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Research advance on Euwallacea fornicatus and its fungal symbionts
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Abstract: Euwallacea fornicatus is one of ambrosia beetles that colonizes tree xylem, attacking and infecting healthy trees with its
phytopathogenic fungal symbionts, namely Fuwallacea-Fusarium symbiosis. It causes mechanical damage to host branches and
stems, leading to branch death and rotted timber. The list of attacked tree species by this beetle has increased to 342 taxa of 63 fami-
lies around the world. It poses a growing threat to forest ecosystems, fruit industries, and urban landscapes. E. fornicatus was regar-
ded as a major international forest pest by State Forestry Administration based on its devastating risk. Recent molecular studies have
found that Euwallacea-Fusarium symbiosis was a complex of at least five morphologically undistinguishable species, each carrying
one or two symbiotic Fusarium species. Several of those have become invasive pests around the world, attacking and infecting healthy
trees due to these phytopathogenic fungal symbionts. We reviewed the research advance on the biology and ecology of this species
complex including fungal symbionts and host selection, as well as current approaches for the control management of ambrosia beetle.
It is urgent to find out the taxonomic status of E. fornicatus in China. E. fornicatus found in Yunnan may pose threats to urban broad-
leaf species in increasing number of cities and to conifers. Identification through molecular studies is now urgently needed. The biolo-
gy and ecology of this pest and associated fungal symbionts and should be further studied to assess its molecular taxonomic status and
better understand the mechanisms associated with pest outbreaks, thus providing technical support for pest control.

Key words: Fuwallacea-Fusarium symbiosis; Euwallacea fornicaius species complex ; invasive species; ambrosia beetles ; symbiotic fungi

/NE i /NEE Euwallacea fornicatus WFRMASH#E  Xyleborini #4 /N8% & Xyleborus , 1991 4F- 8 £ 2 #1 /N
/NN NE , Eichhoff T 1868 A4 , EingE| BRI /NG & Euwallacea ( BB Y ,1991; Ku-
F/NEE B Scolytidae /)N %% W R} Ipinae £ /NEEE  mar er al. ,2011) o 5L AR B 22 RO FEASH

%5 B #A ( Received ) ; 2018-05-26 3 HHA (Accepted) : 2018-08-02

EETWE: BEXMLEZELTEFRAFHXRANEE R Y HEASEE"; BT ILE XA XIHE (201515)
EEE: 57, &, HE AETE FAAERPF E-mail : 1qfcb@ 126.com

* 1 15 1E # ( Author for correspondence) , E-mail: sunjh@ ioz.ac.cn



3 4]

TS ANl RN - 9@ N Y PR SR Nl i - 165 -

SEAREE A HURD  BLE )z oA TR S IR
PS5 [ ZE b X ( Huler et al. ;2007 ; Kumar et
al. ,2011; Rabaglia et al.,2006) , 7EFE " & 4
=TI RN 07 N D I I 0L LY A= R
S (AR WA, /N E TR/, A
TP ARZ, LM GHFECAH 39 B 100 K
( Danthanarayana, 1968 ; Li et al.,2016) , 4= Bk [
NI 7F 3 £ 35 63 Bl 342 Ff ( Cooperband et al.,
2016) , Z%/NEETEE SN N FEMHAE Citrus spp. 7]
W] Theobroma cacao W2% Persea americana . &% 0> B
Persea bombycina . 255 M Acacia mangium 55 ( Car-
rillo et al. ,2012; Kumar et al. ,2011; Mendel et al.
2012) , EFRE N EFH R Litchi chinensis &85 AR
Platanus acerifolia ¥ Populus spp. 2§ 55 2 28 55 B
Pl (2215 58,2015 MRk 4:,1999; Li et al.,2016)
S HA 2 F 8 A 0B R/INEEANE] /NE /)
B2 Ry A R SOOI R B K (Eskalen et al.
2013) , W 25 FAE W Y 05 3 G0 4 B4 AR 3405 3
DI Y/ NEETEACT B ST IE I RO W S TE 2
T, 51 B R AL, S B P ARR Y
PR TR N AG A I B I Tk,
A T B/ INGE P A T 5 | A T A SE RN A HA I
JE A RO R 32 55 ( Kumar et al., 1998 ; Walga-
ma,2012) , 2015 4F/INB g /1N 4 [ SpRoll Jey e
I o B ROARAR 35 H (I bl Jmy B R A W K B
RHEER,2015) , 2T s 2R fa o v o] I —3E

