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Abstract
The dramatically intensified economic development in the coastal areas of Zhejiang, China has 
posed unprecedented challenges and pressures on the native coastal marine biota. Mugilids 
(Teleostei: Mugiliformes) are widely distributed across marine, brackish and freshwater habitats 
in tropical, subtropical and temperate regions in the world. In this study, DNA sequences of a 
consensus length of 611 nucleotides in mitochondrial Cytochrome C Oxidase subunit I (COI) 
were used to identify 144 mugilid samples collected from various intertidal waters along the 
Coastal Sea of Zhejiang. A total of 35 distinctive COI haplotypes were scored. Results of 
neighbor-joining (NJ) clustering clearly support classification of seven species, in agreement 
with morphological diagnosis, i.e. Planiliza affinis, Planiliza haematocheila, Planiliza sp. H, 
Planiliza subviridis, Crenimugil sp. A, Osteomugil cunnesius, and Mugil sp. C. Planiliza affinis 
was found to be the dominant mugilid in the coastal waters. This research provides critical 
scientific data for understanding the identity and abundance of mugilids and managing their 
fishery resources and habitats in the Coastal Sea of Zhejiang.
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Introduction

The East China Sea (ECS) is a marginal sea in the West Pacific Ocean surrounded by China, 

South Korea and Japan, and has one of the widest continental shelves in the world (Xu and Oda 

1999). Combination of outflows from major rivers, e.g. Qianjiang River and Oujiang River into 

the Sea, together with warm currents such as the Kuroshio Current, contribute abundant nutrition

and support a high level of marine fisheries (Li et al. 2007). Being a part of East China Sea, the 

Coastal Sea of Zhejiang includes a number of important fishing grounds, especially Zhoushan, 

Dachen, Nanji and Beiji. According to the Records of Zhejiang Marine Fishes (Zhao et al. 2016),

732 fish species reside or seasonably reside in the Sea. The dramatically intensified economic 

development in the coastal areas of Zhejiang has posed unprecedented challenges and pressures 

on the native coastal marine biota through impacts of environmental degradation and resources 

overexploitation (e.g. Xie et al. 2009); despite that, little scientific information has been available

about the change in the attribute and diversity of marine life in the Coastal Sea.

Mugilidae (mugilids) is a diverse family in the Order Mugiliformes (Teleostei), with 

worldwide distribution across marine, brackish and freshwater habitats in tropical, subtropical 

and temperate regions (Thomson 1997). Mugilids are one of the most commercially exploited 

fisheries. Because of their abundance, delicacy and high nutritional value (Nash and Shehadeh 

1980), they are considered an important source of income, as well as a source of protein for local

communities in many tropical and temperate countries of the world (Jollit et al. 2010). The 

species are known to possess several distinguishing characteristics, in particular broad tolerance 

of salinities and anthropogenic disturbances, which allow them to be indicator species in 

monitoring of coastal habitat health (Whitfield et al. 2012). In addition, they mainly feed on 

diatoms and other organic matter in the aquatic environment, and therefore can effectively 

reduce the pollution and help sustain the health of coastal marine ecosystems (Shi et al. 2010). In
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spite of their ecological and commercial importance, the taxonomy of mugilids is unresolved due

to ambiguous results in morphological and phylogenetic analyses (Durand et al. 2017). No 

morphology-based identification keys are available at the larval and juvenile stages as the fin 

rays are almost absent and the scale growth is incomplete (Leis and Carson-Ewart 2001). Recent 

revisions considered the family to be composed of more than 60 species in 14-20 genera 

(Thomson 1997, Nelson 2006, Papasotiropoulos et al. 2007); however, current methods of 

taxonomy solely based on morphology are still ineffective for classifying mugilids on 

intrageneric and intergeneric levels (Harrison et al. 2007).

In past decades, the rapid advances of molecular techniques have offered new opportunities 

and insights into taxonomy and systematic status of fishes. Many studies have employed 

different molecular markers to solve the taxonomic, phylogenetic and population genetic 

relationships of mugilids in specific regions of the world (e.g., Lee et al. 1995, Papasotiropoulos 

et al. 2001, Turan et al. 2005, Fraga et al. 2007, Papasotiropoulos et al. 2007, Erguden et al. 

