ranged from 1.5% to
2%. Similar values were also reported in wide range animal phyla (Camacho, 2011; Hubert et al. 2012; Nuryanto et al.
2017; Nuryanto et al. 2019; Bhagawati et al. 2020,). Therefore, it is no doubt state that barnacles samples from Lampung,
Semarang, Bali, and Lombok belong to A. reticulatus; while barnacle samples from Jakarta belong to A. variegtaus
although they have similar morphology. |

The cut off value of 3% genetic distance was utilized during species determination-—}t-is because that value is the
standard value used in the beldsystera-BOLD system for species identity (Ratnasingham and Hebert 2007). [Moreover,
genetic distances among individuals within species is highly variable depend on the animal groups. For example, For
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example, intraspecific genetic distance within insects was reached 21.1% (Lin et al. 2015), while Aguilar at al. (2017)
reported the highest genetic distance in Bracnchinecta lindahli (Crustacea: Anostraca) was 7.4%. Moreover, da Silva et al.
(2011), Havermans et al. (2011), and Bilgin et al. (2015) also reported high variability of intraspecific genetic distance
among crustacean species. Even, Karanovic et al. (2015) reported that genetic distance within ostracods (Crustacea) was
reached 8.6%. Therefore, the use of 3.0% of genetic distance for species cut-off within this study is reasonable because the
value is below the 5% cut-off value that was used by Candek and Kuntner (2015) in insect and inside the range 4% to 5%
as used by Lin et al. (2015)|

Phylogenetic analysis

The phylogenetic tree showed that all barnacle speeies-specimens formed a monophyletic clade compared to the other
out-group Amphibalanus species and stomatopod crustacean (Nodus N; Figure 2). It can also be seen en-from Figure 2
that eaeh-the individual samples was-are monophyletic te-with their conspecific [references]. Forty three samples from
Lampung, Semarang, Bali, and Lombok formed a single clade with A. reticulatus (Clade A, Fugure-Figure 2), while two
samples from Jakarta formed anothera separate clade with A. variegatus (Clade B; Figure 2). The monophyly of the
samples to their reference species was supported by an-almestperfectvery high bootstrap value of 99 This—value
indicated _indicating that 990 out of 1000 tree_permutations that were reconstructed during the analysis had similar
branching patterns for the monophyly of barnacle samples with their reference species.

[ C d [3Z27]: This seems unnecessary.
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According to Claridge et al. (1997), phylogenetic species concept states that placement of individuals into single
species is solely based on their monophyly. Therefore, based on the monophyly of barnacle samples with their
conspecific references, it is very convincing to determine that morphologically similar barnacle samples utilized in this
study are belong onto two different species. The samples from Lampung, Semarang, Bali, and Lombok belong to A.
reticulatus, while samples from Jakarta belong to A. variegatus. Similar results were also reported by Nuryanto et al.
(2017) and Kurniawaty et al. (2016), who also reported monophyly between samples and references species as an
indicator that the samples belong to single species.

Based on the nucleotide differences, nucleotide compositions, identity values, genetic distance values, the monophyly
and branch length of the samples to their reference sequences, morphologically similar barnacle samples collected at five
different localities in Indonesia are genetically identified as two different species, A. reticulatus and A. variegatus. The
taxonomic status of barnacle samples is listed in Table 5.
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Table 5. Taxonomic status of the crustacean larvae collected in the eastern areas of Segara Anakan [Cilacap|

Commented [JZ29]: Why does the table legend mention larvae?
This table is not necessary and should be deleted.

Code Order Family Genus Species

BI_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_08 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_11 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_13 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_08 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb 15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp 15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_13 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Jt 02 Sessilia Balanidae Amphibalanus Amphibalanus variegatus
Jt 03 Balanidae Amphibalanus Amphibalanus variegatus

It is concluded that similar morphologies barnacle samples collected at five localities have different molecular
characteristics. Based on the molecular characteristic barnacle specimens used in this study could clearly be separated into
two genetically distinct groups. BLAST results, genetic distances, and monophyly analysis proved that barnacle samples
belong to Amphibalanus reticulatus and A. variegatus.
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Species identity and molecular characteristics of morphologically
similar barnacles (Amphibalanus) assessed using Cytochrome C Oxidase
1 gene

Abstract. Historically, Amphibalanus variegatus and A. reticulatus were included as members of the perplexing Balanus amphitrite
species complex. Like other members in the group, they have similar morphologies,making species discrimination significantly
difficult. Molecular characterization using mitochondrial gene cytochrome c oxidase 1 (COI) has proven an excellent tool for precise
species identification of morphologically similar species. This study aimed to assess the identity of Amphibalanus barnacle specimens
collected at five localities in Indonesia to validate their taxonomic status and assess their distribution at Lampung, Jakarta, Semarang,
Bali, and Lombok. A portion of the COI gene was amplified using the primers LCO1490 and HCO2198and the PCR product was
sequenced using bi-directional sequencing. Taxonomic status of the specimens was determined based on sequence identity, genetic
distance, monophyly, nucleotide composition, and nucleotides in particular positions. Forty-five barnacle specimens were collected
from the field sites. Initial identification, according to shell shape, classed all specimens as A. reticulatus. However, based on their
molecular characteristics, 43 samples were identified as A. reticulatus, while the two remaining samples were identified as A.
variegatus. Morphologically similar Amphibalanus have significant differences in their molecular characteristics but can be
differentiated and identified on the basis of their molecular characteristics.

Keywords: Amphibalanus, Balanus, genetic distance, identification, species complex
Abbreviations (if any): COIl = cytochrome c oxidase 1; BLAST = basic local alignment search tool
Running title: Molecular characteristics of morphologically similar barnacles

INTRODUCTION

Barnacles are the only crustaceans that are sessile, and consequently are morphologically distinct from all other taxa, ,
including at both the planktonic larval and sessile adult stages (Chen et al., [2014D. They are cosmopolitan organisms in the
marine environment, that inhabit a broad range of habitats—ranging from deep-sea ocean to intertidal zones (Jones 2012).
Nevertheless, the greatest diversity of barnacles live in intertidal and sub-tidal zones (Fertl & Newman 2018) where they
are easily observed. Despite being distinguishable from other crustaceans, high variability within barnacle taxa makes
identification among species difficult.

Barnacle systematics have been refined over the last several decades with Superoder Thoracica encompassing the most
|dominant broup.ﬂ, Adults of this taxon live attached permanently to a wide range substrates including other living

organisms (Power et al. 2010). Within Thoracica, Order Sessilia consists of several families, including the speciose
Balanidae. which is divided into three extant subfamilies Balaninae, Amphibalaninae, and Megabalaninae (|Pitriana et al.
2020). Because of morphological variation, species identifications in this family can be particularly challenging, especially
within the genus Amphibalanus (Pitriana et al. 2020). ,Henry and McLaughlin (1975) state that species differences in this
group depend on the presence of denticles in the labrum and the colour pattern of paries and sheath. Reported globally
from many localities, three particularly similar species in this group, Amphibalanus amphitrite (Pitombo 2004; Chen et al.
2014; Shahdadi et al. 2014; Pochai et al. 2017), A. reticulatus (Pitombo 2004; Pochai et al. 2017) and A. variegatus
(Pitombo 2004; Horikoshi and Okamoto 2005), are easily mistaken for each [other\.

Amphibalanus amphitrite is characterized by having a conical to round shell. Amphibalanus reticulatus has a conical or
cylindrical shell and the shell of A. variegatus is steeply conical or tubular in crowded populations (Pitriana et al. 2020). .
According to Henry and McLaughlin (1975), A. reticulatus and A. variegatus can be differentiated solely by morphology.
Furthermore, Chen et al. (2014) and Pitriana et al. (2020) state that the three species in this |comp|exf/can generally be
differentiated through anatomical analysis of their shell, tergum, and cirri, and the colour pattern of their shells. However,
identifications are particularly challenging in mixed populations where gradations in morphology are present and all three
species overlap geographically in the Indo-Pacific (Jones and Hosei, 2016). Amphibalanus amphitrite is widely distributed
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over the world from tropic to subtropical regions (Henry and McLaughlin 1975; Chen et al. 2014). At the same time, A.
reticulatus is an indigenous species in the Indo-Pacific (Carlton et al. 2011), including the Indonesian Archipelago.
Wthough\ Amphibalanus. variegatus has a narrower geographic distribution, Indonesia still belongs to its geographic
range, (Henry and McLaughlin 1975; Jones and Hosie 2016).

Difficulties in identifying species morphologically can be resolved by using molecular characters for species
determination. The mitochondrial gene cytochrome ¢ oxidase subunit 1 (COI) has become a standard marker in animal
characterization during species-level identification (Riehl et al. 2014; Raupach and Radulovici 2015; Karanovic 2015).
Because the COI gene is a highly variable fragment, it can be decisive for species differentiation of morphologically
identical species (von der Heyden et al. 2014), such as members of species complexes (Chen et al. 2014). Taxonomic
status of the samples can be determined based on sequence identity (Nuryanto et al. 2017; Bhagawati et al. 2020). Other
parameters are genetic distance and monophyly of the specimens to conspecific references (Kusbiyanto et al. 2020,
Nuryanto et al. 2018). [It has been reported those variable genetic distances between and among species or within and
among families and orders were observed (Pereira et al. 2013).

Previous studies have shown that the COI gene is a reliable marker for species-level identification of crustaceans (da
Silva et al. 2011; Jeffery et al. 2011), including members of an amphipod species complex (Weis et al. 2014). Other
studies have also shown that the COIl gene is a powerful marker for separating morphologically identical species
(Camacho et al. 2011; Bilgin et al. 2015; Bekker et al. 2016). Moreover, the COI gene has also been reported as a reliable
marker for species-level identification of specimens with limited morphological characters, such as fish and crustacean
larvae (Tang et al. 2010; Ko et al. 2013, Pereira et al. 2013; Thirumaraiselvi et al. 2015; Palero et al. 2016; Palecanda et al.
2020). In the case of barnacles, the COI gene is reported as a powerful molecular marker for species identification of
barnacle specimens from the Maluku islands of Indonesia (Pitriana et al. 2020)..

No study has characterized morphologically similar barnacle specimens collected from other localities in Indonesia.
This study aimed to assess molecular differences of morphologically similar barnacle (Amphibalanus spp.) specimens
collected at five localities in the Greater and Lesser Sunda Islands of Indonesia to validate their taxonomic status. Precise
taxonomic status is essential information for further studies of barnacles and for determining patterns of connectivity
among barnacle populations across Indonesia. The data are vital as a scientific basis for measures of biodiversity and
ecosystem management in Indonesia.

MATERIALS AND METHODS

Sampling sites and laboratory examination

Barnacle samples were collected at five localities in Indonesia from the islands of Sumatra, Java, Bali and Lombok,
(Figure 1).[The locations were selected by considering current changes throughout the western and eastern monsoons and
monsoon seasons in the Java Sea until Bali and Lombok Straits. \Bamacle samples were collected during the field trips in
July and August 2020.
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Figure 1. Indonesia archipelagos and sampling sites

Sample collection and morphospecies identification

Barnacle samples were collected from the shoreline manually using chisel and hammer to detach them from their
substrates. Fresh individuals were initially categorized into morphospecies based on shell shape by comparison to
previously published accounts by Chen et al. (2014). Afterwards, barnacle specimens were preserved in |96% ethanol for
subsequent validation using molecular characters.
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DNA extraction and COI marker amplification
Total genomic DNA of the barnacle samples jwas extracted using chelex®100 (Walsh et al. 1994). A fragment[of the

COlI gene was amplified using a polymerase chain reaction (PCR) technique. For amplification we used |My HS ready mix[

in combination with a pair of standard primers, LCO1490: 5-GGTCAACAAATCATAAAGATATTGG-3' and HC02198:
5-TAAACTTCAGGGTGACCAAAAAATCA-3' (Folmer et al. 1994). Thermal cycling was performed with the following
conditions: initial denaturation at 95°C for 3 minutes followed by five initial cycles consisting of denaturation at 95°C for
30 seconds, annealing at 48°C for 60 seconds, extension at 72°C for 60 seconds with a subsequent 35 cycles of
amplification with denaturation at 95°C for 30 seconds, annealing at 51°C for 45 seconds, and extension at 72°C for one
minute. A final extension was performed at 72°C for nine minutes followed by storage at 8°C. Extracted DNA and
amplification products were visualized in SyBr-stained agarose gels over a UV light trans-illuminator.