1 FhphE—RAELEER/NEMNE

Fih [

BT /INEE ORI AR /NG, T B U /N e R
MIZEHE, it /NaE T AR /NEE R Xyloterini DA /)N
&8 Scolytoplatypus 5 , 2 J& T 7 % 3 59 MAR M IR
W/ INaE (M ANITAE | 2008 ; B HIT45 1984 )
INEEAEAE T ST /N EE S G B 3 A OF
XA 3 M W0 PR A R R R G 9 R BT (R
1997) , AR A HUTE B (#0555 ,2008) . B/
MEHAA AR R TR AR, B T RE S
e FEY—/ D E R —EAE W R AR
XTI 3 EhiE | B /NEE AR R E EEEM,
FLE R /NG B ) R ) A (B ORI
16,2008 ; M#E,1997) . ZHCEH T, & /N
Pl B AR TR0 309 P /N R T 48 B4 B0 7

YA FLTR , 22 02 U MR S 1) T, AR
T, B0 1B i — 282 T —— B T Fusarium
R AR T/ N AR T P 0 I (B R
FMTAE 2008; Freeman et al.,2016; Kasson et al.,
2013),

T3 1y 7N B B R b /N B R R I 40 SRR Y R
Ja | 2P —— B IR R A TR A 2EHE, 5 U DI O
FIBIRAE TR B 1 7 1 /N i — 9 60 B 3 1A ( Evaval-
lacea-Fusarium symbiosis) , %R 7E 2100 J14F
BUSEC A, 2 11 A C Ak bt U8 0 & o/ & A
A K 2 — (Freeman et al. ;20165 O’Donnell et
al. ,2016) ; HHiR 61T ¥ Ko £ 45 i JE P L 8 Fusaria
solani 75 W 1 2 /0 12 > Fh 89 Ambrosial Fusarium
Clade B AF #8447 ( AF-1 &£ AF-12) (Kasson et al. ,
2013) . 7E&EZ 20 4F b ok A LI J7 /)N —Hie
P A R AR A SIS | L@ SRR KR, i F
X AR ORI MO JF REAE IS FORACE F 1
GEE R 25 M A AR ST UL B 5 B 5 A T
F=E I (O’ Donnell et al. ,2016)

T R, 7 M /)N — A v AL A A DL R
AR, B LASEAS B IJCHE X 43 (/N ad b B H:
AR B (2 1), B — >/ g Pl 5 07 — b Bt £t
W, D EE 2 xR A TR AR 5 AR, H
Tl 1 TR | DL B 38 N e R I AZ LKk
He  WHEFR A Euwallacea sp. 1S/CA LI & PSHB ( po-
lyphagous shot hole borer) ( Eskalen et al., 2013;
Freeman et al. ,2013) , #&4F Fusarium ewwallaceae( BJ)
AF-2) , LA K 55 [ A2 WL R e T B DA B e 1%
A 2 S [k 27 LS ) 0 e 23— O A B
A TSHB ( the tea shot hole borer) , #iF AF-6
AF-8 2 FhRf R ; 7l 3 TEIRKAE KAz, #54 AF-7;
i 4 FESTHL 22 R 2R IR B AR E B, 2 B
R ER/INEI g Nag #5417 F. ambrosium ( Bl AF-
1) FlAF-11 2 FERALTE ; Flv 5 7 5E [ M R &6 28 1
WAFR A T AF-12 5 3%80 A b g SR 28 K AR A=
W 28 W AR A, B0k O 2 g f B A R
(Cooperband et al.,2016; O’ Donnell et al., 2015,
2016) o PRI, FRATTETRRAY /N[5 /)N, B A 17
Fy/NE R/ NEE AR A (E. fornicatus species complex) ,
PRI B/ INE /NG (BRI RR P R 4) S,
HAR PN FRAEIL AL/ NE /NG E. nr. fornicatus
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Table 1 Distribution of Euwallacea fornicatus species complex and its associated fungi
Iy AL xin PR FEFE 225 30k
Taxonomic status Distribution Associated fungi Main hosts References
JINR g /N2 1 AR LAES) N Eg RS M/ NEE R Fusari-  BERR Ricinus communis J&  Cooperband et al. | 2016;

