% FH B 31 2#4R Chinese Journal of Applied Entomology 2025, 62(1): 65-79. DOI: 10.7679/j.issn.2095-1353.2025.007

RBEXFHEDE LRZIE = INIT AN
REBXFZEEHMEFEDI T

P EAA EBERT FEE ONTFE FEER OBAK

(AR R AT F A M Bl iR AU AU L5 SE 86 %, JbaT 100083 )

# E [H®] JtEE X4 Anoplophora glabripennis JyiafE K4 Fl Lamiinae FLHL, JG/H B R4
Anoplophora glabripennis (1t HU = BIA T 0 TF B OIS A= BRaR L F 520, 2 wizs, B CTERsEmeZI, F=op
FRIE A ZIRE P B 568 LR 4R 16 VD Elaeagnus angustifolia | (176 59 %l sk 5 B 2R #5225 R v AW .
ARSERLIOGIE B KA ZIRE R0 AT VI, SRR AI0LEE T 48 F 7= UP 25 AT S ARAE | ERIEAS, AR
)7 RE K 2R 7= B g M RSB A 22 5, BRIT6 R B R A 20K 7= BR AT b AT RE 51 U A I e A ST
[ ] *HEEERAZIE =0 A g, S 520 i EEE s AL B
FREREE . SRR BB ER O R AR B T3 A DR AR IR AR K | BT EARAE B 1R 1 4
A 5 S o X e LA 20 7 B0 AT R A 98 1R R A R 5 At Al 20 7 B0 R A ARG R B RS 22 R
[458] Sl EBERFEE EZIMIHCA (10.247.1) min, RN (11.3£2.1) min, S5IEERER
AR R, WIERA R =I5 308 7 Z I JF O, A KIESSE ol KEZ E K,
H7= B 2R 2 A U 1) BT AR - B AR T IR K AR R R AR50 IR R A ARG 28 R o B I A K
Ui S B AP AR IR R A R R AR [ G538 ] OUR B RAFEYD A L 2R 7 O )RRk b Jeg
G, TTRES A8 R BRAR X DA MU 477 5 | A 00 B A0 S I A K

K@ OURERS; WRRAWER; O Han; B BT B

The oviposition behavior of Anoplophora glabripennisand
ultrastructural analysis of the organsinvolved

TIANYi~ RENLi-Li PEIJia-He QI Ruo-Han HAO Ke-Yu
LI Cheng-Cheng LUO You—Qing***

(Beijing Key Laboratory for Forest Pest Control, Beijing Forestry University, Beijing 100083, China)

Abstract [Aim] To describe the ultrastructure of the mouthparts and ovipositor of adult, female Anoplophora glabripennis,
to investigate the oviposition behavior of this species, and to compare the structure of the A. glabripennis ovipositor and
sensilla to those of other members of the subfamily Cerambycidae.[Methods] The oviposition behavior of A. glabripennis
was observed. The ultramorphology of the mouthparts and ovipositor of adult female A. glabripennis, and those of other
members of the family Cerambycidae, was observed under a stereoscopic, and scanning electron, microscope.[Results] The
average time required for female A. glabripennis to create an oviposition scar on Elaeagnus angustifolia was (10.2 + 7.1) min,
and the average time required for oviposition was (11.3 = 2.1) min. The opening between the basisternum of the ovipositor in
the subfamily Lamiinae is deeper than that in other subfamilies of the Cerambycidae. The ratio between the length of the

basisternum and the length of the ninth ventral segment is larger in the Lamiinae than in the other subfamilies, whereas the
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length of the sensilla trichoidea at the tip of the ovipositor stylus is smaller. The ratio of the length of the sensilla trichoidea at

the tip of the ovipositor stylus to the length of the stylus is smaller in the Lamiinae than in other subfamilies. [Conclusion] A.

glabripennis may induce E. angustifolia to exude gum partly due to the mechanical injury caused by the mouthparts and

ovipositor during the scar making process and oviposition, respectively. Mechanical interactions between the microstructures

of the mouthparts and the ovipositor and those of the plant may trigger the E. angustifolia defensive response.

