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First report of an invasive pest, the European pepper moth
Duponchelia fovealis, in China
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Abstract [Aim] To identify a new pest damaging strawberries on a farm in Miyun District, Beijing, understand its impact
and occurrence, and implement effective control measures. [Methods] The species was identified through morphological and
molecular identification and the damage caused by it was observed. A prevention and control experiment was carried out by
alternately spraying spinetoram SC and Bacillus thuringiensis at the affected farm. [Results] The pest was the European
pepper moth, Duponchelia fovealis (Lepidoptera: Crambidae: Spilomelinae). Native to Southern Europe and the Eastern
Mediterranean, this moth has now spread to all major continents except Australia. This is the first report of this species in
China as an invasive pest. Larvae of this pest are polyphagous and feed on over 140 crops from 65 plant families, including
strawberry, pepper, and golden pothos. The larvae feed on the tender leaves, stems, and fruits of plants. D. fovealis often
attacks crops and flowers grown in greenhouses and outdoor nurseries in Northern Europe and North America. Larvae are

often hidden in the soil, making them difficult to detect. On the farm on which this pest was first reported in China, about 35%
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of strawberry plants had been damaged by it. The population of this moth in Miyun was successfully controlled by alternately

spraying 60 g/L spinetoram SC (equivalent to 30 mL/667 m?; 2 000-fold dilution) and Bacillus thuringiensis wettable powder

GO033A 32 000 IU/mg 100 g/acre (600-fold dilution). [Conclusion] The European pepper moth is now present in China.

Therefore, it is recommended that the relevant authorities strengthen quarantine and monitoring measures for this pest. If

further outbreaks are detected, effective prevention and control measures should be implemented promptly to mitigate damage

to agricultural crops and horticultural plants.

Key words Duponchelia fovealis; invasive pest; Beijing; strawberry; pest control

Wi YU Duponchelia fovealis, %144 Fa lEk
WHPEFEE, JE8EM H Lepidoptera, M i i1 &)
Pyraloidea, ¥ %%} Crambidae, I E i iV #}
Spilomelinae, &—FfZEER M, AJIREZF
B, KR RIEEMRAES A, 4 ] E3F
FHEYPF . 2 RAE, B 1R
Y1 3& 116 % ( CABI, 2020; Rodriguez-Vazquez
etal., 2023; Copeman and Frank, 2024 ), %4
5T P ORI A Hh e 2R, IRAE sl A KRN G 43 Hb
X, 7R bk m 3 AL SE ( Molnar et al., 2018;
CABI, 2020), HTH, ABRIEHICT RO BAHUIE
T I 2 B PR B AR 3D (HA — T4 iE
6 0 R T RN BB 6 3 K A A6, T DL L33
AR E B 25 J7 %0 (Bethke et al.,
2013 ), FATERIREZAE R IZ i, SR
T MU PR 25 )™ 3 O 35 R, 1 R R

( Efil et al., 2014; De Menezes et al., 2019;
Padilla-Jiménez et al., 2021 ),

2024 4F 12 H, AEFEAEIL AT 2 X B Al
A el 2 I — P IS R ) i H 4y L, 2R8I
I FUEEE , B E A AR TR E 0 RO BRI , A
SCRRR BRI A L 4808 | 0 ERRAE R, 45
FARMEAT TSR, VHE Tix AW AL &L
HE SRR A B P AN, DU A A R ()
I AR B A S B

1 #wE5HE

11 EEMSFEE

fii 2w AR P 2 758 ( SteREO  Discovery
V20, fE[E Carl Zeiss AG ) ML H T = X K
LR MR IESFRHE R R, 2504
FTE 25 8 IR X Fh 247 %5 %€ ( CABI, 2020;