Data analysis

Forward and reverse sequences of all samples were assembled using Bioedit (Hall 2005) to obtain a complete
fragment. The complete sequences were translated to amino acid sequences using ORF finder online software
(https://www.ncbi.nIm.nih.gov/orffinder/) to ensure that functional fragments were obtained. All sequences were checked
for their identity to conspecific sequences available in GenBank using the basic local alignment search tool (BLAST)
technique. Multiple sequence alignment was performed using ClustalW (Thompson et al. 1994) in Bioedit (Hall 2005) and
checked manually duplicate sites or gaps. All sequences have been deposited in GenBank with the accession numbers
MW196394 to MW196438.

Nucleotide content and number of polymorphic sites per species were calculated using Arlequin 3.5. (Excoffier and
Lischer 2011). Monophyly of barnacle samples with their conspecific references was confirmed through phylogenetic
analysis. Pphylogenetic trees were constructed using neighbour-joining (NJ) and Maximum Likelihood algorithms with a
Kimura 2-parameter (K2P) substitution model in MEGAX (Kumar et al. 2018). The reliability of tree topology was
obtained from the outgroup comparison using other barnacle species harvested from GenBank and 1000 bootstraps values.
The outgroup specimens were Amphibalanus amphitrite KU204305, Amphibalanus improvisus MG935146, Amphibalanus
rhizophorae JQ035511, Amphibalanus eburneus MK240319, Amphibalanus subalbidus MK308125, Amphibalanus
zhujiangensis MK995341, Amphibalanus cirratus MG450353, Balanus glandula MG319462, Semibalanus balanoides
HQ987373, and Haptosquilla hamifera KM074037. The distantly related stomatopod sequence was used to ensure that all
barnacle species formed a monophyletic group.

RESULTS AND DISCUSSION

Morphospecies concept

Forty-five total barnacle samples were obtained from field trips in Lampung, Jakarta, Semarang, Bali, and Lombok.
Shell shape-based identification of fresh samples placed 45 barnacle specimens into a single morphospecies, namely
Amphibalanus reticulatus. The placement of the samples into a single morphospecies is congruent with the criterion by
Claridge et al. (1997) that under the morphological species concept, species status is only determined based on
morphological similarity. Similar to other studies (Pitombo 2004), the specimens were extremely similar in external
morphology. Therefore, it was reasonable that visual identification of newly collected samples gouped all specimens into
a single species.

Molecular characteristics

To compare morphological with molecular characterization of the samples, all specimens were were assessed for
differences in particular nucleotide position and nucleotide composition using the COI gene.

Nucleotide differences

Pairwise comparison of nucleotide sequences of all barnacle samples clearly indicated that the samples were divided
into two distinct genetic groups. The first group consisted of 43 barnacle samples collected at Lampung, Semarang, Bali,
and [Lombok, The second group comprised only two barnacle individuals collected in [Jakarta. The nucleotide differences

between these two morphologically similar samples are presented in Table 1.

Table 1. Nucleotide differences between two groups of morphologically similar barnacles

Nucleotide Position

Group 12 14 23 32 74 77 83 95 116 125 143 146 162 164

Group 1 (n=43) C T A C C C T T C A G A T A
Group 2 (n=2) T A T T T T A A T T T T ¢ T
167 182 185 191 194 204 206 212 228 230 239 263 264 266

Group 1 T 1T T T ¢ T A T ¢ T T ¢ ¢ T
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Group 2 A C A A T C T C T A C T T A
299 314 317 362 363 365 374 383 398 401 413 416 419 434

Group 1 T G/IA TIC A C T T T A C T A TIC A
Group 2 G T A T T A A C T T A T A T
440 441 458 470 479 488 504 506 524 540 542 545 548 581
Group 1 A C T T T AIC C T CIT T A A T T
Group 2 C T A A A T T A A C C T A A

Based on the data presented in Table 2, both morphospecies groups have nucleotide differences at 56 positions. That
indicates that both barnacle groups are genetically different, indicating they likely belong to differences species.

Nucleotide composition
Further analysis was performed to compare nucleotide composition of the previously genetically identified groups.
Computed nucleotide compositions of both genetic groups are presented in Table 2.

Table 2. Nucleotide composition of two groups of morphologically similar \barnacles] Commented [JZ16]: I think this table can be deleted, it doesn’t
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No Morphospecies Group C T A G
1 Group 1 17.42 37.70 29.17 15.71
2 Gorup 2 16.27 38.12 30.46 15.15

Genetic species concept

The genetic species concept can be applied in cases where individuals have highly similar morphologies. In such cases,
species identification relying solely on morphological characters could lead to misidentification (Pitriana et al. 2020).
Thus, genetic similarity can be assessed through sequence identity, genetic distances, and monophyly of individuals
(Bhagawati et al. 2020; Kusbiyanto et al. 2020). With the genetic species concept, high genetic similarity between two or
more individuals infers that they belong to a single species Claridge et al. (1997).

Basic local alignment search tool (BLAST) parameters
Sequence identity checks using the BLAST technique demonstrated that 43 out of the 45 morphospecies had high
identity values to the sequences of A. reticulatus available in GenBank. The identity values ranged from 98.11% to 100%
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high BLAST identity to A. variegatus available in GenBank. According to the BLAST parameters in Table 3, they are
genetically identified as A. variegatus. The placement of these morphospecies into A. reticulatus and A. varigatus is
justified based on identity values that exceed the 97% criterion as used in BOLD system for species identity
(Ratnasingham 2016; Ratnasingham and Hebert 2007). High genetic homology among barnacle samples and their
reference species was also reported by (Pitriana et al. 2020). Similar phenomena have also been reported for other
crustaceans (Bilgin et al. 2014; Bhagawati et al. 2020; Kusbiyanto et al. 2020). Therefore, it can be stated that high
genetic homology among individuals within species is a common in wide range (Nuryanto et al. 2017; Ko et al. 2013).| [c d [JZ18]: This sentence is unclear in meaning. ]
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by da Silva et al. (2011) and Bucklin et al. (2010) that different group animal species showed highly variable genetic
homology and differences among intraspecific individuals. All those previous studies strengthen our decision that the
genetically difference barnacle morphospecies can be referred as two genetic species.l Commented [3Z19]: This level of justification does not seem
Table 3. The result of BLAST to conspecific sequences available in [GenBank% necessary.

Commented [JZ20]: This table presents too much unnecessary
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Bl 02 100 0 99.84 Amphibalanus reticulatus KU204350
- 99 0 100.00 Amphibalanus sp. MK995352
Bl 03 100 0 98.28 Amphibalanus reticulatus KU204256
- 100 0 98.13 Amphibalanus reticulatus KU204346
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Sample Query cover (%) E-Value Identity (%) Conspecific References Accession Number

BI_04 138 g gggg Amphibalanus reticulatus ﬁﬂggig;g
Bl 05 100 0 99.38 Amph?balanus ret!culatus KU204320
- 100 0 99.22 Amphibalanus reticulatus KU204369
Bl 06 100 0 100 Amphibalanus sp MK995349
- 100 0 100 Amphibalanus reticulatus KU204350
Bl 07 100 0 100 Amphibalanus ret?culatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Bl 08 100 0 98.14 /—\mph!balanus reticulatus KU204256
- 99 0 98.13 Amphibalanus reticulatus KU204370
Bl 10 100 0 98.11 Amphibalanus ret@culatus KU204370
- 100 0 98.11 Amphibalanus reticulatus KU204256
Bl 11 100 0 98.42 Amphibalanus ret!culatus KU204256
= 100 0 98.26 Amphibalanus reticulatus KU204346
Bl 12 100 0 99.84 Amph!balanus reticulatus KU204350
- 100 0 99.69 Amphibalanus reticulatus KU204370
Bl 13 99 0 98.13 Amph!balanus reticulatus KU204256
- 100 0 97.83 Amphibalanus reticulatus KU204370
Bl 15 100 0 99.69 Amphibalanus reticulatus KU204370
- 100 0 99.53 Amphibalanus sp MK995349
Lb 01 99 0 98.13 Amphibalanus ret@culatus KU204256
- 99 0 97.97 Amphibalanus reticulatus KU204346
Lb 02 100 0 99.69 Amphibalanus reticulatus KU204370
= 100 0 99.53 Amphibalanus reticulatus KU204350
Lb 03 100 0 99.84 Amph!balanus ret!culatus KU204320
- 100 0 99.68 Amphibalanus reticulatus KU204369
Lb 04 100 99.38 Amph!balanus ret@culatus KU204346
- 100 0 99.38 Amphibalanus reticulatus KU204256
Lb 05 100 0 99.53 Amph?balanus ret@culatus KU204346
- 100 0 99.53 Amphibalanus reticulatus KU204256
Lb 06 100 0 100 Amphibalanus ret!culatus KU204370
- 100 0 99.84 Amphibalanus reticulatus KU204350
Lb 08 100 0 100 Amphibalanus ret!culatus KU204370
- 100 0 99.84 Amphibalanus reticulatus KU204350
Lb 09 100 0 100 /—\mph!balanus reticulatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lb 12 100 0 100 Amphibalanus ret?culatus KU204370
= 100 0 99.84 Amphibalanus reticulatus KU204350
99 0 100 Amphibalanus sp. MK995352

Lb_15 99 0 100 Amphibalanus sp. MK995351
99 0 99.83 Amphibalanus reticulatus KU204350

Lp_01 100 0 100 Amph!balanus ret!culatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lp 02 100 0 100 Amph!balanus reticulatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lp_04 100 0 99.84 Amphibalanus reticulatus KU204350
- 99 0 100 Amphibalanus sp. MK995352
Lp_06 100 0 99.69 Amph?balanus ret?culatus KU204350
= 100 0 99.53 Amphibalanus reticulatus KU204370
Lp_07 100 0 100 Amph!balanus reticulatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lp_09 100 0 100 Amph!balanus ret@culatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Lp_10 100 0 100 /—\mph!balanus retﬁculatus KU204350
= 100 0 99.84 Amphibalanus reticulatus KU204370
Lp 12 100 0 100 Amphibalanus sp MK995349
= 100 0 100 Amphibalanus reticulatus KU204350
Lp_15 100 0 100 Amphibalanus ret!culatus KU204350
= 100 0 99.84 Amphibalanus reticulatus KU204370
Sr o1 100 0 99.84 /—\mph!balanus reticulatus KU204256
- 100 0 99.53 Amphibalanus reticulatus KU204346
Sr 02 100 0 99.84 Amphibalanus reticulatus KU204350
- 99 0 100 Amphibalanus sp. MK995352
Sr_03 99 0 100 Amphibalanus reticulatus KU204350
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180
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182
183
184
185
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Sample Query cover (%) E-Value Identity (%) Conspecific References Accession Number
99 0 100 Amphibalanus reticulatus KU204261
Sr 04 100 0 99.69 Amph!balanus reticulatus KU204350
- 99 0 99.84 Amphibalanus sp. MK995352
Sr 05 100 0 100 Amph?balanus ret@culatus KU204350
- 100 0 99.84 Amphibalanus reticulatus KU204370
Sr 06 100 0 99.84 Amphibalanus reticulatus KU204350
- 99 0 100 Amphibalanus sp. MK995352
Sr 07 100 0 99.84 Amphibalanus sp MK995349
- 100 0 99.84 Amphibalanus reticulatus KU204350
Sr 09 100 0 100. /—\mph!balanus reticulatus KU204370
- 100 0 99.84 Amphibalanus reticulatus KU204350
Sr 10 100 0 99.84 Amphibalanus reticulatus KU204350
= 99 0 100 Amphibalanus sp. MK995352
Sr13 100 0 100. Amphibalanus ret@culatus KU204370
= 100 0 99.84 Amphibalanus reticulatus KU204350
Sr 15 100 0 99.84 Amphibalanus reticulatus KU204350
= 99 0 100 Amphibalanus sp. MK995352
Jt_02 99 0 99.69 Amphibalanus Variegatus MK995345
99 0 99.53 Amphibalanus Variegatus MK995343
Jt_03 99 0 99.84 Amphibalanus Variegatus MK995343
99 0 99.84 Amphibalanus Variegatus MK995342

Genetic distances

Kimura 2-parameter (K2P) genetic distance analysis showed that 43 identical morphospecies (Group 1) had low
dissimilarity compared to A. reticulatus sequences from \GenBank\ . The genetic distances ranged between 0.000% and
2)647%. At the same time, genetic distances among two morphospecies (Group 2) samples had low values compared to
sequences of A. variegatus in [GenBankl. The values were ranged from 0.000% to 0.346%. Genetic distance between

morphospecies Group 1 and morphospecies Group 2 samples ranged from 12.964% to 14.438%

Table 4. Genetic distance among samples to conspecific [species]

