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# E [B&) ACHRIHERAEERMER (43 T8 ) Euonymus japonicus Thunb 4k i 2 ok
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I dentification and biological characteristics of
Agrilus euonymi Tdyama, 1985
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Abstract [Aim] To review the nomenclature and describe the morphological characteristics and larval galleries of Agrilus
euonymi Toyama, 1985, a buprestid beetle that damages Euonymus japonicus Thunb, and thereby provide guidance and
suggestions for the monitoring and prevention of this pest. [Methods] A review of the relevant domestic and foreign
literature was conducted to clarify changes to the scientific name of A. euonymi. Morphological characteristics of larvae, pupae,
and adults were observed and described in detail. We analyzed the gallery characteristics of A. euonymi, including population
density, gallery length and width, entrance hole, pupal chamber and emergence hole. To identify the species at the molecular

level, DNA was extracted and the mitochondrial cytochrome oxidase subunit I (CO I) amplified and sequenced using
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general coleopteran primers. Sequences were compared with existing Agrilus sequences in the NCBI database and a
phylogenetic tree of closely related species constructed. A. euonymi galleries were photographed from different angles, and
reconstructed in three dimensions using Image-based-Rendering, a first for a buprestid beetle. [Results] Morphological
characteristics of adults were completely consistent with the published description of A. euonyi. A Mrbayes tree based on
CO I gene sequence variation showed that all samples clustered onto the same branch as two samples from the Russian Far East.
Together with information from the literature, this confirmed that our samples were A. euonymi. A. euonymi mainly damages the
phloem and xylem of the trunk and is active on the sunny side of host trees. A. euonymi bores galleries without entrance holes
under the bark of host trees. The pupal chamber is shaped like a grain of rice and is in the xylem. The eclosion hole was ‘D’
shaped. Tunnels were of two types; the S-type and its variants and the dense longitudinal roundabout type. [Conclusion]
Morphological characteristics, clarification of the correct scientific name and gene sequence analysis confirmed the identify of
specimens as A. euonymi. A three-dimensional reconstruction of its larval gallery structure also helped with identification and
assessing the damage to host trees. These findings provide technical guidance for the monitoring and control of this pest.

Key words Agrilus euonymi; morphological characteristics; damage features; scientific name clarifying revision; boring

insect; gallery reconstruction

A3 T Euonymus japonicus Thunb J& L7

#l Celastraceae 7 J& Euonymus A9 28 A,
TS NPERR , ST ARG, T A T AR
e MR i SR SRR, ARSI S
ZPF N H (FWH, 2001; Spivey etal., 2002 ), fE
H TSR, Z AR AL 22 b a5 52— T
T fEE I A ZAERBE T . Agrilus euonymi J&
TH#M H Coleoptera 7 T HEl Buprestidae 77
TJE Agrilus, JE4H 7 B —Fh i 213 0,
H Toyama T 1985 &K, BAMRARLETH
AKRFETH A X (Toyama, 1985; Jendek and
Grebennikov, 2011 ), H: 5545k Agrilus yagii
Toyama, 1985 ( Tdyama, 1985 ; Jendek and

Grebennikov, 2011 ),

5T B i s Rt iy, 3R E R0 SO 24
RfEFZWFAES T hEgEE T (8E/N
), W 1981 AFFREHRIEE TAER TH

Agrilus sp. &% F AT BoF (Of 5 = fife
L 1981), ZJEEEIC (1998) WhigHr 4 h
Agrilus nakanei Kurosawa, 1% ¢4 B EAE N
Agrilus yamabusi 544, 7E2F EEY AL &S
T34 7 T 5 HA AR 22 RAEOR , A SCAN RIS
FEAERR IR . ZJRBvE (X%, 2016), TR

(REMEFRHTS, 2017 ) WL Sc4 “knt
AEE T i T R AEFELAHT DF LS T3

hE
ZHEREOE, ARES, M 6:00 Z£4F
18:00 M i), AEArE (BE3C, 1998),
A HUS IR A T o ) UAEIAL Je e LA
AR R, 16 F ) B 5 SR B i ph (X ey,
2016; BAEMFRBXHEFS, 2017 ), % T o™
KRR AE AT N e h &5 T2
XA REETRIET: (B 1), E BRI 4%
b, WERZTEIR, s 5o,

Bl FUFREER

Fig.1 The damage features of Agrilus euonymi in the greenbelt
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MR I S 78 0 T BIE AL, JF
XL R E X R AR fE A TP 72 T 4T
THET COLFAnTA%5E, BiEH I RM B
B7E T A euonymis WSS T RIS T HY
BRI | W PABALRAE, DA AT R E R S
P, DU O it — 20 W S By 4212 3 s it 1
W, RS RNRh I A PR B R B
AR

1 MREFE

1.1 EFSMEE

PR Ib 50U UE OB A BAR 7 641 X P 1
ZHF D ERERA R, F 2021 4F 6 H, RE&E
ZEREB (HBK 04-0.7 m), 1F 6-8 A1,
KA ZF W B r 32 FH AR, 4] Nikon
D810 ( Nikon, HA) AHHLFAEEM F#R (AR fL A
[ B BRAL T 52 WA 75 T8, A4 151 IR
o, B R AR, 4, BRI EX
MRK AL FEAT AT P60 4T ToF F T EFAME ST AR
WELISY , WIS TR, U8 e BB A48
PR B IE L 5% .

