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ABSTRACT

Background & Aims. Polychaetes constitute a vital component of the marine benthic community, playing an important
role in the marine biological monitoring, mariculture, benthic food chain web, ecological assessment and ecological
restoration. This study categorizes the investigation into species diversity of the polychaete annelids in the Chinese sea
areas into three chronological stages based on the year of the initial species description, the publication of new species,
and the inception of doctoral thesis on the subject.

Progress. During the first stage (1933-1961), Chinese scholars documented numerous polychaete species, although no
new species were identified. The second stage (1962—-2007) witnessed the discovery of 49 new species, although no
dedicated doctoral or master’s thesis were produced. The third stage led to the identification of 120 new species, with
doctoral or master’s thesis. From 1933 to 2022, the number of new species and new recorded species found by Chinese
scholars showed an ascending trgjectory, albeit with substantial fluctuations across different time spans, particularly
notable in the second stage.

Proposal: At present, the study of polychaete species diversity in China encounters challenges related to the
classification of certain families, genera, and species, with some requiring urgent attention. Furthermore, species
families and genera demand in-depth exploration, while certain new species await acknowledgment from the World
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Register of Marine Species. Addressing these existing problems, this paper proposes to enhancement of the polychaete
database and the argumentation of research pertaining to species diversity, genetic diversity, genetic variability, and

environmental DNA in the Chinese context.

Key words. polychaete; species diversity; new species; new record species; sea areas of China

2 BRINT BN R g 1 SR A ) A T )
Kz —, MEFEAEMIN . KA. R EY
B ST AR B E PR E EEAER (R E
A 1997, alEIEAE, 2012). 2 BRI s
I WL, (B 5 5AEsY) . W2V FI R 204
LG, 2 BRI YRS 75 K5 it 218
(FEANA= T 1E, 2011). BEA 20074 tH S Y Fh H
XWorld Register of Marine Species ({#i#XWoRMS,
https.//www.marinespecies.org) I 2k, DA 3% [F 2% 3%
s 2 BRI R, Wk T KREFEITEZ
BRIV Z R TR . A SRR ISR
12 BRI IR, BT &
W W R, K TS
BRIRAT YR 2 BEERE 5T 7 5 R B0 A3
Bt 9 —BrBL(1933-19614E) . MR [E2E kL ks
IR T E T g 2 B R RN (e T A, 1933) B AR EH
T HEIRKREKZ BT L96L4F; 5 B
(1962-20074F) . M FRIE %35 15 IR R 2 BIF i
(RER, 1962 ZH £ BRI RE L2008 T
LRI 120074F; 28 = [ BL(2007-20224E) . M E %
BRI R A S (i, 2008) 2 K R A SCHY
(120224 . AL 1 EEE 2 BRI
DR FAFIERI R, W—2Rh, &4 Kk At
Fi, —UER B AL A fR G, SRR
Mt B PEYRD B S (WORMS) #5532 %5, #HH T E TR
[ 7 2 B ) M, IR sk T AL
W, IR % BRI AL 2RI B DNABEFT .

1 @i
FES

11 HEILSZELXMMHESHEMERRNE—NE
(1933-19614F)

19334, FKEEHEXKILR T RHE ST FK
1252 B, HhLREM(F 4, 1933). 1933441
19344F, [ 4h2# Takahas (1933)itik 7 [EH &%
WK ZE —# A, BK 1% H 7 28 (Namalycastis
longicirris), Monro (1934)icik 1% H & I 1 AIAE M i

TR XL VD 2% (Perinereis aibuhitensis), PLR K H
JE I TH A [ S (Travisia chinensis) . 19484, (4E
ERKRE) IR T 2 BR3M, HA104K 2 F (4
EOCAE, 1948). 19584, AE A b EL K (1958)
i 7SR H MR 2 L (Paralacydonia
paradoxa), EPVRFATH, 23R E % H RER %L
ABVE, RIEREINT . 19504, FRIE 2 9w 5
—ibZ BRLE CHhEZERE: HE 2 2
F)) kR, W T 2 BIALR (M X, 1959), [FI4E,
T AR S (1959) 4Rl T AR N 2 BRI T s
54T, H A 20 fE TR IE & 28 — IR dIE

