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For sub-figure f, above the branches are Bayesian posterior probabilities and below the branches are bootstrap confidence
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Tab. 1 List of species, sampling location, code and Genbank accession number in this study

Species

Sampling location

Code

Genbank (Genbank accession No.)

128 168 ND1 co

Salangidae

Protosalanx chinensis (Basilewsky, 1955)

Neosalanx anderssoni (Rendahl, 1923)

Neosalanx brevirostris (Pellegrin, 1923)

Neosalanx pseudotaihuensis Zhang, 1987

Neosalanx taihuensis Chen, 1956

Neosalanx tangkahkeii (Wu, 1931)

Neosalanx jordani Wakiya et Takahasi, 1937

Neosalanx oligodontis Chen, 1956

Salangichthys ishikawae Wakiya et Takahashi, 1913

Salangichthys microdon (Bleeker, 1860)

Salanx ariakensis Kishinouye, 1902

Salanx cuvieri Valenciennes, 1850

Hemisalanx brachyrostralis (Fang, 1934)

Leucosoma chinensis (Osbeck, 1765)

Pcl
Pc2
Pc3
Nal
Na2
Na3
Na4
Na$5
Nbl
Nb2
Npl
Np2
Np3
Ntl
Nt2
Nt3
Nt4
Ntk1
Ntk2
Nj1
Nj2
Nj3
Nj4
Nol
No2
Scil
Sci2
Sci3
Scml
Scm2
Scm3
Sal
Sa2
Sa3
Sa4
Scl
Sc2
Sc3
Hbl
Hb2
Hb3
Lel

HM151454 HM151504 HM151404 HM151554
HM151455 HM151505 HM151405 HM151555
HM151456 HM151506 HM151406 HM151556
HM151457 HM151507 HM151407 HM151557
HM151458 HM151508 HM151408 HM151558
HM151459 HM151509 HM151409 HM151559
HM151460 HM151510 HM151410

HM151461 HM151511 HM151411 HM151560
HM151462 HM151512 HM151412 HM151561
HM151463 HM151513 HM151413 HM151562
HM151464 HM151514 HM151414 HM151563
HM151465 HM151515 HM151415 HM151564
HM151466 HM151516 HM151416 HM151565
HM151467 HM151517 HM151417 HM151566
HM151468 HM151518 HM151418 HM151567
HM151469 HM151519 HM151419 HM151568
HM151470 HM151520 HM151420 HM151569
HM151471 HM151521 HM151421 HM151570
HM151472 HM151522 HM151422 HM151571
HM151473 HM151523 HM151423 HM151572
HM151474 HM151524 HM151424 HM151573
HM151475 HM151525 HM151425 HM151574
HM151476 HM151526 HM151426

HM151477 HM151527 HM151427 HM151575
HM151478 HM151528 HM151428 HM151576
HM151479 HM151529 HM151429 HM151577
HM151480 HM151530 HM151430 HM151578
HM151481 HM151531 HM151431 HM151579
HM151482 HM151532 HM151432 HM151580
HM151483 HM151533 HM151433 HM151581
HM151484 HM151534 HM151434 HM151582
HM151485 HM151535 HM151435 HM151583
HM151486 HM151536 HM151436 HM151584
HM151487 HM151537 HM151437 HM151585
HM151488 HM151538 HM151438 HM151586
HM151489 HM151539 HM151439 HM151587
HM151490 HM151540 HM151440 HM151588
HM151491 HM151541 HM151441 HM151589
HM151492 HM151542 HM151442 HM151590
HM151493 HM151543 HM151443 HM151591
HM151494 HM151544 HM151444 HM151592
HM151495 HM151545 HM151445 HM151593
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Species

Genbank (Genbank accession No.)