FEuwallacea sp. #1

HAZHL
Vietnam, Israel and Los Angel-
es, southern California, USA

um euwallaceae . F H 7l
Graphium  euwallaceae |
Paracremonium pembeum
TR 7 Monacrosporium
ambrosium | K 10 11 Acre-

monium pembeum

AF-6 Fusarium sp., AF-8

H- % Acer negundo , Quer-
cus robur B2 L Persea a-

mericana

i .
@?;{% PETSE(I americana

Freeman et al.,2013;
Lynch et al., 2016;
Mendel et al. ,2012;
O'Donnell et al. ,2015

Cooperband et al., 2016;
O'Donnell et al. 2015

/N N g T 2 6 [ 0 2 Lk 322 el 2 — I

Euwallacea sp. #2 Miami-Dade County, Florida, USA  Fusarium sp.
JINB /N 3 TRRA

Euwallacea sp. #3 Australia

AN /N R 4 Jrh 2R BN 4R

Euwallacea sp. #4 Sri Lanka, India and China

AF-7 Fusarium sp. WEEL Persea americana

F. ambrosium . AF-11 Fu-
sartum sp. VTR Mona-

O'Donnell et al. 2015

KW Camellia sinensis | 1%

LB Persea bombycina

Kumar et al.,1998,2011;
O'Donnell et al. ,2015

crosportum ambrosium

AN /N g 5
FEuwallacea sp. #5

[ Jn P g 408 2 b T
San Diego County, southern Cali-
fornia, USA

AF-12 Fusarium sp.

Salix laevigata , Platanus ~ O'Donnell et al. 2015

racemosa

2 IMEBNEMAEMERESE

H T, AR5 /IN B e /NG A 1 A o B e A
IRIFSE 32 B4R PRI AZ WURPRE ( RO R 1) |20 BT 2 —
FAEAP R PR b B IR FPRE (RO AD 2) DL ST >
RFNENEERNAE (BIFR 4) o b T WO A9 9 42 WLRD R
(B DEANTHFRRET 24 CFREE— MR E
TR 22 d, TARMEE SRS 7 RS B R E 57
3k, 32,4 Sk HE ST A7 LR 7.4% , BIVMERE 1
FL2ioh 12.5 = 15 000 0 3 #2830 fh 2 HL IR Fhie (Fh
DENTHFIRE T, 24 C F W — ML EAD
Tl 22 d, FACHEME SR A5 6 JR A B i = H 68
3k 24.7 3k HEHURT 5 EL R 7.2% , BRIV
Ft2°4 12.9 = 1( Cooperband et al.,2016) , 7 B %
R PP 4) 2EA R 3R A5 Il 1 47 % AR AR TRD
TEMFHR 1200 m DA | HE4R 600 ~ 1200 m AR 3% | HFIK
600~ 1200 m PUHY ¥ 600 m LAF, 75 %42 .6,
9 .12 18 ( Walgama, 2012) ; iZ%/NéE & & # S E N
15 °C , A 5CBUE AR 373 HEE; Horp Bl &yl R ) &
B AR A (15.7£0.5) (15.820.8) . (14.3+
1.4) °C 1% & Pies BUR AT B2 (70+4.4) (95+
8.5) .(72+5.1) H & (Walgama & d Zalucki,2007) ;
WMEMEPEEL R (3~5) + 1, B Sk il il RO 35 A K 1
FLON , e B i 35 ki ( Walgama,2012) o 1 k35 %
R ENEEFPRE (Fh 4) HHAC DT 12y 42 d, {1k
(7.86+0.63) d;1.2 .3 #4 T (5.37+0.49) |
(6.77+0.42) (5.81+0.39) d, #ifi JJ3 11 (9.78+0.79)