12 HRERKENE

O E AR E M SR, B H A 9:00
W SE P B R s BEMLPRE A B f b, UEE S T
B4l B R0 5 WS B B 2 USHEARTERE T 75%
RO AE R {# ] ZEISS AXIO Zoom.V16( ZEISS,
i OISR FAIRIF D SR T 4 &,
WG, R B A ERAE; 5 B ZEISS AXIO
Zoom.V16 1A I Sl i & g A AR . Sk T8
HOMS AR B . 4 R S

13 HFEE

FEALIEI 8 K3t T 1, J3 4R B k35 T Y
R4 DNA, HTHT%%E.
1.3.1 DNA #REX ffiffli DNA $2Buli &
AxyPrep Multisource Genomic DNA Miniprep Kit
( Axygen, K[ ), % Ut 814520 BR 52 HORE 5
DNA; i Il 2 /43O i1 NanoDrop
2000 ( Thermo Fisher Scientific Inc., 3&[E ) #:
FEih DNA W
1.3.2 PCR ##8 D) 1.3.1 A5 LRI DNA
FtM, PrHGLRR CO 1 FE R Br. 51918 H
f5 H# AH 9l ¥ LCco1490 ( J¥ 3 .
5'-GGTCAACAAATCATAAAGATATTGG-3'; i
B % 31 ) M HCO2198 ( F ¥
5'-TAAACTTCAGGGTGACCAAAAAATCA-3")
( Kelnarova et al., 2019 ), PCR §"Hi{A& £ Jy . 2xEs
Taq MasterMix (CWBIO, CW0690M ) 20 pL,
IEMGIY 1 pL, 514 1 uL, DNA Btk 1 ul
FEELK 17 pL 3 40 pL, PCR NFRFE AN
95 °CHIAE M 3 min; 95 °CAEME 1 min, 50 °Ci
K 1 min, 72 °CHEffi 1 min 30 s, HiEFT 35 A6
s 72 °CHEMf 7 min; 4 °CIRAT
1.3.3 PCR #i#&=#illF PCR ¥ 158y~
Yk ALt B TSR A W H R A PR B 47 XL
My
134 FIIEExt  PHER AT #HAT T
Blast( NCBI ) Ft.X}, {8 ] Blastn . Standard database .
High similar sequences ( Mega blast £/ ).
135 EF CO| FIMBRZLXEM T
NCBI %t #% 2 & A. euonymi CO I ¥ 4l
MF805361, MF805206 ( Russia Primorsky Krai
RAE), T NCBI s E P AT (£ 1),

x1 HXERFIER
Tablel Sequenceinformation used in tree construction

NCBI %35
NCBI accession no.

Yipg 4,

Species

RAEH

Location

KJ700321 FATR P H Campsosternus auratus
KJ700322 FATR P H Campsosternus auratus
LC619066 H #4751 Chalcophora japonica
MF286239 HERZE T T Agrilus yamawakii
MF286303 Agrilus viridicaerulans

H1[E 4 75 Taiwan, China

H1[E 4 75 Taiwan, China

H A% 3k Ibaraki, Japan

H A% 5 4% )1] Kinugawa, Japan
i E#%7F Kaub, Germany
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43R 1 (Table 1 continued)

NCBI %35

NCBI accession no.

Yrh=s 2

Species

KAEH

Location

MF805210
MF805223
MF805225
MF805321
MF805349
KT250486
MF286288
MF805309
MF805199
MF286254
HM417697
KT250477
MEF805157
MF805255
KT250508
MF805330
MF805283
MF286287
MF286285
MF805247
MF805357
MF286283
MF286240
MF805236
HM417711
MF286281
MF805218
MF805232
MF805206
MF805361
MF805364
MF805146
HM417669
HM417698
MF286244
MF805347
MF805311
MF805140

BB T Agrilus ussuricola
REZEET Agrilus tempestivus
IRRZE T Agrilus tempestivus
IR T Agrilus tempestivus
KA T Agrilus tempestivus
Agrilus sulcicollis

Agrilus sulcicollis

B AE T Agrilus smaragdinus
FpAezEE T Agrilus sinensis
Agrilus salicivola

Agrilus roscidus

Agrilus ribesi

FLIAZE T T Agrilus ribbei

7% T Agrilus quadrisignatus

g% T Agrilus planipennis
437 T Agrilus peregrinus
Jbnt%E T Agrilus pekinensis
Agrilus olivicolor
Agrilus obscuricollis
HAZE T T Agrilus nipponigena
Agrilus nagaoi
Agrilus laticornis
Agrilus kubani
FEWiZE T Agrilus kaluganus
Agrilus hastulifer
Agrilus hastulifer
Agrilus graminis
IR AT T Agrilus friebi
K25 T Agrilus euonymi
K47 T Agrilus euonymi
?%&ﬁé T Agrilus ecarinatus
Wik 7275 T Agrilus cyanescens
*LF?E T Agrilus cyaneoniger
Agrilus curtulus
Agrilus auricollis
WAZE T Agrilus asiaticus
Agrilus angustulus
BEREET Agrilus adel phinus

R WL % Far East, Russia
%% Wi 4 Far East, Russia
%% Wit & Far East, Russia
RZ Wit 75 Far East, Russia
1 F it %4 Far East, Russia
JINEE K2 KW Ontario, Canada
Wi A s A it
%% Wi 4 Far East, Russia

w1 [ 1L Hubei, China

HZAXKZA Kanto, Japan

PHIEF 4N Vegas, Spain

P W JLIAF K Tvanovo, Russia
R Wit 75 Far East, Russia
%% Wit % Far East, Russia
JINERZL KA Ontario, Canada
R Wit 75 Far East, Russia
8% WL % Far East, Russia

Hr$i & Bratislava, Slovakia

Wrig A% e APl B 57 & Bratislava, Slovakia

Wik AKFE 6 TTif Svity, Slovakia
/R E#1dt Hubei, China

i Fg =5 °F Cao Bang, Vietnam
Wik A% e 3 4E R Levice, Slovakia
Wik KT & Frif Svity, Slovakia
%% Wi 4 Far East, Russia

¥ [E & /5 2% Toulouse, France
Wik AT & TTif Svity, Slovakia

Wik A% va A fr i 3 h7 % Bratislava, Slovakia

%% Wit 4 Far East, Russia
8% WL % Far East, Russia
%% Wi 4 Far East, Russia
P WL AR Far East, Russia
R Wit 75 Far East, Russia
w1 [ 118 Hubei, China
PHHEA4E T Vegas, Spain
) 25 F 4% 758 Godollo, Hungary
w1 [ 5118 Hubei, China

7 I EE &7 Epirus, Greece
R Wit 75 Far East, Russia
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{4 ] Campsosternus auratug KJ700321 . KJ700322 ).
Chalcophora japonica ( LC619066 ) 14N,
bR ATTE TURBIEITS, s K #gas T
CO 1 P34 633 bp, {#i | PhyloSuite( Zhang
et al., 2020 ) MAHCIGHFRETA R G LT,
BRSO3 iTOL (https: //itol.embl.de ) &4k .