Sample  Conspecific Sequences Accession Number Genetic Distance (%)
. . KU204370 0.173
BI_01 Amphibalanus reticulatus KU204350 0346
Bl 02 Amph!balanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 0.346
Bl 03 Amph!balanus ret!culatus KU204256 1.925
- Amphibalanus reticulatus KU204346 2.104
. . KU204370 0.173
BI_04 Amphibalanus reticulatus KU204350 0346
Bl 05 Amphibalanus reticulatus KU204320 0.346
- Amphibalanus reticulatus KU204369 0.520
Bl 06 Amph!balanus sp MK995349 2.647
- Amphibalanus reticulatus KU204350 0.000
Bl 07 Amphibalanus ret!culatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Bl 08 Amphibalanus ret!culatus KU204256 2.104
- Amphibalanus reticulatus KU204370 1.928
Bl 10 Amphibalanus reticulatus KU204370 2.106
- Amphibalanus reticulatus KU204256 1.925
Bl 11 Amphibalanus reticulatus KU204256 1.794
= Amphibalanus reticulatus KU204346 1.928
Bl 12 Amphibalanus reticulatus KU204350 0.000
= Amphibalanus reticulatus KU204370 0.173
Bl 13 Amph!balanus ret!culatus KU204256 1.925
= Amphibalanus reticulatus KU204370 2.104
Bl 15 Amph!balanus reticulatus KU204370 0.173
- Amphibalanus sp MK995349 0.346
Lb 01 Amphibalanus reti_culatus KU204256 2.104
- Amphibalanus reticulatus KU204346 2.283
Lb 02 Amph!balanus reticulatus KU204370 0.173
- Amphibalanus reticulatus KU204350 0.346
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Sample  Conspecific Sequences Accession Number Genetic Distance (%)
Lb 03 Amph!balanus ret!culatus KU204320 0.173
- Amphibalanus reticulatus KU204369 0.346
Lb 04 Amphibalanus ret?culatus KU204346 0.519
= Amphibalanus reticulatus KU204256 0.519
Lb 05 Amph!balanus reticulatus KU204346 0.519
- Amphibalanus reticulatus KU204256 0.519
Lb 06 Amphibalanus reticulatus KU204370 0.000
- Amphibalanus reticulatus KU204350 0.173
Lb 08 Amph!balanus ret!culatus KU204370 0.000
- Amphibalanus reticulatus KU204350 0.173
Lb 09 Amphﬁbalanus reticulatus KU204350 0.173
- Amphibalanus reticulatus KU204370 0.000
Lb 12 Amph!balanus reticulatus KU204370 0.000
= Amphibalanus reticulatus KU204350 0.173
Amphibalanus sp. MK995352 0.000
Lb_15 Amphibalanus sp. MK995351 0.000
Amphibalanus reticulatus KU204350 0.173
Lp 01 Amphibalanus reticulatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Lp 02 Amphibalanus reticulatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Lp_04 Amphibalanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 0.000
Lp_06 Amph!balanus ret!culatus KU204350 0.346
- Amphibalanus reticulatus KU204370 0.519
Lp 07 Amph!balanus ret!culatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Lp_09 Amphibalanus ret?culatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Lp_10 Amph!balanus reticulatus KU204350 0.000
= Amphibalanus reticulatus KU204370 0.173
Lp_12 Amphibalanus sp MK995349 0.000
= Amphibalanus reticulatus KU204350 0.000
Lp_15 Amph!balanus ret!culatus KU204350 0.000
= Amphibalanus reticulatus KU204370 0.173
Sr o1 Amphﬁbalanus reticulatus KU204256 0.173
- Amphibalanus reticulatus KU204346 0.519
Sr 02 Amph!balanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 2.470
Sr 03 Amph!balanus ret!culatus KU204350 0.000
- Amphibalanus reticulatus KU204261 0.000
Sr 04 Amphibalanus reticulatus KU204350 0.346
- Amphibalanus sp. MK995352 0.173
Sr 05 Amphibalanus ret!culatus KU204350 0.000
- Amphibalanus reticulatus KU204370 0.173
Sr 06 Amphibalanus reticulatus KU204350 0.173
- Amphibalanus sp. MK995352 0.000
Sr 07 Amphibalanus sp MK995349 0.173
= Amphibalanus reticulatus KU204350 0.173
Sr 09 Amph!balanus ret!culatus KU204370 0.000
- Amphibalanus reticulatus KU204350 0.173
Sr 10 Amph!balanus reticulatus KU204350 0.173
= Amphibalanus sp. MK995352 0.000
Sr 13 Amph!balanus ret!culatus KU204370 0.000
= Amphibalanus reticulatus KU204350 0.173
Sr 15 Amphibalanus reticulatus KU204350 0.173
= Amphibalanus sp. MK995352 0.346
It 02 Amphibalanus variegatus MK995345 0.173
- Amphibalanus variegatus MK995343 0.346
303 Amphibalanus variegatus MK995343 0.173
- Amphibalanus variegatus MK995342 0.173

Amphibalanus reticulatus versus A. variegatus

12.964 — 14.438
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Genetic distance results clearly show that barnacle samples from Lampung, Semarang, Bali, and Lombok (Group 1)
show low dissimilarity with A. reticulatus. While, barnacle samples from Jakarta (Group 2) have low disimilarity with A.
variegatus. The data on genetic distance between samples and reference species provides additional data that validate the
result of the BLAST analysis. Therefore, morphologically identical barnacle samples collected at five localities consisted
of two different species; i.e. A. reticulatus and A. variegatus. The decision was made because the genetic distances were
less than 3% compared to their reference species. The decision was strengthen by high genetic distances between samples
from four populations (Group 1) and from Jakarta (Group 2), which is over 3% (12.964% to 14.438%),indicated that both
groups belong to different species. Low genetic distance within-species has ben reported in several studies. For example,
Camacho et al. (2011) reported genetic distances within Vejdovskybathynella edelweiss species was ranged from 1.5% to
2%. Similar values were also reported in wide range animal phyla (Camacho, 2011; Hubert et al. 2012; Nuryanto et al.
2017; Nuryanto et al. 2019; Bhagawati et al. 2020,). Therefore, it is no doubt state that barnacles samples from Lampung,
Semarang, Bali, and Lombok belong to A. reticulatus; while barnacle samples from Jakarta belong to A. variegtaus
although they have similar morphology.

The cut off value of 3% genetic distance was utilized during species determination because that value is the standard
value used in the BOLD system for species identity (Ratnasingham and Hebert 2007). Moreover, genetic distances among
individuals within species is highly variable depend on the animal groups. For example, For example, intraspecific genetic
distance within insects was reached 21.1% (Lin et al. 2015), while Aguilar at al. (2017) reported the highest genetic
distance in Bracnchinecta lindahli (Crustacea: Anostraca) was 7.4%. Moreover, da Silva et al. (2011), Havermans et al.
(2011), and Bilgin et al. (2015) also reported high variability of intraspecific genetic distance among crustacean species.
Even, Karanovic et al. (2015) reported that genetic distance within ostracods (Crustacea) was reached 8.6%. Therefore, the
use of 3.0% of genetic distance for species cut-off within this study is reasonable because the value is below the 5% cut-off
value that was used by Candek and Kuntner (2015) in insect and inside the range 4% to 5% as used by Lin et al. (2015).\

Phylogenetic analysis

The phylogenetic tree showed that all barnacle specimens formed a monophyletic clade compared to the other out-
group Amphibalanus species and stomatopod crustacean (Nodus N; Figure 2). It can also be seen from Figure 2 that the
individual samples are monophyletic with their conspecific [referencei Forty three samples from Lampung, Semarang,
Bali, and Lombok formed a single clade with A. reticulatus (Clade A, Figure 2), while two samples from Jakarta formed a
separate clade with A. variegatus (Clade B; Figure 2). The monophyly of the samples to their reference species was
supported by very high bootstrap value of 99, indicating that 990 out of 1000 tree permutations that were reconstructed
during the analysis had similar branching patterns for the monophyly of barnacle samples with their reference species.

[ Commented [JZ25]: | think this is all unnecessary.
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According to Claridge et al. (1997), phylogenetic species concept states that placement of individuals into single
species is solely based on their monophyly. Therefore, based on the monophyly of barnacle samples with their
conspecific references, it is very convincing to determine that morphologically similar barnacle samples utilized in this
study are belong onto two different species. The samples from Lampung, Semarang, Bali, and Lombok belong to A.
reticulatus, while samples from Jakarta belong to A. variegatus. Similar results were also reported by Nuryanto et al.
(2017) and Kurniawaty et al. (2016), who also reported monophyly between samples and references species as an
indicator that the samples belong to single species.

Based on the nucleotide differences, nucleotide compositions, identity values, genetic distance values, the monophyly
and branch length of the samples to their reference sequences, morphologically similar barnacle samples collected at five
different localities in Indonesia are genetically identified as two different species, A. reticulatus and A. variegatus. The
taxonomic status of barnacle samples is listed in Table 5.

[ Formatted: Indent: First line: 0"




236
237
238

239
240
241
242
243
244
245
246
247
248
249
250
251
252
253

Table 5. Taxonomic status of the crustacean larvae collected in the eastern areas of Segara Anakan [Cilacap|

Commented [JZ28]: Why does the table legend mention larvae?
This table is not necessary and should be deleted.

Code Order Family Genus Species

BI_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_08 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_11 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_13 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_08 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb 15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp 15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_13 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Jt 02 Sessilia Balanidae Amphibalanus Amphibalanus variegatus
Jt 03 Balanidae Amphibalanus Amphibalanus variegatus

It is concluded that similar morphologies barnacle samples collected at five localities have different molecular
characteristics. Based on the molecular characteristic barnacle specimens used in this study could clearly be separated into
two genetically distinct groups. BLAST results, genetic distances, and monophyly analysis proved that barnacle samples
belong to Amphibalanus reticulatus and A. variegatus.
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Abstract. Riani S, Prabowo RE, Nuryanto A. 2021. Molecular characteristics and taxonomic status of morphologically similar barnacles
(Amphibalanus) assessed using the cytochrome c oxidase 1 gene. Biodiversitas 22: 1456-1466. Amphibalanus variegatus and A.
reticulatus have similar external morphology. Morphological similarities can be a severe problem for direct species-level
identification. The problem can be overcome through anatomy-based identification and validated through molecular barcoding.
Molecular characterization using the cytochrome c oxidase 1 (COI) gene provides a useful tool for precise species identification. This
study attempted to assess the molecular characteristics of morphologically similar barnacle (Amphibalanus) specimens collected at
five localities in Indonesia to validate their taxonomic status. Forty-five barnacle specimens were collected during the field trips in
Lampung, Jakarta, Semarang, Bali, and Lombok. The COI gene was amplified using LCO1490 and HCO2198 primers. The gene was
sequenced using bidirectional sequencing at 1% base Asia. The specimens' taxonomic status was determined based on sequence
identity, genetic distance, monophyly, nucleotide compositions, and nucleotides in a particular position. Shell shapes-based
identification placed barnacle specimens into A. reticulatus. However, anatomical-based identification placed barnacle samples into
two different anatomic groups, which was further validated by molecular data that two anatomic groups of Amphibalanus samples
have significant differences in their COIl gene. Based on the molecular characteristics, 43 samples were identified as A. reticulatus,
while the two remaining samples were identified as A. variegatus.

Keywords: Amphibalanus, Balanus, genetic distance, identification, species complex

INTRODUCTION

The barnacles are sessile crustacean and show
morphological differences from the other crustaceans (Fertl
and Newman 2018). The barnacles have planktonic larvae
and sessile adult stages (Maruzzo et al. 2012; Chen et al.
2014; Fertl and Newman 2018). This crustacean is a
cosmopolite organism that inhabits a broad range of
habitats—ranging from deep-sea ocean to intertidal zones
(Jones 2012). Nevertheless, most barnacles live in intertidal
and subtidal zones (Fertl and Newman 2018). Thoracica is
the most familiar group of barnacles (Newman and Ross
1976; Pérez-Losada et al. 2004). Adult individuals of these
barnacles are attached permanently to a wide range of
substrates and other living organisms (Fertl and Newman
2018; Power et al. 2010). Within Thoracica, there is an
order called Sessilia, which consists of several families,
including Balanidae. Balanidae is divided into Balaninae,
Amphibalaninae, and Megabalaninae (Pitombo 2004).
Nevertheless, Pitriana et al. (2020) was only found two
families in Mollucas waters, namely Amphibalaninae and
Megabalaninae.

