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Resurrection of the genus Chrysophrys (Sparidae)

Jae kyung Bae

Department of Marine Biology, The Graduate School

Pukyong National University

Abstract

Previous studies on molecular phylogeny of the genus Pagrus (Sparidae) have shown
polyphyletic. Of which, red sea bream in the northern Pacific Ocean and silver sea
bream in the southern Pacific Ocean have ambiguous taxonomic status due to their
extremely morphological similarity, i.e., they are recognized as distinct species, but
some ichthyologists are considering them as single species. To resolve their complex
taxonomic problems, we conducted the molecular and morphological comparison of
the red sea bream from Korea, Japan and China, silver sea bream from Australia and
New Zealand, and Pagrus pagrus (type species of the genus Pagrus) from Argentina
and USA. The genetic distance between red sea bream and silver sea bream shows a
very close relationship, but it shows a far distance with the Atlantic species of the genus
Pagrus. Neighbor joining, Maximum likelihood, and Bayesian inference trees showed
that red sea bream and silver sea bream in the Pacific Ocean are closely clustered with
Evynnis cardinalis, and next with P. pagrus, accordingly supported the validity of the

genus Chrysophrys. Also, we found potential morphological evidence distinguishing

vii



the red sea bream and silver sea bream with P. pagrus such as the eye-origin of dorsal
fin, frontal (length, width, convex), vomer width, supraoccipital crest, and nasal. Also,
the red sea bream and silver sea bream can be distinguished by using the head bump,
supraoccipital (width, crest- middle point, slope, interface anterior part), pterosphenoid
and epiotic. The red sea bream and silver sea bream might have passed through
equatorial sea during the last glacial maximum, and subsequent boundaries of high
seawater temperature in equatorial sea may be due to their allopatric speciation.
Therefore, our comprehensive results suggest that the red sea bream and silver sea
bream should be distinct species, and belong to the genus Chrysophrys, accordingly,
their scientific names should be treated as Chrysophrys major and Chrysophrys auratus,

respectively.
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Fig. 1. Map of the sampling areas of three Pagrus speciemens and E. cardinalis.



Table 1. List of the specimens in the present study.

Species Voucher number Locality Date
PKU 9142 - 9146 (5ind.) 2013.06.21
PKU 21795 - 21807 (13ind.) New Zealand 2021.08.00
Pagrus auratus '
PKU 21808 -21818 (11lind.) 2022.07.22
1.45763.006 - 008 (3ind.) Sydney, Australia 2011.11.20
PKU 20901 - 20905 (5ind.) Wando, Korea 2021.12.13
PKU 20906 - 20909 (4ind.) Jeju, Korea 2021.12.14
Pagrus major PKU 21819 - 21823 (5ind.) Tongyeong, Korea 2022.11.08
PKU 11355 - 11360 (6ind.) Japan 2014.09.30
PKU 9137 - 9141 (5ind.) China 2013.06.21
PKU 21862 - 21867 (6ind.) Argentina 2023.03.03
Pagrus pagrus . ’
CUMYV 95450, 95453, 95454 (3ind.) Dauphin Island, USA 2002.06.30
Evynnis cardinalis PKU 22211 (1ind.) Jeju, Korea 2023.04.23
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kit, Bioneer, Republic of Korea)= ©]-83}%] Total genomic DNAE &3} t}.
Mitochondrial DNA cytochrome b &S S3%3}7] $13 GLUDG-L (5-TGA
CTT GAA RAA CAY CGT TG-3") (Palumbi et al., 1996)3} H15915 (5-AAC TGC
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buffer 2 pL, dNTP 1.6 pL, primer 2}0.5 pL, Ex-Taq polymerase 0.1 L& 4]
mixture®]] Genomic DNA 2 uLE &3 %, 32 S/HF 133 uLEs Yol %

volume 20 uLE W= = 23S 5T} Thermal Cycler (Bio-rad T100™,

_{

USA)E o]|&3ty] bt 22 2722 PCRS T35}t cytochrome b
% 9 [Initial denaturation 95°C, 3+; PCR reaction 35 cycles (Denaturation 95 °C, 30%;
Annealing 50~56°C, 45%; Extension 72°C, 1.%), Final extension 72°C, 7+], 16S
ribosomal RNA & ®[Initial denaturation 95°C, 3%%; PCR reaction 35 cycles
(Denaturation 94 C, 30%; Annealing 52~56 C, 45%; Extension 72C, 45%), Final

extension 72°C, 73].
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(b)

Fig. 2. The measurements (a) lateral and (b) frontal of specimens.
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Table 2. The measurements of specimens.

Total length
Standard length
Head length
Body depth
Upper jaw length
Snout length
Orbital diameter
Suborbital width
Interorbital width

Postorbital length

Predorsal length A-H
Prepectoral length A-l
Prepelvic length Az §
Preanus length A-K
Preanal length B L
Nostril length M-M"
Dorsal fin length &

Pectoral fin length -1

Pelvic fin length J-J

Caudal peduncle depth N -N-

Eye - Origin of dorsal fin
Eye - Head

Eye - Head vertical

Eye - Preopercle

Snout - Preopercle

Snout - Nostril

Snout - Interorbital

Snout - Head

O-H
O-P
0-C
0-Q
A-Q
A-R
A-S

A-P

14



Fig. 3. The Head bump measurements of specimens by soft X-ray.
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Fig. 4. The cranium measurements (a) lateral and (b) frontal of specimens.
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Table 3. The cranium measurements of specimens.