Key words Anoplophora glabripennis; Lamiinae; ovipositor; mouthparts; sensillun; electron microscopy
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Fig. 1 Structure of Anoplophora glabripennis
oviposition scar on Elaeagnus angustifolia

A. JCORZIKE; B. HEIZIFE, A. Oviposition scar without
egg; B. Oviposition scar with egg.
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maxillary palpus touch the surface of the bark

slightly, touch the surface of the bark. At the
same time, the labial palpus and the maxillary

)

palpus touch the surface of the bark

F LS E 5W B A 4T B 7 T R DRI B, I6E

A ZI} Bt T JE AR T SRR SR AR 2 R T

Cut the bark with the mandible, with the labial palpus and
the maxillary palpus touch the surface of the bark
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Turn the body 180° and use the end of the abdomen

to touch the oviposition scar

!

KRB AZIRE T, ZEhEsE, JBEMEHIENE

Insert the ovipositor into the oviposition scar, and swing
the body to peel off the bark

_/

% (11.322.1) min

725 Lay an egg

B2 XBEXRGFEZERZIESDPITAHIRRER
Fig. 2 Theoviposition behaviors of Anoplophora glabripennis

s A EHpRMEZE . Data are mean+SD.
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B3 XBEXGEDELZE=PITH
Fig. 3 Thegrooving and oviposition behavior on
Elaeagnus angustifolia of Anoplophora glabripennis

A. JEEBERATED L AR
B. JtHEBREAEDE L0,
A. The grooving behavior; B. The oviposition behavior.
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F& (0.99+1.28 ) mm; S K (2.15+0.14 ) mm,
58 (0.51%0.03) mm., FREMIE, BEH AL,

B C

to

B4 XBEXRFHEMRROREN
Fig. 4 Sructure of female Anoplophora glabripennis mouthpart
A, C. L%iisHE; B. [JEEME; D, . FHH; ETRER. to: YIKN,; ga: SN lc: ISR,
mp: FH; Ip: TES; li: JBE; pm: A% me: #; pl-pd: FHHE 1 WEE 477,
A, C. Mandible, dorsal view; B. Labrum, ventral view; D, F. Maxilla, dorsal view; E. Labium, ventral view.
to: Tooth; ga: Gelea; lc: Lacina; mp: Maxillary palpus; lp: Labial palpus; li: Ligula; pm: Prementum; me: Mentum,;
pl-p4: 1st-4th palaomeres of maxillary palpus.
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Tablel Measurement of female Anoplophora glabripennis mouthpart under optical microscopy

H #4555 LR £ (mm) % (mm)
The parts of the mouthparts Site of measurement Length (mm) Width (mm)

| %ji Mandible FZ{K Entirety 3.91+0.33 2.09+0.16
Ytk Tooth 2.43+0.23 /

|J& Labrum (K Entirety 1.98+0.21 2.23+0.20

T 5 Maxilla T pl Maxillary palpus pl 0.52+0.01 0.28+0.05

T p2 Maxillary palpus p2 0.10+0.06 0.4240.03

T p3 Maxillary palpus p3 0.79+0.07 0.39+0.02

T %5 p4 Maxillary palpus p4 1.39+0.10 0.33+0.02

SN Gelea 1.15+0.12 0.99+1.28

i Lacina 2.1540.14 0.51+0.03

TJE Labium 4K Entirety 1.98+0.20 1.90+0.18

R JEZ p2 Labial palpus p2 1.23+0.16 0.37+0.04

FJE4 p3 Labial palpus p3 1.19+0.10 0.41+0.03

RPRIE PR EZE . TR pl-pd SR | T2 475,

Data in the table are mean+SD. The same below. p1-p4: 1st-4th palaomeres of maxillary palpus.
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B 5 XEBEXR4=NREN
Fig. 5 Structure of Anoplophora glabripennis
ovipositor
A PR B. P URARIHORIE . ppb: WUATAUAR P
5 pp: ATLOUAR; cb: FEEHBAT; c: HEH; ol 3
MR 5E; sty: .
A. Ovipositor; B. Magnification of the end of the ovipositor.

ppb: Parapoct baculum; pp: Parapoct; cb: Coxite baculum;
c: Coxite; cl: Coxite lobe; sty: Stylus.