Amphibalanus is a genus of Amphibalaninae. Formerly,
Amphibalanus belonged to Balanus. Therefore, it is
difficult for the beginner to differentiate between
Amphibalanus and Balanus. Henry and McLaughlin (1975)
stated that the genera are different in denticles in the

labrum and in the color pattern of the parietal and sheath in
Amphibalanus. In the period in which Amphibalanus
belonged to Balanus, a Balanus amphitrite complex was
described (Pitriana et al. 2020). Later, the Balanus
amphitrite complex was further identified and divided into
three nominal species: Amphibalanus amphitrite (Pitombo
2004; Chen et al. 2014; Shahdadi et al. 2014; Pochai et al.
2017), A. reticulatus (Pitombo 2004; Pochai et al. 2017) and
A. variegatus (Pitombo 2004; Horikoshi and Okamoto 2005).
Amphibalanus amphitrite is characterized by conical to
round shells, while Amphibalanus reticulatus has a conical
or cylindrical shell, and Amphibalanus variegatus is
characterized by steeply conical shells or tubules in
crowded populations (Pitriana et al. 2020). The similarities
in general morphology of these three species might cause
misidentification, especially for beginner taxonomists.
According to Henry and McLaughlin  (1975),
Amphibalanus reticulatus and A. variegatus previously
belonged to the Balanus amphitrite complex. Therefore, it
is not easy to differentiate them solely based on their
morphology. Chen et al. (2014) and Pitriana et al. (2020)
further stated that the three species of the Balanus
amphitrite complex could be differentiated through
anatomical analysis of their shell, tergum, cirri, and the
color patterns on their shells. The identification of newly
collected Balanus amphitrite complexes is becoming more
challenging because they have overlapping geographic
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distributions.  Amphibalanus  amphitrite  is  widely
distributed worldwide from tropical to subtropical regions
(Henry and McLaughlin 1975; Chen et al. 2014). At the
same time, A. reticulatus is an indigenous species in the
Indo-Pacific (Utinomi 1967; Henry and McLaughlin 1975;
Newman and Ross 1976; Puspasari 2001; Carlton et al.
2011), including the Indonesian Archipelago. Although A.
variegatus has a narrower geographic distribution,
Indonesia still belongs to its geographic range, the Indo-
west Pacific region (Newman and Ross 1976; Puspasari
2001; Henry and McLaughlin 1975; Jones and Hosie
2016).

Morphological constraints faced by beginner barnacle
taxonomists can be solved using shell compartments and
soft body parts (Chen et al. 2014; Pitriana et al. 2020). It
could be further validated using molecular characteristics
for species determination (Frankham 2003). Cytochrome ¢
oxidase subunit 1 (COI) has become a standard marker in
animal characterization during species-level identification
(Riehl et al. 2014; Raupach and Radulovici 2015;
Karanovic 2015). The cytochrome ¢ oxidase 1 gene has a
highly variable fragment that is decisive for species
differentiation of morphologically identical species (von
der Heyden et al. 2014), such as members of the B.
amphitrite complex (Chen et al. 2014). The taxonomic
status of the samples can be determined based on sequence
identity (Nuryanto et al. 2017; Bhagawati et al. 2020).
Other parameters include genetic distance and monophyly
of the specimen to the conspecific references (Kusbiyanto et
al. 2020, Nuryanto et al. 2018). Variable genetic distances
between and among species or within and among families
and orders have been reported (Pereira et al. 2013).

Previous studies have proven that the COI gene is a
reliable marker for species-level identification of
crustaceans (da Silva et al. 2011; Jeffery et al. 2011),
including species complexes (Weis et al. 2014). Other
studies have also proven that the COI gene is a powerful
marker to separate identical morphological species
(Camacho et al. 2011; Bilgin et al. 2015; Bekker et al.
2016). Moreover, the COIl gene was also reported as a
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Figure 1. Indonesian archipelagos and sampling sites
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reliable marker for species-level identification of
specimens with limited morphological characteristics, such
as fish and crustacean larvae (Tang et al. 2010; Ko et al.
2013, Pereira et al. 2013; Thirumaraiselvi et al. 2015;
Palero et al. 2016; Palecanda et al. 2020). In barnacles, the
COl gene was also reported as a reliable molecular marker
for species identification of barnacle specimens (Pitriana et
al. 2020). However, Pitriana et al. (2020) only focused on
barnacle specimens from Maluku. No study has been
performed on the characterization of morphologically

similar barnacle specimens collected from different
localities in Indonesia.

This study aimed to assess the molecular
characteristics of morphologically similar barnacle

(Amphibalanus) specimens collected at five localities in
Indonesia to validate their taxonomic status. The use of the
COI gene on morphologically identical barnacle specimens
could validate those barnacles' taxonomic status inferred
from morphological identification. A precise taxonomic
status is essential for further studies of barnacles, such as
studies about the connectivity among barnacle populations
across the Indonesian Archipelago. The data are vital as a
scientific basis for barnacle species and ecosystem
management in Indonesia.

MATERIALS AND METHODS

Sampling sites and laboratory examination

Barnacle samples were collected at five localities in
Indonesia, spanning Lampung, Jakarta, Semarang, Bali,
and Lombok (Figure 1). The locations were selected by
considering current changes throughout the western and
eastern monsoon seasons in the Java Sea to the Bali and
Lombok Straits. The ecological characteristics of all the
sampling sites were similar, i.e. salinity ranged from 22 to
25%, pH ranged between 6.8 and 7.5, and all the sites were
bays. Barnacle samples were collected during field trips in
July and August 2020.
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Sample collection and morphospecies identification

Barnacle samples were collected manually using a
chisel and hammer. That sampling technique was applied
because barnacles are firmly attached to the substrates.
Fresh individuals were directly identified based on shell
shape by comparison with previous publications by
Puspasari (2001) and Chen et al. (2014). Afterward,
barnacle specimens were preserved in 96% absolute
ethanol. Preliminary identification was roughly performed
based on shell shape. The purpose of this step was to group
identical samples into single morphospecies, which would
then need further validation using  molecular
characteristics.

DNA extraction and COI marker amplification

Total genomic DNA was extracted from soft body parts
of the barnacle samples using Chelex® 100 (Walsh et al.
2013). A fragment of the cytochrome ¢ oxidase 1 gene was
multiplied using polymerase chain reaction (PCR). The
amplification used My HS ready mix (Bioline, Meridian
Bioscience) utilizing the forward primer LCO1490, 5'-
GGTCAACAAATCATAAAGATATTGG-3, and the
reverse primer HC02198, 5-TAAACTTCAGGGTGACC
AAAAAATCA-3' (Folmer et al. 1994). A thermal cycler
was run under the following conditions: initial denaturation
at 95°C for 3 minutes, five initial cycles consisting of
denaturation at 95°C for 30 seconds, 60 seconds of
annealing at 48°C, and extension for 60 seconds at 72°C.
The actual amplification process was conducted for 35
cycles with denaturation at 95°C for 30 seconds, annealing
at 51°C for 45 seconds, and extension for one minute at
72°C. The final extension was performed for nine minutes
at 72°C, followed by a hold stage at 8°C for five minutes.
Extracted DNA and amplification products were visualized
in a SyBr-stained agarose gel over a UV light
transilluminator.

Data analysis

Forward and reverse sequences of all samples were
assembled using Bioedit (Hall 2005) to obtain a complete
fragment. The complete sequences were translated to
amino acid sequences using ORF finder online software
(https://www.ncbi.nlm.nih.gov/orffinder/) to ensure that
functional fragments were obtained. All sequences were
checked for their identity to conspecific sequences in
GenBank using the basic local alignment search tool
(BLAST) technique. Multiple sequence alignment was
performed using ClustalW (Thompson et al. 1994) in
Bioedit (Hall 2005), and sequences were checked manually
to avoid unnecessary sites or gaps. All sequences have been
deposited in GenBank with accession numbers MW196394
to MW196438.

Nucleotide content and the number of polymorphic sites
of each species were calculated using Arlequin 3.5.
(Excoffier and Lischer 2010). Monophyly of barnacle
samples and their conspecific references was obtained
through phylogenetic analysis. The phylogenetic tree was
reconstructed using neighbor-joining (NJ) and maximum
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likelihood algorithms and the Kimura 2-parameter (K2P)
substitution model in MEGAX (Kumar et al. 2018). The
reliability of the tree topology was obtained from outgroup
comparisons using other barnacle species harvested from
GenBank and 1000 bootstrap values. The outgroup
specimens were Amphibalanus amphitrite  KU204305,

Amphibalanus improvisus MG935146, Amphibalanus
rhizophorae  JQ035511,  Amphibalanus  eburneus
MK240319, Amphibalanus subalbidus MK308125,

Amphibalanus zhujiangensis MK995341, Amphibalanus
cirratus MG450353, Balanus glandula MG319462,
Semibalanus balanoides HQ987373, and Haptosquilla
hamifera KM074037. These distantly related specimens
were used to ensure that all barnacle species formed a
monophyletic group.

RESULTS AND DISCUSSION

Morphospecies concept

Forty-five barnacle samples were obtained during field
trips in Lampung, Jakarta, Semarang, Bali, and Lombok.
Shell shape-based identification of fresh samples placed 45
barnacle specimens into a single morphospecies, namely,
Amphibalanus reticulatus. The sample placement into a
single morphospecies is reasonable because species
definition was solely based on morphological similarity.
Claridge et al. (1997) clearly stated that species status is
only determined based on morphological similarity in the
morphological species concept. The second argument is in
the previous classification that Amphibalanus belonged to
Balanus. Previously, all Amphibalanus species were placed
into a single species, namely, the Balanus amphitrite
species complex. The placement was because all
Amphibalanus species have remarkably similar external
morphologies, especially in their shell shapes (Pitombo
2004). Therefore, it was reasonable that skimming
identification of newly collected samples placed all
samples into single species.

Anatomical assessment based on their shells
compartments and soft body parts placed the samples into
two distinct anatomic groups. The first groups consisted of
43 barnacle individuals collected from Lampung,
Semarang, Bali, and Lombok. The second group only
consisted of two barnacle individuals from Jakarta. The
first anatomic group was identified as A. reticulatus, while
the second group was anatomically identified as A.
variegatus. The difference in results between shell shape
and anatomy-based identification is reasonable because
anatomic characters, such as shell compartments, labrum
shapes, and erect hook on the posterior distal of cirri I,
are diagnostic characters species-level identification of
barnacles.  Previous studies had proved that barnacle
species could be identified based on shell compartments
and soft body parts of the specimens (Hanry and
McLaughlin 1975; Puspasari 2001; Pitriana et al. 2020).
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Table 1. Nucleotide differences between two groups of morphologically similar barnacles
Group Nucleotide position

12 14 23 32 74 77 83 95 116 125 143 146 162 164
Group 1 C T A C C C T T C A G A T A
Group 2 T A T T T T A A T T T T C T

167 182 185 191 194 204 206 212 228 230 239 263 264 266
Group 1 T T T T C T A T C T T C C T
Group 2 A C A A T Cc T C T A C T T A

299 314 317 362 363 365 374 383 398 401 413 416 419 434
Group 1 T GIA TIC A C T T T A C T A TIC A
Group 2 G T A T T A A C T T A T A T

440 441 458 470 479 488 504 506 524 540 542 545 548 581
Group 1 A C T T T AIC Cc T CIT T A A T T
Group 2 Cc T A A A T T A A C C T A A

Molecular characteristics

To ensure that the barnacle samples utilized were
precisely identified to the correct taxonomic status, all
samples were subjected to molecular characterization using
the COIl gene. Two molecular characteristics were
assessed, i.e., nucleotide differences at a particular position
and nucleotide composition.

Nucleotide differences

Pairwise comparisons of all barnacle samples'
nucleotide sequences proved that the samples could be
divided into two distinct genetic groups. The first group
consisted of 43 barnacle samples collected at Lampung,
Semarang, Bali, and Lombok. The first group shows fairly
high nucleotides variation. The 43 individuals of first group
were differentiated by 36 nucleotides. The second group
consisted of only two barnacle individuals collected in
Jakarta. The two individuals of the second group differ
only in 3 nucleotides. Meanwhile, the first group was
distinguished from the second group by the difference in
nucleotides at 56 positions. The nucleotide differences
between these two morphologically similar samples are
presented in Table 1. Those high nucleotide differences
indicate that both barnacle groups are genetically different,
which might suggest that they belong to different species.
According to Elvyra et al. (2020), nucleotide differences
among samples might indicate that the samples belong to
different species. Similar phenomenon was also reported in
fish - (Malakar et al. 2013)

Nucleotide composition

Further analysis was performed to compare the
nucleotide composition of previously genetically different
groups, as shown in their nucleotide differences.
Mathematical calculations proved that both groups had
different nucleotide compositions. The nucleotide
compositions of both genetic groups are presented in Table
2.