14 HBREKRBH
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25 R bR o ARPEAS [P AL B B AP 6 7 K
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LB ENARBREPLIEER 6 BEAREL, GiilRfbsl
o FEAMNEARAER B b 0-1.5 m FEALIEH
20 cm KAEL 20 B it gt

142 HEREMRE EINFZEFERLD
ZEART, EEAFESFR R T 21T R R AL
P, BN ERGEI 20 MR AGE, W IE R

B fask
Photos taking
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SEESEE: S

Image adjusting

FUFER R, dHERR, e, EhiE.

U = RIS A, BEALIEE 200 M, U
IR O, T, REMTEE .

PHESLRFERR TS, R E AN S A B PIAEAL
JE R T SR AR B AL B, BEMLESE 30
ASEEEAGE, M KOF KR BT B R K
o BENREAM, RHLER 20 1o H
I I EE KR, WSS R AL IR AR,
I I T bR R R A LA RN

15 HERZEFERER

MIERGE G, i TYuE Rk,
TR HZ J5 1 AT L, R A2 R Bt AT e Ak
M, REEE B A WS EZ E AR, ff
M Nikon D810 HISHHALX 32 F A B4 Z
FE, AR, iR RS T AL B,
REZEREMGL. HILHENE R TA
RealityCapture #X{4 ( Epic Games, 3E[F ) #17
A FRAAL S I R HEA T AL B, TS AR A
S R, SRR 4 Ak SO AR T
P, A RIARBSRSS Y 5 5 XA AT
B, BT (K 2),

v
G 5F
Image alignment

BLSLAH

Reality capture W

Mapping calculation

17

A R GE BEAR Y
Complete model
generating

23 th = 4B ﬁ%,ﬁﬁ?ﬁ@
- ?#ﬁﬁ(ﬂﬂzl‘l‘ﬁ —>  Point cloud range
Aerial triangulation adjusting

HFIH AR
Model recalculation

v
A RS R
Texture model
generating

B2 IBREAZHEZHARELE
Fig. 2 IBR 3D reconstruction technology route

2 GREHSH

21 BEER
AHDr2E TR, WHHEES, W

ARG Al o AT i T LR Bz B M A
L BUEAEL], BT EREE (K3 A); ™
HAZFAH BPORITRE, R (&1 3: B, C).
TR R E A F T RS, SEE
e byt i A Jegk (B 4), HActak
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BRI, T B R IR, HOEE A,
JLPRECT IR, SRR, 2 FERTE
KPCEIR, FRAEA L P N 58 el Al st
(1 4),

3 ZFILFRKTFZER

G e, MR 0 B A A W A AN
G, PR RO, B A RO
(Fé—l 6: B)o

Fig. 3 Thedamage features of Agrilus euonymi on the
trunk of Euonymus japonicus

A BTZEREY; B, C. HT™EZERE,
WEITRE, 3%

A. Victimization of trunk; B, C. Bark cracking and peeling.

B4 FUTEPFEEDLFZETHE
Fig. 4 The change process of damages
to Euonymus japonicus

A FERRSE 1 RITIRAE @5 B 55 7 KA #;
C. %5 12 R,
A. The plant began to change color on the 1st day;

B. Withered and yellowed on the 7th day; C. Completely
withered and yellowed on the 12th day.

2.2 FASHHE

i WA RREEL A, BT EIR
o ZHGHEAK 10-14 mm (n=7) (&l 5: A),
SN, i AT AR, BRAE s BRI K B,
fi] S DR, IR L 4t g ([E]
5: B); MEHS 10 9y, S HAE, By 8 ME
AR XA, w7 WERE, J5 3 g, K
7 s i L — X R (e R A, R N Al kR
(Ks5: C).

W MO RN, wIMFLEA (K’ 6: A),

5 HHFEER
Fig.5 Themorphological characteristics of
Agrilus euonymi larvae

A HHUEEIR; B, SR ETHITE AR C. IR A
A. Overall view of larva; B. Head and pronotum;
C. Terminal abdomen.

1 mm

E6 AEHEHES
Fig. 6 The morphological characteristics of
the pupae at different stages

A RETIIREG; B, B PR 6

A. Pupa in mid-development stage; B. Pupa in later stage.

AR RN, R 5-8 mm, fARITAR
B ATMTT AR @, SRIEES 2/3 M, Ik
13 B, MERGEOLFE. K% 1-1.5mm, &
IR, BB, flfk, 11, ek (& 7.
A-C ). MfEMESK T R Bl R —E B @ 22 57, MEdE
ZiEt, W2 hwse (K 7: E, F), kil
WA IS 2, 2 RSSO, Sk
TR e, Sk TG S A [MIRG , P ELARLEL,
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BT L J7 IR DO R , At K R 3 A K
GRAE. ATHOETTIE, SERTR, KK
2y 2/3, PERERTE, Arg R EREIK, Fr
AR AR , JH AT SR, S ES R S,
ST EEZ L2 172, AR ZURE S, M
PEGE A5 BG5S T — i, B8 AL B i
MBS, JRSSUIR, JEMdR, Thit)EF
e, PO i AT A S IR MR o /NE R IR

B R AN, S8 =R, PRI, 5
KICLLLI 1 = 3,105 2/3 B w2 g I &L IR,
IR AL T o B 173 4k, J5 1 e, ST
HGWh, WA AR N — 2 Bl A 5 i
AT, BAMEZN, HA 4 , TG,
i A 1, A AU 2 5 S K LA (TR
7: A, PHEEEALIREL, WEERE, e, b

R R AR R (K 7: G-1),

F § JG 5 51

B7 KHEGESTTHRREEHEEERESER
Fig. 7 Adultsand the aedeagus of male Agrilus euonymi
A, BURTSE; B, RHUEE; . AR ; D. AURJE RTEES; E. e A S A BT ;
F. MEM LI R AT Al ; G PHATT M ; H. PHERE M 1. PHEEMIm .
A. Dorsal view of the adult; B. Ventral view of the adult; C. Lateral view of the adult; D. Prehumeral carina of the adult;

E. Head and pronotum view of the male adult; F. Head and pronotum view of the female adult; G. Ventral view of the
aedeagus; H. Dorsal view of the aedeagus; I. Lateral view of the acdeagus.