Copeman and Frank, 2024 ),

i &k kifk CO I ( Cytochrome oxidase
subunit [ ) 43 FHric MR T T 208 o BEHL
3 ST R AR S AR Al el [X R A AR 3 B 3T 256 5 H R
LML AR (i 95% I 0K £ BEK 4 B 78 43 Pk i
J& . FHBY I8 UE S — A5 T DNA $25L,
I3 I BRI A B L 90 uL PureLink
Digestion Buffer ( Thermo Fisher Scientific ) Fl
20 uL A K (CRARAAERHE (dbat) fARA
A M 1AEAR 2 mm BRI 200 pL B0,
o8 FH 1 3 1 4 ST SO 2 2 A T AR T T AL
3h, AFLANA 90 pL PureLink Digestion Buffer,
WFTIRA) . 7E 58 °C, 950 r/min B4 @ I Ik
¥ 30 min J5 ,4 000 r/min 5.0 5 min, W 150 pL
R, HHANASA 75 uL BEERAY 200 uL B
LDAEN, R TNHEMNE 1S min, 76052 L
B 3min, KR EIEWRE, H 80%J0/K LEEDER
2, HALINA 100 uL Tris YEME DNA, BUEA
DNA 1 FiF W T PCR 974,

PCR RMWAKRZRBMEFY 15 pL, & Buffer
(Mg*") 1.5 pL, dNTPs 1.5 pL, b FiEsI¥%&
0.6 uL, LA Taq i ( TAKARA, HZA) 0.2 uL,
itk DNA 1.5 pL, Sl ddH,O #h5E SR =
15 pL. f#i 12 H Hebert %5 (2004 ) 5[4 LEPF1

( 5'-ATTCAACCAATCATAAAGATATTGG-3' ) Al
LEPR1 (5-TAAACTTCTGGATGTCCAAAAAATCA-
3) Y, mATAY TR () BiA
FRAFIG . PIEBTHR 94 CHIAEME 1 min;
98 °CAEM: 105,53 °CiBk 305,72 °CHEfH 45 s,
40 MEA; BRI 10 min, PCR ¥4/~
Yk B AETAY TR (L) BihA R F
i ABI 3730x1 P4 (FE8R KR BHE ) if
1180 I T o
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315 DNA P 255 5 , I H SnapGene v6.02
BRA T P A I W L AT N T AR, K DNA
J¥ 50 #E 22 #] NCBI %44 % ( https://www.ncbi.
nlm.nih.gov ) " 47 Blast [t X%} ( Nucleotide
blast ), LIWIEHAITHIFISEE . A5, Eit RS
KB AT T XTI R A T4 . N NCBI 48
T R g SR ZRi ik CO T HEBHFH, IR
AL B AT I 2 DX ) R 9 T 438 T
At B BcE 7 R R AT P ) R SR e ST
HAE R, sl P SR N AR AR 28 B0 o 25 L 5K
YT ok H A — A E R AT S, RO —4%
LA T R BRI | A i BPEE Torulisquama
obliquilinealis, Metasia celaenophaes. i fE
Loxostege sticticalis. fF9\ &1 Cnaphalocrocis
medinalis, F KIE Ostrinia furnacalis, #kik4E
Dichocrocis punctiferalis . —. fk & Chilo
suppressalis, & 3J2IF Maruca testulalis, 25 Chilo
sacchariphagus 10 MMEIHFEHYFIR  CO 1 J¥51
HAT T, H MEGA12 #/F ( Kumar et al.,
2024 ) Y ClustalW X DNA J¥ 3 #1751 Hoxd
( Thompson et al., 1994 ), 7 MEGA12 # {4+,
FIH & K2y ( Maximum parsimony ) 54T
Tree-Bisection-Reconnection ( TBR ) #5514 4 25
4 & BM (Kannan and Wheeler, 2012 ), =X
1 000 ¥X Bootstrap £ 5 , 71544519 15 B9 S HF%
H MEGA1l %4 % F Maximum composite
likelihood R A 34T 5 51 22 [ 14382 f L5 .
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2024 4F 12 A 19 H, 1EZERIX PN
60 gL ZHEZ AW EEFH 30 mL/667 m’
(2000 £l ) BERRIGEIMEZY, itz 3 d JFiHA
Bisko #£ 202541 H 6 H . 23 H 2 IREEH A=
4 F B AT IR M R 7l GO33A 32 000 1U/mg
100 g/667 m* (600 {5 ). iz 7 d JGfEE RN
U DR UG R 2 Ak, B 60 > 547,
B SO 10 Bk (5K$5%, 2012), RATEHEE
WEE I REREN Fr | Z5FF | JES S5 A BRI
BB, X FHU R85, /O ZH0-10 em
BRI R 30 )2 S AR ZR B 42 5 em S [
P 338, RS BRI SRR F 5t R 43 A1 17 1O
TR AR B OB, St 2 R
JEHEATRT G, APPAR B4 808 o IRl 4L Rk
DHBABUIE () BIPIRAS | TR AR S, AN BRI BB
WAL, Bk ITaIREERL ., idxkHE
A XSRS 0 HU AR, DI R BT 24 790 %o B SR
(B TR