Table 2 shows that both species have different
percentages of their nucleotides. The difference in
nucleotide  composition could indicate that the
morphospecies groups belong to different species.
According to Afreixo et al. (2009), a distinct nucleotide

composition pattern might suggest a species' indication and
characteristics. A different nucleotide was also reported in
fish (Malakar et al. 2013; Elvyra et al.2020). As also shown
in Table 2, guanine (G) is present in the lowest percentage.

Genetic species concept

The genetic species concept can be applied if closely
related species show a highly similar morphology. In such
a case, species identification solely relying on
morphological characteristics might lead to
misidentification (Pitriana et al. 2020). The genetic species
concept states that high similarity in genetic constituents of
two or more individuals can be referred to as belonging to a
single species, as summarized by Claridge et al. (1997). In
technical terms, genetic similarity can be assessed through
sequence identity, genetic distances, and individual
monophyly (Bhagawati et al. 2020; Kusbiyanto et al.
2020).

BLAST parameters

Sequence identity checks using the BLAST (Basic
Local Alignment Search Tool) technique proved that 43 out
of the 45 morphospecies had high identity values to the
sequences of A. reticulatus available in GenBank. The
identity values ranged from 98.11% to 100%, the query
cover ranged from 99% to 100%, and the expected value
was 0. However, the two morphospecies had sequence
identity values ranging from 99.53% to 99.84%, a query
cover of 99%, and an expected value of 0 for A. variegatus
in GenBank (MK995342, MK995343, and MK995345).
Detailed data on the BLAST results are presented in Table
3.

Table 2. Nucleotide compositions
morphologically similar barnacles

of two groups of

Morphospecies Nucleotide (%)

group C T A G
Group 1 17.42 37.70 29.17 15.71
Group 2 16.27 38.12 30.46 15.15
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Table 3. BLAST analysis results to conspecific sequences available in GenBank

Sample Query cover (%) E-Value Identity (%) Conspecific references Accession number
BI_01 100 0 99.84 Amphibalanus reticulatus KU204370
100 0 99.69 KU204350
BI_02 100 0 99.84 Amphibalanus reticulatus KU204350
99 0 100.00 Amphibalanus sp. MK995352
BI_03 100 0 98.28 Amphibalanus reticulatus KU204256
100 0 98.13 Amphibalanus reticulatus KU204346
BI_04 100 0 99.84 Amphibalanus reticulatus KU204370
100 0 99.69 KU204350
BI_05 100 0 99.38 Amphibalanus reticulatus KU204320
100 0 99.22 Amphibalanus reticulatus KU204369
BI_06 100 0 100 Amphibalanus sp. MK995349
100 0 100 Amphibalanus reticulatus KU204350
BI_07 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
BI_08 100 0 98.14 Amphibalanus reticulatus KU204256
99 0 98.13 Amphibalanus reticulatus KU204370
BI_10 100 0 98.11 Amphibalanus reticulatus KU204370
100 0 98.11 Amphibalanus reticulatus KU204256
BI_11 100 0 98.42 Amphibalanus reticulatus KU204256
100 0 98.26 Amphibalanus reticulatus KU204346
BI_12 100 0 99.84 Amphibalanus reticulatus KU204350
100 0 99.69 Amphibalanus reticulatus KU204370
BI_13 99 0 98.13 Amphibalanus reticulatus KU204256
100 0 97.83 Amphibalanus reticulatus KU204370
BI_15 100 0 99.69 Amphibalanus reticulatus KU204370
100 0 99.53 Amphibalanus sp. MK995349
Lb_01 99 0 98.13 Amphibalanus reticulatus KU204256
99 0 97.97 Amphibalanus reticulatus KU204346
Lb_02 100 0 99.69 Amphibalanus reticulatus KU204370
100 0 99.53 Amphibalanus reticulatus KU204350
Lb_03 100 0 99.84 Amphibalanus reticulatus KU204320
100 0 99.68 Amphibalanus reticulatus KU204369
Lb_04 100 99.38 Amphibalanus reticulatus KU204346
100 0 99.38 Amphibalanus reticulatus KU204256
Lb_05 100 0 99.53 Amphibalanus reticulatus KU204346
100 0 99.53 Amphibalanus reticulatus KU204256
Lb_06 100 0 100 Amphibalanus reticulatus KU204370
100 0 99.84 Amphibalanus reticulatus KU204350
Lb_08 100 0 100 Amphibalanus reticulatus KU204370
100 0 99.84 Amphibalanus reticulatus KU204350
Lb_09 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lb_12 100 0 100 Amphibalanus reticulatus KU204370
100 0 99.84 Amphibalanus reticulatus KU204350
Lb_15 99 0 100 Amphibalanus sp. MK995352
99 0 100 Amphibalanus sp. MK995351
99 0 99.83 Amphibalanus reticulatus KU204350
Lp_01 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_02 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_04 100 0 99.84 Amphibalanus reticulatus KU204350
99 0 100 Amphibalanus sp. MK995352
Lp_06 100 0 99.69 Amphibalanus reticulatus KU204350
100 0 99.53 Amphibalanus reticulatus KU204370
Lp_07 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_09 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_10 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_12 100 0 100 Amphibalanus sp. MK995349
100 0 100 Amphibalanus reticulatus KU204350
Lp_15 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
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Sr_01 100 0 99.84
100 0 99.53
Sr_02 100 0 99.84
99 0 100
Sr_03 99 0 100
99 0 100
Sr_04 100 0 99.69
99 0 99.84
Sr_05 100 0 100
100 0 99.84
Sr_06 100 0 99.84
99 0 100
Sr_07 100 0 99.84
100 0 99.84
Sr_09 100 0 100.
100 0 99.84
Sr_10 100 0 99.84
99 0 100
Sr_13 100 0 100.
100 0 99.84
Sr_15 100 0 99.84
99 0 100
Jt 02 99 0 99.69
99 0 99.53
Jt 03 99 0 99.84
99 0 99.84

Amphibalanus reticulatus KU204256
Amphibalanus reticulatus KU204346
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204261
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204370
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus sp. MK995349
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204370
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus reticulatus KU204370
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus variegatus MK995345
Amphibalanus variegatus MK995343
Amphibalanus variegatus MK995343
Amphibalanus variegatus MK995342

Table 1 shows that 43 morphospecies have a high
sequence identity to A. reticulatus deposited in GenBank
with a high query cover and an error value of 0. Based on
the BLAST parameters, 43 morphospecies (BI_01 to
Sr_15) were genetically identified as A. reticulatus. The
two remaining morphospecies (Jt_02 and Jt_03) have high
BLAST identity to A. variegatus available in GenBank.
According to the BLAST parameters in Table 1, both
morphospecies were genetically identified as A. variegatus.
This morphospecies was placed into A. reticulatus and A.
variegatus because the identity values were higher than
97% standard values, as used in BOLD systems for species
identity (Ratnasingham 2016; Ratnasingham and Hebert
2007). High genetic homology among barnacle samples
and their reference species was also reported (Pitriana et al.
2020). Similar phenomena were also reported in other
crustaceans (Bilgin et al. 2015; Bhagawati et al. 2020;
Kusbiyanto et al. 2020). Therefore, it can be stated that
high genetic homology among individuals within species is
a common phenomenon over a wide range (Nuryanto et al.
2017; Ko et al. 2013).

Of course, there are some exceptions: individuals from
a single species might have low sequence identities
(Karanovic et al. 2015; Lin et al. 2015). The phenomena
are common in natural populations. By studying a wide
range of taxa, we realized that different groups of animals
might show distinct genetic homology within species. da
Silva et al. (2011) and Bucklin et al. (2010) proved that
different groups of animal species showed highly variable
genetic homology and differences among intraspecific
individuals. All these previous studies strengthen our
decision that genetically distinct barnacle morphospecies
can be referred to as two genetic species.

Genetic distances

Genetic distance indicates genetic differences among
species or populations within species. Kimura 2-parameter
(K2P) genetic distance analysis showed that 43
morphospecies (Group 1) had low genetic distance to A.
reticulatus in GenBank. The genetic distances ranged
between 0.000% and 2.647%. Simultaneously, genetic
distances among two morphospecies (Group 2) samples
had low genetic distances to A. variegatus in GenBank.
The values ranged from 0.000% to 0.346%. The genetic
distance  between  morphospecies Group 1 and
morphospecies Group 2 samples ranged from 12.964% to
14.438%. Genetic distances among all samples to the
conspecific sequences are presented in Table 4.

Table 4 clearly shows that barnacle samples from
Lampung, Semarang, Bali, and Lombok (Group 1) have a
low genetic distance to A. reticulatus. Simultaneously,
barnacle samples from Jakarta (Group 2) had low genetic
distances to A. variegatus. The data on genetic distance
between sample and reference species, as shown in Table
4, have provided additional information and validated
BLAST analysis. Therefore, morphologically identical
barnacle samples collected at five localities consisted of
two different species, i.e., A. reticulatus and A. variegatus.
The decision was made because the genetic distances were
less than 3% compared with their reference species. This
conclusion was strengthened by high genetic distances
between samples from four populations (Group 1) and from
Jakarta (Group 2), which was over 3% (12.964% to
14.438%), indicating that both groups belonged to different
species. Low within-species genetic distances have been
reported in several studies. For example, Camacho et al.
(2011) reported genetic distances within
Vejdovskybathynella edelweiss species that ranged from
1.5% to 2%. Similar values were also reported in a wide
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range of animal phyla (Camacho, 2011; Hubert et al. 2012;
Nuryanto et al. 2017; Nuryanto et al. 2019; Bhagawati et
al. 2020). Therefore, there is no doubt that barnacle
samples from Lampung, Semarang, Bali, and Lombok
belong to A. reticulatus. In contrast, barnacle samples from
Jakarta belong to A. variegtaus, although they have similar
morphology.

The cutoff value of 3% genetic distance was utilized
during species determination. This is because that value is
the standard value used in BOLD systems for species
identity (Ratnasingham and Hebert 2007). Moreover,
genetic distances among individuals within species are
highly variable depending on the animal groups. For
example, intraspecific genetic distance within insects
reached 21.1% (Lin et al. 2015), while Aguilar et al. (2017)
reported that the highest genetic distance in Bracnchinecta
lindahli (Crustacea: Anostraca) was 7.4%. Moreover, da
Silva et al. (2011), Havermans et al. (2011), and Bilgin et
al. (2015) also reported high variability in intraspecific
genetic distance among crustacean species. Karanovic et al.
(2015) reported that genetic distance within ostracods
(Crustacea) reached 8.6%. Therefore, the use of 3.0%
genetic distance for species cutoffs within this study is
reasonable. The value is below the 5% cutoff value used by
Candek and Kuntner (2015) in insects and inside the range
of 4% to 5% used by Lin et al. (2015).

Phylogenetic analysis

The phylogenetic tree showed that barnacles species
formed a monophyletic clade compared with the outgroup
species (Nodus N; Figure 2). Figure 2 reveals that each
sample was monophyletic to their conspecific. Forty-three
samples from Lampung, Semarang, Bali, and Lombok
formed a single clade with A. reticulatus (Clade A, Figure
2). Two samples from Jakarta formed another clade with A.
variegatus (Clade B; Figure 2). The samples’ monophyly to
their reference species was supported by an almost perfect
bootstrap value of 99. This value indicated that 990 out of
1000 trees that were reconstructed during the analysis had
similar branching patterns for the monophyly of barnacle
samples with their reference species.

