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Abstract

:

Parrotfish are an important group in the coral reef ecosystem that maintain ecological stability and have a close relationship with coral reefs. Around the world, parrotfish and coral reefs are being destroyed due to human activities and global climate change. Here, we investigated the diversity of parrotfish in the South China Sea (SCS) using DNA barcoding, and initially established a DNA barcode database of the SCS parrotfish. A total of 1620 parrotfish specimens, belonging to 23 species of 6 genera in the family Scaridae, were collected in the SCS, accounting for 64% of the parrotfish species in the SCS. Genetic distance analysis at each taxonomic level showed that the average genetic distance was 0.23% within species, 8.52% within genus and 13.89% within family. The average inter-specific distance was 37.04-fold the intra-specific distance. Barcode gap analysis showed that 6 of the 21 parrotfish species with multiple samples had no barcode gap, resulting in an overall identification success rate of 74%. The ABGD analysis revealed that there could be 37 potential operational taxonomic units (OTUs) and the BIN analysis showed 32 identifiable taxonomic units, which by far exceed the number of morphologically previously known species. Overall, this study complements the lack of parrotfish DNA barcode sequences, and our findings provide an important stepping-stone to further study the diversity of parrotfish in South China.
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1. Introduction


The coral reef ecosystem, known as the “underwater rainforest”, has a very high biodiversity and provides a habitat for numbers of aquatic organisms [1]. The coral reefs of the SCS account for 5% of the world’s coral reef areas and consist of four main coral reef archipelagos, including at least 280 small reefs, with a total area of 38,462 km2 [2,3]. The numerous coral reefs of the SCS provide a habitat for a wide variety of fish species. Among the four coral reef archipelagos of the SCS, 514 fish species were recorded from Dongsha islands, 632 species from Xisha and Zhongsha islands, and 548 species in Nansha islands, which may be much lower than the actual number of species [4]. Parrotfish (Scaridae), a family of brightly colored fish, are often closely associated with the health of coral reef ecosystems. There are 36 species of parrotfish living in the reefs of the SCS [5,6]. Parrotfish usually inhabit coral reefs in tropical seas, and only rarely live in subtropical zones [5]. They are the main herbivorous fish in coral reefs, feeding on algal substrates, macroalgae, shellfish, encrusting corallines and other organisms [5,7]. In the coral reef ecosystem, macroalgae compete for space with reef-building corals, and macroalgae are more competitive [8]. Since most parrotfish feed on algae, parrotfish play an important role in regulating algae and coral reefs [8,9,10]. Studies have shown that when parrotfish and other herbivores are severely depleted, coral reefs can be severely degraded or destroyed by algal overgrowth [11]. In addition, parrotfish are a major factor in the bioerosion of coral reef carbonates and a major determinant of the benthic community structure of coral reefs [12,13,14]. Therefore, parrotfish are an important factor in maintaining the stability of coral reef ecosystems.



Unfortunately, coral reefs around the world are being degraded at an alarming rate [15]. In recent decades, the coral reefs of the SCS have been significantly degraded and fish biodiversity has been severely reduced due to human activities, such as overfishing, wastewater discharge and the greenhouse effect [16]. The overall coverage of coral reefs in the pelagic areas of the SCS has decreased from 60% in the early 2000s to about 20% in 2012, while the overall coverage in the offshore areas has decreased by about 80% from the 1980s to 2012 [3]. The decrease in the reef area has put reef fish under severe survival pressure. For parrotfish, the degradation of coral reefs is one of the most important factors leading to a significant decline in population size, change in age structure and decrease in reproductive quality [6]. This will inevitably reduce the ecological function of parrotfish and lead to the decline of coral reefs, thus creating a vicious cycle. Therefore, coral reefs in the SCS are in urgent need of attention and protection. Moreover, the study of parrotfish diversity not only provides important data for the conservation of parrotfish, but also provides insight into the health of coral reefs ecosystems.