2010, Liu et al. 2010, Shen et al. 2011). In the Mediterranean Sea, the phylogeny of seven 

mugilid species was highlighted using two mitochondrial gene sequences, i.e. Cytochrome b and 

12S rRNA (Caldara et al. 1996). The work revealed significant difference between Chelon and 

Liza that had never been reported in karyotype and allozyme analyses (Cataudella et al. 1974). A 

more recent study reported three mitochondrial gene sequences (16S rRNA, COI, Cytochrome b)

and presented perspectives on molecular systematics in the Mugilidae (Durand et al. 2012). 

Results from these findings have challenged the long-standing morphology-based taxonomy, and

supported consideration of molecular identification of mugilids. More recently, by taking 

advantage of the DNA barcoding approach, the taxonomy and phylogeny in Mugilidae at the 

genus and species level has been re- organized (Durand and Borsa 2015, Shen and Durand 2016, 

Xia et al. 2016, Durand et al. 2017).
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Accurate identification of fishes from egg to adult stage is the foundation for ecosystem and 

conservation research and fishery management (Fraga et al. 2007, Ward et al. 2005). Generally, it

is extremely difficult to identify species that lack adequate morphological diagnostic characters 

(Caldara et al. 1996). The mitochondrial Cytochrome C Oxidase subunit I (COI) is one of 

commonly considered markers for delineating animal species. By taking advantage of the 

suitable level of nucleotide polymorphisms between species presented in COI, barcoding using a 

short DNA sequence in the gene has been widely accepted to be a standard tool for species 

recognition and discrimination (Hebert et al. 2003a). Despite criticisms (Meyer and Paulay 2005,

Rubinoff et al. 2005, Hickerson et al. 2006), remarkable success has been made in the 

identification of marine organisms using DNA barcoding. For example, Ward et al. (2005) 

barcoded a total of 207 Australia marine fish species and Kumar et al. (2011) identified 

morphologically ambiguous mugilids.

In the current study, we used COI sequences to identify juvenile mugilid specimens 

collected from various intertidal waters along the Coastal Sea of Zhejiang, and evaluate the 

taxonomy and cryptic diversity of mugilids. The findings would offer new insights into 

understanding of the evolution in the attribute and diversity of mugilids in the coastal marine 

areas and the sustainable management of their fishery resources and habitats.

Materials and Methods

Sample collection

Juvenile mugilid samples were collected from seven sites along the coastal waters of the 

Zhejiang Sea during the summers of 2011 to 2013. The details of sampling locations are shown 

in Fig. 1. All fish were caught in intertidal areas using scoop nets. Fin samples and whole fish 

specimens were preserved in 95% ethanol and stored at -20 °C before DNA extraction. The 
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whole fish specimens were later preliminarily identified using a set of selected morphological 

characters proposed by Harrison and Senou (1997) and Chang et al. (1999) listed in Table 1.

<<Fig. 1 near here>>

<<Table 1 near here>>

DNA extraction

On the basis of two criteria: (i) at least 20 samples were selected from each collection site; 

(ii) all individuals were included if a site had less than 20 samples. Total DNA was isolated from 

a small piece of fin clip or muscle tissue using standard Wizard® Genomic DNA Purification Kit

and following the manufacturer's instructions (Promega Inc, U.S.A.), rehydrated in ddH2O and 

examined through agarose gel electrophoresis, and then preserved at -20 °C for later PCR 

amplification.

DNA sequencing

Amplification of COI gene fragment was conducted by polymerase chain reaction (PCR) 

using the universal primers FishF1 and FishR1 described in Ward et al. (2005). PCR was carried 

out in Thermo Cycler with a 25 μL containing 8.5 μL sterile nuclease free water, 12.5 μL 

GoTaq® Green Master Mix (Promega Inc, U.S.A.), 2μL of each primer (10 μM), and 2 μL of 

template DNA. PCR program used a thermal profile, including a preliminary denaturation for 2 

minutes at 95 °C, followed by 35 cycles of denaturation at 95 °C for 40 seconds, annealing at 52 

°C for 40 seconds, and extension at 72 °C for 90 seconds, and finally a single extra extension at 

72 °C for 5 minutes. PCR products were confirmed via gel electrophoresis using 1.5% agarose 

gel stained with SybrGreen fluorescent dye for band characterization through Gel Imaging 

System. Subsequently, PCR products were sent for sequencing at Sangon Biotech Cooperation 

Ltd (Shanghai, P.R. China).
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Data analysis

DNA sequences were confirmed, edited, and assembled in Geneious v 6.0 (Biomatters; 

http://www.geneious.com), and subsequently aligned in Clustal X2 (Chenna et al. 2003). DnaSP 

v.5.0 (Librado and Rozas 2009) was employed to score the number of polymorphic sites and 

haplotypes. In addition, MEGA v.5.0 (Tamura et al. 2011) was used to compute Kimura 2-

Parameter (K-2-P) distance (Kimura 1980) and perform neighbor-joining (NJ) clustering 

analysis.