1933F IR I F B iR 128 2 B (= T 4,
1933) LA S 194810 ik 1Y) [ | VR 310 2 B (L X
A, 1948), %5E BIM A 2980, X HWORMS,
$1 TSR A AR D IR AR B I DL KA LR R A 17
A, 4% f )% (Nereis mictodonta) L 4% 51 4
% #1 [ Vb %% (Perinereis mictodonta), v & 4% A% 5 :
# B (Marphysa iwamusi) $i2 T 3 Ff i 7 48 56 N
sanguinea; #EJEW)7b % (Glycera onomichis)$ii ]
FiohnialPf 5 A 1%, N onomichiensis (%1).

12 FEEEZELXYMSEMARE ZME
(1962—20074F)

R A 21 149 1) SRR SCER (75 41 5 4 7
FIRFR, 1962, RER, 1962, LIbEIRMRER,
1962; REHFEA, 1963, 1964a, b, 1966, 1977,
1981; ihAFE AR E, 1978, 1990, 19934, b; [
SR FHL, 1980; = FH4E, 19803, b, 19814, b, 1993;
RJHIR, 1984; fEHHAI S5 SR, 1986, 1988; i
F, 1987; AR EAN R G IR, 1987; 55 SR A B,
1988; Mackie, 1990, 2000; Mackie & Hartley, 1990;
BT SR R, 1991, BXAmAE, 1991, 1993; Westheide
et a, 1994; Ding et al, 1997; Wu et al, 1998), K75
FE IR 2 BRIE LA L A0S, 1962
T2 20074F K L) 2 B2 IR T BN A 49T #1150
FC T N EFE T 2 SR I AR E S F) . 1%
B B BT AP AT B L R A LU R IR (1) 1962—
19664F, REHR G LYRIR. MAsh4Ear. A%
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Tablel The polychaetesrecorded in the seaareas of Chinain thefirst stage (1933-1961) and their scientific name revised in WoRMS

75 Order JR2%44 Original scientific name

TEWORMSHIME1T 15 Revised in WORMS

BT J5 %44 Scientific name after revised

1 Fift K% Ht Carobia castanea J&4 15T Genus name revised

2 AP Z Nereis mictodonta JB4 15T Genus name revised

3 # . Marphysa iwamusi 441817 Species name revised

4 L2248 L Cirratulus grandis JB4 51T Genus name revised

5 b Arenicola cristata Fh BT (1Y) 57 44) Species name revised
(synonym)

6 TR JE 42868 B Sabella pavonia 144 5 B4 pavonina The species name
should be pavonina

KMtk Lepidasthenialongissima #1424 1&1] Species name revised
75 5% . Polynoe squamata JB4 15T Genus name revised

9 HEJEWIYbZ Glycera onomichis T 42 Pt 5 B 2 onomi chiensis The species name
should be onomichiensis

10 M ikvb7ZE Nereisaibuhitensis JE41E1T Genus name revised

11 i VPZE Nereis oxypoda J&41E1T Genus name revised

12 Jik¥bZ Nereis cultrifera J&41E1T Genus name revised

13 rRAEI7b %% Nephthys sinensis J& 41517 Genus name revised

14 FIREYER Lumbriconereisocellata J& 41411 Genus name revised

15 AR H Audouinia dasylophia  KAUGE, JE4 11T Not recorded, genus name
revised

16 Jm gt Loimia medusa vannulifilis  HUJE WAl 4 Cancel the subspecies name

17

FEAlZii R Nereiphylla castanea
E A H P> Perinereis mictodonta
4+ H Marphysa sanguinea
JERHZE8 L Cirriformia grandis

EPGybi% Arenicola brasiliensis
AR JE 42248t Sabella pavonina

W G Mt Lepidasthenia izukai
J7 5% Lepidonotus squamata
HEJEW) Vb7 Glycera onomichiensis

ik VD7 Perinereis aibuhitensis
Bi L4 HIl7b 7% Nectoneanthes oxypoda
M Y>ZE Perinereis cultrifera
ey 4 15% Aglaophamus sinensis
HERZRIDZ Lumbrineris ocellata
AR B Cirriformia dasylophia