Cranium length
Cranium width
Cranium height
Supraoccipital length
Supraoccipital width

Supraoccipital height

Supraoccipital crest First point
Supraoccipital crest Middle point
Supraoccipital crest End point
Frontal length

Frontal width

Vomer width

17
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2) Mitochondrial DNA 16S rRNA% &

2 Ao 4= Mitochondrial DNA 16S rRNAY S 358 bpel 9|7|HE=
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3) Maximum likelihood tree & Bayesian inference tree
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| PKU 9143 (NZ)
| PKU 21795 (NZ)
1.45763-008 (AU)
1.45763-006 (AU)
| PKU 21813 (NZ)
| PKU 21805 (NZ)
| PKU 21802 (NZ)
931 PKU 21800 (NZ)
| PKU 21798 (NZ)
| PKU 21796 (NZ)
41l PKU 9142 (NZ)
| PKU 21799 (NZ)
| Pagrus anranes N2
PKU 21797 (NZ)
ss+| | PKU 21814 (NZ)
03 PKU 21815 (NZ)
| PKU 21817 (NZ) Pagrus auratus
PKU 21818 (NZ)
| PKU 21807 (NZ)
PKU 21812 (NZ)
PKU 21816 (NZ)
L86 pRU 21811 (NZ)
PKU 21803 (NZ)
PKU 9146 (NZ)
|| PKU 9144 (NZ)_
82| PKU 9145 (NZ)
L-+PKU 21801 (N2)
PKU 21806 (NZ)
al PKU 21808 (NZ)
" & |PKU 21809 (NZ)
I PKU21810(N2)
| TPKU 21804 (NZ)
1.45763-007 (AU)

Pagrus major

Yertert L

| PKU 11355 (1P)
| PKU 9140 (CH)
u | PKU 11360 (JP)
PRUSDAY) . 5 T
Cyyaminis care [l = VY y CAr }
I B e Evynnis cardinalis
Pagrus caeruleostictuy PO P{lgr Uus spp.

- Pagrus auriga N0
9 Argyrops bleckeri A7

Dentex hypselosoms AW01

46 Cymatoceps nasntis M240020
= Chrysoblephus cristiceps AT2%719
Lithognathus mormyyus A2#742
Gymnocrotaphies curvidens M40
» Sparus anrara M
Acanthopagrus lans SV

Lareolabrax jopontcus ABPTHS

0.020

Fig. 5. Neighbor joining tree based on mtDNA cytochrome b Sparidae registered
in NCBI. Sequences arranged by Cluster W. NJ constructed by 1,000 bootstrap
replications. Scale indicate genetic sequences tree a distance of 0.02.
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Table 4. Pairwise genetic

distances among eleven sparid species based on mtDNA cytochrome b sequences with one outgroup,

Lateolabrax japonicus.
1 2 3 4 5 6 7 8 9 10 11 12
1 Pagrus major 0.000-0.006
2 Pagrus auratus 0.011-0.020 0.000-0.015
3 Pagrus pagrus 0.135-0.143 0.135-0.143
4 Pagrus caeruleostictus 0.145-0.149 0.144-0.149 0.135
5  Pagrus auriga 0.158-0.171 0.160-0.171 0.163 0.134
6  Evynnis cardinalis 0.076-0.083 0.078-0.083 0.134 0.136 0.139
7 Argyrops bleekeri 0.156-0.160 0.154-0.160 0.157 0.165 0.143 0.154
8 Cymatoceps nasutus 0.147-0.160 0.153-0.161 0.168 0.167 0.145 0.158 0.188
9 Chrysoblephus cristiceps 0.165-0.177 0.171-0.178 0.151 0.169 0.153 0.160 0.160 0.119
10  Dentex hypselosomus 0.160-0.177 0.169-0.178 0.160 0.181 0.162 0.173 0.164 0.149 0.147
11  Sparus aurata 0.207-0.222 0.207-0.217 0.212 0.203 0.205 0.208 0.175 0.208 0.209 0.190
12 Lateolabrax japonicus 0.269-0.278 0.269-0.278 0.276 0.235 0.283 0.279 0.266 0.272 0.266 0.280 0.269
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Table 5. Pairwise Genetic distances among eleven sparid species based on mtDNA 16S rRNA sequences with one outgroup, Lateolabrax

japonicus.
1 2 3 4 5 6 7 8 9 10 11 12
1 Pagrus major 0.000
2 Ppagrus auratus 0.006-0.014 0.000-0.014
3 Pagrus pagrus 0.032-0.035 0.026-0.038
4 Ppagrus caeruleostictus 0.029 0.035-0.044 0.026-0.029
5  Pagrus auriga 0.038 0.041-0.050 0.038-0.041  0.029
6 Evynnis cardinalis 0.030 0.029-0.038 0.029-0.035  0.017 0.032
7 Argyrops bleekeri 0.050 0.056-0.065 0.047-0.053  0.032 0.038 0.038
8 Cymatoceps nasutus 0.044 0.050-0.059 0.050-0.055 0.041 0.035 0.035 0.059
9 Chrysoblephus cristiceps  0.038 0.038-0.047 0.041-0.044  0.035 0.038 0.038 0.059 0.044
10 Dentex hypselosomus 0.081 0.087-0.097  0.077-0.081  0.068 0.074 0.071 0.081 0.078 0.071
11 Sparus aurata 0.110 0.110-0.112 0.100 0.103 0.103 0.103 0.123 0.107 0.107 0.110
12 |ateolabrax japonicus 0.124 0.121-0.131  0.124-0.128  0.128 0.128 0.128 0.127 0.138 0.128 0.149 0.152
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Fig. 6. Single Nucleotide Polymorphism (SNP) based on mtDNA cytochrome b sequences between Pagrus major and P. auratus.