Fish identification is usually an important and fundamental part of fish diversity surveys. Parrotfish have bright colors and complex patterns, and their colors change with the growth stage [17], making their morphological identification challenging. Traditional morphological identification methods rely on personal experience, but there are relatively few experienced professional taxonomists, which undoubtedly increases the difficulty of this work [18]. DNA barcoding, as a molecular identification method, does not require the user to have professional taxonomic knowledge, is easy to learn, and gradually has become an important tool for species identification. DNA barcoding does not depend on individual morphological characteristics, is independent of life cycle and sex and requires only a fragment of organism tissue for rapid identification [19,20]. Currently, DNA barcode marker genes have been developed for land plants, animals and fungi [21,22,23,24]. In fish identification, the COI (mitochondrial cytochrome oxidase subunit I) gene fragment is commonly used as a standard DNA barcode sequence and has been widely used in related fields [18,25,26]. A reliable DNA barcode reference library is the basic guarantee for the successful application of DNA barcoding. At present, many public DNA barcode databases have been established in the world, among which the BOLD (Barcode of Life Data System, http://www.barcodinglife.org/) database is a representative. For fish, the FISH-BOL (FISH-Barcode of Life Campaign) international cooperative program has been developed for DNA barcoding of fish groups. The establishment of these international databases have not only facilitated the sharing and communication among DNA barcoding researchers around the world, but also promoted the in-depth and wide application of DNA barcoding research. Parrot fish are a group of about 95 morphological fish species and the largest richness of species is in the Indo-Pacific. However, data on parrotfish in coral reefs are still scarce. Many parrotfish have virtually no available DNA barcodes. For example, there are less than 1700 DNA barcode sequences for only 38 parrotfish species in the BOLD database, and these sequences are unevenly distributed across species. This leaves DNA barcoding without significant data support for parrotfish diversity conservation applications.



Therefore, to supplement the public database with parrotfish DNA barcoding, we collected parrotfish samples from various coral reefs in the SCS and conducted DNA barcoding studies. Here, we reveal the diversity of parrotfish in the SCS, and initially build a DNA barcode reference database of parrotfish in the SCS, aiming to provide basic data for strengthening the conservation of coral reefs and fish diversity in the SCS.




2. Materials and Methods


2.1. Sample Collection and Morphological Identification


All samples were collected from five coral reef regions (Qilianyu, Meijijiao, Jinqingdao, Lingshui and Yongxingdao) (Figure 1) in Hainan Province, China from January 2018 to October 2020. A total of 1620 specimens were collected, mainly from commercial fishing harvests and scientific fishery surveys by multiple methods such as light trapping, bottom trawling and long-line fishing (Table S1 (Supplementary Materials)). The morphological identification of the specimens was mainly based on the monographs and the literature related to fish in the SCS [5,27,28]. Information about the fish species used in this study is shown in Table 1. A small piece of muscle tissue was excised from each specimen, preserved in 100% ethanol and subsequently used for genomic DNA extraction. All specimens were preserved in 95% ethanol and stored at the South China Sea Fisheries Research Institute, the Chinese Academy of Fishery Sciences (SCSFRI, CAFS).




2.2. DNA Extraction, PCR Amplification and Sequencing


Total genomic DNA was extracted from the muscle samples by proteinase K digestion followed by a standard phenol-chloroform method and further checked by 1.0% agarose gel electrophoresis. Approximately 660 bp of the 5′ end of the mitochondrial COI gene was amplified using various combinations of the following universal fish primers: FishF1-TCA ACC AAC CAC AAA GAC ATT GGA C; FishF2-TCG ACT AAT CAT AAA GAT ATC GGC AC; FishR1-TAG ACT TCT GGG TGG CCA AAG AAT CA; and FishR2-ACT TCA GGG TGA CCG AAG AAT CAG AA [29]. The 30 μL polymerase chain reaction (PCR) mixture contained 1.5 μL of each primer (10 mM), 1.5 μL dNTPs (2.5 mM each), 0.375 μL Taq DNA polymerase (2.5 U/μL, TaKaRa Bio, Shanghai, China), 1.0 μL DNA template (50–100 ng/μL), 3.0 μL 10× PCR buffer (including MgCl2) and 21.125 μL sterilized ultrapure water. The PCR amplification procedures were as follows: 94 °C for 5 min, 32 cycles at 94 °C for 30 s, 53 °C for 30 s, 72 °C for 1 min and a final extension at 72 °C for 10 min. The PCR products were visualized on a 1.2% agarose gel. The successfully amplified products were separated from the gels, purified using the DNA Gel Extraction Kit (Tiangen, Wuhan, China) and sequenced on an ABI3730 XL DNA System with the above primers.