Results

An alignment with a consensus length of 611 nucleotides resulted in a dataset of 144 COI 

DNA sequences. In the sequence data, there were 196 variable sites, 186 of which were 

parsimony informative. A total of 35 distinct haplotypes were defined from the 144 sequences 

and listed in Table 2, including the presumed taxa to which the samples belonged and locations 

where they were collected. The sequence details, including biological information of the 

haplotypes, were deposited in GenBank (See accession codes in Fig. 2). 

<<Table 2 near here>>

<<Fig. 2 near here>>

On the NJ tree, the 35 COI haplotypes were clearly classified into seven monophyletic 

clades (Fig. 2) in agreement with preliminary morphological observation. Each clade had strong 

bootstrapping supports (value = 100%), joined by reference sequences (refs), including 

taxonomic identities reconsidered in Durand et al. (2017) in addition to the identities and 

accession codes established in GenBank by original submitters. Detailed information for the refs 

was listed in Table 2. Clade I was composed of 20 haplotypes and two refs of Planiliza affinis; 

Clade II composed of six haplotypes and two refs of Planiliza haematocheila; Clade III 
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composed of two haplotypes and two refs of Planiliza sp. H; Clade IV composed of one 

haplotype and two refs of Planiliza subviridis; Clade V composed of three haplotypes and two 

refs of Crenimugil sp. A; Clade VI composed of two haplotypes and two refs of Osteomugil 

cunnesius; Clade VII composed of two haplotypes and two refs of Mugil sp. C.

Clade I (P. affinis) comprised the greatest number of haplotypes, i.e. 20 of the 35 haplotypes 

(57.1%), and claimed 100 of the 144 samples (69.4%); Clade IV (P. subviridis) had one 

haplotype scored in one sample (Table 2). A maximum of five clades (P. affinis, P. 

haematocheila, Planiliza sp. H, Crenimugil sp. A, and Mugil sp. C) were found in the coastal 

water of Zhujiajian Island; a minimum of one clade, Planiliza sp. H was found in the coastal area

of Dongji Island (Fig. 1).

The average K-2-P distances between clades (0.082-0.238) were more than 40 times as great

as within clades (0-0.002) calculated with all the 144 samples (Table 3); the K-2-P distances 

between clades ranged from 0.077 (observed between P. affinis and P. haematocheila) to 0.238 

(observed between Crenimugil sp. A and Mugil sp. C).

<<Table 3 near here>>

Discussion

Classification and systematics of Mugilidae based on morphological characters remain 

challenging in all life stages (Durand et al. 2012, Durand and Borsa 2015, Durand et al. 2017). 

Our findings demonstrate that COI DNA barcoding is suitable in examining and revealing the 

identity of morphologically ambiguous species of mugilids. In past decades, a variety of 

biochemical and molecular methods have been developed, including allozymes (Turan et al. 

2005), nuclear DNA (Imsiridou et al. 2007) and mitochondrial DNA (Fraga et al. 2007, Liu et al. 

2010); however, debate has still remained concerning the taxonomy of mugilids. As described in 

a variety of living organisms in existing literature (Hebert et al. 2003a, b, Ward et al. 2005) 
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including mugilids (Kumar et al. 2011, Durand et al. 2017), intraspecific differences are 0-2% 

and interspecific differences are 7-25%. In our analysis, the K-2-P distances within species (0 - 

0.2%) and between species (8.2% - 23.8%) meet the proposed criteria of DNA barcoding; also 

neighbor-joining (NJ) clustering clearly presents recognizable genetic separation, supporting the 

identification of seven mugilid species in the Coastal Sea of Zhejiang, in agreement with 

morphological diagnosis.

Identity of mugilids

Shen and Durand (2016) documented 18 species of mugilids in the China Coastal Seas. 

Earlier, Liu (2008) reported a total of nine species of mugilids in the East China Sea. In the 

Coastal Sea of Zhejiang, three mugilid species, Liza haematocheila, Liza carinata, and Mugil 

cephalus were documented using morphological identification (Zhao et al. 2016). Our barcoding 

analysis revealed a total of seven species. Except for the widely distributed species of P. 

haematocheila and Mugil sp. C, the other five species, P. affinis, P. subviridis, Planiliza sp. H; 

Crenimugil sp. A and Osteomugil cunnesius had not been recorded in the coastal waters of 

Zhejiang, prior to this study. We speculate the missed reporting of the five mugilid species in the 

coastal waters may be attributed to the lack of large-scale sampling efforts and effective 

identification tools. 