1.4 BERMESRBUES 7

i SCERFT CABI ([ bRl 5 4 Ykl =4t
FEH ) AR AU (1) 43 A7 § s ( CABI and
Eppo, 2023 ),

2 HRE5HSH

21 STFEELHR

XFHFRE P 3 AHEA CO T FHIHE T 1
J& K 10 AR EEH R T A CO T P51
TTIFHILERT, 25 R R W2 F S AE Mg AR b 2
A R FERSFE , ATAE S SR Rl R 20 3 26 00
THric (E 1), MFERY 3 MEEARLS 10 AR
Pifh CO 1 /¥ s BEAAL, 54% I 2 55 R BRI
15 Duponchelia fovealis #ix i, 43514 0.009 16
0.013 76 1 0.021 47, SFEAJTH 5 (L RS 3E —
AT P B X5 L ) ) Ao 2 R I R — P Bl Metasia
celaenophaes ( % 1), RGEL T T4 KV,
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Fig.1 Sequencingof CO I sequencesof Duponchelia fovealis and their comparison
with sequences of 10 speciesin the Pyralidae

Sl: FEAS 15 S2: HEA 25 S3: KEAS 3; Lepl: BRUMMMUE; Lep2: R HFIE;
Lep3: Metasiacelaenophaes; Lep4: HIE; LepS: FAEMIE; Lep6: L KIE;
Lep7: Mhiil; Lep8: fkiF; Lep9: WIEWE; Lepl0: FRUE, *Fm{R~Fiidi,
S1: Sample 1; S2: Sample 2; S3: Sample 3; Lepl: D. fovealis; Lep2: Torulisquama obliquilinealis; Lep3: Metasia
celaenophaes; Lep4: Loxostege sticticalis, Lep5: Cnaphalocrocis medinalis; Lep6: Ostrinia furnacalis; Lep7: Dichocrocis
punctiferalis; Lep8: Chilo suppressalis; Lep9: Maruca testulalis, Lep10: Chilo sacchariphagus. * indicates conserved site.
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3 A MBI SR Sy — 52 (181 2 ), DAL
SRR WA FER AR APl 2 BB BRI
PRI [ 1984 ARFESF 290k BR, 4y iEaE
W AR LM B Z AR, AR | 5
AL | PR R ERE L A7 B, 6

FHR. BEE . BB, whE . VY. SPUEF. g
K. E(Efil et al., 2014; Zawadneak et al., 2016;
De Menezes €t al., 2019; Cruz-Esteban and Rojas,
2021; CABI and Eppo, 2023 ), A L RARGE T 1%

HAERR E R AR

FEARL
80 Sample 1

i S i
Male

Female

og | L FFA2
Sample 2

100

FEA3
Sample 3

RRYHBRAIE

Duponchelia fovealis

Bl

Dichocrocis punctiferalis

EE E g

Cnaphalocrocis medinalis

55

65 FE S

Maruca testulalis

8L

Loxostege sticticalis

_ PEuEER

Torulisquama obliquilinealis

87

90 B!

Ostrinia furnacalis

Metasia celaenophaes

AR
67 Chilo suppressalis

79 S
Chilo sacchariphagus

B2 ET ColERHFHRARLAEAE TreeBisection-Reconnection # & T IEHM R I T R & S H
Fig. 2 Phylogenetic tree of Pyraloidea species constructed based on CO I sequences and using the maximum
parsimony method under the Tree-Bisection-Reconnection model