Sampling location Code 128 16S ND1 co

Plecoglossidae

Plecoglossus altivelis (Temminck et Schlegel, 1846)

Osmeridae
Hypomesus nipponensis McAllister, 1963
Mallotus villosus (Miiller, 1776)
Osmerus mordax (Mitchill, 1814)
Retropinnidae
Prototroctes maraena Giinther, 1864

Stokellia anisodon (Stokell, 1941)

Canada Mv
Canada Om

Australia Pm

New Zealand Sta

Le2  HMI151496 HM151546 HM151446 HM151594
Le3  HMI151497 HM151547 HM151447 HM151595

Pal  HMI151498 HM151548 HM151448 HM151596
Pa2 HM151449 HM151597

Hn  HMI151499 HM151549 HM151450 HM151598
HM151500 HM151550 HM151451 HM151599
HM151501 HM151551 HM151452 HM151600
HM151502 HM151552 HM151601
HM151503 HM151553 HM151453 HM151602

Robertst! 95%
, 128 RNA (128
rDNA) 16S RNA (16S rDNA)
c 1(COI) NADH
1(ND1)
1.2 DNA PCR
95%
DNA 12S 16S rRNA Palumbi,
etal.l'” 12SrRNA  12SAL 12SB
5-AAACTGGGATTAGATACCC
CACTAT-3' 5-GAGGGTGACGGGCGGTGTGT-3';
16STRNA  16SARL 16SBRH

5'-CGCCTGTTTAACAAAAACAT-3' 5-CCGGT
CTGAACTCAGATCACGT-3' PCR :
94°C 5min; 94°C 30s, 60C 35s, 72°C
35s; 35 ; 72°C 8min NDI
NDI1F2(5'-GCAATCCA
NDIR2(5-GGGAGC
1400 bp ,

1 94°C Smin; 94°C 35s, 60°C
35s, 72°C 40s; 35 ; 72°C 8min
co Fish-F2(5'-TCGACTAATCA
TAAAGATATCGGCAC-3") Fish-R1(5'-
TAGACTTCTGGGTGGCCAAAGAATCA-3")!"¥

700 bp , 1 94°C Smin;
94°C 30s, 50°C 35s, 72°C 45s; 35

GGTCAGTTTC-3")
ACCAGGAGTTTT-3")

;72°C 8min 1.5%—2.0% Sea
plaque (FMC) , ABI 3730
DNA (Applied Biosystems)

1.3
Muscle v3.6 1128 16S rRNA
, Clustal X 201 ND1 coI
, MEGA 4 B
ND1 CO
PAUP* v4.0b10 (221
(Chi-square test, x°)
2464 bp
8 (Partition) (Bayesian)
(Maximum likelihood) MrBayes
v3.1.2 (23]
(AIC) MrModeltest v2.2 [24]
(MCMC) 1.2x10’ , 1000
, 4000
, 50%

RAXML v7.0.4 (3]
GTRMIX
100
GTRCAT 1000
(Bootstrap support, BS)
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1.4 373 ; CO
MEGA 4 bp, 223 211
(6{0) Kimura

(K2P) 0.11) 2464 bp

2
HMI151602( 1)

2.1 29
12S rRNA 327 bp,

69 61 ; 12S rRNA , ) 50%
535 bp, 100 78 (BPP),
ND1 975 bp, 396 (BS)

Npl

{ RI[]:% ‘ VKT (0 Neosalanx pseudotaihuensis
p

 Ntl

FNt2

1ootNB3 FIH 6 Neosalanx taihuensis

100 N

Nb2 | ARt Neosalanx brevirostris

100 | E:E;E ‘ MR s Neosalanx tangkahkeii

100 Na2

Na3

100 Nad U FOH R £ Neosalanx anderssoni

100/'00L Nai
100! 100

100 Pcl
100 |00| gcg Kt Protosalanx chinensis
c:

11:11821 | SRR 1 Neosalanx oligodontis
100 NP>
37 100 N‘ji- 1 TR IR A Neosalanx jordani
H4 Nj2