2.3. Molecular Data Analysis


The sequence chromatograms and alignments were visually inspected and verified using the DNASTAR Lasergene package (DNASTAR Inc., Madison, WI, USA). Sequences were aligned and trimmed to the same length using the software package MEGA 7.0 [30], and all alignments were translated to amino acids to confirm sequence validity and to detect the presence of nuclear DNA pseudogenes, insertions, deletions or stop codons. The aligned sequences were submitted to GenBank (accession numbers: OK346639-OK347213, OK347216-OK348260). Similarity of COI sequences was obtained by comparing the sequences of 23 species with homologous fragment sequences from the NCBI and BOLD databases to assess the accuracy of morphological identification. We adopted a general rule that defines top-matched sequences with at least 97% sequence similarity as potential species identification and used 3% as a relatively loose criterion [31,32].



All sequences’ and specimens’ collateral data were submitted to BOLD (project NHSHJ “DNA Barcodes of fish from coral reefs in the SCS”). The BOLD version 4 analytical tools were used for the following analyses. The distance summary with the default parameter setting, the BOLD aligner alignment option and pairwise deletion (ambiguous base/gap handling) were employed to estimate the Kimura 2-parameter (K2P) distances for taxonomic ranks whthin the species, genus and family levels. Barcode gap analysis was carried out with the setting of the parameter K2P; Kalign alignment option; pairwise deletion (ambiguous base/gap handling) to construct the distribution of intraspecific and interspecific genetic distances (nearest neighbor (NN) analysis). The BIN analysis was also carried out with the default parameters.



To verify intra- and interspecific genetic distances, we also carried out the barcode gap analyses in ABGD [33] based on the K2P model with the transition/transversion ratio (TS/TV) set to 2.0, 10 recursive steps, X (relative gap width) = 1.0 and the remaining parameters were set to default values (Pmin = 0.001, Pmax = 0.1, Nb bins = 20).



The neighbor-joining (NJ) tree was constructed using MEGA 7 with 1,000 bootstrap replicates based on the K2P distance model to reveal the clustering relationships among all individuals, and Labrus bergylta (GenBank accession numbers: KU320024, JN231245) and L. quadrilineatus (GenBank accession numbers: MN560840, MN560884, MN560945, MF123934) from the Labridae family were used as outgroups. In addition, we downloaded four reliable parrotfish sequences (GenBank accession numbers: GU673732, GU673895, GU673816, MK657338) from NCBI to build the tree together. The NJ tree was edited and visualized using FigTree v1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/ (accessed on 4 October 2016) [34].



When the molecular identification results were inconsistent with the morphological results, or the OTU delineation and phylogenetic relationship were abnormal, morphological examination was performed again for these ambiguous individuals.





3. Results


3.1. Morphology-Based Species Identification


A total of 23 species, belonging to 6 genera of the Scaridae family, were identified by morphological identification from 1620 parrotfish samples, with the Scarus genus accounting for 15, the Chlorurus genus for 4, and 1 each of the other genera (Table 1). Of the 1620 samples, the number of C. sordidus ranked the highest (362), S. forstein was the second (276) and the remaining species ranged from 1 to 196, of which C. bleekeri and S. altipinnis were single samples.




3.2. DNA Barcodes Identification


In this study, a total of 1620 COI barcode sequences with a length of 620 bp, representing 23 different morphological species (mean of approximately 68 samples per species), were successfully obtained. The GenBank and BOLD databases were used for sequence similarity comparison. For species-level identification, a total of 1620 COI barcode sequences representing 23 different species were employed (mean of approximately 68 samples per species). The identification results were consistent with morphology-based species identification.