[ s (] 352k B R Y (https://en.bing.com ). FHTFATHE RS L F R R P AFERMNBHUE ( GenBank accession
no.: JF853827.1 ). RIS HFIE ( MF053745.1 ), Metasia celaenophaes ( HQ952721.1), Fifbif (LC697889.1), FEZ\mt iR
(PP725475.1 ), T KIE (65331444 ), HRUEIE (AB751251.1 ), — ki (10743963 ), HIEHE (19592013 ), £RUE (27108871 ),
The moth images in the figure are downloaded from the Bing website (https://cn.bing.com). Species used to construct
phylogenetic relationships include Duponchelia fovealis (JF853827.1), Torulisquama obliquilinealis (MF053745.1), Metasia
celaenophaes (HQ952721.1), Loxostege sticticalis (LC697889.1), Cnaphalocrocis medinalis (PP725475.1), Ostrinia
furnacalis (65331444), Dichocrocis punctiferalis (AB751251.1), Chilo suppressalis (10743963),

Maruca testulalis (19592013) and Chilo sacchariphagus (27108871).
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22 EEHR

DA B g 1) L T8 S 50 AR A Sy iy 3
MEA - DU R “F5R” RS w3 A 2%
(El3: A, B), &£ RSIEEFHERRINT

AR KK 9-12 mm, #E 19-21 mm.
WA, N RSMEL IR B 6, 20
R SCIR IR VAR, R AN A — A B Y
“FRRT R TE A (B A AR Rk
7 ) (& 3. A, B) (Stocks and Hodges, 2012;
White, 2012 ), [EB&Mmites a, HIOEmisa

e e

— SR A SORBEZR o # IR, S0 BE I B AR
M, 2= SRR flf R B A A AR
o, filfazetk, SIRMEA, B, BHa
AR SE, BHTE CATIIE R M R, L
FA% 90° (& 3: A, B), SMEMAHEL, MR
JEFRHE . B (& 3: B).

. BEEZEMEIE, KK 0.5 mm x
0.7 mm, FI/=Hf IR A OBOR T, Wi H
grn | 2L, SRARTT AR BB Bl
(3. C, D), Hi3-10 MESE—E, k£

B 3 BRIMERHUERE & E M B R S HHE
Fig. 3 Morphological characteristics of different developmental stages of Duponchelia fovealis
A, MERCHL (ORI TRIRT R ); B, MERLHL; C. REERYEN;
D. Hp=REE; B, Lk4hd; F 2% H; G #; H I,

A. Female adult (the yellow arrow points to the pronounced “finger”); B. Male adult;
C. Egg cluster; D. Singly laid egg; E. Early instar larva; F. Mature larva; G. Cocoon; H. Pupae.
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FEAEM T A RAL DR R IE
T, AR BRI R ZE 4P (Stocks and
Hodges, 2012; CABI, 2020 )

G P AR 1.5 mm, kR OH
e, SRR G, ST A AT
Me, Mo, H—KEAIERIEER, WEhHE
o, @A R RS B ER L
2R —MREMZESEARE (K 3: E), Hip
E2M (T2) WEE (D) MIEEE (SD) &
FOREES, #5235 (T2, T3) Ei) SD2 Wi
BN K 22 ( Stocks and Hodges, 2012; CABI,
2020 ), BEEER, KOS RGBSR A,
PR AF EAEDN R o FERFBRIGOLT , 4k
o RRARME , AR DAY BESIRMER 2], E
HARK AT A 17-30 mm, YNEREEZERBACEE,
BESTEfI AT 2SR L (B 3: F ),

I . A, 1K 9-12 mm, Z75EIE ( Stocks and
Hodges, 2012; CABI, 2020 ), % F M H 15 &Bak
+3 (K 3. G, H),

23 EBZER
DR BB IR &0y R s B AR AR I A L AR R

S AR RS AR ZEER ™ A A R A ST (E
4: A, C), ZZFEM FHMEHBLETE 508 H P 6t
Z|, JEEINRE R, gl Huk rT R A ZE TR
BRE, BT UEE 0S8 5 AL TR A B
T MERRAL, fEFERRR, ANESWORI, HEIZE
PR IRAT WT I R AR A R B AU K A o e
VEY R B 2 B vo BUAFL AR 22 (AL AH LA A IS LT
Z A AT LURET EAE AR AR CR I R 2R AT

(El4: B)., HLAL, 4l HGA T HCE R A 5k
#% (&l 4: D-F).