100 sel
75 _Lsc2
100] L Sc3

100] rHbl
00| 100 Hb2 VIR 16 Hemisalanx brachyrostralis
87

- 00 100 S Hb3

al
100[ Sa2 e .
TOOL Sa3 A7 Bt Salanx ariakensis
Sa4

Sci2
100 IUO[[ Sci3 ‘ AN HAR A Salangichthys ishikawae
99 60 1001 Scil
BT Seml
: oo 3
100L Sem3

[& B HRAA Salanx cuvieri

AN HAR 1 Salangichthys microdon

100

Le2
100 100 L Le3 LR 6 Leucosoma chinensis
1000 el

98 Bk Mallotus villosus
1009y WG Osmerus mordax
92 99 VU4 10 Hypomesus nipponensis
80 100 - Pal | Ft6 Plecogl tivel
100" Pa2 | Plecoglossus altivelis

100 —————— i fi. Prototroctes maraena
100 ST It Stokellia anisodon

0.2

2 (128 16S ND1 CO ) 50%
Fig.2 The Bayesian 50% major rule consensus tree based on combined data of four mitochondrial genes (128, 16S, ND1, CO

>

Above nodes are Bayesian posterior probabilities and below nodes are bootstrap confidence

)

627

P>

Genbank, HM151404-
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(BPP =100%; BS = 99%)

, (Salanx cuvieri Valen-

(BPP = ciennes) [Hemisalanx brachyrostralis
100%; BS = 99%) + + (Fang)] , (Salanx ari-
(BPP = akensis Kishinouye)
100%; BS =100%)(  2) 2; BPP =100%; BS = 100%)
) 2.3
(BPP < 90%; BS < 65%) 2 co
T , - Kimura (
[Protosalanx chinensis K2P ) K2P 0—1.39%
(Basilewsky)] [Neosalanx anderssoni - - - K2P
(Rendahl)] R - - 0—0.19% K2PpP
0% K2P
( 2; BPP = 100%; BS = 100%) + 1.82%—21.19%
F2 REMATMER Kimura WS FHEEES
Tab. 2 Intra-specific and inter-specific Kimura 2-parameter average genetic distance (%) of salangid fishes
Pc Na Nb Np Nt Ntk Nj No Sci Scm Sa Sc Hb Lc
Pc 0.00
Na 7.55  0.09
Nb 1434 1444 0.00
Np 1458 1469 0.19  0.00
Nt 14.34 1444 0.00 0.19 0.00
Ntk 14.34 1444 0.00 0.19 0.00 0.00
Nj 13.11 12.25 14.34 14.10 1434 1434 0.00
No 13.11 1225 1434 14.10 1434 1434 0.00 0.00
Sci 1878 17.08 19.56 19.30 19.56 19.56 15.54 15.54 0.37
Sem  20.86 19.27 19.45 1920 19.45 1945 19.62 19.62 1571 0.50
Sa 18.03 17.07 18.05 17.80 18.05 18.05 15.88 15.88 12.65 1838 0.94
Sc 19.47 20.10 21.06 20.80 21.06 21.06 1691 1691 1550 17.34 8.80 0.12
Hb 20.53 21.19 20.82 20.56 20.82 20.82 16.60 16.60 14.71 17.56 9.26 1.82  0.00
Le 19.86 2042 1827 18.01 18.27 18.27 17.11 17.11 16.87 17.35 16.18 1531 1525 1.39
3 Robert!!! ,
Fu, et
3.1 al.”!  Zhang, et al.'!
, Fu, et al.’”!  Zhang, et al.!'" 3.9
5 , - - -
; (1) Zhang, -
et al.ltl ,
- - s
Zhang, et al.l'" + Roberts!!! [Neosalanx

tangkahkeii (Wu)]

Chen)
grin)]

(Neosalanx taihuensis

[Neosalanx brevirostris (Pelle-
Zhang, et al.l'"!



b - -
0.4%—0.6% ,
(Neosalanx
pseudotaihuensis Zhang)