For DNA barcoding studies, intra- and inter-specific genetic distance are a very important metric. When the minimum inter-specific genetic distance is larger than the maximum intra-specific genetic distance, a distinct gap area will be formed, namely barcode gap [35]. The genetic distance analysis at different taxonomic levels demonstrated the mean genetic distance within species was 0.23%, 8.52% within genus and 13.89% within family (Table 2). The mean intra-specific distance of all species was <2% (Table 3). The largest intra-specific distance was 11.92 for C. microrhinos, followed by 9.81 for C. sordidus, >2% for C. japanensis, S. forsteni, S. globiceps, S. schlegeli and 0 to 1.81 for the rest. In the barcode gap analysis, six species lacked a barcode gap, characterized by intra-specific K2P distance ≥ inter-specific distance (Figure 2 and Table 3), indicating that 81% of the investigated multi-individual species could be identified by the DNA barcode approach.




3.3. ABGD Analyses, BIN Analyses and Phylogenetic Tree Delimitation


The ABGD tool was used for the OTUs (Operational Taxonomic Units) partition. The prior maximal distance P ranged from 0.0010 to 0.0359, and the entire dataset was partitioned into 293 to 1. The partition with P = 0.0129 delimited the entire dataset into 37 putative OTUs (Figure 3 and Table S2). At P = 0.0129, the samples of C. japanensis, C. microrhinos, C. sordidus, S. forsteni, S. globiceps and S. schlegeli were partitioned into multiple OTUs (Table 4), and samples of S. rivulatus and part of S. globiceps were partitioned into one partition (OTU14) (Table 5), which was also reflected by high intraspecific (3.81%) and low interspecific (0.81%) genetic distances.Of the 23 OTUs identified based on morphology, 14 (58.3%) were clearly delineated by ABGD. The topology of the NJ phylogenetic tree was essentially the same. Consistent with ABGD, all individuals of S. forsteni and S. globiceps cannot be neatly divided into a clade, S. forsteni and S. niger are clustered on a clade, S. globiceps and S. rivulatus are also together in a combined clade (Figure 4). The BIN analysis revealed 32 identifiable taxonomic units, including 8 unique BINs and 24 non-unique BINs (Table S3).





4. Discussion


In marine fish, DNA barcoding has been successfully applied to many geographical fauna, such as the Mediterranean Sea, the Caribbean Sea, and the Arctic Ocean, etc. [36,37,38]. It can also be successfully applied in the SCS [16]. When DNA barcoding is used to identify organisms, sequence divergence is an essential guarantee for successful species identification. Hebert et al. (2004) suggested that 10-fold sequence differences of the average interspecific and the average intraspecific divergence could be used as a standard COI threshold for animal species’ identification [39]. The value of 37.04 was relatively high in this study compared to other marine areas, which meets the requirements of DNA barcoding identification [40,41]. In fish identification, the threshold is one of the important methods for DNA barcoding to identify individual samples. A genetic distance threshold of 2% usually identifies most species, i.e., individuals are the same species when the genetic distance between them is less than 2%, otherwise they are different species [20]. Among the 23 species investigated in this study, single-individual species, C. bleekeri and S. altipinnis, were not suitable for intraspecific genetic distance analysis, and 6 of the remaining 21 species had a maximum intraspecific genetic distance greater than 2%. Although the threshold method is widely used in DNA barcoding species identification, its limitations are still recognized. With further research on DNA barcoding, it has been found that the threshold is not always reliable in distinguishing closely related sister species [42]. In addition, it is difficult to have uniform criteria for thresholds across different groups and different DNA barcoding fragments [43]. In contrast, an alternative criterion based on genetic distance seems to be more convincing. In general, the intraspecific genetic distance of species is smaller than the interspecific genetic distance, and there is a gap region, i.e., a barcode gap, between them. In DNA barcoding studies, DNA barcode gaps are a strong guarantee for successful species identification [44]. In the present study, there were 6 out of the 21 multi-individual parrotfish without DNA barcode gaps, thus, the success rate of DNA barcoding was 74% for the 23 Scaridae species of the SCS. This success rate was lower than the 95.2% of Hou et al. (2018) for the identification of Perciformes of the SCS by DNA barcoding [16].