23 SFLEEER

RETAXHFITIWTHE 8 KFTHET

Wl —BAfERL, 76 CO 1 JEHF 2 F31 (647 bp ),
5B R R R W R £ AL euonymi
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( MF805361. MF805206 ) ( Kelnarova I, 2019 )
SRS EGT, MRIPEIRE] 99%., HLRFE LB
(K 8) a5, REFNWRMTELAES T S5MEK

_'@99,_‘ .

A. euonymi ( MF805361, MF805206 ) J¥511 3K
— 32, RUIARDFRTREDWE T 6N
A. euonymi ( Kt AEE T ),

LC619066 1 Chalcophora japonica
KJ700322 1 Campsosternus auratus isolate CaF11

—

KJ700321 1 Campsosternus auratus isolate CaD02
MF805311 1 Agrilus angustulus voucher CNCCOLVG00000388
MF805236 1 Agrilus kaluganus voucher CNCCOLVG00007420
MF286285 1 Agrilus obscuricollis voucher UPOL EJ0092
MF805232 1 Agrilus friebi voucher CNCCOLVG00007610
~MF286254 1 Agrilus salicivola voucher UPOL EJ0050
KT250477 1 Agrilus ribesi voucher CNCCOLVG00001439
MF805218 1 Agrilus graminis voucher CNCCOLVG00004668
MF286281 1 Agrilus hastulifer hastulifer voucher UPOL EJ0086
HM417711 1 Agrilus hastulifer voucher CNCCOLVG00000378
MF805210 1 Agrilus ussuricola voucher CNCCOLVG00007602
MF286283 1 Agrilus laticornis voucher UPOL EJ0089
MF286287 1 Agrilus olivicolor voucher UPOL EJ0094

""""""""" HMA417698 1 Agrilus curtulus voucher CNCCOLVG00000354

MF286288 1 Agrilus sulcicollis sulcicollis voucher UPOL EJ0096
KT250486 1 Agrilus sulcicollis voucher CNCCOLVG00002823
~MF805157 1 Agrilus ribbei voucher CNCCOLVG00007586
MF805140 1 Agrilus adelphinus voucher CNCCOLVG00007621
MF286239 1 Agrilus yamawakii voucher UPOL EJ0025
-MF805361 Agrilus euonymi
MF805206 Agrilus euonymi
44 BJ Euonymus japonicus
33 BJ Euonymus japonicus
22 BJ Euonymus japonicus /
11 BJ Euonymus japonicus \
~MF286303 1 Agrilus viridicaerulans voucher UPOL EJ0116
MF286240 1 Agrilus kubani voucher UPOL EJ0026
HM417697 1 Agrilus roscidus voucher CNCCOLVG00000353
MF805255 1 Agrilus quadrisignatus voucher CNCCOLVG00007618
MF286244 1 Agrilus auricollis auricollis voucher UPOL EJ0034
~KT250508 1 Agrilus planipennis voucher CNCCOLVG00006990

L0749 [
CE2 1 1__oe2
0905
-
0733
—

MF805364 1 Agrilus ecar inatus voucher CNCCOLVG00007619

gl
H
1

MF805199 1 Agrilus sinensis voucher CNCCOLVG00001480
“MF805283 1 Agrilus pekinensis voucher CNCCOLVG00007375

HM4176691 Agrilus cyaneoniger voucher CNCCOLVG00000468
MF805357 1 Agrilus nagaoi voucher CNCCOLVG00002812
MF805247 1 Agrilus nipponigena voucher CNCCOLVG00000471

MF805330 1 Agrilus peregrinus voucher CNCCOLVG00007627

[ MF805309 1 Agrilus smaragdinus voucher CNCCOLVG00001458
L MF805309 1 Agrilus smaragdinus voucher CNCCOLVG00001458
MF805347 1 Agrilus asiaticus voucher CNCCOLVG00000469

0.1

1

MF805146 1 Agrilus cyanescens voucher CNCCOLVG00007572
~MF805321 Agrilus tempestivus
MF805225 Agrilus tempestivus
MF805349 Agrilus tempestivus
MF805223 Agrilus tempestivus

B8 ETF col EEFFIM Mrbayes REEZ B R
Fig. 8 Mrbayes phylogenetic tree based on CO I gene sequences

24 EWFESH

RIFEAGAE ST AR AR, gl a4 ToF
PR G AR Z LA “S” A7 5T [ BEHLm
LRI, BT ER, Al TRAK R
1-2 mm SRR, EMARBHRRE; EMH6, &
SHERT B R HTIE N o 24l UG AR BB R Ak
(BURHE e 1 ) B e e I, fEIE

e, Sk o e PR B DY R A, i
SR, PRI LA (9. A), B4
3 A B M ARG R, A RO AR
AWK 9 S e ) B, IR LU A (]
9: B), 4 HIFGPML, 5s AN 6 H EAIH
PR, PR i SR, Ry (AR BE AL
BEHPPIEAL (9: C), TeH L RITT 4R T3,
B, FARFENE . s FRO'G, 78 FH I eq s,
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2 R AR IR, W PH AR T i B IR ™
HUP B R T B i

Bk ¢
5 ngm

B9 XMEBEETHH (A) 4 (B) Fn
MHE (C) MESRRA
Fig. 9 Ecological photos of larva (A), pupa (B)
and adult (C) of Agrilus euonymi

25 HIERZFIEIRFHE

251 HMOZE HOFEAGAS] 15 3%/1 000 cm’
(n=6), 4l M5 A 0] FHE S TR, HTiERH
WSS, RIS H TNEFARKT
23 em AT, FEEFE HATE 2.8-6.8 cm WA
o MO ERARR, MR, BT,
252 WEEHS YR YTFRETEEEY
B, DA i & R A S B AR A,
FEAF D" BUPMLFL A B . A PIfEAL 103
A, BHfm L 54 A4, mF 49 A4, A EE
208 A, 4l HAEAR TS BEAIL 1] b ) T e £ A
=, WREWEAFER S, B 0.5-1.5 mm,
KJE 811 mm, 7/ 1.5-3.0 mm, HEMEIEE
KRR, g (18 10: A),