Initially, P. haematocheila, P. affinis, P. subviridis, and Planiliza sp. H were placed in the 

genus of Liza (Aquino et al. 2011), but were later moved to Planiliza (Durand et al. 2012, 

Durand and Borsa 2015, Durand et al. 2017). In terms of morphology, the maxilla presented in 

all these mugilids is stocky and curved sigmoidally near the posterior tip (Table 1; also Harrison 

and Senou 1997). Commonly known as the eastern keelback mullet (Shen and Durand 2016), P. 

affinis is characteristic of a keel on predorsal scales. Based on Senou et al. (1987), P. affinis 
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occurs in the coastal seas of China, Taiwan and Japan and shares high morphological similarity 

(e.g. keelback) with Liza carinata (currently P. carinata) found in the Red Sea and the Eastern 

Mediterranean. In agreement with Senou et al. (1987)’s observation, Shen and Durand (2016) 

recovered haplotypes of P. affinis in the East China Sea and neighboring waters. Hence L. 

carinata listed in Zhao et al. (2016) is probably P. affinis, i.e. the eastern keelback mullet 

identified in this DNA barcoding study. This species is the most common mugilid in the Coastal 

Sea of Zhejiang, and was present at all of the sampling sites, except Dongji Island.

Generally, P. subviridis, P. haematocheila and Planiliza sp. H all have predorsal scales 

lacking a keelback. P. subviridis has well-developed fatty (adipose) tissue covering the iris. P. 

subviridis was identified from Sri Lanka, Indonesia, Taiwan, India and Philippines in Durand and

Borsa (2015) and Durand et al. (2017). This species is the least common mugilid species in the 

Zhejiang Coastal Sea, found in only one site, i.e. Qushan Island with a relatively small 

proportion of individuals.

The species P. haematocheila and Planiliza sp. H both have undeveloped adipose eyelids. 

Typically, the former has 13 or 14 scales in transverse series, while the later has 10 or 11 scales 

in transverse series (Table 1; also Chang et al. 1999). Shen and Durand (2016) recovered COI 

haplotypes labeled as Liza haematocheila in GenBank and considered those to be P. 

haematocheila. Our analysis identified P. haematocheila from five out of seven sampling sites 

along the Zhejiang Coastal Sea. Likewise, Planiliza sp. H was previously classified as Liza 

macrolepis (currently P. macrolepis). Durand et al. (2012) suggested that P. macrolepis be split 

into multiple sibling species because the species possesses a high level of genetic variability 

across its geographical range of the Indo-Pacific region. Durand and Borsa (2015) and Durand et 

al. (2017) considered the specimens of P. macrolepis distributed from the Central-East Indian 
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Ocean to the Pacific as Planiliza sp. H. We identified Planiliza sp. H from three locations of 

Zhejiang Coastal Sea, i.e. Dongji Island, Zhujiajian Island, and Xiangshan.

Mugil sp. C was previously named as M. cephalus. This species differs from the other six 

mugilid species by possessing well-developed adipose eyelids, in addition to a maxilla that is 

straight with the posterior tip not curved down (Table 1; also Harrison and Senou 1997). A recent

worldwide analysis of mitochondrial DNA demonstrated the presence of polyphyly in M. 

cephalus (Durand et al. 2012). In the West Pacific, Shen et al. (2011) demonstrated using bi-

parentally inherited markers (microsatellites) that individuals of M. cephalus belonging to 

separate mitochondrial lineages are genetically isolated; therefore, according to the Biological 

Species Concept, these lineages are valid species, i.e. Mugil sp. L, Mugil sp. C, and Mugil sp. I 

(Durand and Borsa 2015). In concordance with previous studies, our findings indicated that 

Mugil sp. C was present in Zhejiang Coastal Sea amid the migratory route between the Bohai 

Sea and the Taiwan Strait (Shen et al. 2011).