In the present study, C. microrhinos, C. sordidus, S. forsteni, S. globiceps, S. schlegeli and S. rivulatus had no DNA barcode gaps, which were due to the genetic overlap with related species within the genus. In addition, being divided into multiple OTUs in the ABGD and having a high intraspecific maximum genetic distance appear to be common characteristics of species lacking barcoding gaps. The emergence of cryptic species is always accompanied by changes in the genetic information, and the genetic distance between individuals must also change accordingly. In addition, intraspecific genetic distance is usually influenced by changes in intraspecific genetic structure. Although the ecological significance of parrotfish as an important group in coral reef ecosystems has received increasing attention, the genetic structure of parrotfish populations has been relatively little studied. Nevertheless, genetic divergence among parrotfish populations has been observed in previous studies. For example, there are significant genetic differences between the C. sordidus populations in the Indian and the Pacific Oceans [45]. Scarus psittacus populations had significant intraspecific genetic variation in the Indo-Pacific [46]. Scarus trispinosus from the Brazilian coast exhibited subtle genetic substructures at different latitudes [47]. Moreover, it was shown that some reef fish with a high dispersal capacity exhibited high genetic divergence among populations [48]. Parrotfish typically move less than 0.5–10 km and have a high dispersal capacity compared to other reef fish [49]. Therefore, the large genetic distance within some parrotfish species in this study may be affected by the population structure changes caused by their migration.



Moreover, the presence of cryptic species is also possible. The overestimation of the ABGD analyses may indicate that some potential cryptic species may be present in these parrotfish, especially S. forsteni and S. globiceps. On the NJ tree, some S. forsteni and S. globiceps individuals did not gather in a branch with most of the same species, but were scattered among other species of the genus Scarus. Some studies have shown that when closely related species of the same genus live in the same place or in a similar environment, hybridization may occur due to the lack of effective isolation mechanisms and the increased probability of gene introgression between each other [50,51]. It should be noted that the dispersed S. forsteni and S. globiceps were collected from Qilianyu, which contains almost all of the species in this study and is the most abundant coral reef. Examples of interspecific hybridization among coral reef fish, including parrotfish, are numerous and not new in the Indo-Pacific [52,53,54]. Furthermore, some previous studies on the Eastern Pacific parrotfish have shown that regional interspecific hybridization has a profound effects on the species composition of local parrotfish [54]. Therefore, cryptic species or changes in genetic structure caused by interspecific hybridization could be a potential reason for the dispersal of S. forsteni and S. globiceps individuals and the overestimation of ABGD in this study.



Parrotfish are an important component of coral reef systems, and without their mutual interactions, coral reefs would decrease their merit for other organisms and eventually cease to exist. Worldwide, including in the SCS, the survival of parrotfish and coral reefs does not look promising due to human activities [6]. DNA barcoding, as a molecular biometric method, plays an important role in marine biodiversity conservation. However, parrotfish lack important DNA barcoding sequence data. In this study, a total of 23 parrotfish species, accounting for 64% of the SCS species, were collected, and 1620 DNA barcoding sequences were obtained. This provides a reasonable number of parrotfish DNA barcode sequences. In addition, a DNA barcoding database of parrotfish in the SCS was established, which provides data support for the conservation of parrotfish diversity and even the coral reefs’ ecosystem.
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Figure 1. Sample collection sites in the SCS. 
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Figure 2. Barcoding gap: Maximum intraspecific Kimura 2-parameter (K2P) distances compared with the minimum interspecific K2P distances. The graphs show the overlap of the maximum and mean intra-specific distances with the inter-specific (NN = nearest neighbor) distances. 
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Figure 3. ABGD analysis assessed the number of OTUs as a function of P. 
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Figure 4. NJ tree based on DNA barcoding sequences of samples. 
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Table 1. Information of the fish species of Scaridae used in this study.
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Genus

	
Species

	
Size

	
Sample Site and Size






	
Bolbometopon

	
B. muricatum

	
5

	
Qilianyu (5)




	
Calotomus

	
C. carolinus

	
41

	
Qilianyu (38); Meijijiao (3)