253 PUFLESR  KEES T RS
B s a4 BiEE 90°ny “D” B, PLFLEL
ARG, A MR, B S
(1 10: B), [HPMEFLAL 0.5-1.0 mm AbH 7 T
WHEEFARZL (& 10: C), PHLILEZL LK E
1.5-22 mm, FEEFF 1.6-1.9 mm, FIHE
1.78 mm ( n=103 ),

254 HEHR KMEBEN THHREFE
O3 AT BB A TR, W e KR IR A 5
#K 6 mm; WA K- A7 E AL T 4-16 cm, FR
ARV i HGE 1 22 R R R BT A A T 1 BLAR
HE MK FEA T 28-48 cm, I KK JE Al 15
68 cm. fEEWIMVLAERAE, JFRL) B KA

10 8= (A). FHFPALF (B) FBPLF (C)
Fig. 10 Thepupal chamber (A), the new emergence
hole (B) and the old emergence hole (C) of Agrilus
euonymi

26 SEELUERGHFE

KMEAGES TR RNETERA — M
KU, AR LI B A IE S R DT S o S 2
BT R RN, 4 U (A AN
ARSI, 41 B B S AR, S )R
i, TEARBTERIMEA T 21 i%s “S” B
LAERIGUE, ik ARBS, SEORTTE
RIYTIEZEE , 7EHTIE R v 1 LA LA B 90 e
BYHUE (B 11: A); 55 IORAE R 2B RRT O
FEREAT, BTN 15 41000 cm®), 4
Wz [l = e sg ), TESTIE R AL, b RN
H ERIERIPIRAR, HAE S A T BEAIL R 4
PRBAR AR, oM (K 11: B, C), %4
I BB SKE “S” WAL IR RST
(K 11: B),

H1 KMHEGEFTIHE
Fig. 11 Two types of gallery shapes of Agrilus euonymi
A. “S” AlbiE; B, C. WAEY ML FIALLTIE
A. ‘S’ shaped type; B, C. Dense longitudinal meandering type.
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27 HMEMEREER

ZABE A7 SRk H R UE AT
B, HatdnsE 38 ki, Tk fE RE R 37 5k
W2 5YrEsinl s [FRHR IS I R (9 3TiE &
AR B, B S i R S AR T A
A A2 HE AR B AR, TS Bl A 4 UL
HGE, dGER “S” B (E 12 A-C).

E12 ZERBRHNEZ=4HEKE
Fig. 12 Thethree dimension reconstructions
of the galley in damaged branch

A HIEEARE; B, HUBZSOREIR,; C. 2 RBUBAL,
A. Overall view of the gallery; B. Texture model of the
gallery; C. 3D model of the trunk.

3 itig

SURCES NN R R AT C AT A DR N o) N
B A A D0 B A 2 85 ) o R i 22 11 9 17 ]
TIHSHEX Y, B R AR A B, 32
Fg HUE G H B9 BB AE ARG, A SCH A
FERIR M B AR T T AR — R R T L, AR5
SRk, FARETIRE S, NI AEfEH S,
AT ) 3 IR I B TG R SE T o AR SCMIE
BEENG T A XILBEAT T %5E , WHh T HY)

Pz, TEARR T4 Wi SRR SR,
WEE | g HASFAR A FERRAE, I8 T 58
% HUE Y R A R

TEAMIFZHT, BN faHF K Eg Y 7E
Y1k k. Agrilus nakanei Kurosawa ( 23,
1998 ), AR KM EHAES T . MR
Jendek F1 Grebennikov T 2011 4 H kg fK Agrilus
(Coleoptera, Buprestidae) of East Asia) —45H,
H ®i Agrilus nakanei © £ 1 & Agrilus
yamabusi Miwa&Chtjo 5244, HAU G T H
A, 5 A% ( Host Plants of World Agrilus
(Coleoptera, Buprestidae) ) —5, A. yamabusi )
A EAEY NI ZR BB Comaceae 5 52 3 F}
Fagaceae, FFAEARSCHMISEXT % 3 ( LA
Celastraceae ) ( Akiyama and Ohmomo, 1997,
Ohmomo and Fukutomi, 2013; Jendek and
Polakova, 2014 ), [FIAFEEIC (1998 ) fiik ik
LB T HB S A — S RHE R EBE, T
A. yamabusi xFPE RS KR, M ISR,
EREZPFALT . K, AT R %
FIFP 4 A nakanel MAEIREE .

WHscmar £ES, HHFEEEN, orRHE
YA or J@ic sl 7S T i ar 32, Hip, f&
F L TP E. japanicus H{XLA A. euonymi
Toyama, 1985; f&E KU T2 Euonymus europaeus
)4 2 F . Agrilus convexicollis Redtenbacher,

1847, Agrilus cyanescens (Ratzeburg, 1837), Agrilus
graminis Kiesenwetter, 1857 1 Agrilus roscidus

Kiesenwetter, 1857; f& & 42 117 Euonymus
oxyphyllus 91X A Agrilus daimio Obenberger,
1936 (Jendek and Polakova, 2014 ), XLEAEHT
o, FTEREAA A A euonymi FTA.
cyanescens ( Ratzeburg, 1837 ), Wi {ARI K /N
oI, ArE AR E e, WIEEA SRS,
JaH R A, W LTS, F i TIX 5
MORAE SN R SRR R, SRk aUR S E]
M7 T R R R 1) KB A 245 35 T B0k
Agrilus euonymi Toyama, 1985,

SRS RER, & T 5P WHE AR
KM A evonymi EZHRIT HIERFE KB M
BH—3, WA REGSILEFZRAERIE T
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CO 1 AT a5 A . HrkisE
) Agrilus nakanei Kurosawa J& %5 8515, 1T1E
H2E4 % A euonymi 1985, JT4EWRRAY ( HE
HTHEE ) —BIYR A euonymi FBH AL
HEN—IRIREE T (5L, 2021), EIK
EET A RNERHH, REEERIZES THE
i, IS AR (Host Plants of World Agrilus
(Coleoptera, Buprestidae) ) —45 A. euonymi {93
FALFE K45 Euonymus japonicus. 5% iy ik
Quercus mongolica 11 Prunus yedoensis, [ P
Hur Kty (4F DF) A ZE T M
F, ORI TIaHES AR HGE , BT
NZAEH RS T #iriaE, By
/D TR SCA U RAR R L, ASSCHY A < K
MAEET EX—Hh 4.