Jii# . Loimia medusa

%2 i Potamilla polyopthalmes #1142 4t 5 & /& pol yophthal mos The species name % £471 4% 4t Pseudopotamilla polyophthalmos

FERWT 2 BRISHM, (196245 K I T 9Ft .
(2) 1967-19764F F12001-20064F, K [H2:H A K
RLZEBRPFRP LT (3) 1984-19934F, K EH
FH R Z BIFMELE ETHES, 19844 1)
1 ETFSI19934E 5F . (4) \19944F 25 20074F AN K
BlAF Fh, 4 7E 19944 . 19974F . 19984 F12000
HEZ R IR . (5) 1990—20074F H1A] KR WA 22 B2 8T
10 SRR T 1962-19894F 11 H) & B £ B 2K H D
AP E(EIL).

B BARE A AR T4 E . (R
PWERBMFFC) Wt 781k, HAaiE10H AL
AN Fh (545, 1981b). (F ET 2 BT E)
Y Fk T R ENLE 2 BT EY)356F, HrhHd
SK120Fh (B s Ao °F-, 1988). (HH E BN E R
TP 1o B (—) oM 2 d H ) it 7 153R (2
A5, 1997). (R E B EATENY) T2 B()e
W B ) Wk 17 5FE203Fh, H s R A 328
SER(PNER P AU 15T, 2004) . MRAb, BA L8]
IR X 2 BV P TI SCHER, Wi19634:, =
FR A EH LA T #20HUE (Saccocirrus) 9F#,

should be polyophthalmos
24 - .
o u FiFF New species
2 Fric sl New record species
: 181
o 15+
B 12t
S
Z 9
& 6
& | Li |
5 0 IlIIIIIIIIIII M \IIIIIIII‘ ‘I‘ N
ANNTO-ORNOO—ATO-0OO —nNg 0000
OO OO0 RNRXRRXRODNANDNANDNDNO O
[e Yo ¥ e e No Ne We Ne e e Yo Neo No Ne e Ne N No No W N el
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ QAQ
4F Year

E1l FEZFE1962-20074 & R EEIH L E LT
Fric kM

Fig. 1 Polychaete new species and new record species
published in the sea areas of China by Chinese scholars from
1962 to 2007

Horp 5 I FE 5 (S gabriellae) 1K ZE45 d1(S major)
10 E A o A (R B A T, 1963); idid
T VGVDRE R S FLP I i 2 R 2568 F, JLH AT TE
RERFL R (R ERMPEA, 19858, b, c); KL
% EJ5213Fh, Horp23FP7E H [ B kI (PE I,
1990); g% BRA AR 185, HhofprEIR EE
T KICFR (LA, 19930); i FE BiEIX 1% £J5157
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Fh( FL%E, 19930, 1994); b [H ifE 22 i Rlgf, H
HH AR O R E B 0K (R E LA R P, 2007; P
it FIZREZ 37, 2007),

1.3 FEEEZELYMZHEMMRPVE=ZMNER
(2008-20224F)

R 98 A - BT Scik . e scsE . R
AL 3 (Muir & Bamber, 2008; Zhou et al, 2008,
20093, b; J&3t, 2008; Nishi & Hsieh, 2009; Zhou &
Li, 2009; 3 f#, 2010"; J&i#4, 2010; Cai & Li,
2011a, b, c; Li et al, 2012; Sun & Qiu, 2012, 2014; Sui
& Li, 2013a, b, 2014; Wu et al, 20133, b, 2015; 2/
3, 2013; Hsueh & Li, 2014, 2016, 2017; Ye et d,
2015; Zhang JH et a, 2015, 2022; Zhang YJ et 4,
2015; Wang & Li, 2016; Sun & Li, 2017, 2018; Fik