23



RN R N R R R R N N N NN RN R RN RN

=

P. major (AP002949)

PRU

PRU

PRU

PRU

* PRU
P. major ex
PRU

PRU

PRU

PRU

PRU

PRU

P. auratus (AF247424)

PRU
PRU
PRU
PRU
PRU
PRU
P. auratus PRU
PRU
PRU
PRU
PRU
PRU
PRU
PRU
PRU
PRU
PRU

20903
20904
20905
20906
11355
11356
11359
11360

9137 (CH)
9138 (CH)
9139 (CH)
9140 (CH)

21799
21800
21802
21803
21806
21807
21808
21809
21810
21811
21812
21813
21814
21815
21816
21817
21818

(N2)
(N2)
(NZ)
(N2)
(N2)
(N2)
(N2)
(NZ)
(NZ)
(N2)
(N2)
(NZ)
(N2)
(N2Z)
(N2)
(N2)
(NZ)

2230 2240 2250 2260 2270 2280 2350 2360 2370 2380 2390 2400
CGGGGATAATACCATAAGACGAGAAGACCCTATGGAGCTTTAGACGTCAGAGCAG TTGGGGCGACCGCGGGGAAATACARRACCCCCATGTGGAGTAGGAATACACATTCCTA

Fig. 7. Single Nucleotide Polymorphism (SNP) based on mtDNA 16S rRNA sequences between Pagrus major and P. auratus.
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Lateolabrax japonicus M34743%

0.050
Fig. 8. Maximum-likelihood tree based on mtDNA cytochrome b and 16S rRNA

sequences. The constructed by 1,000 bootstrap replications. Scale indicate genetic
sequences tree a distance of 0.05.
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Fig. 9. Bayesian inference tree based on mtDNA cytochrome b and 16S rRNA
sequences. The constructed by 1,000 bootstrap replications. Scale indicate genetic
sequences tree a distance of 0.02.
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1 7P E ¥4

Pagrus%:2] 1P S nlwaty] gste] % 1370, %5 18704, P
pagrus 670AE A o] &3ttt 35 AT = Fst Ao+
A Holx eFeko), A3 Y (Scales above lateral line)S W] W3l S

5% 8% 7N, P opagrus 5-671 2 FEy gAEo] ¢ BWE& o=

L}E}S TH(Table 6).

Al

e

sk ZHS AESL)el fist vlER AAEY S Wl PagrusE il
o gt Zfoli= A RolA| AX|NE, O R ARG H HEFIH Aol=
A 1 (Body depth)7} 555 55.1%, Pagrus<y 35.8-45.7%% 555 °] Pagrus<y
B}y v FeollA SA=Hu| 71874 ] AE](Eye-Origin of dorsal fin)7}
SZE5 30.8%, Pagrussy 21.0-272%% 5E%5°] PagrusSHETH A7t ¢
At oA W 7kA 2] A e (Eye-Head)?} =% 19.8%, Pagrusss 8.4-
145%%2 =E5°] Pagruss But 7127k ¥ dot wolA e 53704 €]
72l (Eye-Head vertical)”} H&% 12.7%, Pagruss 6.0-9.2%% 5% 350°]
Pagrus%y Bt} 7127} ©] WtiTable 7, Fig. 10). FZMHL)ol| tj3h vl &=
AxstR= w, wolAd SA=2r] Z]H74A2] 72 (Eye-Origin of dorsal

fin)7} FE 73.7-84.7% (79.4%), A% 74.2-83.6% (78.4%), P. pagrus 64.1-72.9%
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(693%)= HEH T4Fol P pagrusell HlEl AZZF W Ao

L} EFCH(Table 8, Fig. 11).

T &9 HY F(Head bump)E 57437 #15te] Soft X-rays Ah&-s}lo]
i 1A, FE 1AE A ol &tk MY & dEe S8 w
12.5-17.0° (14.8°), & 9.6-12.3° (10.8°9)% FME2 Wy Fo] FExTl ¢

ash= 102 LEFRLTH(Table 9, Fig. 12).
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Table 6. Comparisons of meristic characters for three Pagrus species and E. cardinalis.

P. major P. auratus P. pagrus E. cardinalis

Number of specimens 13 18 6 1

Dorsal spine 12 12 12 12
Dorsal softrays 10 10 10 10
Anal spine 3 3 3 3

Anal softrays 8 8 8 9
Pectoral fin 14-16 (15) 14-16 (15) 14-16 (15) 15
Pelvic fin 6 6 6 6
Lateral line scales 54-59 (57) 54-59 (56) 54-57 (55) 58
Scales above lateral line 7 7 5-6 (5) 7
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Table 7. Comparisons of measurements for three Pagrus species and E. cardinalis in Standard length.