18.3 GPa

£ i) 5 )
0 #HAERER 2.0 umll 0 BpEERRER 2.0
FV modulus FV modulus

6 PFERHEBETURXLEEXRSF
U R FR_E SR 7= DR 2%
Fig. 6 Mandible and ovipositor of female Anoplophora
glabripennis under scanning probe microscope
A, PR R R B, IR s R B
A. FV modulus of mandible; B. FV modulus of ovipositor.

x2 RBEXRSF LIHMTIMREFIR
TR BRI AR
Table2 Theroot mean square roughness and FV
modulus of Anoplophora glabripennis
mandible and ovipositor
I FR Ao RRERE (nm)  FPERLE (GPa)

Site of measurement Roughness (nm) FV modulus (GPa)

% Mandible 17.60+£0.46 30.51+5.46
F=BiES Ovipositor

140.30+34.80 13.02+1.91
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300 um

B 7 PAEBEETEXBEEXRFMMAR R ESIHT ST
Fig. 7 Characteristics of female Anoplophora glabripennis mandible under scanning electron microscope
A. % B, %12 40 FIF; C,D. W, E. FWOLHEAMNIS; F LS, schl: HIEEET ;
stl: EE}BE%%% I 5 st2: %ﬂ;@%&ﬂ °
A. Mandible; B. 1/2 part to base of the mandible; C, D. Base of the mandible; E. Dense seta on the base of the mandible;

F. Outer edge of the mandible; schl: Sensilla chaetica I ; stl: Sensilla trichoidea I ; st2: Sensilla trichoidea 1I.

F3 RBERFUEHR SR IR EE
Table3 Types of sensilla of female Anoplophora glabripennis mandible

ARSI R iA K& (pm) H% (pm) AR B
Types of sensilla Subtypes of sensilla Length (um) Diameter (um) Socket
JFE R4S Sensilla chaetica schl 91.63+2.17 6.82+0.57 %% Narrow
FIIELE Sensilla trichoidea stl 73.54+0.26 6.82+0.57 %% Narrow
BILERES Sensilla trichoidea st2 319.31+95.87 12.97+1.19 %8 . ¥ Wide and deep

244 TFEORSSHURERLEEMIME OLEAE R4
gRgR (P 10: A) EIMEEE] 4 P ARG, H
AP RGES 1 W (scal ), #HEFEEES ( Sensilla
basiconica, sb) 1 W#Y (sbl ), BILEL 3 WA
(stl-st3), MHEZEER 1 WA (sstl ),

YeJE BRI A (Paraproct ) _FAEA AR
ME (& 10: A-C), K (17.03+2.08) pm, %
(1.66+0.07 ) pm, TE/=IRAFELNE Forp e, L
NHEMIEREE T (scal ) (K 10: B) F5EE
BEE T (sbl) (E10: C)s

PEIEAS 1 (scal) (E110: B) #fu™ie,
REDEH, THREA —/IML, £(27.87+1.63 )um,
$5 (12.46+0.77 ) pum,

HEFZIREES T (sbl) (B 10: C) EHEMIR,
JEERIETFA, 7 F— ™R IR -, K
(4.15+0.05) pm, #HEAEF (1.00+0.03 ) pm,

e IR ER AR I %S ( Stylus, sty ) MELH|
EIRESS T (st1) (K 10: D-E) MM
I (sst1) (K 10: E-F), BIEEAR T (st1) £
(36.02+£5.54 ) um, HA& (3.1540.30) pm, &
AN . BEIREA T (sstl) FZEE
WSS E AT Ty, M, Al oA
—4i45, RumEFLR, K (6.91+0.78 ) um,
B2 (2.07+0.09) pm,