	
Cetoscarus

	
C. bicolor

	
4

	
Qilianyu (4)




	
Chlorurus

	
C. bleekeri

	
1

	
Meijijiao (1)




	
C. japanensis

	
5

	
Qilianyu (1); Meijijiao (1); Lingshui (3)




	
C. microrhinos

	
22

	
Qilianyu (21); Meijijiao (1)




	
C. sordidus

	
362

	
Qilianyu (271); Meijijiao (43); Jinqingdao (48)




	
Hipposcarus

	
H. longiceps

	
135

	
Qilianyu (47); Meijijiao (12); Jinqingdao (75); Lingshui (1)




	
Scarus

	
S. altipinnis

	
1

	
Lingshui (1)




	
S. chameleon

	
31

	
Qilianyu (6); Meijijiao (17); Yongxingdao (8)




	
S. dimidiatus

	
59

	
Qilianyu (48); Meijijiao (11)




	
S. forsteni

	
276

	
Qilianyu (224); Meijijiao (35); Jinqingdao (14); Lingshui (3)




	
S. frenatus

	
6

	
Qilianyu (6)




	
S. ghobban

	
93

	
Qilianyu (15); Jinqingdao (2); Lingshui (76)




	
S. globiceps

	
78

	
Qilianyu (78)




	
S. niger

	
64

	
Qilianyu (59); Meijijiao (4); Lingshui (1)




	
S. oviceps

	
196

	
Qilianyu (157); Jinqingdao (39)




	
S. prasiognathos

	
9

	
Qilianyu (9)




	
S. psittacus

	
12

	
Qilianyu (12)




	
S. rivulatus

	
20

	
Qilianyu (20)




	
S. rubroviolaceus

	
32

	
Qilianyu (13); Jinqingdao (3); Lingshui (16)




	
S. schlegeli

	
158

	
Qilianyu (136); Jinqingdao (1); Meijijiao (21)




	
S. spinus

	
10

	
Qilianyu (10)
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Table 2. Summary of K2P genetic distances (%) calculated for different taxonomic levels.
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	Level
	N
	Comparisons
	Minimum
	Mean
	Maximum
	SE





	Within species
	1618
	157,247
	0.00
	0.23
	12.08
	0.00



	Within genus
	1435
	473,979
	0.32
	8.52
	21.60
	0.00



	Within family
	1620
	680,164
	6.30
	13.89
	29.48
	0.00
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Table 3. Comparison of the mean and maximum intra-specific values with the nearest neighbor distance for each morphological species. Distances are highlighted if the nearest neighbor is less than 2% divergent, or when the distance to the nearest neighbor is less than the max intra-specific distance. N/A: the species is a singleton.






Table 3. Comparison of the mean and maximum intra-specific values with the nearest neighbor distance for each morphological species. Distances are highlighted if the nearest neighbor is less than 2% divergent, or when the distance to the nearest neighbor is less than the max intra-specific distance. N/A: the species is a singleton.





	Species
	Mean Intra-Species (%)
	Max Intra-Species (%)
	Nearest Species (%)
	Distance to NN (%)