Number of specimens

P. major
13

P. auratus
18

P. pagrus
6

E. cardinalis

1

Total length (mm)

Standard length (mm)

Head length (mm)

In % of Standard length (%)
Head length
Body depth
Upper jaw length
Snout length
Orbital diameter
Suborbital width
Interorbital width
Postorbital length
Predorsal length
Prepectoral length
Prepelvic length

246.0-495.0 (358.8)
198.0-411.0 (285.9)
62.3-120.3 (87.3)

28.9-33.2 (30.7)
35.8-44.3 (41.9)
11.2-12.5 (11.8)
12.0-14.3 (12.7)
5.9-8.5 (7.0)
7.0-8.1 (7.5)
8.9-10.0 (9.4)
12.7-14.4 (13.6)
40.4-45.2 (42.6)
32.8-37.2 (35.2)
33.8-38.8 (36.9)

333.0-424.0 (378.6)
379.0-268.0 (299.9)
88.7-104.3 (97.2)

26.8-34.8 (32.5)
36.1-45.7 (41.6)
10.1-13.3 (12.4)
10.8-14.0 (13.0)
5.6-8.4 (7.6)
6.5-8.8 (7.7)
7.5-10.6 (9.7)
11.9-16.0 (14.4)
38.2-47.4 (44.5)
27.7-39.3 (36.0)
30.0-39.4 (37.2)

223.0-240.0 (230.0)
174.0-186.0 (180.5)

55.5-60.4 (58.0)

31.3-32.8 (32.1)
37.4-40.5 (38.5)
11.7-12.4 (12.0)
12.1-12.8 (12.5)
7.9-8.3 (8.1)
7.5-8.8 (8.2)
9.8-10.3 (10.0)
12.3-13.4 (12.9)
41.7-43.4 (42.2)
35.7-37.7 (36.7)
37.0-38.1 (37.6)

248.0
187.4
57.2

30.5
55.1
12.3
13.9
8.3
8.1
9.7
11.7
43.5
34.1
39.8
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Table 7. Continued.

Number of specimens

P. major

P. auratus

P. pagrus

E. cardinalis

In % of Standard length (%)

Preanus length

Preanal length

Nostril length

Dorsal fin length
Pectoral fin length
Pelvic fin length
Caudal peduncle depth
Eye-Origin of dorsal fin
Eye-Head

Eye-Head vertical
Eye-Preopercle
Snout-Preopercle
Snout-Nostril
Snout-Interorbital
Snout-Head

56.4-62.0 (59.4)
63.5-67.3 (65.7)
1.7-2.4 (2.0)
47.7-54.6 (52.5)
29.6-36.0 (33.0)
16.1-23.1 (20.5)
9.8-12.1 (11.0)
22.9-26.3 (24.3)
8.9-12.8 (10.7)
6.1-7.8 (7.0)
9.1-11.4 (10.0)
21.0-23.3 (22.2)
9.1-11.7 (10.3)
11.0-13.5 (12.1)
24.5-28.0 (26.3)

49.6-61.8 (58.8)
53.9-68.7 (64.8)
1.6-2.3 (2.0)
44.3-52.5 (50.1)
24.7-38.8 (33.9)
18.2-23.4 (20.8)
9.3-11.5 (10.8)
22.3-27.2 (25.5)
9.5-14.5 (11.9)
6.0-9.2 (7.3)
9,5-12.2 (11.1)
19.0-24.9 (23.4)
9.4-12.1 (11.0)
10.6-14.5 (12.5)
23.0-32.4 (28.3)

59.9-63.5 (61.3)
66.9-68.5 (67.4)
1.4-1.8 (1.6)
52.2-56.3 (54.1)
32.5-35.7 (34.4)
21.4-24.2 (23.0)
9.6-9.9 (9.8)
21.0-23.3 (22.3)
8.4-10.4 (9.5)
7.5-9.1 (8.0)
10.8-11.9 (11.2)
24.0-24.3 (24.1)
9.9-11.7 (10.9)
11.7-11.8 (11.8)
26.4-28.7 (27.4)

62.7
67.1
1.3
59.2
38.2
26.4
11.4
30.8
19.9
12.7
11.3
22.2
7.7
13.0
30.5
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Table 8. Comparisons of measurements for three Pagrus species and E. cardinalis in Head length.

P. major P. auratus P. pagrus E. cardinalis
Number of specimens 13 18 6 1
Head length (mm) 62.3-120.3 (87.3) 88.7-104.3 (97.2) 55.5-60.4 (58.0) 57.2
In % of Head length (%0)
Upper jaw length 34.9-40.2 (38.5) 35.3-41.5 (38.1) 36.5-39.0 (37.5) 40.2
Snout length 37.4-45.0 (41.5) 37.5-41.9 (39.9) 36.8-40.4 (38.8) 45.4
Orbital diameter 20.0-27.7 (22.7) 21.0-24.8 (23.2) 24.4-26.0 (25.1) 27.1
Suborbital width 22.0-26.2 (24.4) 22.0-27.1 (23.7) 23.1-26.9 (25.7) 26.6
Interorbital width 29.2-32.2 (30.8) 28.2-32.6 (29.8) 30.1-31.9 (31.2) 31.8
Postorbital lentgh 41.5-47.3 (44.3) 42.1-47.3 (44.1) 39.2-41.1 (40.2) 38.4
Nostril length 5.5-7.8 (6.6) 5.0-7.0 (6.2) 4.2-5.7 (5.1) 4.3
Eye-Origin of dorsal fin 73.7-84.7 (79.4) 74.2-83.6 (78.4) 64.1-72.9 (69.3) 100.8
Eye-Head 26.9-40.2 (35.1) 30.3-43.5 (36.7) 27.0-32.5 (29.6) 65.0
Eye-Head vertical 19.8-25.7 (22.7) 19.9-29.0 (22.6) 23.5-28.5 (24.9) 41.7
Eye-Preopercle 27.6-36.8 (32.7) 31.5-37.7 (34.2) 33.4-36.3 (34.7) 37.1
Snout-Preopercle 69.1-75.1 (72.2) 68.5-75.1 (71.9) 73.8-77.5 (75.2) 72.6
Snout-Nostril 31.3-36.7 (33.5) 30.8-37.3 (33.7) 31.1-37.4 (34.0) 25.2
Snout-Interorbital 36.8-44.1 (39.3) 34.4-43.3 (38.4) 35.7-37.6 (36.6) 42.6
Snout-Head 80.4-91.7 (85.9) 77.5-96.5 (87.1) 83.1-88.2 (85.3) 99.8
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Table 9. Comparisons of Head bump for P. major and P. auratus.