Osteomugil cunnesius and Crenimugil sp. A differ from the other mugilids by possessing a 

maxilla that is slender and weakly curved down at the posterior tip; however, the two species can

be morphologically discriminated from each other in some diagnostic characters. For example, 

O. cunnesius has 18 or less (usually 16) scales in transverse series entirely around caudal 

peduncle, as well as developed adipose eyelids, while Crenimugil sp. A has 18 or more (usually 

19 or 20) scales in transverse series entirely around caudal peduncle, in addition to undeveloped 

adipose eyelids (Table 1; also Harrison and Senou 1997). Durand and Borsa (2015) recovered 

mitochondrial COI haplotypes representing O. cunnesius from coastal waters of the Indo-Pacific 

region. According to Shen and Durand (2016) and Durand et al. (2017), O. cunnesius includes 

some species previously considered as members of Moolgarda (e.g. M. cunnesius) and of 

Valamugil (e.g. V. cunnesius). In Crenimugil seheli, Durand and Borsa (2015) depicted three 
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lineages, and one corresponding to Crenimugil sp. A was considered as a putative valid species 

based on the level of genetic difference in comparison to the other lineages. Crenimugil sp. A 

also comprises some species formerly considered as members of Moolgarda and Valamugil, such

as M. seheli and V. buchanani (Shen and Durand 2016, Durand et al. 2017). Our analysis 

identified O. cunnesius in the coastal waters of Xiangshan and Linhai, and Crenimugil sp. A in 

the coastal waters of Sijiao Island and Zhujiajian Island.

Implication for management and future research

Multiple implications can be drawn from our findings that concern the conservation and 

management of mugilids and coastal marine environment of Zhejiang Coastal Sea. The ongoing 

construction and transformation of the coastline and the shallow sea, uncontrolled emission of 

pollutants, and overexploitation of fishery resources threaten coastal marine life and ecosystems 

and even human communities in the coastal areas (e.g. Xie et al. 2009). The biological integrity 

and ecological health of coastal ecosystems are crucial for maintaining the diversity and 

evolutionary potential of marine life in response to rapid environmental changes (Roff and 

Zacharias 2011). Our findings can serve as critical scientific information for understanding the 

taxonomic status and abundance of mugilids in the Coastal Sea. Some areas comprise relatively 

high levels of species richness of mugilids, for example Zhujiajian Island, probably because it 

has less industrial development and anthropogenic disturbances, e.g. less coastline modification, 

fewer impacts by industry and fisheries, and better coastal habitat conservation (ecotourism).

Implications for management and future research can be drawn: (i) broad public awareness 

of coastal marine habitat conservation and ecotourism is needed; (ii) additional research efforts 

on the coastal marine life and environment in the Sea should be promoted; (iii) management 

decisions and policies must be centered on the belief of sustainable development and 
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conservation of fisheries and their coastal marine habitats. In addition, the unveiling of 

unreported species provides compelling evidence for the value of DNA barcoding and ecological

efforts. It would be regrettable to lose the natural process, evolutionary legacy and ecological 

integrity of native coastal marine biota under a short-period of human disturbance if it is 

avoidable.
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Table 1. The set of morphological characters proposed by Harrison and Senou (1997) and Chang et al. (1999) are considered in diagnosing the 

mugilids in this study.

Species Morphological diagnosis

Planiliza affinis Maxilla stocky and 

curved sigmoidally 

near posterior tip

Predorsal scales with a keel
Planiliza haematocheila Predorsal scales lacking a keel; undeveloped adipose eyelids; 13 or 14 scales in transverse series
Planiliza sp. H Predorsal scales lacking a keel; undeveloped adipose eyelids; 10 or 11 scales in transverse series

Planiliza subviridis Predorsal scales lacking a keel; developed adipose eyelids

Osteomugil cunnesius Maxilla slender and 

weakly curved down at

posterior tip

Developed adipose eyelids; ≤18, usually16 scales in transverse series entirely around caudal 

peduncle
Crenimugil sp. A Undeveloped adipose eyelids; ≥18, usually19 or 20 scales in transverse series entirely around 

caudal peduncle
Mugil sp. C Maxilla straight; 

posterior tip not curved

down

Developed adipose eyelids



Table 2. Presumed species of mugilid in Durand et al. (2017), specific haplotype, and the number of samples that share the haplotype from all the

sampling sites, as well as from individual sites of Zhejiang Coastal Sea, China, i.e. Sijiao Island (SIJIAO), Qushan Island (QUSHAN), Dongji 

Island (DONGJI), Zhujiajian Island (ZHUJIAJIAN), Xiangshan (XIANGSHAN), Linhai (LINHAI), and Cangnan (CANGNAN) are shown. 

Reference along with the identity of species and GenBank accession code is included; asterisk (*) indicates a reference that was not considered 

in Durand et al. (2017).