Table 4. Genetic distances among samples to conspecific species
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e Accession Genetic

Sample Conspecific sequences number distance (%)
BI_01 Amphibalanus reticulatus KU204370 0.173
KU204350 0.346
BI_02 Amphibalanus reticulatus KU204350 0.173
Amphibalanus sp. MK995352 0.346
BI_03 Amphibalanus reticulatus KU204256 1.925
Amphibalanus reticulatus KU204346 2.104
BI_04 Amphibalanus reticulatus KU204370 0.173
KU204350 0.346
BI_05 Amphibalanus reticulatus KU204320 0.346
Amphibalanus reticulatus KU204369 0.520
BI_06 Amphibalanus sp. MK995349 2.647
Amphibalanus reticulatus KU204350 0.000
BI_07 Amphibalanus reticulatus KU204350 0.000
Amphibalanus reticulatus KU204370 0.173
BI_08 Amphibalanus reticulatus KU204256 2.104
Amphibalanus reticulatus KU204370 1.928
BI_10 Amphibalanus reticulatus KU204370 2.106
Amphibalanus reticulatus KU204256 1.925

BI_11
BI 12
BI 13
BI 15
Lb_01
Lb_02
Lb_03
Lb_04
Lb_05
Lb_06
Lb_08
Lb_09
Lb 12

Lb_15

Lp_o01
Lp_02
Lp_04
Lp_06
Lp_07
Lp_09
Lp_10
Lp_12
Lp_15
Sr_01
Sr_02
Sr_03
Sr_04
Sr_05
Sr_06
Sr_07
Sr_09
Sr_10
Sr_13
Sr_15
Jt 02

Jt_03

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus variegatus
Amphibalanus variegatus
Amphibalanus variegatus
Amphibalanus variegatus

KU204256
KU204346
KU204350
KU204370
KU204256
KU204370
KU204370
MK995349
KU204256
KU204346
KU204370
KU204350
KU204320
KU204369
KU204346
KU204256
KU204346
KU204256
KU204370
KU204350
KU204370
KU204350
KU204350
KU204370
KU204370
KU204350
MK995352
MK995351
KU204350
KU204350
KU204370
KU204350
KU204370
KU204350
MK995352
KU204350
KU204370
KU204350
KU204370
KU204350
KU204370
KU204350
KU204370
MK995349
KU204350
KU204350
KU204370
KU204256
KU204346
KU204350
MK995352
KU204350
KU204261
KU204350
MK995352
KU204350
KU204370
KU204350
MK995352
MK995349
KU204350
KU204370
KU204350
KU204350
MK995352
KU204370
KU204350
KU204350
MK995352
MK995345
MK995343
MK995343
MK995342

Amphibalanus reticulatus versus A. variegatus

1.794
1.928
0.000
0.173
1.925
2.104
0.173
0.346
2.104
2.283
0.173
0.346
0.173
0.346
0.519
0.519
0.519
0.519
0.000
0.173
0.000
0.173
0.173
0.000
0.000
0.173
0.000
0.000
0.173
0.000
0.173
0.000
0.173
0.173
0.000
0.346
0.519
0.000
0.173
0.000
0.173
0.000
0.173
0.000
0.000
0.000
0.173
0.173
0.519
0.173
2.470
0.000
0.000
0.346
0.173
0.000
0.173
0.173
0.000
0.173
0.173
0.000
0.173
0.173
0.000
0.000
0.173
0.173
0.346
0.173
0.346
0.173
0.173
12.964 -
14.438
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Figure 2. Phylogenetic tree showing the monophyly barnacles
samples to their references species. Note: number indicate
bootstrap values, clade A and clade B were supported by high NJ
and ML bootstrap values
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Low bootstraps values supported clade C, D, and E
compared to clade A and B. It is reasonable because those
three clades (C, D, and E) are composed of several
different species, while clade A and B consist of
individuals from single species, respectively. Nevertheless,
since this study focuses on clade A and B, supported by
high NJ and ML bootstrap values, it is reliable to state that
the barnacle samples are phylogenetically identified as two
different species.

According to Claridge et al. (1997), the phylogenetic
species concept states that individuals' placement into
single species is solely based on their monophyly.
Therefore, it is compelling to determine that
morphologically similar barnacle samples in this study
belong to two different species. The samples from
Lampung, Semarang, Bali, and Lombok belong to A.
reticulatus, while samples from Jakarta belong to A.
variegatus. Similar results were also reported by Nuryanto
et al. (2017) and Kurniawaty et al. (2016), who also
reported that monophyly between samples and reference
species indicated that the samples belong to a single
species.

Morphologically  similar barnacle samples were
genetically identified as A. reticulatus and A. variegatus.
Species determinations were made based on nucleotide
differences, nucleotide compositions, identity values,
genetic distance, monophyly, and branch lengths in a
phylogenetic tree. The taxonomic status of barnacle
samples is listed in Table 5.

It is concluded that barnacle samples collected at five
localities with similar morphologies have different
molecular characteristics. Based on their molecular
characteristics, the barnacle specimens used in this study
could be separated into two genetically distinct groups.
BLAST results, genetic distances, and monophyly analysis
proved that barnacle samples belong to Amphibalanus
reticulatus and A. variegatus.
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Table 5. Taxonomic status of the crustacean larvae collected in the eastern areas of Segara Anakan [Cilacapl, Indonesia

Commented [A1]: Why is this data presented here. This research
was conducted in five locations in Indonesia, excluding this location.

Code Order Family Genus Species

BI_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_08 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_11 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_13 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_08 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_13 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Jt_02 Sessilia Balanidae Amphibalanus Amphibalanus variegatus
Jt 03 Balanidae Amphibalanus Amphibalanus variegatus
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Abstract. Riani S, Prabowo RE, Nuryanto A. 2021. Molecular characteristics and taxonomic status of morphologically similar barnacles
(Amphibalanus) assessed using the cytochrome c oxidase 1 gene. Biodiversitas 22: 1456-1466. Amphibalanus variegatus and A.
reticulatus have similar external morphology. Morphological similarities can be a severe problem for direct species-level
identification. The problem can be overcome through anatomy-based identification and validated through molecular barcoding.
Molecular characterization using the cytochrome c oxidase 1 (COI) gene provides a useful tool for precise species identification. This
study attempted to assess the molecular characteristics of morphologically similar barnacle (Amphibalanus) specimens collected at
five localities in Indonesia to validate their taxonomic status. Forty-five barnacle specimens were collected during the field trips in
Lampung, Jakarta, Semarang, Bali, and Lombok. The COI gene was amplified using LCO1490 and HCO2198 primers. The gene was
sequenced using bidirectional sequencing at 1% base Asia. The specimens' taxonomic status was determined based on sequence
identity, genetic distance, monophyly, nucleotide compositions, and nucleotides in a particular position. Shell shapes-based
identification placed barnacle specimens into A. reticulatus. However, anatomical-based identification placed barnacle samples into
two different anatomic groups, which was further validated by molecular data that two anatomic groups of Amphibalanus samples
have significant differences in their COIl gene. Based on the molecular characteristics, 43 samples were identified as A. reticulatus,
while the two remaining samples were identified as A. variegatus.

Keywords: Amphibalanus, Balanus, genetic distance, identification, species complex

INTRODUCTION

The barnacles are sessile crustacean and show
morphological differences from the other crustaceans (Fertl
and Newman 2018). The barnacles have planktonic larvae
and sessile adult stages (Maruzzo et al. 2012; Chen et al.
2014; Fertl and Newman 2018). This crustacean is a
cosmopolite organism that inhabits a broad range of
habitats—ranging from deep-sea ocean to intertidal zones
(Jones 2012). Nevertheless, most barnacles live in intertidal
and subtidal zones (Fertl and Newman 2018). Thoracica is
the most familiar group of barnacles (Newman and Ross
1976; Pérez-Losada et al. 2004). Adult individuals of these
barnacles are attached permanently to a wide range of
substrates and other living organisms (Fertl and Newman
2018; Power et al. 2010). Within Thoracica, there is an
order called Sessilia, which consists of several families,
including Balanidae. Balanidae is divided into Balaninae,
Amphibalaninae, and Megabalaninae (Pitombo 2004).
Nevertheless, Pitriana et al. (2020) was only found two
families in Mollucas waters, namely Amphibalaninae and
Megabalaninae.

Amphibalanus is a genus of Amphibalaninae. Formerly,
Amphibalanus belonged to Balanus. Therefore, it is
difficult for the beginner to differentiate between
Amphibalanus and Balanus. Henry and McLaughlin (1975)
stated that the genera are different in denticles in the

labrum and in the color pattern of the parietal and sheath in
Amphibalanus. In the period in which Amphibalanus
belonged to Balanus, a Balanus amphitrite complex was
described (Pitriana et al. 2020). Later, the Balanus
amphitrite complex was further identified and divided into
three nominal species: Amphibalanus amphitrite (Pitombo
2004; Chen et al. 2014; Shahdadi et al. 2014; Pochai et al.
2017), A. reticulatus (Pitombo 2004; Pochai et al. 2017) and
A. variegatus (Pitombo 2004; Horikoshi and Okamoto 2005).
Amphibalanus amphitrite is characterized by conical to
round shells, while Amphibalanus reticulatus has a conical
or cylindrical shell, and Amphibalanus variegatus is
characterized by steeply conical shells or tubules in
crowded populations (Pitriana et al. 2020). The similarities
in general morphology of these three species might cause
misidentification, especially for beginner taxonomists.
According to Henry and McLaughlin  (1975),
Amphibalanus reticulatus and A. variegatus previously
belonged to the Balanus amphitrite complex. Therefore, it
is not easy to differentiate them solely based on their
morphology. Chen et al. (2014) and Pitriana et al. (2020)
further stated that the three species of the Balanus
amphitrite complex could be differentiated through
anatomical analysis of their shell, tergum, cirri, and the
color patterns on their shells. The identification of newly
collected Balanus amphitrite complexes is becoming more
challenging because they have overlapping geographic
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distributions.  Amphibalanus  amphitrite  is  widely
distributed worldwide from tropical to subtropical regions
(Henry and McLaughlin 1975; Chen et al. 2014). At the
same time, A. reticulatus is an indigenous species in the
Indo-Pacific (Utinomi 1967; Henry and McLaughlin 1975;
Newman and Ross 1976; Puspasari 2001; Carlton et al.
2011), including the Indonesian Archipelago. Although A.
variegatus has a narrower geographic distribution,
Indonesia still belongs to its geographic range, the Indo-
west Pacific region (Newman and Ross 1976; Puspasari
2001; Henry and McLaughlin 1975; Jones and Hosie
2016).

Morphological constraints faced by beginner barnacle
taxonomists can be solved using shell compartments and
soft body parts (Chen et al. 2014; Pitriana et al. 2020). It
could be further validated using molecular characteristics
for species determination (Frankham 2003). Cytochrome ¢
oxidase subunit 1 (COI) has become a standard marker in
animal characterization during species-level identification
(Riehl et al. 2014; Raupach and Radulovici 2015;
Karanovic 2015). The cytochrome ¢ oxidase 1 gene has a
highly variable fragment that is decisive for species
differentiation of morphologically identical species (von
der Heyden et al. 2014), such as members of the B.
amphitrite complex (Chen et al. 2014). The taxonomic
status of the samples can be determined based on sequence
identity (Nuryanto et al. 2017; Bhagawati et al. 2020).
Other parameters include genetic distance and monophyly
of the specimen to the conspecific references (Kusbiyanto et
al. 2020, Nuryanto et al. 2018). Variable genetic distances
between and among species or within and among families
and orders have been reported (Pereira et al. 2013).

Previous studies have proven that the COI gene is a
reliable marker for species-level identification of
crustaceans (da Silva et al. 2011; Jeffery et al. 2011),
including species complexes (Weis et al. 2014). Other
studies have also proven that the COI gene is a powerful
marker to separate identical morphological species
(Camacho et al. 2011; Bilgin et al. 2015; Bekker et al.
2016). Moreover, the COIl gene was also reported as a
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reliable marker for species-level identification of
specimens with limited morphological characteristics, such
as fish and crustacean larvae (Tang et al. 2010; Ko et al.
2013, Pereira et al. 2013; Thirumaraiselvi et al. 2015;
Palero et al. 2016; Palecanda et al. 2020). In barnacles, the
COl gene was also reported as a reliable molecular marker
for species identification of barnacle specimens (Pitriana et
al. 2020). However, Pitriana et al. (2020) only focused on
barnacle specimens from Maluku. No study has been
performed on the characterization of morphologically

similar barnacle specimens collected from different
localities in Indonesia.

This study aimed to assess the molecular
characteristics of morphologically similar barnacle

(Amphibalanus) specimens collected at five localities in
Indonesia to validate their taxonomic status. The use of the
COI gene on morphologically identical barnacle specimens
could validate those barnacles' taxonomic status inferred
from morphological identification. A precise taxonomic
status is essential for further studies of barnacles, such as
studies about the connectivity among barnacle populations
across the Indonesian Archipelago. The data are vital as a
scientific basis for barnacle species and ecosystem
management in Indonesia.