P. major P. auratus
Number of specimens 13 18
Head bump 9.6°-12.3° (10.8°) 12.5°-17.0° (14.8°)
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Fig. 12. Comparisons of Head bump for P. major and P. auratus.
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Table 10. Comparisons of measurements for three Pagrus species and E. cardinalis in Cranium length.

P. major P. auratus P. pagrus E. cardinalis
Number of specimens L 6 5 1
Cranium length (mm) 58.0-89.4 (67.0) 69.6-81.9 (76.7) 44.4-47.6 (45.5) 474
In % of Cranium length
Cranium width 52.2-61.2 (56.6) 47.5-52.2 (50.5) 52.2-54.6 (53.7) 54.7
Cranium height 69.8-78.4 (74.4) 67.8-79.8 (71.9) 66.0-70.8 (68.8) 86.3
Supraoccipital length 51.4-59.7 (56.2) 49.2-53.2 (51.4) 54.7-58.5 (56.4) 60.6
Supraoccipital width 14.6-24.4 (19.6) 2.2-2.7 (2.5) 1.4-3.1 (2.4) 6.0
Supraoccipital height 34.4-42.8 (39.0) 35.7-42.3 (39.6) 34.1-35.7 (34.8) 38.5
Supraoccipital crest-First point 1.3-21(1.7) 1.5-3.7 (2.4) 1.0-2.0 (1.3) 10.4
Supraoccipital crest-Middle point 2.5-5.2 (3.3) 5.4-6.9 (6.0) 1.3-1.9 (1.7) 53
Supraoccipital crest-End point 1.3-2.6 (1.9) 2.0-3.8 (2.9) 1.4-2.0 (1.6) 3.5
Frontal length 30.3-35.4 (32.0) 25.9-31.8 (29.2) 12.0-17.5 (14.7) 28.8
Frontal width 37.7-44.2 (41.0) 35.9-42.1 (39.0) 31.9-33.3(32.6) 41.7
Vomer width 15.9-18.8 (17.6) 16.5-19.7 (17.3) 13.1-15.4 (14.4) 15.7
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Fig. 14. Supraoccipital interface anterior part comparison of (a) P major and (b) P. auratus.
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Fig. 15. Pterosphenoid comparison of (a) P. major and (b) P. auratus.
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Fig. 16. Epiotic lateral comparison of (a) P major and (b) P. auratus. Epiotic upper comparison of (¢c) P major and (d) P. auratus.
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Fig. 17. Cranium lateral comparison of (a) P. major (b) P. auratus (c) P. pagrus (d) E. cardinalis.
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Fig. 18. Cranium frontal comparison of (a) P. major (b) P. auratus (c) P. pagrus (d) E. cardinalis.
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Fig. 19. Nasal comparison of (a) P. major (b) P. auratus (c) P. pagrus.
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IvV. 11 &

Aol s SAEE G el A ek FEdt HAETE R
Ztf-otddsidel AMAsh= FAEFe FH ¥ EAATE Ve ®
FEY A ST AAE ANEA Ajbstaar gk 2 A
A3}, Pagrus%o] YAES WER™ o] 2] Orrell and Carpenter (2004)}
Chiba et al. (2009)8] AT-AI}E A AR o, Fuw 55 Pagruss 9]

T2 F(type species)?] Pagrus pagrus2} &3] 89S A3} (Figs. 5,

8-9). atA|nt w3t o] LAsk st AlgdAlE ¢ds] sidste™ A
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1. Chrysophrys%2 &

TAAE A A5 AP Mitochondrial DNA  cytochrome b 2]
A5 Husrnd FEd S5 FXF 1L1-2.0%8 AolE Ko
- 7Pk FddAE 2o, S s 0.0-0.6%, =AE 0.0-1.5%9]
Aol & H. I Uh(Table 4). 16S IRNAG oA FAAYE vlwalnw st
HAES T 06-14%°]  AClE HY Wy Tk #ARAE

WOItK(Table 5). F £9] 7k Woli Fu) wolnth ¥YAW g FO07

N
-
)
-,
il
Hi
DL
rlr
52
;O

} Ok T}, Tabata and Taniguchi (2000)2] mtDNA Control
region oA DNA direct sequencing =21 2|3+ Nucleotide sequence
divergence®] #}o]7} A&, FF =3 FEHd 7, wHAAEY FA4F9
S ke M= 3.0-4.0%003L, S we WA= FE 2.7-28%, wAE
23-31%°ltk. A Zol= T oA REUAN FU FEolA =
7] W&o olFo® B 4 Slvkal sklvh AN B AT A NJ tree,
ML tree, Bl tree®] ZA1$=E &l + T2 +4747F 77hwol= =5k
HEskA Tt E S TH(Figs. 5, 8-9). T3 B AN = F TS T AS

81+ Single Nucleotide Polymorphism (SNP)< cytochrome b % & ol 4] 471,

+

16S tRNA% oA 2705 A3 tH(Figs. 6-7). ©l&= F Fo] 2@ 7|3t

FAH BEo] BA AR 0E §44 54L /A @ Ao ARE
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Z,
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B, 53l FHFuy FMFol SF5(Evwnnis cardinalis)? QA SH