FeIE B R AR r= i s i 3 - 2€( Coxite lobe,
cl) PAHEBELENT (st2) (B 10: G-H) FE
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B8 HMEETREE RS R TARSHFE
Fig. 8 Characteristics of female Anoplophora glabripennis maxilla under scanning electron microscope
A, TEUHETE; B, AMHIMETE; C-E. TWUAEE 4 195 F. RS 4 TR, pl-pd: 5 1 25 45 NG ga: S5
M ode: NS stl: BIEEGER 1 st2: BIREARIT; schl: RPJRIEAR 15 scal: POREESR 1 cpl: RAEAL T
spl: BIEEES T 5 sstl: RHEIERAST .
A. Maxilla, dorsal view; B. Gelea, dorsal view; C-E. The 4th palaomere (p4) of maxillary palpus; F. The distal 4th palaomere
(p4) of maxillary palpus; pl-p4: 1st-4th palaomeres of maxillary palpus; ga: Gelea; lc: Lacina; stl: Sensilla trichoidea I ; st2:

Sensilla trichoidea Il ; schl: Sensilla chaetica I ; scal: Sensilla campaniformia I ; cpl: Cuticular pore I ; spl: Sensilla

placodea [ ; sstl: Sensilla styloconica I .

R4 KBERFUENHTIUKRLER
Table4 Typesof sensilla of female Anoplophora glabripennis maxilla

SRR A Y KJE (pum) HA& (pm) AR

Types of sensilla Subtypes of sensilla Length (um) Diameter (um) Socket
EI %S Sensilla trichoidea stl 70.64+0.88 2.34+1.22 P& . 7% Wide and shoal
FIE LS Sensilla trichoidea st2 71.67+1.56 2.56+0.13 Fe . ¥ Wide and shoal
RIJE &35 Sensilla chaetica schl 62.100.28 6.96+0.28 %% Narrow
BIYIEAY Sensilla campaniformia scal / 0.49+0.04 % Deep
& {2 £l Cuticular pore cpl / 2.05+0.18 /
Wi k4% Sensilla placodea spl 29.95+3.39 1.8120.22 /
Fe 4 8% Sensilla styloconica sstl 7.47+0.75 2.99+0.64 % . T Narrow and deep

EREER (st3) (& 10: G, 1), HEAE LK
BT (st2) K (45.06£6.80 ) um, EAZ
(2.98+0.15) um, A TEMRMERT. ©
TR (st3) Ak, ERAERENA,
AR NETIR, deuwmgi, £ (7.94+0.10) pm,
HAE (1.40£0.05) um, JREFEEA

25 AREMRLF=IPERSR BRI

PASE R4 M. alternatus ( & 11: A ). Gk

JB R4 A rugicollis( & 11: B) M= B &K
B. horsfieldi (&l 11: C) @R RAF TR HER
4 S buprestoides (& 11: D) JE#E R4 TR
Aseminae; 444t K4 L. auratopilosa ( & 11:
E) JBAE R4 WHF} Lepturinae; XWIFAZKE S
bifasciatu ( ¥ 11: F) J& K4 EF} Cerambycinae,
I 11 (A-F) o751, SRR 4k
K4 BEEAFRA IR NS | FF TR,
TR EA RN+ 205, BEE R K
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B9 HAMBETHXEEXRFERATELEERSE
Fig. 9 Characteristics of female Anoplophora glabripennislabium under scanning electron microscope

A. MEHTE; B JFE; C.OHI%G D-E. FIRAUE 3747 (p3); FONRAE 3745 (p3) Ko li: K& ; pm: Hi%;
schl: JIJEIEER 1 5 sch2: HJEIEARIT; stl: BIREAS 1 spl: BB 1; sbl: #IBIEER 1 .
A. Labium, dorsal view; B. Ligula; C. Prementum; D-E. Distal 3rd palaomere (p3) of labial palpus; F. The distal 3rd
palaomere (p3) of maxillary palpus; li: Ligula; pm: Prementum; schl: Sensilla chaetica I ; sch2: Sensilla chaetica Il ; st:

Sensilla trichoidea I ; sp: Sensilla placodea I ; sb: Sensilla basiconica I .

x5 ABEXRFHBHRTEEIEE
Table5 Types of sensilla of female Anoplophora glabripennislabium