Cco , - - -
K2P 0—
Ward!*®! co

206 K2P
, Roberts!!

0.19%,

Zhang, et al.!'"] ,

E

Co (Neosalanx jordani
Wakiya et Takahasi) (Neosalanx oli-
godontis Chen) K2P 0%, ,

(Neosalanx reganius Wakiya
et Takahashi) GenBank Zhang, et al.l'!
- - 9 b
7 R K2P
0.09%—2.15% 1.12% GenBank

Kim, et al.*”! (28]

Hua, et al.
106 b
67 , K2P

0.13%—2.34% 1.03%

s (Ariake
Bay), -70 m* 20000

—120 m , ,

- S Fangm]

Salanx brachyrostralis Fang, Fang!"’!
(Reganisalanx) Reganisalanx nor-

mani Fang, Salanx brachyrostralis

Reganisalanx brachyrostralis, (31]
Wakiya & Takahasi!'*!
, Reganisalanx normani

(Hemisalanx prognathus Regan)

455
Roberts!! Wakiya & Takahasil'"
, Reganisalanx normani
[32]
[33]
[2,32,34]
(235] 3 -
, Cco K2P
1.82% ,
[33] , Roberts!!
[36]
¢ 3),
, 74—79 68—73 ,
[37]
66—69 67.5,
64—67 65.6 , Wakiya &
Takahasi!'*!  Roberts!"!
, Roberts!!
, Roberts!!
Zhang, et al.l'
(Protosalanx andersoni Rendahl),
, - - 1

Zhang, et al.'"!
, (ofe) K2P
12.25%—14.69%,  CO
K2P 7.55% Ward!*!
110 co K2P
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Tab. 3

*3 EBRRE&E. EVEREMFIHERENWESER
Morphological characters of Salanx cuvieri, Hemisalanx brachyrostralis and H. prognathus

S. cuvieri H. brachyrostralis H. prognathus
Total vertebras 74—79 73—79 68—73
Dorsal rays 12—14 12—14 12—15
Anal rays 27—30 26—30 23—31
Pectoral rays 8—10 8—9 7—10
Pelvic rays 7 7 7
Anal scales 24 18—28 15—25
Gill rakers 8—11 5—12 9—13
/ BL/BD 11.0—15.9 10.1—16.0 10.5—21.2
/ BL/HL 4.7—5.8 4.3—6.4 5.5—7.0
/ HL/HW 33—34 29—32 23—-3.1
/ HL/SL 2.2—29 22—29 2.4—4.0
/ HL/ED 8.2—12.0 6.3—10.7 5.9—8.7
/ HL/IS 3.3—5.0 3.0—5.9 2.8—9.4
/ HL/CD 5.7—8.2 5.8—6.4 5.3—8.1
/ HL/CL 1.1—1.8 1.1—2.0 1.1—1.3
: [1, 30, 38]; [30—32, 34, 39—41]; [1, 14, 30, 32,
34, 35, 37, 40, 42—45]; BL, ; BD, ; HL, ; HW, ; SL, ; ED, ; IS, ; CD, ; CL,

Note: Morphological data of S. cuvieri were cited from [1, 30, 38], H. brachyrostralis from [30—32, 34, 39—41], and H. prognathus
from [1, 14, 30, 32, 34, 35, 37, 40, 42—45]. BL, body length; BD, body depth; HL, head length; HW, head width; SL, snout length; ED, eye
diameter; IS, interorbital space; CD, caudal peduncle depth; CL, caudal peduncle length

15.91%, 206 CoO K2P ,
8.39% Zhang, et al.l'! ,
[Neosalanx argentea Lin] , >

Zhang et al.!""
(Salangichthys ishikawae
Wakiya et Takahashi)
microdon (Bleeker)] ,
Cco

K2Pp

[Salangichthys [1]

15.71%, [2]

(3]

) : [4]