7z, 2017; Wu & Xu, 2017; Zhang & Qiu, 2017; Hsueh,

2018, 2019, 2020a, b, 2021, 2022; Lin et a, 2018,
2019; Liu et al, 2018; #h i, 2018; Zhang JH &
Hutchings, 2018; Wang et a, 2019; #&4%, 2019%;
Sun et a, 2021, 2022; Radashevsky, 2022; Yang et a,
2022), 2008-20224F K W1 2 BIRIF 11 5h W1 120t
FfRI SO 10 R A (AN ELHE L 35 WO iR b R BT 10 3¢
Fio =B BOR DU A FIHHC AN LRI (1)
2017-20194F &F 4F & B 1Y) 2 6 28 7 Fr 35 75 1484 DA
Fo QFEFHE RIFFECH i (3) 20084
20134F FH20174F K IR B i sk P8 7E8FH LA _F (K12),
FERETH LIRS

FESE =M B, 45k 1820018 SO 2R il 12
RS E TR Z B K, ENFEB L rER
FERIEHE BB E 3E, 2008). B ERL. Bl %R
AR FE R (B3, 2013) KUK SRR AR
(F& & 2, 2013). fil BRI T B BH(E#R 2=, 2017)
Aily HRLANAE Sk OBH(FIVIE, 2018). ek i AL AT S Y U
B SR, REZE MR ZBREERE
1B, B ESEATIE P 12 B (=) 2
HED) , DR 71795, HA U FAI6LHT L R (1
AT AN, 2014). — S AR PEEIR T
ZEHK, (PEIBEEMAT) W2 EH1,085F
(X% &, 2008), (HEWFEFZ ) k2 E

© 3 (2010) hEERDER > KEMB P IBEERT T, 127
ALl se, PEBEBRRERERT T, LRE B

@ WfERE (2019) [ 2 B A LA S B 35 23 K2 A
A ss, EITRY:, FdE.

w
(=]
1

u AP New species
| = HHCFEA New record species

PFEL No.of species
— — [\ N
(=] (9] (=) W

o w
2021
2022

[
(=4
(=3
N

E2 F[E S E2008-20224F % < B 1 E 8 18 2% 28 An
FricF

Fig. 2 Polychaete new species and new record species
published in the sea areas of China by Chinese scholars from
2008 to 2022

J51,105FH (B 22 [E MR, 2012), GRS M4
&) MR ZB|R6TM (5L, 2015). BR T2
BRLEMEGFAEY RSN, —BPhe st
I1icik 2 £33, tnWangfllWang (2019)ic ik T
IR 478 2 B2

=M B, Z2BRIHTIIGM T A>IE.
MRERWEFR}, 1988 F 1 L E N2 &, BliRRYD
72 J& (Ninoe) f1 & vb %% J& (Lumbrinereis) (47 1 47 A1 f1)
$ii 1, 1988), 120104 ik 11048, Bl X5i&R
% J& (Augeneria) . 1] 2 R Vb & & (Eranno) . fif K
RV % JE(Helmutnereis). FIR VD% J&E (Kuwaita). 7%
X 7 & JB (Loboneris) « T R W & B
(Lumbrinerides). Rb#&JE. RV EE. WRE
702 J& (Scol etoma) T 1T 28 Vb 72 J& (Sergioneris) (%3¢
fi5, 2010"; Cai & Li, 2011a, b, ¢). XA &5 AL,
19884 1) & AV S S A 31 45 HUJE (Sernasis) 14N E
(M7 7 A F0NER 7, 1988), 20144F #2181 4 15 A5
%1 )8 (Ptersenaspis) (Salazar-Vallgjo et a, 2014; Wu &
Xu, 2017). {E5 =M BOR#H T T 2 BRART s E
BT . AFEEHER B (Prionospio pacifica) & T
Prionospio steenstrupi 41 &f 1 & & F (Zhou & Li,
2009). 7% H(Marphysa hongkongensa) & i B (M.
sanguinea) i) & & (Wang et al, 2018).