Hol 3, 52 E P pagrust TF Eo] AT} Chiba et al. (2009)<]
A ATedME iR FEd S4E50] PagrusEsd S
Pagrinae ©}+2] Evynniss 3 747k FA#/AIE Kol WM, P pagrust
Pagrinae ©}2}7} o}y Pagellinae®t Q1  Pagellus<: 2] A o F(Pagellus

bellottii, P erythrinus) S} 7V7h2 FA#AE Holn 2 A5 AE

AA AL BHSHoEE  ZHSH ol =Tk, A
AETHOR= Pagrussy olF7F @AIEC]l ofld wAEE HAAF
FRgAor FAZL Ses Bosd S & AToAM PagrussH T

clades B3t 3F(P pagrus, P auriga, P caeruleostictus)< *% 3,
th Al okef] A2 skTh(Harris and McGovern, 1997; Tabata and Taniguchi, 2000;

Pajuelo et al., 2006; Blanco et al., 2015; Ismail et al., 2018). A A|&AF-oll A=

K
o

A GG 1F(P africanus) A Al AAstERE e

2 ES AYAO RS Pagruss 3y wElEE & 4 QT
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FH

of\
tlo

rlr

Ag 5 9l

Mz

?

AL

A A ndH AZ Ao ¥
a

ol o]z

-
s
=

w2 okokt}. Akazaki (1962), Paulin (1990), Tabata and
Taniguchi (2000) AT-X %= F T2 Fov|st 54 zol& AAlekz]
Z3ck AR Soft X-ray wAlS 3 WE Fol SAE(12.5-17.00)°]
FE0.6-12398 g ¢ wad Aoz yeht} w7l R Tabata and
Taniguchi (2000)2] A A5 A A8 TH(Table 9, Fig. 12). o1& Al7]w+=
o] o]z} WEetA] *E 5 UARE AZF wEk Wy Fo] Frist]
ol st ofFelM= O o]zt FHEIA Z o] th(Scott et al., 1974;
Grant, 1987). T7/1=2 FHE vudE A3 F TS 78 AS F U=
FAS HHsUY. FAEF dojcell i3 mER AES ),

A5 Z(Supraoccipital width)®] F35(19.6%)°] X H(2.5%) Rt T

oo,
2
Y
ity
Ao
o
i
i
il
i
o
ald
2
it
14
o
o

} =] ST}, Yasuda and Mizuguchi

(1969)9} MacDonald (1980)2] AT % Fmel AFFa FHo] oA

v
r
of\
|
K
.
&
N
-
Mz
el
flo
4
£
X
32,
Al
ke
ot
o
e

o A+ Ay} 9o
FEFE, AAE, AolIeA MEA RS F Qe ERdds dd
g&F=  crestd FY - F(Supraoccipital crest-Middle  point)©]

FEQINRTG FTAEG0O] HAoH, FES FFFE A} Qo
2
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©] A & (Pterosphenoid)> Fix< 0-24#| = ZetAd Qom xHo] wj11y
Tl AN, SAEE 32 o) oy AR Aot o o]
By Fwo] IIlErh o] H(Bpiotic)E TES € FEo] FHEIANL

FAEe AYH o R oy F £

i

#

A%

e EEDE

=

A5 FAEL ol Chrysophrys$s 0.3 A& A RE, Paulin (1990)°]]
oldl Pagrus% o2 F%olW A HALE AT B AT AH}E T
e 5450l Pagruss el EAERD P opagrus$t BlLskelS W o]
HE R, FF0| Pagrus%ol obEdS & 5= Stk Gommon et al. (2008) At
A% Axet Agzd AE AR FAES] Pagrus%o] obd  Paulin
(1990)°ll &l FFolW AHE®  Chrysophrys 578 thA] X EE ook
stobal =Skl Chrysophrys 5789 HF&S ARSIty o] &
A MAstE S 8ES Chrysophrys 578 = ™Wet C auratus=
AFE-E o] 231 ) O Y(Gomon etal., 2008; Parsons et al., 2014; Bertram et al., 2022;
Oosting et al., 2023), FAEFFell A 2Ast= FwS AAA3] Pagrus major=
AFE-E o] @31 3lthH(Dawood et al., 2016; Kim et al., 2020; Takakuwa et al., 2022;
Kato, 2023). WetA & AFNX = Chrysophrys% el F25 T3, F&9

SH S Pagrus majoro| Xl Chrysophrys major= W73 718 Ak}l ot

o
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= AToNME Chrysophryss 2F5(EE, w8)3 Pagrus®s  15(P

pagrus)®] FH| 5H < vl d¥, FAMHDO Ut HER AAtesis

R

oA SR =#u 71" 78] AE](Eye-Origin of dorsal fin)7} #&2}
=M I=(73.7-84.7%)°] P pagrus (64.1-72.9%)°l vlal A&7} B HTh(Table 8,
Fig. 14). 7712 ZAol(CcLyel st &2 AxtstdS wl =2 Zo|(Frontal
length)7} 53} F435(25.9-35.4%)°] P pagrus (12.0-17.5%)°l Hl&l] Zo]7}
At} N=e] F(Frontal width)o] 57} A5 01(35.9-44.2%) P. pagrus (31.9-
33.3%)°l Hlal #o] ¥ Rt} Yasuda and Mizuguchi (1969) <oA=

