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ABSTRACT

Three Liza species exhibiting a dorsal keel have been identified based on morphology: Liza affinis, Liza
carinata, and Liza klunzingeri. To confirm the validity of the species by molecular methods, we sequenced
a fragment of the cytochrome oxidase subunit I (COI) gene of mitochondrial DNA of Liza affinis and
Liza klunzingeri from coastal waters of China and Pakistan, respectively. Sequences of L. carinata were
obtained from GenBank. A neighbor-joining tree showed the specimens to form a strong monophyletic
group. The mean within-species genetic distances for L. affinis, L. carinata, and L. klunzingeri were
0.26%, 0.52%, and 0.47%, respectively. The mean genetic distances among L. affinis, L. carinata, and L.
klunzingeri ranged from 12.22% to 14.74%, higher than the threshold for species delimitation. The results
confirmed the taxonomic validity of the three Liza species and verified that the COI gene could provide
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INTRODUCTION

Fishes are the largest vertebrate group comprising more
than 30000 species (Eschmeyer et al., 2010). Besides
their importance in biodiversity, they also have a major
impact on the economy of many nations through fisheries,
providing a significant amount of world food supply. To
provide sustainability, better control and management
of fisheries should be implemented. Identification of
fish species still stands high as one of the most basic but
important issues in fisheries management (Walters and
Holling, 1990). Most fish species are marketed under
their common names, which vary among regions and even
within regions (Keskin and Atar, 2013). The genus Liza
belongs to the class Mugiliformes, family Mugilidae. They
are widely distributed throughout tropical and temperate
seas, and most are commercially harvested. Taxonomic
differentiation among Liza species has traditionally been
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based on morphology. However, external characters may
not be clearly differentiated among species, resulting in
taxonomic uncertainty and imprecise nomenclature (Heras
et al.,2009).

The Liza carinata complex (Jordan and Swain 1884) is
a distinct group, characterized by a mid-dorsal keel anterior
to the spiny dorsal fin. The members of this complex are
irregularly distributed in the tropical and temperate Indo-
West Pacific region of the Northern Hemisphere, inhabiting
estuarine and shallow coastal waters, and have frequently
been taxonomically confused (Okiyama, 1993; Shao e? al.,
1993; Xu et al., 1994; Randall, 1995).

The taxonomy of keel-backed Liza species was
revised by Senou et al. (1987), based on morphology, to
include three species: Liza carinata (Valenciennes 1836)
distributed in the Red Sea and the eastern Mediterranean;
Liza klunzingeri (Day 1888) distributed on the west coast
of India, Pakistan, and the Arabian Gulf (Persian Gulf); and
Liza affinis (Glnther 1861) in China, Taiwan, and Japan.

Morphology, as a traditional taxonomic method, has
been successful in describing diverse species, and is the
foundation of classification and identification. However,
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there are significant limitations to morphological diagnosis
for routine identification. Phenotypic plasticity and genetic
variability in distinguishing characters can lead to incorrect
assignment (Herbert ez al., 2003), and cryptic species may
be overlooked (Knowlton and Weight, 1998; Jarman and
Elliott, 2000). In addition, morphological characteristics
may be limited to a life stage or sex.

DNA barcoding can distinguish species by
detecting interspecific genetic variation that is higher
than intraspecific variation. DNA barcoding is poised to
contribute to taxonomic research, population genetics,
and phylogenetics (Herbert er al., 2003; Puckridge et
al., 2013). In taxonomy, DNA barcoding can be used for
routine identification of specimens and for investigation of
atypical specimens (Hajibabaei et al., 2007). Although the
description and identification of a new species is ultimately
achieved through comprehensive morphological study,
DNA barcoding can significantly enhance this process. The
workflow of traditional classification, involving collection
of morphological and ecological data, can lead to differing
classification results (Xiao et al., 2016), whereas barcode
analysis can be applied in a standardized way to all life
stages (Hajibabaei er al., 2007). In the present study,
we used DNA barcoding to validate morphological
identification of three keel-backed Liza species.
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Fig. 1. Sampling sites in the present study; S1, Liza
carinata; S2, Liza klunzingeri; S3, Liza affinis; *, sites
indexed from GenBank and reference [2]

MATERIALS AND METHODS

Sampling

Fish were collected from coastal waters of China and
Pakistan (Fig. 1). Pectoral fin length/body length, head
length/body length, and the total number of gill rakers
were used to identify the samples as Liza affinis (Fig. 2A)
and Liza klunzingeri (Fig. 2B). Sequence of the COI gene
of Liza carinata (Fig. 2C) was obtained from GenBank.
Mugil cephalus was chosen as outgroup for genetic
analysis. All specimens were frozen and preserved at the
Fishery Ecology Laboratory, Fisheries College, Ocean
University of China (Qingdao).