Presumed species in 

Durand et al. (2017)

Reference Haplotype All 

Sites

SIJ

IA

O

QUS

HAN

DON

GJI

ZHUJI

AJIAN

XIANG

SHAN

LIN

HAI

CANG

NAN

Planiliza affinis Liza affinis (JF911709)*/ Hap01 73 13 15 20 5 8 12
Liza subviridis (EU392242) Hap02 1 1

Hap03 1 1
Hap04 4 1 1 2
Hap05 3 2 1
Hap06 1 1
Hap07 1 1
Hap08 1 1
Hap09 1 1
Hap10 1 1
Hap11 1 1
Hap12 2 2
Hap13 2 1 1
Hap14 1 1



Hap15 2 1 1
Hap16 1 1
Hap17 1 1
Hap18 1 1
Hap19 1 1
Hap20 1 1

Planiliza haematocheila Liza haematocheila (JN242615)/ Hap21 3 1 1 1
Liza haematocheila (HM180700) Hap22 1 1

Hap23 8 4 1 2 1
Hap24 1 1
Hap25 1 1
Hap26 1 1

Planiliza sp. H Liza macrolepis (EU392239)/ Hap27 2 2
Liza macrolepis (JN021221) Hap28 9 6 2 1

Planiliza subviridis Liza sp (EF607446)/

Liza subviridis (HQ682702)

Hap29 1 1

Osteomugil cunnesius Valamugil cunnesius (EU595339)/ Hap30 1 1
Valamugil cunnesius (FJ238048) Hap31 4 4

Crenimugil sp. A Moolgarda seheli (KP194030)*/ Hap32 7 1 6
Valamugil buchanani (JF494774) Hap33 1 1

Hap34 2 2
Mugil sp. C Mugil cephalus (GU260664)/ 

Mugil cephalus (GU260671)

Hap35 2 2



Table 3. Matrix of K-2-P distances within species and between species of mugilid calculated from the COI sequence data. Along the diagonal are

the mean of K-2-P values within species (shaded; n.c., not calculated); below and above the diagonal are the mean and range (minimum – 

maximum) of K-2-P values between species. The sample size (N) of specific species is shown.

Species N
P. affinis P. haematocheila

Planiliza sp. 

H
P. subviridis O. cunnesius

Crenimugil sp.

A

Mugil sp. C

Planiliza affinis 100 0.001 0.077-0.089 0.126-0.134 0.150-0.159 0.179-0.190 0.182-0.188 0.212-0.221
Planiliza haematocheila 15 0.082 0.002 0.126-0.134 0.164-0.168 0.197-0.206 0.171-0.179 0.203-0.209
Planiliza sp. H 11 0.130 0.131 0.001 0.130-0.132 0.187-0.193 0.179-0.186 0.223-0.225
Planiliza subviridis 1 0.155 0.166 0.132 n.c. 0.204-0.208 0.198-0.203 0.227-0.227
Crenimugil sp. A 10 0.185 0.203 0.191 0.202 0.001 0.189-0.192 0.208-0.208

Osteomugil cunnesius
5

0.184 0.173 0.184 0.208 0.190
0.001

0.238-0.238

Mugil sp. C 2 0.217 0.206 0.225 0.227 0.208 0.238 0.000



Fig 1. Map of geographical origin and size of mugilid samples collected from the 

Coastal Sea of Zhejiang, China, i.e. Sijiao Island (SIJIAO; N = 22), Qushan Island 

(QUSHAN; N = 25), Dongji Island (DONGJI; N=8), Zhujiajian Island 

(ZHUJIAJIAN; N = 41), Xiangshan (XIANGSHAN; N = 14), Linhai (LINHAI; N = 

17), and Cangnan (CANGNAN; N = 17). Each species is indicated with a specific 

color, i.e. Planiliza affinis (gray), Planiliza haematocheila (red), Planiliza sp. H 

(green), Planiliza subviridis (yellow), Crenimugil sp. A (blue), Osteomugil cunnesius 

(orange), and Mugil sp. C (purple). The size of pie reflects the number of samples of 

each species barcoded in a specific site.



Fig. 2. NJ clustering for the COI haplotypes of mugilids identified from the Coastal 

Sea of Zhejiang, China. The values ≥ 99% shown at the nodes represent the statistical 

supports derived from 10,000 bootstrapping permutations. Asterisk (*) indicates a 

GenBank accession code of a reference sequence. Value in a parenthesis indicates the 

number of mugilid samples belonging to a specific haplotype. 