Chrysophrys% 3%(C. major, C. unicolor, C. auratus)® Pagrus= 3% (P. pagrus, P

africanus, P. laniarius)® F/|&& Bluste] F &£& FHS7| Y FTEsIH
AZtets AOlHO R Chrysophrys<: e d5F= €7], A= E5¢E
Algketnl glow, 2 AF] Aol F At Paulin (1990)2

MacDonald  (1980)= 7%= crest (Supraoccipital crest)®] & 7]<}
N Z(Frontal) ]  ztol7} F3F ERIHAR BFEEhA il oy &

ArelM= FHEE AelE dERel wel EREdAEAY BEAds

rl
o\
3%
&
d
a=)
&
N
N
N
u
>
~
o
S
A.
o
AN
D
1o
e
-
2
R
!
L
i
&
v
IS
s
<
)
1o

As 7 e A2 EFdds 2d3n I FH(Vomer width)o] 353}
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T

, P pagrus

<]

& Zo] | Y © ™ (Table 10,

S

o] # -5 A THFig. 19).
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-T-

2 el

Far v 122

= E(15.9-19.7%)°] P. pagrus (13.1-15.4%)°l H]
[¢)
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el

SREE:

=
o

o]

O 2 Pagrus<y

BAABATE

w2}

stal, ¥|5 7 T Pagruss 1% Abol 9

S

o

zy

obd  Chrysophrys<s©l|
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Genus Chrysophrys Qaoy & Gaimard, 1824 (& 7: &%)
Chrysophrys Qaoy & Gaimard, 1824 (type species: Chrysophrys unicolor Quoy &

Gaimard, 1824 = Labrus auratus Forster, 1801)

Description: A2 x| =ejv] 7pate]= 24 HFE7E lew, s§h¢e
B Aot dizo] B, ATFE crest7b §71EO] glow,
vz SIEEo] EFsith HE el AAste, d MAZRCRE 2Fo] &HA

81 THGomon et al., 2008).

Remarks: Akazaki (1962)= &, =%, Pagrus pagruss A8 o] A
S Pagrus %0 +5F38F3L Chrysophrys <5< junior synonym® ZFF5=3] ok
stobal &kt ©] %, Paulin (1990) °l8ll Chrysophrys auratus, Chrysophrys

major T &°| P pagrus®t =ASHE FAMI O R QAF)| Pagrus$ O E AR

of\

A =, Chrysophrys 59 EAFQ C. awratus7} A-w2ol weh
Chrysophrys %< &0l A 253 th. Gomon et al. (2008)< Orrell &
Carpenter (2004)2] 2 Als A7+ Aol X Pagruss ol A= A5
Chrysophrys 0] F-&wojof dopn FAsIGth. & A4 Aoy =
Chrysophrys %2] 23 Pagrus 59 152 JFFE 9 F/= Z43HE

Hlaske o, v 22 77H] 5o w2 FHeHA 9T [Comajor,

C. auratus vs. P. pagrus; ol X A =2v] WA 7FA|7-2] 2] AE](Bye-
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Origin of dorsal fin), Ath& o2 TH(73.7-84.7%) vs.. 7H7Fa(64.1-72.9%);
N (Frontal), ZAo|7} AhA o2 71(25.9-35.4%) vs. Zro(12.0-17.5%); Z©]

WS(35.9-44.2%) vs. F52(31.9-33.3%), E=3F vs. E23A oS A

b

il

% (Vomer width), 4(15.9-19.7%) vs. F+(13.1-15.4%); $FF= crest

(Supraoccipital crest), §7]1%°] A= vs. 715 UA ;v E(Nasal),

o

o] B39 vs. 2 5s8kal wiIie] e

Chrysophrys auratus (Forster, 1801) (=78 : = 21 +) (Fig. 20)

Labrus auratus Forster in Bloch & Schneider, 1801:266 (New Zealand)
Chrysophrys unicolor Quoy & Gaimard, 1824:299 (Australia)

Pagrus auratus (Forster, 1801): Akazaki, 1962:162 (New Zealand); Paulin, 1990:261

(Australia); Hauser et al., 2002:11742 (New Zealand)

Chrysophrys auratus: Kuiter, 1993:193 (Australia); Gomon et al., 1994:600 (Australia);

b

Gomon, 2008:589 (Australia); Parsons et al., 2014:256 (New Zealand)

Material examined: PKU 9142-9146, 2013.06.21, 72 #1=; PKU 21795-21807,
2021.08, 72 #WE; PKU 21808-21818, 2022.07.22, F& #=; 1.45763.006-008,

2011.11.20, =5 A|E=14.
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Description:

o}
il

-
R

o] At} kel Aol

71

T

N

= A7

Ju] 74

sA=E

=]

]

AR

2=
=

HA ZHA R ok o Au 7}

o|]

Color:

Hjj #] =2 v

7 -2 o] 9}

7 2] A =2 =]

v‘:;
L

a7

2]l

).
W

o1 A4 Aot

Distribution:

0~280m7}A] vF9 7} W2 Ao FE A2 FTHGomon et al., 2008;

Roboers et al., 2015).
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2] A =2

Al

=)
AL

A o]

SRR

A W= o A

B0
1T O o

Remarks:

Aol A Forster

A0 0]
1

{m) e} wjA =ejv]= 2

ol FA =z

P
a

7HEARRI7Y A

(1844)7} A A|

—

%O

FAAL WS A7

g

ol
No

Aol A F

o] 7 9] o (Akazaki, 1962;

TEA AT

Sk

s}
ol

Paulin, 1990; Tabata and Taniguchi, 2000)°]] 4]

Tt [C auratus vs. C. major; e =

SHA

Zo g %

3H(2.5%) vs.