AT Agrilus BAEI—ANEK)E, i (
EETH) —Fdudst, #E 2021 48, @HER
E AN, B 296 Fh LA s (2
ML, 2021), EEH TEYFMLEL, H5Y
P Z AN B REARRL, BXEX 73, Kt it
B T AW AR . B3 1/3 AA — B 6
BB, % e SR 174 Fh RO R, AR SO
FRMERZET T UG, RE A 4 s
A ULRHIE, 43 A8 T Agrilus brevinotus
Jendek, 2011 J# %455 T Agrilus manchu Jendek,
2011, PYILIG%E T Agrilus nishiyamai Téyama,
1985 DL K Ht 5 %5 3% T Agrilus tsushimanus
Kurosawa, 1963, H:A a7 T A, brevinotus
MiiEZAES T A manchu &K (3.5-5.0mm) 5
KR T (5-8 mm ) FHLEE /N, o] 4 K
ZHERMEGAEE T HATIX 0 IR
A. nishiyamai S5HS%EE T A manchu 533 b
BREEHA /N, LA T 2 R IR, K A
AT T, ATR I — 3 5 R A
THATIX 8

KMEHER T o)z, EE0440 T
WM, FEIRE A TR RS BErT . iS5
(A5, 2021), ARAEACET BTN N B IR
TEAb il sk Bz UL A feF , TEid i, 78
FRASBFFAEACR AR AR AL X LIS, B FE b o

R NG Y S R WA - 03 L N 70 N B 1
N N W B A AN B 7T O A G A |
A HRIE 50 S H R A ARy — A — R (L E
3C, 1998) , H5ARMFEAHN, KitEigE S T 1
PR Bt 1] 5 43 A X3, He b sl e M T 5 3 R
apRE, MAEE AR AP R R HER 2] 5 H I
Rt ES T, SGEEER, Fx
P, MEREE D EL B, sSECI M, & AR
HAEZ A, R, S A AR AT 75
25T

2 T A R E S L SR A b ——
Kty (&5 Dx ), EWFRE>=TREIL S,
AR 20 40 50 4R KT (4 B, TTHieE
Hiu )3k CHE LA R S A R (8 FHC TR I, 1959 ),
WA FE G 2= BRIV O S 2R3, 2016 ),
FZER (Z/NHSE, 2011 ) HARME, R
MUK, A TR I T E R, SR I
TG A X, TR A2 & T 285 38
JER A GO0 s a [ (12 e~ N W ¥ B Ao ik
B A, SR R R B T 4 8, RS2
FEERZILTE, MR ER KB,
(] EF R MEDHE B TR, B AR B v, AT 3 1l )
PO A M E R, BRI B i R B e
e e, DA sl . AR S DL g 5 Bk
JEARH AEL

Kt b TR TF i, 5K S
R FEA BRG], AR, AR, R E
BN R A H B R, AR EL
B, P TRT L I T S O 2 TR AT T A AR,
JEWAR KA B EHR (RAAE, 2018 ), K
JELI T B0 Y TE TAT B — S AN KD () R 2R B
JO(REFMAENE, 2020), MEHTEES
ZHETE RAEN, SEZER TR, #
B, AR R AR M EE TR, FEAEERE
HR S MR IR s FERIRRANUL L, H T WU R R 2F
oy H £ AR I A7 A AR 6 A 1] 1l | PRI
etk Rk (RERLLAE, 2007 ), T4
GARMITE, K w2 & T kB Tk 17 ik
&, HLTEZ i E ke v, S8R A e 52 A B,
AN 32 AR B (A S TR A 22 3 [l —
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FOPHEAL RN TR S0 BB BRI UEBE
BRAEPMEALKR, 6-10 mm, 2ETE, L THT
HI (ARERL%, 2007 ); KM% T 0k
L, /NF25mm, & “D” B, i FHRHEME
T M LA RAE T DAGE RS AR R A A
T HHAbR A EIATX 5, A EXHERNBG .
Kt#R A TR T, FEAFREZH
BOE g e A B, DRl AR A T A A T O 1) K
A B 2R B A A S Rt (A
5)o FESERRAE =, AR DL EIG R, Tk
ANETEAT . AR T IR, N S
TR | ME LA R, (RIS B B P25 B A bk
AR AT AT “D” P, X+t
I, &FAARBTER S8 B Z M HTE E A,
WERENESETE. EMEZESE TREZ
Ja, REHHEFTRIG , PR S % W A
HTREAAMAES T Lt X K &%
BRI 5 A AR 6 H T A], 1Pk =0
W], AT SR G BRI (RO ). =
AR B LI (EDC DR ) 25 (Bevbhr Xt
L 50 58 R, 2022 ), B F I S i
( Bidrin ) #17PiiA ( McCullough et al., 2004 );
L) AL A, Tl 25 W iR R T A T =X
(FMTEE, 2013), DIRIERINEZh H . A= WBiih
JiTE, o F A AR K A B T A A R
A, IORRERT A “Eok 7, HAfF%
Hofh A3 T 1 KR ke P, an7e bl ek (R
WESE, 2008 ), MR (F/NZE, 2005) o/
B CERLAE, 2021) #F47 REE BUATHLE
=2 R AR R RS B AR iR %3
[ Z5 R — PR, S U e 4 T 1Y
WG Ty I 22—, VBN S AR AN W 24 1) F 98 F
B, TEBES, RNl TRPhREER T2
M (Castro et al., 2021; Saura-Gomez et al.,
2021; Tan et al., 2022 ), 7ER R FT g HZF
N, FASE (2012) FIHDEHSE AL IR R
Gk IR =425 b, EE A% (2013 ) X
AR I AT = e dE g, BXREr (2017) fEH
B CT HARX R ST HEE, B85 -4
BB AR T B AR N R R A4 A LB | F