24 HEZEAERFR

FEAL 5T 2 DX YK R 3 SR (7
FEPE P, BAREZFERRRIK 35.00%+11.68%, H
SRR i, SO R 50%, AT
U 13 MERIX, RIFEA 70 S 115
ANFEX, 141 JikkMEHR, J84 i 308.73 hm?,
Y1 T0 K BRI PN SBABUIE (19 e A s 3

25 BHERRAE

T B 2 X A 0 WU S B ) el X 52 7
REPAEIX B O HEZRER 3 d Jm, Bisoh

4 BRMBRHUEEL R A E K

Fig. 4 Symptoms of strawberry plantsinjured by Duponchelia fovealis

A-C. BRUNBABUIE G B A2 258 . M 2RIL; D-F BRUNBOABUIE IR R A B A
A-C. The damaged strawberry stems, leaves, and fruits; D-F. Feeding of D. fovealis on decaying plant remains.
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69.39%+5.58%, 7E 20254E 1 H 6 H. 23 H W
REEE IR = AP FEMZG 7d 5, P48 600 BRIA
I BR RN BRARUE )y 1

3 it
31 EYPEHIEERE

IR BRBUE 1T LR 65 S FF 140 ZFhAEY),
WGP SE . A6 . B K EAEY DL R AR
7% %i( Copeman and Frank, 2024 ). 7Ei A EY
. AR B BAE . FOKFIEE ) 2%
HfeE, R EHI T, —Far . IR RIRKIE 4
AR 532 E o T W BB 4 AR ATEE IR
IR K TR B, LB K A AP 25 5 32 B
M fEE .

AR KA AR & A AR T 5, 7EVE BE
AR FURE & v A KA, AE T b i e
P S HAR LR, i —FE kA 2 AR, FERER
Bp 1 R AELRA, 29 8-9 8 (Copeman and
Frank, 2024 ), 7 20 °CA5M T, DA E DR
4-9 d, 4k 21-28 d, WEH 7-14 d, AR
7-14 d, 58 —ACFF 2 42-56 d( Paes et al., 2018 ),
Y HGEE A S AR, TEREEY 32 CHHA
4 2] (Bethke et al., 2014 ), &4 P{L)E 24 h
PG ASHE . =00, 1 Sk HUnT 7= 24 200 RO
BB e, R R 7, YRR
L TR SRR MRS 8 . R E SR T AT
FELE PN, ERHLIREE T DA AC (Paes et al.,
2018 ),

I BB B e R AT RE S AR, AT B Al
ik 100 km, ZITHEEEREN R LR, YR
g ki 27 A RO ZE A e S AR S
A3 B R B S % % ( CABI, 2020 ). 81 2018
AEHE RIS (Lee etal., 2018 ), HE
ANTE REZ R AT AG A TR A, HH0 AT fE i i
Y BRI A AR B LA

3.2 Pl

T I - DR HRU I — il B B A AR
Py T I AL R R B, A EAEY M,

P S X A A E SRR AT,
A3 g ) 3t R P A 75 R4 7 A BBl
B 1k % B4 A F P ( Molnar et al., 2018;

Cruz-Esteban and Rojas, 2021; Rodriguez-

Vazquez et al., 2024 ),

LAV BIE : FH T R BRI L LU P 5
B B, DR R B Y R A DX PR A A )
PR A2 % ( Blok and Messelink, 2009; White,
2012), M, B TIZMEEREIRAIRE, X
br5 R A A ) TR, Al B AR
o TEBMEIE Y, 22 2e By B R 2
ARTBL. WL IEERK L (Albion ),
757 (Aromas ) FIEFRFNL (Portola ) 3 MHI%AES
o 4y TR U AR EL A K Y B 1) kg o )
B BRI E R, JFEm T — g R, R
11 B AT A UL T HUAE 0 i ol B 42 KR SR
WA ( Bischoff et al., 2023 ).