Roberts T R. Skeletal anatomy and classification of the neo-
tenic Asian Salmoniform superfamily Salangoidea (icefishes
or noodlefishes) [J]. Proceedings of the California Academy
of Sciences, 1984, 43: 179—220

Zhang Y L, Qiao X G. Study on phylogeny and zoogeogra-
phy of fishes of the family Salangidae [J]. Acta Zoologica
Taiwanica, 1994, 5: 95—113 [ N .
, 1994, 5: 95—
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PHYLOGENETIC RELATIONSHIPS OF NOODLE-FISHES (OSMERIFORMES:
SALANGIDAE) BASED ON FOUR MITOCHONDRIAL GENES

GUO Li', LI Jun', WANG Zhong-Suo” and FU Cui-Zhang'

(1. Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engineering, Institute of Biodiversity Science,
Fudan University, Shanghai 200433, China; 2. College of Life Sciences, Capital Normal University, Beijing 100037, China)

Abstract: Noodle-fishes (Osmeriformes: Salangidae) are important commercial fishery species in China and other
Asian countries. Although these species are common in fresh water, estuarine and coastal habitats in East Asia, the
phylogenetic relationships of noodle-fishes are still unresolved and the taxonomy at the genus or species level has been
disputed. To elucidate the genus-level phylogenetic relationships of salangid fishes, partial sequences of mitochondrial

12S5/16S ribosome RNA and cytochrome ¢ oxidase subunit (CO ) genes and complete sequences of NADH dehy-

drogenase subunit 1 gene were used in this present study. Phylogenetic relationships were constructed based on the
combined data set of these 4 genes with 2464 bp after alignment, among which 788 sites were variable, and 723 sites
were informative. Maximum Likelyhood and Bayesian methods were employed for phylogenetics analysis. Maximum
Likelyhood and Bayesian analyses yielded same topology of trees. Results showed that the salangids was a mono-
phyletic group. The genus Leucosoma occupied a basal position of the reconstructed Salangidae phylogeny. Two mo-
nophyletic subgroups, ‘Protosalanx + Neosalanx’ and ‘Hemisalanx + Salanx’ were also revealed. Within ‘Protosalanx +
Neosalanx’ subgroup, three primitive lineage were found: (1) Protosalanx chinensis and Neosalanx anderssoni; (2) ‘N.
brevirostris-tangkahkeii-taihuensis-pseudotaihuensis complex’; (3) ‘N. jordani-oligodontis complex’. The inter-specific
phylogenetic relationships within °N. brevirostris-tangkahkeii-taihuensis-pseudotaihuensis complex’ and °N. jordani -
oligodontis complex’ couldn’t be clarified on the phylogeny tree. Moreover, inter-specific genetic distances were 0—
0.19% for °N. brevirostris-tangkahkeii-taihuensis-pseudotaihuensis complex’ and 0% for ‘N. jordani-oligodontis com-
plex’ based on partial sequences of mitochondrial CO gene. Within ‘Hemisalanx + Salanx’ subgroup, Hemisalanx

brachyrostralis and Salanx cuvieri were sister groups, and these two species together formed the sister group of S. ari-
akensis. However, the systematic position of Salangichthys was still unresolved. Integrating findings in this study with
morphological and molecular evidences from previously published studies, taxonomic status of noodle-fishes at the
genus and species level were discussed detailedly. We concluded that Neosalanx anderssoni should be reclassified as
Protosalanx anderssoni, belonging to the genus Protosalanx; Neosalanx tangkahkeii, N. taihuensis and N. pseuditai-
huensis might be the synonyms of N. brevirostris; Neosalanx oligodontis and N. reganius are probably the synonyms of
N. jordani; Hemisalanx prognathus would be the synonyms of H. brachyrostralis; Hemisalanx is invalid, so Hemisalanx
brachyrostralis should be put in the genus Salanx; Leucosoma is a valid genus located at the basal position of Salangi-
dae. Further researches on the phylogenetic position of Salangichthys are still needed.
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