Fig. 2. A, Liza affinis (GUnther, 1861); B, Liza klunzingeri
(Day, 1888); C, Liza carinata (Valenciennes, 1836)

Morphological identification

Data were collected from 26 Liza affinis specimens
from various locations off the coast of China and 50 Liza
klunzingeri specimens collected off the coast of Karachi,
Pakistan.

Meristic and morphometric characters were compared
with previous records of Liza affinis and Liza klunzingeri.
Counts and measurements were made according to Senou
et al. (1987). The distinguishing characters included
counts of gill rakers, pectoral fin length, body length, and
head length. Measurements were made with calipers to the
nearest 0.1mm.
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Table I.- Sampling locations and sequence data.

Species Sampling sites Sampling time Samples Index accession No.
Liza affinis Jinmen, China October, 2013 3 KU884213-KU884238
Ningde, China October, 2014 3
Jinjiang, China November, 2013 3
Xiamen, China February, 2014 4
Humen, China May, 2014 4
Zhanjiang, China November, 2014 3
Beihai China December, 2014 3
Fangchenggang, China November, 2015 3
Liza klunzingeri Karachi, Pakistan November, 2015 50 KU884239-KU884288
Liza carinata Iskenderun Bay, Turkey 2011 21 JQ623947, KC500833-KC500852
Red Sea, Egypt December, 2009 1 FN600159
Mugil cephalus Taiwan, China 2012 1 JX559532

KEY TO THE SPECIES OF KEELED-BACK Liz4 (Senou et al.,
1987):

1 dorsal midline keel

2(3) pectoral fin length 14.5-18.4% of body length;
head length 22.1-26.9% of body length...........c.ccccevenennne.
........................................................................... Liza affinis

3(2) pectoral fin length 19.8-23.9% of body length,
head length 27.0-31.3% of body length

4(5) Number of gill rakers 79-96 (66.3-91.0 mm body
length), 94-109 (110.1-138.6mm body length)....................
................................................................... Liza klunzingeri

5(4) Number of gill rakers 69-82 (66.3-91.0mm body
length), 83-93 (106.0-124.1mm body length)......................

DNA extraction and sequencing

Pieces of muscle were removed and preserved in 95%
ethanol. Total genomic DNA was extracted by proteinase
K digestion followed by a standard phenol-chloroform
method. A 514 bp fragment was amplified from the 5’
region of the cytochrome oxidase subunit I (COI) gene of
mitochondrial DNA using the following primers (Ward et
al., 2005):
FishF1-5" - TCA ACC AAC CAC AAA GAC ATT GGC
AC-3’
FishR1-5’- ACT TCA GGG TGA CCG AAG AAT CAG
AA -3

The PCR reactions were carried out in 25 pL reaction
mixture containing 17.25 pL ultrapure water, 2.5 pL
10xPCR buffer, 2 pL dNTPs, 1 pL of each primer (5
puM), 0.25 pL Taq polymerase, and 1puL of DNA template.
The thermal regime consisted of an initial step of 2 min
at 95°C followed by 40 cycles of 30 s at 94°C, 45 s at
52°C, and 1 min at 72°C; with a final step of 10 min at
72°C, after which the reaction was held at 7°C. Negative

controls were included in all PCR reactions to confirm
the absence of contaminants. PCR products were purified
with a Gel Extraction MiniKit (Watson Bio Technologies
Inc., China). The purified products were sequenced on ABI
Prism 3730 (Applied Biosystems) from both strands with
the same primers used for PCR reactions.

Sequence analysis

For phylogenetic analysis, COI sequences of Mugil
cephalus, of the same family as Liza, were obtained from
GenBank. Species and GenBank accession numbers
are listed in Table I. Sequences were aligned using
DNASTAR software (DNASTAR, Madison, WI, USA),
and a neighbor-joining tree (Saitou and Nei, 1987) was
constructed in MEGA 5.0 (Tamura et al., 2011) with 1000
bootstrap replications, based on evolutionary distances
calculated using the Kimura two parameter (K2P) model
(Kimura, 1980).