TR A KB (pm) HZ (um) A
Types of sensilla Subtypes of sensilla Length (um)  Diameter (um) Socket
HIFE A Sensilla chaetica schl 79.68+7.40 7.81£1.21 78 Narrow
HlFE A Sensilla chaetica sch2 238.79+11.01 6.66£0.88 i, I Wide and deep
EIE AT Sensilla trichoidea stl 66.49+5.36 5.14+0.20 % . T Narrow and deep
WIE &S Sensilla placodea spl 30.59+3.09 0.94+0.21 /
HEJE 14 Sensilla basiconica sbl 8.10x1.14 2.80£0.44 7% . ¥ Narrow and deep

JEER 9 TR EE LIS R MERA . &4iER
A BERAZ R AR O M R R 0, 24 R v
ZKJEM 1-2 fi5. E R REF=IERAEENE 7T
K E 2 i 2 K E 1Y 30 %5 AHA HA TRy
KA, TR R AR 7 B g8 B M8 Fr 2Z (] 1 5
W, MR KBS 9 TR LB K.
FEOGAE GO AT LA K 2 7 B 28 iy 58
KA K BIE RS, (AR R AR R 47
G915 g 58 A Ui 1) B T e 34 K (1 34.60-95.56
um ) BHAET AR A (65.02-391.94 pm ) i (£
7)), VIR R AR R 58 K g B IR IR AR B 5 i %
KB HAE (0.33-0.63 ) B H AR KA (0.71-

226) /N (F7, K12
3 g

W5 2B, AP AT AR R 3 B A ML A
i, BEFERYER IR N (RIS, 2023 ),
Wyt Aquilaria sinensis 72 SIALIG E .
GO T 2= R B RN, SIS, B
FR T B2 X A0 B 45 2 B ) BR B AR (R 2T
2013 ), JBJH B R A ZIA ik R v fiff b SRS
I R 220, 7 7= Bk A Hp (o F 7 B 2 S B
Bz NS, ZIAERS O (10.247.1) min, j=B)

A‘D )o
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B 10 HAEBRETAXBEXRF=NRESHILE
Fig. 10 Characteristics of Anoplophora glabripennisovipositor under scanning electron microscope
A-C. e R 5 D. SRR 58 B, F. wi%; G-L BRI 98, scal: BRI 15 sbl: HEIRIRGR 15 sty: 3m%;
cl: BEERSE; stl: BIREL 1 ; st2: BIRIRGI; st3: BIRIE; sstl: BAITEEG
A-C. Paraproct; D. Stylus and coxite lobe; E, F. Stylus; G-I. Coxite lobe. scal: Sensilla campaniformia I ; sbl: Sensilla

basiconica I ; sty: Stylus; cl: Coxite lobe; stl: Sensilla trichoidea I ; st2: Sensilla trichoidea Il ; st3: Sensilla trichoidealll ;

sstl: Sensilla styloconica [ .

K6 NHBERFUEM R=IRRAFAE

Table6 Types of sensilla of female Anoplophora glabripennis ovipositor

R TR KO (um) FfR () K
Types ofsensilla Subtypes ofsensilla Length (um)  Diameter (um) Socket
HhIEJBAS Sensilla campaniformia scal 27.87+1.63 12.46+0.77 /
HEJEJ4% Sensilla basiconica sbl 4.15+0.05 1.00+0.03 i . M2 Wide and raised
FEJE S Sensilla trichoidea stl 36.02+5.54 3.15+0.30 %% Narrow
FIIELS Sensilla trichoidea st2 45.06+6.80 2.98+0.15 & Wide
FIIELS Sensilla trichoidea st3 7.94+0.10 1.40£0.05 7 Narrow

B R (11.3+2.1) mine PICHENDEE 2 K40
A H B2 XF VA MU 5 5 R T U A AR
YIBHAR RS, 5| VDA 5 AR I I B4
Liu % (2021) 52 %H, #% K&l Nilaparvata
lugens J&#% LIRSS &8 M (Odorant binding

protein, OBP) EARN T il F ALY B0 5+
PEBTE SN, B8R 2F AR AT AU B R R v R
HUR I o XM URES B AT A FLI IR
b, R ERAWT M, TR, s Ly
A LIRSS . JCIR B R A TEZIM i ferp, R
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A

B

B 11 RER-IRRFEE
Fig. 11 Ovipositor characteristics of Cerambycidae
A PAERRA; B WkR K45 C. mBEFAKRAE; D MRS B &9UERS: F IR R

A. Monochamus alternatus; B. Apriona germari; C. Batocera horsfieldi; D. Spondylis buprestoides;
E. Leptura auratopilosa; F. Semanotus bifasciatus.