MATERIALS AND METHODS

Sampling sites and laboratory examination

Barnacle samples were collected at five localities in
Indonesia, spanning Lampung, Jakarta, Semarang, Bali,
and Lombok (Figure 1). The locations were selected by
considering current changes throughout the western and
eastern monsoon seasons in the Java Sea to the Bali and
Lombok Straits. The ecological characteristics of all the
sampling sites were similar, i.e. salinity ranged from 22 to
25%, pH ranged between 6.8 and 7.5, and all the sites were
bays. Barnacle samples were collected during field trips in
July and August 2020.

e k=l
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Sample collection and morphospecies identification

Barnacle samples were collected manually using a
chisel and hammer. That sampling technique was applied
because barnacles are firmly attached to the substrates.
Fresh individuals were directly identified based on shell
shape by comparison with previous publications by
Puspasari (2001) and Chen et al. (2014). Afterward,
barnacle specimens were preserved in 96% absolute
ethanol. Preliminary identification was roughly performed
based on shell shape. The purpose of this step was to group
identical samples into single morphospecies, which would
then need further validation using  molecular
characteristics.

DNA extraction and COI marker amplification

Total genomic DNA was extracted from soft body parts
of the barnacle samples using Chelex® 100 (Walsh et al.
2013). A fragment of the cytochrome ¢ oxidase 1 gene was
multiplied using polymerase chain reaction (PCR). The
amplification used My HS ready mix (Bioline, Meridian
Bioscience) utilizing the forward primer LCO1490, 5'-
GGTCAACAAATCATAAAGATATTGG-3, and the
reverse primer HC02198, 5-TAAACTTCAGGGTGACC
AAAAAATCA-3' (Folmer et al. 1994). A thermal cycler
was run under the following conditions: initial denaturation
at 95°C for 3 minutes, five initial cycles consisting of
denaturation at 95°C for 30 seconds, 60 seconds of
annealing at 48°C, and extension for 60 seconds at 72°C.
The actual amplification process was conducted for 35
cycles with denaturation at 95°C for 30 seconds, annealing
at 51°C for 45 seconds, and extension for one minute at
72°C. The final extension was performed for nine minutes
at 72°C, followed by a hold stage at 8°C for five minutes.
Extracted DNA and amplification products were visualized
in a SyBr-stained agarose gel over a UV light
transilluminator.

Data analysis

Forward and reverse sequences of all samples were
assembled using Bioedit (Hall 2005) to obtain a complete
fragment. The complete sequences were translated to
amino acid sequences using ORF finder online software
(https://www.ncbi.nlm.nih.gov/orffinder/) to ensure that
functional fragments were obtained. All sequences were
checked for their identity to conspecific sequences in
GenBank using the basic local alignment search tool
(BLAST) technique. Multiple sequence alignment was
performed using ClustalW (Thompson et al. 1994) in
Bioedit (Hall 2005), and sequences were checked manually
to avoid unnecessary sites or gaps. All sequences have been
deposited in GenBank with accession numbers MW196394
to MW196438.

Nucleotide content and the number of polymorphic sites
of each species were calculated using Arlequin 3.5.
(Excoffier and Lischer 2010). Monophyly of barnacle
samples and their conspecific references was obtained
through phylogenetic analysis. The phylogenetic tree was
reconstructed using neighbor-joining (NJ) and maximum
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likelihood algorithms and the Kimura 2-parameter (K2P)
substitution model in MEGAX (Kumar et al. 2018). The
reliability of the tree topology was obtained from outgroup
comparisons using other barnacle species harvested from
GenBank and 1000 bootstrap values. The outgroup
specimens were Amphibalanus amphitrite  KU204305,

Amphibalanus improvisus MG935146, Amphibalanus
rhizophorae  JQ035511,  Amphibalanus  eburneus
MK240319, Amphibalanus subalbidus MK308125,

Amphibalanus zhujiangensis MK995341, Amphibalanus
cirratus MG450353, Balanus glandula MG319462,
Semibalanus balanoides HQ987373, and Haptosquilla
hamifera KM074037. These distantly related specimens
were used to ensure that all barnacle species formed a
monophyletic group.

RESULTS AND DISCUSSION

Morphospecies concept

Forty-five barnacle samples were obtained during field
trips in Lampung, Jakarta, Semarang, Bali, and Lombok.
Shell shape-based identification of fresh samples placed 45
barnacle specimens into a single morphospecies, namely,
Amphibalanus reticulatus. The sample placement into a
single morphospecies is reasonable because species
definition was solely based on morphological similarity.
Claridge et al. (1997) clearly stated that species status is
only determined based on morphological similarity in the
morphological species concept. The second argument is in
the previous classification that Amphibalanus belonged to
Balanus. Previously, all Amphibalanus species were placed
into a single species, namely, the Balanus amphitrite
species complex. The placement was because all
Amphibalanus species have remarkably similar external
morphologies, especially in their shell shapes (Pitombo
2004). Therefore, it was reasonable that skimming
identification of newly collected samples placed all
samples into single species.

Anatomical assessment based on their shells
compartments and soft body parts placed the samples into
two distinct anatomic groups. The first groups consisted of
43 barnacle individuals collected from Lampung,
Semarang, Bali, and Lombok. The second group only
consisted of two barnacle individuals from Jakarta. The
first anatomic group was identified as A. reticulatus, while
the second group was anatomically identified as A.
variegatus. The difference in results between shell shape
and anatomy-based identification is reasonable because
anatomic characters, such as shell compartments, labrum
shapes, and erect hook on the posterior distal of cirri I,
are diagnostic characters species-level identification of
barnacles.  Previous studies had proved that barnacle
species could be identified based on shell compartments
and soft body parts of the specimens (Hanry and
McLaughlin 1975; Puspasari 2001; Pitriana et al. 2020).


https://www.ncbi.nlm.nih.gov/orffinder/
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Table 1. Nucleotide differences between two groups of morphologically similar barnacles

Nucleotide position

Group 2 14 23 32 74711 83 95 116 125 143 146 162 164
Group 1 C T A C C C T T C A G A T A
Group 2 T A T T T T A A T T T T c T
167 182 185 191 194 204 206 212 228 230 239 263 264 266
Group 1 T T T T c T A T c T T c c T
Group 2 A c A A T c T c T A c T T A
299 314 317 362 363 365 374 383 398 401 413 416 419 434
Group 1 T GA TIC A c T T T A c T A TC A
Group 2 G T A T T A A c T T A T A T
440 441 458 470 479 488 504 506 524 540 542 545 548 581
Group 1 A c T T T AC ¢ T o T A A T T
Group 2 c T A A A T T A A c c T A A

Molecular characteristics

To ensure that the barnacle samples utilized were
precisely identified to the correct taxonomic status, all
samples were subjected to molecular characterization using
the COIl gene. Two molecular characteristics were
assessed, i.e., nucleotide differences at a particular position
and nucleotide composition.

Nucleotide differences

Pairwise comparisons of all barnacle samples'
nucleotide sequences proved that the samples could be
divided into two distinct genetic groups. The first group
consisted of 43 barnacle samples collected at Lampung,
Semarang, Bali, and Lombok. The first group shows fairly
high nucleotides variation. The 43 individuals of first group
were differentiated by 36 nucleotides. The second group
consisted of only two barnacle individuals collected in
Jakarta. The two individuals of the second group differ
only in 3 nucleotides. Meanwhile, the first group was
distinguished from the second group by the difference in
nucleotides at 56 positions_(Table 1). The nucleotide
differences between these two morphologically similar
samples are presented in Table 1. Those high nucleotide
differences indicate that both barnacle groups are
genetically different, which might suggest that they belong
to different species. According to Elvyra et al. (2020),
nucleotide differences among samples might indicate that
the samples belong to different species. Similar
phenomenon was also reported in fish —(Malakar et al.
2013)

Nucleotide composition

Further analysis was performed to compare the
nucleotide composition of previously genetically different
groups, as shown in their nucleotide differences.
Mathematical calculations proved that both groups had
different nucleotide compositions. The nucleotide
compositions of both genetic groups are presented in Table
2.

Table 2 shows that both species have different
percentages of their nucleotides. The difference in
nucleotide  composition could indicate that the
morphospecies groups belong to different species.

According to Afreixo et al. (2009), a distinct nucleotide
composition pattern might suggest a species' indication and
characteristics. A different nucleotide was also reported in
fish (Malakar et al. 2013; Elvyra et al.2020). As also shown
in Table 2, guanine (G) is present in the lowest percentage.

Genetic species concept

The genetic species concept can be applied if closely
related species show a highly similar morphology. In such
a case, species identification solely relying on
morphological characteristics might  lead to
misidentification (Pitriana et al. 2020). The genetic species
concept states that high similarity in genetic constituents of
two or more individuals can be referred to as belonging to a
single species, as summarized by Claridge et al. (1997). In
technical terms, genetic similarity can be assessed through
sequence identity, genetic distances, and individual
monophyly (Bhagawati et al. 2020; Kushiyanto et al.
2020).

BLAST parameters |

Sequence identity checks using the BLAST (Basic
Local Alignment Search Tool) technique proved that 43 out
of the 45 morphospecies had high identity values to the
sequences of A. reticulatus available in GenBank. The
identity values ranged from 98.11% to 100%, the query
cover ranged from 99% to 100%, and the expected value
was 0. However, the two morphospecies had sequence
identity values ranging from 99.53% to 99.84%, a queril
cover of 99%, and an expected value of 0 for A. variegatus
in GenBank (MK995342, MK995343, and MK995345).
Detailed data on the BLAST results are presented in Table
3.

Table 2. Nucleotide compositions
morphologically similar barnacles

of two groups of

Morphospecies Nucleotide (%)

group C T A G
Group 1 17.42 37.70 29.17 15.71
Group 2 16.27 38.12 30.46 15.15
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Table 3. BLAST analysis results to conspecific sequences available in GenBank

Sample Query cover (%) E-Value Identity (%) Conspecific references Accession number
BI_01 100 0 99.84 Amphibalanus reticulatus KU204370
100 0 99.69 KU204350
BI_02 100 0 99.84 Amphibalanus reticulatus KU204350
99 0 100.00 Amphibalanus sp. MK995352
BI_03 100 0 98.28 Amphibalanus reticulatus KU204256
100 0 98.13 Amphibalanus reticulatus KU204346
BI_04 100 0 99.84 Amphibalanus reticulatus KU204370
100 0 99.69 KU204350
BI_05 100 0 99.38 Amphibalanus reticulatus KU204320
100 0 99.22 Amphibalanus reticulatus KU204369
BI_06 100 0 100 Amphibalanus sp. MK995349
100 0 100 Amphibalanus reticulatus KU204350
BI_07 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
BI_08 100 0 98.14 Amphibalanus reticulatus KU204256
99 0 98.13 Amphibalanus reticulatus KU204370
BI_10 100 0 98.11 Amphibalanus reticulatus KU204370
100 0 98.11 Amphibalanus reticulatus KU204256
BI_11 100 0 98.42 Amphibalanus reticulatus KU204256
100 0 98.26 Amphibalanus reticulatus KU204346
BI_12 100 0 99.84 Amphibalanus reticulatus KU204350
100 0 99.69 Amphibalanus reticulatus KU204370
BI_13 99 0 98.13 Amphibalanus reticulatus KU204256
100 0 97.83 Amphibalanus reticulatus KU204370
BI_15 100 0 99.69 Amphibalanus reticulatus KU204370
100 0 99.53 Amphibalanus sp. MK995349
Lb_01 99 0 98.13 Amphibalanus reticulatus KU204256
99 0 97.97 Amphibalanus reticulatus KU204346
Lb_02 100 0 99.69 Amphibalanus reticulatus KU204370
100 0 99.53 Amphibalanus reticulatus KU204350
Lb_03 100 0 99.84 Amphibalanus reticulatus KU204320
100 0 99.68 Amphibalanus reticulatus KU204369
Lb_04 100 99.38 Amphibalanus reticulatus KU204346
100 0 99.38 Amphibalanus reticulatus KU204256
Lb_05 100 0 99.53 Amphibalanus reticulatus KU204346
100 0 99.53 Amphibalanus reticulatus KU204256
Lb_06 100 0 100 Amphibalanus reticulatus KU204370
100 0 99.84 Amphibalanus reticulatus KU204350
Lb_08 100 0 100 Amphibalanus reticulatus KU204370
100 0 99.84 Amphibalanus reticulatus KU204350
Lb_09 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lb_12 100 0 100 Amphibalanus reticulatus KU204370
100 0 99.84 Amphibalanus reticulatus KU204350
Lb_15 99 0 100 Amphibalanus sp. MK995352
99 0 100 Amphibalanus sp. MK995351
99 0 99.83 Amphibalanus reticulatus KU204350
Lp_01 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_02 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_04 100 0 99.84 Amphibalanus reticulatus KU204350
99 0 100 Amphibalanus sp. MK995352
Lp_06 100 0 99.69 Amphibalanus reticulatus KU204350
100 0 99.53 Amphibalanus reticulatus KU204370
Lp_07 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_09 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_10 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
Lp_12 100 0 100 Amphibalanus sp. MK995349
100 0 100 Amphibalanus reticulatus KU204350
Lp_15 100 0 100 Amphibalanus reticulatus KU204350
100 0 99.84 Amphibalanus reticulatus KU204370
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Sr_01 100 0 99.84
100 0 99.53
Sr_02 100 0 99.84
99 0 100
Sr_03 99 0 100
99 0 100
Sr_04 100 0 99.69
99 0 99.84
Sr_05 100 0 100
100 0 99.84
Sr_06 100 0 99.84
99 0 100
Sr_07 100 0 99.84
100 0 99.84
Sr_09 100 0 100.
100 0 99.84
Sr_10 100 0 99.84
99 0 100
Sr_13 100 0 100.
100 0 99.84
Sr_15 100 0 99.84
99 0 100
Jt 02 99 0 99.69
99 0 99.53
Jt 03 99 0 99.84
99 0 99.84