RESULTS

Morphological characters

Liza affinis, weight 75.5-90.7 g. Meristic characters:
dorsal fin IV, 1-8; anal fin III, 9; pectoral fins 15-17,
pelvic fins I-5; lateral line scales 35-41; gill rakers 71-
77. Morphometric characters: head length 27.5-34.9 mm,;
pectoral fin length 20.0-26.7 mm; Body length 116.4-
151.0 mm. body elongate, subcylindrical anteriorly,
becoming compressed toward the tail. Mid-dorsal line
keeled anterior to the first dorsal fin, the keel forming a
sharp edge. Keel between the first and the second dorsal
fins absent or insignificant. Head small, interorbital space
slightly convex in frontal view. Adipose eyelid well
developed anteriorly and posteriorly, posterior adipose
eyelid thick.
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Table I1.- Comparison of meristic data for Liza affinis, Liza klunzingeri, and Liza carinata with those of Senou ez al.

(1987).
Dorsal Pectoral Anal Pelvic Lateral Gill rakers
fin fin fin fin line scales
Liza affinis Present study v, 1-8 15-17 IIL 9 I-5 35-41 71-77
Senou et al. (1987) 1V,1-8-10 15-18 111, 9-10 1-5 35-43 69-89
Liza klunzingeri Present study v, 1-8 15-16 I, 9-10 1,5-6  32-38 (66.3-91.0 mm Body length) 82-94
(110.1-138.6mm Body length) 94-105
Senou et al. (1987) 1V, 1-9 15-17 111, 9 I-5 32-38 28-40+51-69
Liza carinata Senou et al. (1987) 1IV,1-8,9 15-18 111, 9 I-5 36-40 25-35+44-59

Liza klunzingeri, weight 62.5-106.7 g. Meristic
characters: dorsal fin IV, I-8; anal fin III, 9-10; pectoral
fins 15-16; pelvic fins I-5-6; lateral line scales 32-38; gill
rakers 82-105. Morphometric characters: Head length
26.5-43.0 mm; pectoral fin length 18.1-32.1 mm; body
length 91.2-155.0 mm. body short, well compressed.
Mid-dorsal line keeled anterior to 1st dorsal fin. Keel well
developed, forming sharp edge No keel between first and
second dorsal fins. Head large, interorbital space slightly
convex in frontal view. Adipose eyelid well developed
anteriorly and posteriorly, relatively thin in posterior.

Data on selected morphological characters of Liza
affinis, Liza klunzingeri, and Liza carinata in the present
study and Senou et al. (1987) are shown in Table II.
Pectoral fin length/body length and head length/body
length of Liza affinis, Liza klunzingeri, and Liza carinata
in the present study and Senou et al. (1987) are shown in
Table II1.

Table III.- Comparison of morphometric characters of
L. affinis, L. klunzingeri, and L. carinata with those of
Senou et al. (1987).

Pectoral fin Head length/
length/body body length
length % %

Liza affinis  Present study 15.0-18.3  22.5-25.1

Senou et al. (1987) 14.5-18.4  22.1-26.9
Liza Present study 19.7-23.7  26.9-304
klunzingeri  Senou et al. (1987) 19.8-23.9  27.0-31.3
Liza carinata Senou et al. (1987) 19.8-23.9 27.0-31.3

Sequence analysis of the COI gene

The COI gene fragments of 26 Liza affinis and 50 Liza
klunzingeri specimens were amplified. COI sequences
were submitted to GenBank under the accession numbers
KU884213-KU884238 for Liza affinis and KU884239-
KU884288 for Liza klunzingeri.

A neighbor-joining tree was constructed based on
a K2P model with 1000 bootstrap replications. Mugil

cephalus was chosen as outgroup to root the tree (Fig.
3). Three haplotypes were detected in the COI sequences
of Liza carinata (GenBank) and in the COI sequences of
Liza affinis. One haplotype (Hap 1) of Liza affinis was
unique to a specimen from Beihai. A second haplotype
(Hap 2) of Liza affinis was shared in two specimens from
Fangchenggang and Humen. All remaining specimens of
Liza affinis shared the third haplotype (Hap 3).

Seventeen haplotypes were detected in the COI
sequences of Liza klunzingeri.
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I Hap 15
Hap7
L Hap 20
L Hap 14
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Fig. 3. Neighbor-joining tree constructed using the K2P
model for COI gene sequences of three Liza species with
a keel on the back. Bootstrap values of >50% from 1000
replicates are shown.