R BT, BB BRI S R R T A,
HIR 1L F 2 B, 5 G =k Bkl K I
T AT AN AN 1205 Mo I 23 IR E A AR
AR BAHES, BEAR R A B, R rEs
B BOA RSN 55 =B BOR I A A 10 s
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Wz, TEPNNACIIHIRZ BRI RN LA
& LT R A7

2 HEE
Ay o) 33

21 PEGE—LZEALR. B MHET

JUTaEk, HENGE— 2 BERL A, ik
BAT, X EHIAEER Sy o RIZH| T 2481T UL ATFAE
wPEM A 7R . 19334F 12 iR 1 & H Marphysa
iwamusi (574, 1933), 19484F 1411 yMarphysa
sanguinea (4255 %%, 1948)., 19814 R FIAA
S BB 3 el o A g £ Hi (Spirobranchus sinensis) 4%
WORMS i\ A j& Spirobranchus maldivensis Pixell,
1913 [AIY e 44« Bt 4 2 di(Polydora flava) L
BT N X4 4 H (Dipolydora flava) (4= 1E Al
HEMW, 2022) . oA Bk BB s MR E
(Ficopomatus cf. macrodon) & ZEIRYITT 28 A\ Tk 7K
T B AT B BRI (PR R 5245, 2009), 1H 5 Rk &
g AR, BRI YIAR 4 B (Ficopomatus shenzhensis)
(Li et al, 2012).

B R B A8 45 HUE (Sernaspis) (I 1R,
RIANE1 45 (S sculata), 1B G RN N IX AN YR F
AR, 76 R E A/ 1A AR A B 55 2U(S
chinensis). XI| FRAMEI 45 HU(S liui). 58 S ANE 55 HL (S
radiata). % H 255 H(S spinosa). FRANE £
(S sunae) Fl =& A B 55 (S wui) 6FF(Wu et al,
2015; Wu & Xu, 2017). 7E3& [ 5 % (1 E 6 R Rk
e, BN (Terebellides stroemii), {HiX AN
PRGN Ay A LS, TR LA T AR A i (T
guangdongensis). 7 A i HL(T. ectopium) 147 FAR
i iy (T, yangi) 3ff1(Zhang & Hutchings, 2018). %[
BTz ARE 1 22 B2 FHBR S 3E L Onuphis eremita
Audouin & Milne Edwards, 1833 M4tiiRid%, %M
P [E I IR To oA, A8 73 b AR B 28 58 9 NTLIRR
% 9 (0. irid), /> %y A Rk %% 3E B (O
chinensis). ## &k Bk %% 3k (0. fujianensis). = [RRKS3
4F 11 (0. uschakovi) & & B Kk %% 3 11 (O. variolata)
(RSB SCAVERZERR, 2020). L7552 A0 52 5 42 (1990) &
ST LD AL, AFERRLY %S (Buniphysa) . 2K
Wl ¥ Z& J& (Paraeuniphysa) A1 5 Hl ¥ #& J&
(Heterophysa) 3J&, H/5 W18 M 8 N IHFh 2

[AIARE R B EATZ B AR &R, B, E i
AR EE, AT &R R B,
2013).
2.2 BHLIRFEARHWORM SEE

FEEE ZFIEE =B BL, A 2651 Fl it K 5 WORM S
sz (2), Hrh1rgdp 2 LA ie SOk R, H
OFTFIRAE AT SOk K . 200 RIG N T A D2
FBRBEAM, FEFRERBUKR, B IR EE
AL T 2 BN ERE H SRR 4
KRR (B EIREE, 2018).
23 ZEETLIYS FHRG A EFMDNAKA
I o S