5B G : T B B 4 ) 24 550 38w
Xz B HA R IB R, GRZRWER .
LR A T 3R IR SR . SRR T MMz . Rl
TR . AHE | SHER2E . ALEEE. BR
AR RIER RGN, K, CEZRFEERE
A IR S BRI, X S R AT R Y
B ¥E 55 ( Vassilakos and Athanassiou, 2023 ), &
AHIFGE LR 7 5 R BRAUE g 8 SR, 13 FhR
HFE M I E 45 R RIS = AT, Bl
JE L RACSE TR T R T P e R e R
XSUPBE i %ok D FRABUIEL ) B VR RO Fe e, L Efi il
BiFEER % (dos Santos et al., 2019 ), M F4h&
HARA 58 BRifaF w2k, T LId 25 i
A8 TR A M S R 245 31) o i 3] A P AR 25 01205 3|
Jaiey g, DRSS EBiia rRCR o R
W RGBS IV, fEiRE PR, Al fErE
RSB Zs 1) 24T B ZE B A R

ARG BRI AR Z iR U] LU
A B IR O R T E L, 0 B8
Apanteles sp. Fll 14 J& Wi #% Campoletis sp. 55 K E AT
PLAF A B BUHUIE ( Zawadneak et al., 2016;
Jaralefio-Teniente et al., 2024 ). 7% R
Trichogramma galloi FI Trichogramma pretiosum
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A LA A MU B ) B ( Pirovani et al., 2017;
Pratissoli et al., 2024 ), i & ¥ K & & #%
Chrysoperla externa 7] B £ [ I 3 A I o
( Gongalves et al., 2024 ), %3 4ph—Lt + 1 & gh
( Messelink and Van Wensveen, 2003 ). f#4: ¥ &
7( Da Luz et al., 2024 ). 7% H EL#( Poitevin et al.,

2018; Baja et al., 2020; Katiski da Costa Stuart
etal., 2020 ), JkJHZEH ( Amatuzzi et al., 2018b;

Reyes-Serrano et al., 2023 ) #Fn] AR PR %%
H, BRE IR AR AARIREE (Araujo et al.,
2020b ) LA K Z2 i AR Wy By a7 i 0 IS i

( Araujo et al., 2020a ) X R BRAUE HA 5741
BiAERCR . Horh, IR AT AT DR A Pk
BN, DVEEAERyE, MEdE R,
ol 3 iy PRUDUERFN A0 i BE AR 23 | i Y0 DC D A o 28
BEMALTS, HoX 3 H 3 dugh dUf B B A 2L
B (Alvarez et al., 2011 ), =AML S D)
2 RN SR 1) 7 i o

3.3 ERMERHUERET BRERMGEER

YQTAEZ o5 L ES T VA L SN o S o N9 72171
Jyi, 3R EIGH A b X8 B R B R A S
ZHER-HYHEE, SFBHEHRER | LEi
AT, I SAE0™ . S TR, ghdll
e R TR BRI EDH RIS R AR
v, RITEVEY) 32 T NG 0 75 28 S R BB} 2
AR B P ( Zawadneak et al., 2016;
Copeman and Frank, 2024 ),

HRIT, X5 T R B 1 55 42 AT SR A A — S
ik B, BRUDHURBIE ) B0 504 % + 183k
1 LA R LA S B9 AR R AR JE i ( Brambila and
Stocks, 2010; Copeman and Frank, 2024 ), X{#iE
ATTMELARE J2 B, 1 HL AT e 23k 2 2% B0 R
FUHE 2y 2P it R A T, 30 Sy DO SR 1 87 45
7o — i PRIME o LUK, BRCUHBRBSUE £J7 e B i
AITEARY) ZEBUR SE N, IR/ 2 B A M T
L, FERCE RS R e s GE , X IR E
i1 52 A& K A9 =2 % ( Brambila and Stocks,
2010 ), IbAh, BARCAHTFZ X TZRAEYBIG
AR, LI FH R A 40 BTG4 it %) 1o P 34 i 2 3k
— 5% ( Messelink and Van Wensveen, 2003;

Pirovani et al., 2017; Amatuzzi et al., 2018a;
Poitevin et al., 2018; Da Luz et al., 2024 ),

4 Zig

DRI SBRAR AR A Sy e [k B AR AR
L, BARERAYIENE )2 B A T R R
FHAREST o WRPHBABUE SR T 4k =5 | 2RIHN, B
SRR R, BRI & Tork K &3,
FERIUS R o P T2 L T 2 BEAR S A
PELEBUY, 2R 2R R B A ARG BB,
ST BIRIEIN, SO SCHR T 2% HL A )
S, B SR I P, e R
AU .
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