TR S EOARE , SURE A HOGE R RS =
Bdl, FEHEATIREIERSEL, TR AR ARR R
M 2E F B 1% ) %4 il Image-based-Rendering
(IBR) Jrif—EsEmahSm 2 mr =, X
T AR AL A — £ B RGB Ry, Riw]
TEARAASE LS A R GG R (E B, RGN
18 LAY H R 2S¢, 2021 ). /X7 % RGB
UG A B AT S8 U ek FE B e, o LA IR
AT EUGCRAE TAE, P 5 Sept s 8841t 1 B0 L
SEARBIRFRCEE . AR, AT R g
AR B R R, AR SRR AR
Ml TAEE Al A48 3 dUa IR IR A, Peadise
PR K F AT X R R R I, 125 K )
faF R RIS, HHT aTpE, REE A 2e s
PREPEHE T8 —F B AR B =LAl . s —
I, ECHFERFEMENT, X EEHEE,
FEHYUE A, FFXEAS [RIZERLGTE ) 507
B, OATEERREE AR A E H AT B
P, IR 2y . W aR s | A AL
Ik

25 b, BEAE T Sk Hh R B TR AN
Hehn, RetEck 2 TRV i fa HFWAAER
Wrds . REE ORI RS, R A A
TISER SR BAEAW LT, IR AR | A2
FRERR L TR AT N AR SO K
WG T IEAS: 2 FEERN MR RIS N
FRYTIE LS IR 505, S B B S
Bith, R4t T B RN S% 5 R

&%k (References)

Akiyama K, Ohmomo S, 1997. A check list of the Japanese
Buprestidae. Gekkan-Mushi, 1997( Suppl. 1): 1-67.

Bisala DSBK, Wang J, 2022. Occurrence regularity and prevention
measures of Agrilus planipennis Fairmaire. Rural Science &
Technology, 2022(2): 37-39. [KeybHi - XFILsE, i, 2022.
FIUSZAE 5 T R AU BB TR, AR, 2022(2): 37-39.]

Castro PT, Fazecas T, Matos APP, Ribeiro G, Janior EA, Werner H,
2021. Concomitant fetal duodenal and esophageal atresia: Three-
dimensional reconstruction from magnetic resonance imaging.
Ultrasound in Obstetrics & Gynecology, 59(2): 277-278.

Dong L, 2001. The investigation of broad-leaved evergreen plants



-+ 454 - o B 3244 Chinese Journal of Applied Entomology 61 %

introduced in Beijing open and suggestion for the future research.

Journal of Beijing Forestry University, 23(S2): 68-70. [,
2001, Jesbel pheh i kB AT | o G IR K 85 e
Molk k22447, 23(S2): 68-70.]

Gao FM, Yu XM, Kong AH, Nie YF, Yuan XW, 2018. Cause
analysis and control strategies of powdery mildew of Euonymus
japonicus. Journal of Green Science and Technology, 2018(11):
40-41, 43. [RkW, THER, fLEM EEIF, 2%, 2018.
R B A O B A SRR AT A5 B IR SR s R,
2018(11): 4041, 43.]

Hui YW, 1998. Preliminary study on Agrilus sp. on Euonymus

japonicus. Entomological Knowledge, 35(4): 224. [E 3, 1998.

RITEAGAETE T IPIEIE. BHUR, 35(4): 224.]

Jendek E, Grebennikov V, 2011. Agrilus (Coleoptera, Buprestidae)
of East Asia. Prague: Nakladatelstvi Jan Farkac. 94.

Jendek E, Polakova J, 2014. Host Plants of World Agrilus (Coleoptera,
Buprestidae). New York: Springer International Publishing. 145,
398.

Jin GL, Cheng H, 1981. A brief report on Agrilus sp. on Euonymus
japonicus. Entomological Knowledge, 18(6): 253. [Jfl 5%, &
7, 1981, KRB/ INE T HUTSE TR, BARAIR, 18(6): 253.]

Kelnarova I, Jendek E, Grebennikov VV, Bocak L, 2019. First
molecular phylogeny of Agrilus (Coleoptera: Buprestidae), the
largest genus on Earth, with DNA barcode database for forestry
pest diagnostics. Bulletin of Entomological Research, 190(2)
200-211.

Li MH, 2021. Research on image-based free viewpoint synthesis.
Master dissertation. Beijing: Beijing University of Posts and
Telecommunications. [ZEHAZE, 2021. T EMRH A RS
JRITBERESY. WA AR JERRHLR ]

Lian GY, Li DZ, Chen YK, Lou YX, Liu ZG, 2013. Morphological
observation and 3D reconstruction of the brain of Locusta
migratoria manilansis. Chinese Journal of Applied Entomology,
50(2): 513-517. Rz, 2085, WRUE, LHEE, XER),
2013, AR RIS AR A 2p L X = AR T . T R AR,
50(2): 513-517.]

Liu JG, Liu JZ, Song XB, 2016. Occurrence and control of Agrilus
sp. on Euonymus japonicus in Guanzhong area. Shaanxi Forestry
Science and Technology, 2016(3): 93-95. [XI&L, XI5A, K
Bk, 2016. SCrf DXOR M HA7 %8 1 T HURZE SBIA. Bvisk
WP RHE, 2016(3): 93-95.]

McCullough DG, Cappaert D, Poland T, Smitley DR, 2004. Control

of emerald ash borer and larvae with insecticides//Mastro V,

Reardon R (eds.). Proceedings of Emerald Ash Borer-2003
Research and Technology Development Meeting. Michigan.
27-28.

Ohmomo S, Fukutomi H, 2013. The Buprestid Beetles of Japan.
Tokyo: Mushi Sha Iconographic Series of Insects. 7, 206.

Peng ZL, 2021. An Iconography of Chinese Buprestidae (Coleoptera).
Fujian: Straits Publishing House. 345, 364, 393, 403, 473. [2 /5
S, 2021, HRET T HURISE. fRA: TR, 345, 364, 393,
403, 473.]