WHEX Z BRI T RE KB FIT
46T 20004F . 5[5 0145 (2003) 2 Y T 4> FEAE L
FERM A LIS . BTS2 IR 5 (2006) B
MRS KE¥HT7, ULZ E2K18S rDNAF
LRI AR Y 5 2K CEALBE Y S A1 (CONN K741 A
BOAGFhRL, SETEASRHEN S0A B A, 75
15 g% 1 (Lepidonotus squamatus) . #f Bt #F & ot
(Chlogia parva) . ‘& H . P4 % b 4 (Lumbrineris
tetraura) (1) 7 R AL BEAT TR BT 0T S AL
LW, b I 2 BRINMIRAE R, H Ak
NZBRAINNEE, 5Kk BRHSES R /IR,
L% A B [F AR SR Y, X AT i BN AT
TR R BB U (R AR RS, 2007) 0 K2 HOA T
SN I X AFAE ZE IR G50, R A i i 5 R
MEFEIR T A R K B ERH, FERNAIENER
BB —3, MR T — MR REE 2 BN TA M
BR—, BRREKE, Ma5ERPLEHN L,
I JE LR Sl AN IO — 3, I IX 3 R —
BLRBE (A 7555, 2015) . 2R KR Cytbd: R /3 41 v] H
T RUA B VD A 1 45 (4 )3 4%, 2019).

FE X 2 BRI S YIDNA KIS I B 5T T
1R 120104, 2 kiR COIZE R 2 2 BRI E 1
A UDNAZITEARIL, B H AR 4116S rDNAH]
1E N HANEAEFRIC (Zhou et al, 2010) . FR4E AT VLI
W] 2 BRI AT N8 W Fh B T 3 R AIE A1 B2 Al
A COIE:FIDNAF 1 73 4, WA COIEE 7 41| w] Ak
R BRKENW 5 KB F AL (W55, 2017). A
ISSR (inter-simple sequence repeat) 12k #i A COI
DRI I3 7105558 AN (i) e R o 3 SO0 A7 [l 0 i 82 A% 22 FE PR 1Y
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2 B =M ER(1962-20224F) R WORM SHEE 0 2% E 254
Table2 New species of polychaeta was not accepted by WoRMS in the second and third phases (1962—2022)

£ Year {E# Authors 224 Scientific name Al Family

1962 BIbEIERAI R 54 Ushakov & Baoling Wu $5 KT d Notopygos supragigas fili 28+ Amphinomidae
1980 REAE BaolingWu et al rh e JEZiidt Nerillasinica R Nerillidae
1984 SRR Qiquan Wu HE R HME R Nainereis hainanensis HEsk BB Orbiniidae
1987 HREAN S T 5% Fengwu Zheng & Qiquan Wu R4 filYb 7 Nectoneanthes fujianensis &Rl Nereididae
2008 JA#E% JinZhou et al AT HEG B Parapriospio cristata HEHESR R Spionidae
2008 JH#E Jin Zhou I XU FE B Dispio protubero A DRl Spionidae
2008 JA 3t JinZhou PRIt AEHL Spiophanes fuscatus HEHER AL Spionidae
2010 JH#E4E Jin Zhou et a SR A 4 Polydora vicina A R Spionidae
2013 5% 2 Jixing Sui S HI L Amphicteis heterobranchia XUFS BB Ampharetidae
2013 5 R Jixing Si ] 4 3k H gt Neramphitrite guangdongensis #BlA R Terebellidae
2013 & A Jixing Sui T 5l Neoleprea gingdaoensis A/l Terebellidae
2017 FEKZ Yueyun Wang HLHE#ETT B Clymenella crassa 75 iRl Maldanidae
2017 FERZz Yueyun Wang 220 1socirrus gingdaoensis P75 R Maldanidae
2017 FEFLZ Yueyun Wang SIH5 763 . Petaloproctus cerasinus Fr¥idkl Maldanidae
2018 FvPE Yue Sun Fay> 75 AT HL Notopygos xishaensis {li 2} Amphinomidae
2018 Vi Yue Sun - Ptifai4fE Ht Letioscoloplos guangxinensis HESk ik} Orbiniidae
2018 L Yue Sun A4 Letioscoloplos nanhaiensis HESL iR} Orbiniidae
2018 L Yue Sun HhfEFE il Phylo sinensis Hisk A} Orbiniidae
2019 ¥i##3% Deyuan Yang £ R Thoracophelia caii AL Opheliidae
2019 ¥if#3% Deyuan Yang ¥ B HG#EIE Ophelia yangi iRl Opheliidae
2019 ¥ffi1% Deyuan Yang SR Travisia wui SRRl Travisidae
2019 % 1%5$% Deyuan Yang WS Travisia huanghainensis SRl Travisidae
2022 A4 Yue Sunet TR A4 . Leodamas weizhouensis HEsL BBl Orbiniidae
2022 #E22 Panwen Hsueh RIZERIb% Platynereis hemeiensis PR Nereididae
2022 #$257 Panwen Hsueh HEIPE Platynereisjihueiensis 7R Nereididae
2022 FE2£ 7 Panwen Hsueh FI IR ZE Platynereis shihmenensis &Rl Nereididae