3
o

sill .

]
s

0

(3.3%); U=

O
H

07 WL(6.0%) vs.

|
=

[eins)

3o
=

F3E0] 315(19.6%); crest

o] YIRS vs. 0272 E ZebA

a2 Ak e ol

A o2 dItE R s,
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Chrysophrys major Temminck & Schlegel, 1843 (= 73: %) (Fig. 21)
Chrysophrys major Temminck & Schlegel, 1843:71 (Japan)
Pagrus major: Kyushin et al., 1982:124 (Japan); Wang et al., 2001:227 (China);

Nakabo 2002:858 (Japan); Kim et al., 2005: 331 (Korea); Kim et al., 2020:136 (Korea);

Motomura, 2020:101 (Japan)

Material examined: PKU 20901-20905, 2021.12.13, 3t= <F%<*; PKU 20906-
20909, 2021.12.14, St=r A|F%; PKU 21819-21823, 2022.11.08, $t= F < A|;

PKU 11355-11360, 2014.09.30, ¥+; PKU 9137-9141, 2013.06.21, &=

Description: &< 71 Efgao|lm A7} w2 ol FH HoAu oF

g Holz Hlxzdtth. Feole s=H Wl 6~8F9 Hlso] Uth

A& A Fo A H FAyS ol F Uk mYA=Yr)= A debA
Atk SA=ET A= AA AFE A ko, ks deksith
A=) FowA RAZE A RA ARG ot ¥ Aok

ZhEA = SiA=uE gl
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AL AAEAsE Hesoln, HALue  wH ey
AgAEE emdoln, FF FEAL Y% @tk meA =y

PEAE s A2 HFEE 9leH, e 2 Aotk & 9l

Distribution: 3=, UXE  F = Bk ofdy Ao EX

2 0~280m7}A] vEL 7

—|~
1:1
ﬁ
r]o
O
f
FN'
ﬁ
&
g

| 52 A]2] 3cH(Kim et al., 2005).

Remarks: =52 Aol FHi wmR=gr] 7P H2A0)H
A =gu g A =ul= Ao, FX=gu] ZFAZE 1270, E717F
107§¢1 7ol 4] Temminck & Schlegel (1843)7F #1418+ =3} A x| gt} Paulin
(1990)°ll  oJal] &2l senior synonymQ!l FAEWS HFOR FHISH|E
3+l o ™, T3t Tabata and Taniguchi (2000)° 2J& FMF52 ofF TAZ

ANAE Sk B AFATe] wet FEF FAFA FAEES e

-9 BE55HA FEo] AS(19.6%) vs. w5514 a1 HHEH(2.5%); crest

Fol HHALR FE(G3%) vs. W=(6.0%); S AFE BAEol



WILHAL g EE o] S vs. 32 ol ol AR debA 3o ol

ol GItZE; Ao, € Fio] 5T vs. AU ow GRS
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Fig. 20. Photos of Chrysophrys auratus (a) PKU 21812, 343.0 mm SL and (b) PKU 21813, 333.0 mm SL.
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Fig. 21. Photos of Chrysophrys major (a) PKU 20901, 357.0 mm SL and (b) Jeju, Korea, 620.0 mm SL.
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ol 44 AIgE 7PHE HoRE AT 4 Qlth(Dynesius and Jansson,
2000). Wb FAES W ERERY] g olEo] EI|HUS o
FArele @4 WsE A% wEdye od oplE  Zow

A} 5= ¥ Th(Akakazi, 1962; Tabata and Taniguchi. 2002).

Mabuchi et al. (2004)-> =2l 7] ZH(Labridae) Pseudolabrus< 11&(F R 2E,

HUEE 030 EAATS ATHE A, Hue] Adshs 2Fol

i
o

A&

o

Cheb) Qieh(ka et al., 2022). WERA] HulTe] A4 s 5t
guel A4S FA% 94 AuA9S ZAZ MAst: Antitropical

4l Antiequatorial X5 Holw Az UE

ofN
|o

Z F-Z ¥t Antitropical
Aw AR FHEH Aozt AL gle] EFIHo=  sidstrlvt
o] { th(Randall, 1981; Tam et al. 1996). BFX7}A 2 53} FA52] e 2]
FAMS GA] olelst Z2AE vtFo® of|®l Ao AR ¥t MacDonald
(1980)= C. auratus®] S5, wAHAE, tivt Aol 267 d=AQ] A4S
e Aol Aol AAH s/l nAFE diEH A zelE gl

olef sk Arl A Aw Atele] Y PPFAA Aol FAA BEo)

Egrehs Ao yehdlow, gMEE el 71 aelslom, o]% Bass
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F Th(kai et al., 2022). Pleistocene 7]7Fe]l

215

Z1= AekaL A}

=]
o

w2}

M
1

X

)

7]

Antiequatorial

Ho

ZH4

).

+ o= SQlUth(Hardy, 1980; Burridge, 2002; kai et al., 2022).

3

gele] 9

A=z A2

73

2]

o}J

ol
o
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9

Chrysophrys major, =%

3 o]
s e

%9

B

it

i

Chrysophrys auratus=. AF-3-¥|ojof & 7107 Al7 ¥t}
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Fig. S1. A strict consensus of 3 equally parsimonious trees derived from parsimony
analysis of combined data. Subfamilies are labeled as follows: BO, boopsinae; DE,
denticinae; DI, diplodinae; PA, pagrinae; PE, pagellinae; and SP, sparinae. The
two major sparid clades are designated A, B (Orrell and Carpenter, 2004).
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