Amphibalanus reticulatus KU204256
Amphibalanus reticulatus KU204346
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204261
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204370
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus sp. MK995349
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204370
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus reticulatus KU204370
Amphibalanus reticulatus KU204350
Amphibalanus reticulatus KU204350
Amphibalanus sp. MK995352
Amphibalanus variegatus MK995345
Amphibalanus variegatus MK995343
Amphibalanus variegatus MK995343
Amphibalanus variegatus MK995342

Table 1-3 shows that 43 morphospecies have a high
sequence identity to A. reticulatus deposited in GenBank
with a high query cover and an error-expected value of 0.
Based on the BLAST parameters, 43 morphospecies
(BI_01 to Sr_15) were genetically identified as A.
reticulatus. The two remaining morphospecies (Jt_02 and
Jt_03) have high BLAST identity to A. variegatus available
in GenBank. According to the BLAST parameters in Table
13, both morphospecies were genetically identified as A.
variegatus. Fhis—The morphospecies was placed into A.
reticulatus and A. variegatus because the identity values
were higher than 97% standard values, as used in BOLD
systems for species identity (Ratnasingham 2016;
Ratnasingham and Hebert 2007). High genetic homology
among barnacle samples and their reference species was
also reported (Pitriana et al. 2020). Similar phenomena
were also reported in other crustaceans (Bilgin et al. 2015;
Bhagawati et al. 2020; Kusbiyanto et al. 2020). Therefore,
it can be stated that high genetic homology among
individuals within species is a common phenomenon over a
wide range (Nuryanto et al. 2017; Ko et al. 2013).

Of course, there are some exceptions: individuals from
a single species might have low sequence identities
(Karanovic et al. 2015; Lin et al. 2015). The phenomena
are common in natural populations. By studying a wide
range of taxa, we realized that different groups of animals
might show distinct genetic homology within species. da
Silva et al. (2011) and Bucklin et al. (2010) proved that
different groups of animal species showed highly variable
genetic homology and differences among intraspecific
individuals. All these previous studies strengthen our
decision that genetically distinct barnacle morphospecies
can be referred to as two genetic species.

Genetic distances |

Genetic distance indicates genetic differences among
species or populations within species. Kimura 2-parametgr
(K2P) genetic distance analysis showed that 43
morphospecies (Group 1) had low genetic distance to A.
reticulatus in GenBank. The genetic distances ranged
between 0.000% and 2.647%. Simultaneously, genetic
distances among two morphospecies (Group 2) samples
had low genetic distances to A. variegatus in GenBanLL.
The values ranged from 0.000% to 0.346%. The geneti
distance  between  morphospecies Group 1 and
morphospecies Group 2 samples ranged from 12.964% to
14.438%. Genetic distances among all samples to the
conspecific sequences are presented in Table 4.

Table 4 clearly shows that barnacle samples from
Lampung, Semarang, Bali, and Lombok (Group 1) have a
low genetic distance to A. reticulatus. Simultaneously,
barnacle samples from Jakarta (Group 2) had low genetic
distances to A. variegatus. The data on genetic distance
between sample and reference species, as shown in Table
4, have provided additional information and validated
BLAST analysis. Therefore, morphologically identical
barnacle samples collected at five localities consisted of
two different species, i.e., A. reticulatus and A. variegatus.
The decision was made because the genetic distances were
less than 3% compared with their reference species. This
conclusion was strengthened by high genetic distances
between samples from four populations (Group 1) and from
Jakarta (Group 2), which was over 3% (12.964% to
14.438%), indicating that both groups belonged to different
species. Low within-species genetic distances have been
reported in several studies. For example, Camacho et al.
(2011) reported genetic distances within
Vejdovskybathynella edelweiss species that ranged from
1.5% to 2%. Similar values were also reported in a wide
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range of animal phyla (Camacho, 2011; Hubert et al. 2012;
Nuryanto et al. 2017; Nuryanto et al. 2019; Bhagawati et
al. 2020). Therefore, there is no doubt that barnacle
samples from Lampung, Semarang, Bali, and Lombok
belong to A. reticulatus. In contrast, barnacle samples from
Jakarta belong to A. variegtaus, although they have similar
morphology.

The cutoff value of 3% genetic distance was utilized
during species determination. This is because that value is
the standard value used in BOLD systems for species
identity (Ratnasingham and Hebert 2007). Moreover,
genetic distances among individuals within species are
highly variable depending on the animal groups. For
example, intraspecific genetic distance within insects
reached 21.1% (Lin et al. 2015), while Aguilar et al. (2017)
reported that the highest genetic distance in Bracnchinecta
lindahli (Crustacea: Anostraca) was 7.4%. Moreover, da
Silva et al. (2011), Havermans et al. (2011), and Bilgin et
al. (2015) also reported high variability in intraspecific
genetic distance among crustacean species. Karanovic et al.
(2015) reported that genetic distance within ostracods
(Crustacea) reached 8.6%. Therefore, the use of 3.0%
genetic distance for species cutoffs within this study is
reasonable. The value is below the 5% cutoff value used by
Candek and Kuntner (2015) in insects and inside the range
of 4% to 5% used by Lin et al. (2015).

Phylogenetic analysis

The phylogenetic tree showed that barnacles species
formed a monophyletic clade compared with the outgroup
species (Nodus N; Figure 2). Figure 2 reveals that each
sample was monophyletic to their conspecific. Forty-three
samples from Lampung, Semarang, Bali, and Lombok
formed a single clade with A. reticulatus (Clade A, Figure
2). Two samples from Jakarta formed another clade with A.
variegatus (Clade B; Figure 2). The samples’ monophyly to
their reference species was supported by an almost perfect
bootstrap value of 99. This value indicated that 990 out of
1000 trees that were reconstructed during the analysis had
similar branching patterns for the monophyly of barnacle
samples with their reference species.

Table 4. Genetic distances among samples to conspecific species
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e Accession Genetic

Sample Conspecific sequences number distance (%)
BI_01 Amphibalanus reticulatus KU204370 0.173
KU204350 0.346
BI_02 Amphibalanus reticulatus KU204350 0.173
Amphibalanus sp. MK995352 0.346
BI_03 Amphibalanus reticulatus KU204256 1.925
Amphibalanus reticulatus KU204346 2.104
BI_04 Amphibalanus reticulatus KU204370 0.173
KU204350 0.346
BI_05 Amphibalanus reticulatus KU204320 0.346
Amphibalanus reticulatus KU204369 0.520
BI_06 Amphibalanus sp. MK995349 2.647
Amphibalanus reticulatus KU204350 0.000
BI_07 Amphibalanus reticulatus KU204350 0.000
Amphibalanus reticulatus KU204370 0.173
BI_08 Amphibalanus reticulatus KU204256 2.104
Amphibalanus reticulatus KU204370 1.928
BI_10 Amphibalanus reticulatus KU204370 2.106
Amphibalanus reticulatus KU204256 1.925

BI_11
BI 12
BI 13
BI 15
Lb_01
Lb_02
Lb_03
Lb_04
Lb_05
Lb_06
Lb_08
Lb_09
Lb 12

Lb_15

Lp_o01
Lp_02
Lp_04
Lp_06
Lp_07
Lp_09
Lp_10
Lp_12
Lp_15
Sr_01
Sr_02
Sr_03
Sr_04
Sr_05
Sr_06
Sr_07
Sr_09
Sr_10
Sr_13
Sr_15
Jt 02

Jt_03

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus reticulatus
Amphibalanus sp.

Amphibalanus variegatus
Amphibalanus variegatus
Amphibalanus variegatus
Amphibalanus variegatus

KU204256
KU204346
KU204350
KU204370
KU204256
KU204370
KU204370
MK995349
KU204256
KU204346
KU204370
KU204350
KU204320
KU204369
KU204346
KU204256
KU204346
KU204256
KU204370
KU204350
KU204370
KU204350
KU204350
KU204370
KU204370
KU204350
MK995352
MK995351
KU204350
KU204350
KU204370
KU204350
KU204370
KU204350
MK995352
KU204350
KU204370
KU204350
KU204370
KU204350
KU204370
KU204350
KU204370
MK995349
KU204350
KU204350
KU204370
KU204256
KU204346
KU204350
MK995352
KU204350
KU204261
KU204350
MK995352
KU204350
KU204370
KU204350
MK995352
MK995349
KU204350
KU204370
KU204350
KU204350
MK995352
KU204370
KU204350
KU204350
MK995352
MK995345
MK995343
MK995343
MK995342

Amphibalanus reticulatus versus A. variegatus

1.794
1.928
0.000
0.173
1.925
2.104
0.173
0.346
2.104
2.283
0.173
0.346
0.173
0.346
0.519
0.519
0.519
0.519
0.000
0.173
0.000
0.173
0.173
0.000
0.000
0.173
0.000
0.000
0.173
0.000
0.173
0.000
0.173
0.173
0.000
0.346
0.519
0.000
0.173
0.000
0.173
0.000
0.173
0.000
0.000
0.000
0.173
0.173
0.519
0.173
2.470
0.000
0.000
0.346
0.173
0.000
0.173
0.173
0.000
0.173
0.173
0.000
0.173
0.173
0.000
0.000
0.173
0.173
0.346
0.173
0.346
0.173
0.173
12.964 -
14.438
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Figure 2. Phylogenetic tree showing the monophyly barnacles
samples to their references species. Note: number indicate
bootstrap values, clade A and clade B were supported by high NJ
and ML bootstrap values
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Low bootstraps values supported clade C, D, and E
compared to clade A and B. It is reasonable because those
three clades (C, D, and E) are composed of several
different species, while clade A and B consist of
individuals from single species, respectively. Nevertheless,
since this study focuses on clade A and B, supported by
high NJ and ML bootstrap values, it is reliable to state that
the barnacle samples are phylogenetically identified as two
different species.

According to Claridge et al. (1997), the phylogenetic
species concept states that individuals' placement into
single species is solely based on their monophyly.
Therefore, it is compelling to determine that
morphologically similar barnacle samples in this study
belong to two different species. The samples from
Lampung, Semarang, Bali, and Lombok belong to A.
reticulatus, while samples from Jakarta belong to A.
variegatus. Similar results were also reported by Nuryanto
et al. (2017) and Kurniawaty et al. (2016), who also
reported that monophyly between samples and reference
species indicated that the samples belong to a single
species.

Morphologically  similar barnacle samples were
genetically identified as A. reticulatus and A. variegatus.
Species determinations were made based on nucleotide
differences, nucleotide compositions, identity values,
genetic distance, monophyly, and branch lengths in a
phylogenetic tree. The taxonomic status of barnacle
samples is listed in Table 5.

It is concluded that barnacle samples collected at five
localities with similar morphologies have different
molecular characteristics. Based on their molecular
characteristics, the barnacle specimens used in this study
could be separated into two genetically distinct groups.
BLAST results, genetic distances, and monophyly analysis
proved that barnacle samples belong to Amphibalanus
reticulatus and A. variegatus.
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Table 5. Taxonomic status of
barnacles collected at five sampling sites in Indonesia

Commented [A1]: Why is this data presented here. This research
was conducted in five locations in Indonesia, excluding this location.

Commented [AN2]: This is solely because of our carelessness.
We used our previous publication as a template but forgot to replace
the sampling site. We did not collect samples from the East Segara
Anakan

Code Order Family Genus Species

BI_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_08 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_11 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_13 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
BI_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_08 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lb_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_12 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Lp_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_01 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_02 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_03 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_04 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_05 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_06 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_07 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_09 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_10 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_13 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Sr_15 Sessilia Balanidae Amphibalanus Amphibalanus reticulatus
Jt_02 Sessilia Balanidae Amphibalanus Amphibalanus variegatus
Jt 03 Balanidae Amphibalanus Amphibalanus variegatus
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