PN IS ANB f LR Bz , HAE =B 72 A
W7 FH ™ B L R S A A B2, i A B AR TR A
PR 2 PR, DR AR 0 A ] il e U5 R
BRI H T2 | 7= O L ) T AU He i 1l
A, 7 A S R A S

A X e EAT ZUHE 7 AT R B3R e R A
B FAU AR ZHE ™ O K A AR A )7 B0 i S s
225 R, TR MR R A 1 = BN A 45 A4 | i
RAMGEIIEAR KL IR A BB RS
Ui 5 HO -5 AR LR R A AN P R A AR
PR AR RN Z [T R, R R R /A L
A JBE HE BB R, A HE S A ] T IR A B
i (A Z2HE PN T B R B o A R A SRR A 77 B
i iy S AR i 1Y) B T SRS A9 1 B B A B R A

S, YR R A i R A g T P S 5 g
R PR HAR M RE R A /0N o I 5 98 2 R A I,
BRI R A HA ZIME 7 0 > P 5%, S 0 I B
Gy, SR LK B e A Z2 R P ) B A KL
IPERIES R OUIR B RAAEZIRE ) G 7 R R
VDA (R B G o 55X L7 PR AR A5 AR A 5
JOIR R B MRS 2 R,
H T ORI R85 F0 B W A 4 A A A b i
0, HEM HOA AR RS2 4%, Tz 5zl
JCR B RA T IR 6 FIRAL, TS
R TER RE RS (TR, 2015),
JeE B AT SR TT A R 1w T e
HEE. BIREGR T (stl) MBI (st2),
AL, BRIL, [FIA PRS2 DI RE il i
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Fig. 12 Characteristics of Cerambycidae stylus under scanning electron microscope

A. m/NERY; B. s R&EXRY; C MR 4; D. KAFHRF.
A. Monochamus sutor; B. Monochamus sartor urussovi; C. Asemum amurense; D. Dorysthenes paradoxus.