	B. muricatum
	0.1
	0.16
	C. bicolor
	14.75



	C. carolinus
	0.06
	0.32
	C. bicolor
	16.15



	C. bicolor
	0.27
	0.49
	S. altipinnis
	13.29



	C. bleekeri
	N/A
	0
	C. microrhinos
	3.16



	C. japanensis
	0.86
	2.15
	C. microrhinos
	6.52



	C. microrhinos
	1.3
	11.92
	C. bleekeri
	3.16



	C. sordidus
	0.25
	9.81
	C. microrhinos
	5.97



	H. longiceps
	0.32
	1.31
	C. sordidus
	14.78



	S. altipinnis
	N/A
	0
	S. forsteni
	3.34



	S. chameleon
	0.08
	0.49
	S. globiceps
	7.08



	S. dimidiatus
	0.11
	0.65
	S. oviceps
	3.15



	S. forsteni
	0.19
	6.26
	S. niger
	2.48



	S. frenatus
	0
	0
	S. oviceps
	4.01



	S. ghobban
	0.18
	0.98
	S. rubroviolaceus
	3.68



	S. globiceps
	0.34
	6.44
	S. rivulatus
	0.32



	S. niger
	0.2
	1.81
	S. forsteni
	2.48



	S. oviceps
	0.09
	1.47
	S. forsteni
	2.65



	S. prasiognathos
	0.33
	0.66
	S. forsteni
	3.68



	S. psittacus
	0.38
	1.14
	S. schlegeli
	8.35



	S. rivulatus
	0.13
	0.65
	S. globiceps
	0.32



	S. rubroviolaceus
	0.27
	0.98
	S. ghobban
	3.68



	S. schlegeli
	0.15
	5.78
	S. globiceps
	5.58



	S. spinus
	0.23
	0.65
	S. globiceps
	9.55







Note: The bold type represents the species of no DNA barcode gaps.
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Table 4. List of the species with more than one OTU delimited including their Barcode Index Number in BOLD, maximum intraspecific and within OTU K2P genetic distances and K2P genetic distances to the nearest neighbor. For each OTU, the nearest neighbor distance corresponds to the distance to the most closely related, yet different, species in the data set.






Table 4. List of the species with more than one OTU delimited including their Barcode Index Number in BOLD, maximum intraspecific and within OTU K2P genetic distances and K2P genetic distances to the nearest neighbor. For each OTU, the nearest neighbor distance corresponds to the distance to the most closely related, yet different, species in the data set.










	OTU Information
	Dist. (%). Max. Intra.
	Dist. (%). Near. Neigh.





	Chlorurus japanensis
	2.15
	6.52



	OTU4 (BIN: ACK7947)
	0.16
	6.69



	OTU5 (BIN: AAE8961)
	-
	6.52



	Chlorurus microrhinos
	11.92
	3.16



	OTU7 (BIN: AAJ5287)
	9.81
	3.16



	OTU8 (BIN: AAD0850)
	-
	10.99



	Chlorurus sordidus
	9.81
	5.97



	OTU9 (BIN: AAB6670)
	
	5.97



	OTU10 (BIN: AEL9035)
	-
	14.56



	OTU11 (BIN: AEM3067)
	-
	13.32



	OTU12 (BIN: AAB6670)
	-
	8.37



	Scarus forsteni
	6.26
	2.48



	OTU18 (BIN: AAE4369)
	1.16
	2.48



	OTU19 (BIN: AEL8860)
	1.31
	3.32



	OTU20 (BIN: AAE4369)
	-
	3.60



	OTU21 (BIN: AEL8858)
	-
	4.37



	OTU22 (BIN: AEM1502)
	-
	6.44



	OTU23 (BIN: AEL8859)
	-
	4.36



	Scarus globiceps
	6.44
	0.32



	OTU14 (BIN: ADB4663)
	1.97
	0.32



	OTU26 (BIN: ADB4663)
	-
	3.31



	OTU27 (BIN: AEM1397)
	-
	4.37



	Scarus schlegeli
	5.78
	5.58



	OTU33 (BIN: ACF2863)
	0.98
	7.73



	OTU34 (BIN: AEL7735)
	-
	5.83



	OUT35 (BIN: ACF2863)
	-
	11.74



	OTU36 (BIN: ACF2863)
	-
	9.67







Note: “-” indicates that the OTU is only one individual, which is not applicable for genetic distance analysis.
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Table 5. List of the BIN-sharing multiple species including maximum within OTU K2P genetic distances, K2P genetic distance to the nearest OTU and list of species detected for OTU. The nearest neighbor distance corresponds to the distance to the most closely related OTU without considering species boundaries.






Table 5. List of the BIN-sharing multiple species including maximum within OTU K2P genetic distances, K2P genetic distance to the nearest OTU and list of species detected for OTU. The nearest neighbor distance corresponds to the distance to the most closely related OTU without considering species boundaries.





	OTU Information
	Dist. (%). Max. Intra.
	Dist. (%). Near. Neigh.
	Species





	OTU14
	3.81
	0.81
	Scarus globiceps

Scarus rivulatus
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