Qin XY, Yan SX, Wei FY, 2011. Geographical distribution of
Celastraceae in China. Journal of Northeast Forestry University,
39(1): 120-123. [Z/ME, EIXCE, RTFE, 2011, hETOFR
TEY IS, ZRALHOl R 254], 39(1): 120-123.]

Ratzeburg JTC, 1837. Die forst insecten oder abbildung und
beschreibung der in den wildern preussens und der
nachbarstaaten als schédlich oder niitzlich bekannt gewordenen
Insekten//Systematischer folge und mit besonderer riicksicht auf
die vertilgung der schidlichen. Erster Theil. Berlin: Die Kaifer.
Nicolai Buchhandlung, Druckerei der Koniglichen Akademie der
Wissenschaften. 61.

Saura-Goémez P, Spairani-Berrio Y, Huesca-Tortosa JA, Spairani-
Berrio S, Rizo-Maestre C, 2021. Advances in the restoration of
buildings with LIDAR technology and 3D reconstruction:
Forged and vaults of the refectory of santo domingo de orihuela
(16th Century). Applied Sciences, 11(18): 8541.

Spivey AC, Weston M, Woodhead S, 2002. Celastraceae
sesquiterpenoids: Biological activity and synthesis. Chemical
Society Reviews, 31(1): 43-59.

Sun Y, Wang XW, Duan JJ, Wang GQ, 2013. Advances of
comprehensive control on Agrilus planipennis Fairmaire. Chinese
Agricultural Science Bulletin, 29(18): 158-161. [fiT, EHHi,
Bt %, E B, 2013 IR H TLe R Bt s k. i
245 AR, 29(18): 158-161.]

Tan ZY, Zhao BL, Ji YX, Xiao B, Kong ZW, Liu T, Luo MZ, 2022.
A welding seam positioning method based on polarization 3D
reconstruction and linear structured light imaging. Optics and
Laser Technology, 151: 108046-108056.

Toyama, M, 1985. The buprestid beetles of the subfamily Agrilinae
from Japan (Coleoptera, Buprestidae). Elytra, 13(1): 19-47.

Wang J, Li AM, Liu XL, Liu ZG, 2012. The three dimensional
structure of the migratory locusts’s exoskeleton as revealed by a
light projection digital sensing system. Chinese Journal of
Applied Entomology, 49(1): 255-258. [T%%, 2=k, XIBeF),



23 SRBARSE: A8 T 0 % B A 5 - 455 -

XN, 2012, FETOUBOEE T AL IR RS IR 1 =4k
g5k, R R H 2, 49(1): 255-258.]

Wang XY, 2005. Biology of the emerald ash borer and its biological
control. Doctor dissertation. Beijing: Chinese Academy of
Forestry. [£/NZ5, 2005. FI8&78 5 T A2 I EYBiiA
5T, L EAagsC duat hEMLREIER. |

Wang Y, Wang JJ, Li DQ, Luan QS, Wei JR, 2021. Investigation of
natural parasitism of Tetrastichus planipennisi against Agrilus
planipennis. Forest Pest and Disease, 40(6): 33-35. [}, T
L, ZEfEA IRPCA, BEESE, 2021, FUEE T WA/ AR AT
AIEOCIE A T E R L, 40(6): 33-35. ]

Wu H, Wang XY, Li ML, Yang ZQ, Zeng FX, Wang HY, Bai L, Liu
SJ, Sun J, 2008. Biology and mass rearing of Sclerodermus
pupariae Yang et Yao (Hymenoptera: Bethylidae), an important
ectoparasitoid of the emerald ash borer, Agrilus planipennis
(Coleoptera: Buprestidae). Acta Entomologica Snica, 51(1):
46-54. [, L/ANZ, g, B, H%E, Ltk A
Fo, XURAH, 0L, 2008, FIAA T MR o R AR A
R S ESEBORBESY. BLAAR, 51(1): 46-54.]

Wu MY, Xiong XY, 2020. Pathogen identification of anthracnose on
Euonymus japonicus in Hunan Province. Journal of Hunan
Agricultural University (Natural Sciences), 46(6): 706-710. [
SR, DGR, 2020. K FRI H AT SAEE B IR 4 E
R ARV 22224 (A SRR 22T, 46(6): 706-710.]

Xing GB, Li LH, 2016. Cultivation and management techniques of

Euonymus japonicus. Henan Agriculture, 2016(14): 48. [Jf5tH,

AR, 2016. KM B SEBOR. MR, 2016(14):
48.]

Yu LH, Chen GL, Liu HJ, 2007. Bionomics and control of Acalolepte
sublusca. Plant Protection, 33(2): 108—110. [4YZR4L, BREF,
XIEZE, 2007. XUREHR KA 10 AL Y2 R K Biia . M,
33(2): 108-110.]

Zhang LF, 1959. Research of Abraxas miranda Butler. Acta
Entomologica Sinica, 9(6): 540-547. [3KRHIE, 1959. KMt
i (Abraxas miranda Butler) MIBFSY. B HUFR, 9(6): 540—
547.]

Zhang D, Gao FL, Ivan Jakovli¢, Zou H, Zhang J, Li WX, Wang GT,
2020. PhyloSuite: An integrated and scalable desktop platform
for streamlined molecular sequence data management and
evolutionary phylogenetics studies. Molecular Ecology Resources,
20(1): 348-355.

Zhao CJ, 2017. Transformation of internal structures during the
metamorphosis of Chrysopa pallens (Rambur, 1838) (Neuroptera:
Chrysopidae) based on 3D reconstruction. Doctor dissertation.
Beijing: China Agricultural University. [#X /2, 2017. FT =
AT AR A KRR AN ] S RS R R S AR Y. 1
LRI LRt hERR ]

Zhao YZ, Zhao YL, 2017. Occurrence and control of Pryeris sinica
Moore and Agrilus sp. on Euonymus japonicus Modern Rural
Science and Technology, 46(9): 33-34. [XEEME, @XHiF, 2017.
R A B AR AE T T B R AR S BIR . IR R R,
46(9): 33-34.]