x7 BHOXRFNERRRELBEEKENELBRRIKESHRKEILE
Table7 Length of sensillatrichoidea and ratio of sensillatrichoidea length to styluslength in some Cerambycidae
. 9 B EEH Y
: BB (gm) e
WA & il o Ui A i
. . Sensilla trichoidea . A
Subfamily Genus Species length (um) Sensilla trichoidea
length/stylus length
WIERA TR EXK4JE Anoplophora  JEE & K4 Anoplophora glabripennis 36.02+5.54 0.44
Lamiinac K48 Monochamus  =A2/hEK 4 Monochamus sutor 41.83+6.09 0.63
AERAJE Monochamus — =AZREERAF: Monochamus sartor Urussovi 42.16+6.87 0.33
F%&R4JE Batocera  mBEFI4c K4 Batocera horsfieldi 95.56+6.07 0.56
PUERAJE Apriona SEMTRLE K4 Apriona germari 34.60+0.38 0.44
WERATRE  HARAE Aegosoma  HAEHA KA Aegosoma sinicum 251.46+19.04 1.99
Prioninae + K48 Doryshenes  RAHEKA: Dorysthenes paradoxus 391.94+23.78 1.52
AR R R4S Aseum AR Asemum striatum 68.68+17.64 0.80
Aseminae HARAJR Asemum FARIR A Asemum amurense 120.36+1.23 1.14
MERAEWAR  HERAIR Spondylis HER4: Soondylis buprestoides 177.77+0.88 2.26
Spondylidinae
R R W K4J&® Anoplistes 14K Anoplistes halodendri 101.57+9.95 0.95
Cerambycinae ¥ ER4JE Xylotrechus KA ER 4 Xylotrechus quadripes 67.59+13.15 0.97
HRRAFR Xylotrechus  FHZE R4 Xylotrechus rusticus 65.02+1.46 0.71
LRIER IS Fr&cakER4: Chlorophorus caragana 119.18+18.91 0.88
Chlorophorus
FRFEE Semanotus WERAZRAF Semanotus bifasciatus 123.98+14.32 1.03
HKAJE Aromia BRETFR A= Aromia bungii 187.22+36.83 1.53
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ZUIRE, JGIA B R ATE ZIRE i AN 2 RE I R S0
FOAT3F R0, FCRR ST, BRI B B
BT, DMEBEEEZOAE (KB, 2015), MBI
ar I (schl) Jofl, AL, Tofbsszoihg,
RIHUREAZ 2%, TT AR A ) R B A 5E, T
BAZ AN TR BRIBIERER T (spl ) SFr4a%¢)R
K4 Chlorophorus caraganal Zhang et al.,2018 ),
BhLr 3K 2 Aromia bungii (X FE8E%5, 2024 ) 4
PIARTE AT RARL , S o3 A 7 T S0 M B g
ORA TR T, AL L BE G, HEI S e iRz 25
LTRSS VO AR R I RS T (sstl)
Tk E RSz A, SEH R4 Nadezhdiella cantori
(REFESE, 2014 ) MRRHEIEIRASAHL, FTHE 5 /2%
TR K (5kBE, 2015), Wl REH T
A FAEY R SR B (sKaELn, 2015 ), DG
BB RAETIE FIAT RS 4 PR, FEZIRE ™ 5)
A, 6 BRSNS SO il il Ay KT,
WA E R . FERMEFPEEAS T (schl) i
THIZ, e H AR URZ 8% . BIEEES 1
(stl) i T RSN 3 TTRMm, Rhibeksz
v, ENH R R Az 85 . OB IEEs 1T (spl)
SR HIRA (AR, 2024 ), FrocstRR
4 (Zhangetal., 2018 ), R4 (fRHEHAN, 2016 )
PIARTE AT AR AN, AR, fb2e Bz an . 4t
RIS T (sbl ) SHRELL IR A4 (RS, 2024 ),
BRA (BRI, 2016 ) HIHEIEEESAHEL, Ak
SEIRAZ AN o ENGE B R A 7E W W Z Rl 1) 2o
t, FFIPUBORIAL 22 8z i, U AR [R]J2
ML . AR EEE, B2 A
B 2R R R PR Bl

B B R4 ds A ERER A 4 Fpk
2, BRI RZ . BIPEA R 70N i
R WL — Rz A (FIAE, 2021), FBA
PRS2 D RE AL 2 D RE , BIRBRERTER &
PEREEAE 7 PR v B SR (e s,
2021 ), s EEIREG [ (stl) S5FrdketR
K4 (Zhangetal., 2018 ) HYETLEESARML, #
HER S 1 (sstl ) 57 RE B K4 ( Zhang et al.,
2018 ) HYHEIZ AR AEL, Mk sz s . fEUJH
R A8 PR I oK o il 20 R B, BT JRRAR 1

(stl) FRHEIE AT T (sstl) SO )9 3,
AT RO ZIRE r Yy B A 245 B, AT RERS BIDLIA
BRAFIWNZ 2 RIS R IE 57 00, Xl g
DGR R 2 L2 B B A % . b
AR e R R iz a0 A (2RSS, 2023),
P I AT LASE S UORI , B U A BRI
A2 HN AR T) CIRIREAN, 20155 22 HEHRAE
2023 ), PEHENDE A 2K A4 BB R 5 )
R B0 I VA 5C, B RERAE LR B R AR ™ B0
FRRAM BT LR B Bz MU il aed A
AR

X IR BEHESE (2018) AR5 &L, 1S
KA R KA LA S B AR T RHA B
DO, HE BTV BC, B SN INTE/N A BN
A RES L 2 L SR A T R 1] 12 3 DT R
HYUE X, YA 4 15 REER, SRR
A SRS Ak, B AR RIER, Al
AE-S5 HEIBUED | Z2 M el 7 22 N S By By S D) A
Yy Fnoh S-SR Y A

i Lk, LR BRATEV A L2088 s
AORPRIBIEE B ER , AT BESS 111 4 1™ BR AR 0 VALY
BUBAR A5 | EAB B 8 S A5G, (L5 HIL
AfE—L 5L
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