The phylogenetic tree consisted of three main
branches, with L. klunzingeri in the upper branches
clustering with L. carinata and L. affinis in the third
branch. The mean within-group K2P distances for L.
affinis, L. klunzingeri, and L. carinata were 0.26%, 0.47%,
0.52%, respectively, in contrast to the distances between
Liza carinata and Liza klunzingeri (12.22%), Liza affinis
and Liza klunzingeri (14.74%), Liza affinis and Liza
carinata (13.01%). This exceeded the threshold of species
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delimitation (3.5%) proposed and applied by Ward et al.
(2005, 2009) based on 10x the mean intra-species genetic
variation (Hebert et al., 2004).

Table IV.- Genetic distances of COI within (on the
diagonal) and among (below the diagonal) the four
species.

Liza Liza Liza Mugil
carinata klunzingeri affinis cephalus
Liza carinata 0.0052
Liza klunzingeri 0.1222  0.0047
Liza affinis 0.1301  0.1474 0.0026
Mugil cephalus  0.2274  0.2307 0.2096  0.0000
DISCUSSION

DNA barcoding using the COI gene is recognized as an
effective and reliable molecular method for identification
of species (Herbert et al., 2003). DNA barcoding can be
useful in species diagnosis because sequence divergences
are ordinarily much lower among individuals of a species
than between closely related species. For example,
congeneric species of moths show an average sequence
divergence of 6.5% in the mitochondrial gene cytochrome
c oxidase I (COI), whereas divergences among conspecific
individuals average only 0.25% (Moore, 1995). Similar
values were obtained in birds, with intraspecific
divergences at COI averaging 0.27%, whereas congener
divergences averaged 7.93% (Hebert et al., 2004).

Because of the advantages offered by molecular
diagnostic tools, morphological methods are sometimes
neglected. However, adequate identification by traditional
taxonomic keys is usually an essential first step in the
development and introduction of new molecular methods
(Mehle and Trdan, 2012). In addition, identification by
molecular methods may still require morphologically
based confirmation of identification to genus (Rugman-
Jones et al., 2006). The limitations of molecular methods,
and their ineffectiveness in distinguishing cryptic species
and larva, suggests that taxonomy should encompass both
traditional and molecular methods.

Liza includes species inhabiting coastal, brackish,
and fresh waters of all tropical and temperate regions
worldwide. Within the genus, interspecific variability of
meristic characters usually overlap, and some anatomical
characters considered to be of taxonomic value undergo
marked changes with growth, potentially leading to
misidentification.

Senou et al. (1987) reviewed the L. carinata complex
from most known localities, including the type materials,
and identified three species, based on morphology. In their
research, more than one hundred morphological indices
were used to distinguish the three species and produce
a taxonomic key. Due to the significant limitations of
morphological diagnosis for routine identification, the
results need to be confirmed.

The present study, based on morphological characters
as well as DNA barcoding, documented the validity of
the work of Senou et al. (1987). COI sequence analysis
demonstrated significant differences among L. affinis, L.
klunzingeri, and L. carinata, confirming the validity of the
species at genetic level. Net evolutionary distances among
the species ranged from 12.22% to 14.75%, greater than
the threshold for species delimitation. The phylogenetic
tree consisted of three main branches and showed
morphologically similar L. klunzingeri and L. carinata to
be clustered in one clade with L. affinis at the bottom of the
tree. However, L. catinata is reported to be endemic to the
Red Sea and the eastern Mediterranean, and L. klunzingeri
occurs in the west coast of India and Pakistan, and in the
Arabian Gulf. The results suggested a large evolutionary
distance (12.22%) between L. carinata and L. klunzingeri.
Liza affinis, reported to be endemic to China and Japan,
formed a single clade and is easily distinguished from L.
carinata and L. klunzingeri by its short pectoral fin and
small head. The genetic distance between Liza klunzingeri
and Liza carinata is smaller than the genetic distance
of either from Liza affinis.Hence we inferred that Liza
affinis may be more ancient than the other two species.
The specimens of L. affinis, L. carinata, and L. klunzingeri
formed a strong monophyletic group, with no indication of
cryptic species.

Species ranges provide insight into past and present
dispersal barriers. Many fish species distribution patterns
suggest a past disjunction along the eastern side of the
Sunda Shelfin Indonesia, which may be related to Holocene
sea-level fluctuations. These results for Liza species are
in agreement with the importance of the most recent sea-
level drop as an important factor in determining current
species ranges, and consequently for species diversity
patterns (McMillan and Palumbi, 1995; Perrin and Borsa,
2001; Lourie and Vincent, 2004; Ovenden et al., 2004;
Whitfield et al., 2012). Results also indicate the need for
further investigation of the genetic structure of these three
Liza species in order to better manage important marine
resources.
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