IIMTERY, WA B VD AR A 38 % 2 AR AL TR
K, BERIA] A% 7 A B B (. — 54 4%, 2014).

31 —2%ZEXH. BHDEBRGFMR
KREZERBMN (PEE) A2 EBHKL
LYK T R BRI 2 B350 (R E 4 4E, 1997,
PNEF A (T, 2004; W 1E#ET AR, 2014), f0
BB =Y BUR R B 1208 R AT S0 i kR, Lok
700 i, (HAH Leig AR PR N 2 BRI
i T Ol T, 2008; BOREAIMK, 2012). FKE
PRI 2 E2K, 20004 156614 (Paxton & Chou,
2000), 20144 Y 5% 1,037 F (Salazar-Vallgjo et al,
2014), 20165E 1% 1,257FH (Glasby et a, 2016). 7] i,

R Z BRI o KA A5 A i,
¥ 2 R 4t 5 O 4l i i 301 J& 2504 25
(Uchida et al, 2019), A [ I 4 BRI I 5%
12J&31%(Ruta & Pleijel, 2006; Wang et al, 2023),
LI R L R 2K T, B AR R T i R B
2R R B A
32 ZEEHBERBRMEUZANEEY
ZEBRN TR LS R AP M EEN
AT, AN 2 B RIS S P I BIE 58 i AN
JRRTE T N 2 B 2R 5 S Wit 9 1) 2 2 K 2D (4
HERIZEHTIE, 2011). EARIT H A RIRIE IR 2 B8
R ILRIT 250, (HIREZ EBRATHHY
FRMAANDH TN, YR B A
IRAF5E, BN, 75 ZAZ SEA S8 M oy A R
WORM S}E57 .
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Wk T RRIFFEAEY), R LR 2 R
AR T RIFHIF &, AR ERE 2 B HKY
HRME T 5 EEELREG . A, REFRE
HALE O 2 BRI, X R T AR
Z IR ML, BRI RSS2
PERIR, FRIE 2 B REER FER gz, Wl LUy E
WEEE R IR G . &), REHRE
RN AN S AR, NAZBEL 2 BRI
LY, IHEREHEA LIS RPL S A 6], R
ZEINTRENZ SN2 BRE RS, DAEREETR
Hrifg 2 BRI 2 AEPETT L.

33 MEZEXTTS T ARG A EFIDNAK
R RS

KRRAEZ BRI B R A, 7+
W EFARN SRR RICES 73 70— A B B
BB (A eI 2507 1E, 2010), bR b B 60— LehfF
ROLIHR A DRG0 T HEWHE ARG &7
(Wang et al, 2022; Yang et al, 2022) . %} % F 25 % W
ITH R FIFHFR, #E RN S AL ) ot
ITHROIRIRI 7o SR, AR A& 5% 7 28 S AR HE DA
W R IX TR, R Y REE T — BT B
BHIPGE ., =R W B E RO 2 RS
SEBRUE, X E A R R A AE S R
G VP il 1R 20 R R R 2 1 B R Az ) R S (k3 4
2017; BAWEE, 2018). ITAESRBEE 7> TAEVFNIK
J&, FIEDNAFIAR T2 BN — Pl 7K AR AR PR A
Jiik, HEBEYHRBATEMNERIGIG . WEY
FlOERS A9 2 REME VT AN DL AE 0 B R AP 25
(AT 4R 2018; Ji et al, 2022). I EZ ERH 5
Yo ¥ 24k B FIDNAZ RS 0F 722 25 B, N
ZANERA T, DEEE L.
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