d, M HERC R 48 (7.90+0.45) (5.84+0.36) d;%F
NGB A I (14.52+2.92) %7 ( Kumar et al. ,2011) ,

] PN & A A5 3 /N B b /N8 T RE AL A 2 S F
CEAEZMN N B b e A= 11675 1 AT RE A [m]— >l
B 45 100 63 = MR BRE A AR B R 55— A
it iz n] e R T b e K 3 0 M me S i A2 LR A
MIFD 1, REFE RN N AR AR AR & AR
6 1, H 4 22~30 CH, HEHACTT 8294 36 d,
ENESE 50 d Ao, O gl 7 B R0 D A8 4
S (6.1+0.87) (32.3+0.89) . (4.6+0.52) . (8.9+
0.62) d( Z Rk = A 55, 1990) Tk 3 = FA R
{149 7N 8 Nk A O L X — 4 A 2~ 3 4R, DA
B AEGTIE A B U 5 iR & S P R
DLHRIE (421555 ,2014)

M B RAFGE AT LU /N B /)N 3 A A b1
FIFP 2 AR L B ™ B0 it 34 v T D 4, LA 1Y)
W e R LA v B AR T S R 1 R 2 R AR A
BESE T LA 5 Y T AR TR E = R XAR I
ZINIG 6 /)N A ol A 5 T S RS ol R RS ot 43
2 BT Rl 2R TR AT R LRI A 4 2
FARSZESE, DLW L R A R, Oy S 90 3 LT
N 54 B2 475 1) B BEAilh
3 HERE

/NI /) M o e S BT EL A R Y LA
6l PR 1, BV TR o, 7E B SLTE I, f
FRURCR DT BE | B & B 22 A &)y B A IO T
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YIRPATE SR, A K R F I FE (Kumar et al. ,
1998 ; Mendel et al. ,2012)

Pl A BRI P BRI TTIX /N B /N EE A
AT EEESE 4 DT, SR TR RS
TE o HHT, B & IR /INE /NG T A= 8 R 2 4 45 R
T f Monacrosporium ambrosium ( Mendel et al.
2012) Ki R4 Graphium euwallaceae ( Lynch et al. ,
2016) FL T Acremonium pembeum( Freeman et al. ,
2016) . J7 W& /N BE Bk f B8 Fusarium sp. ( Freeman et
al. ,2013) .7 K % Sarocladium strictum (Li et al.
2016 ) #1 Paracremonium pembeum ( Lynch et al.,
2016) . 5 MEAERRER AR RS, Tig R
P I R EYUE D A R DRI
FEAE, AN [A] HOZS (it 4 e R ) AR AR ) 2
AN K 7 B Be, P A TR VR B 20 S 22 B 25 Hh B
B4k (Freeman et al. ,2016; Lynch et al.,2016) , 4N
Freeman et al.(2016) & PR H N4 HU(Fh 1) #EH71
A TR FEABIAR &7, T R 22 28000 U) A 85 7205 A AT TR
TEME RS AR SRR D s SRR R A AL
TOUAE 717 P S 28 10 8, ke ) D2 5 ) /) ek e 96 71
Fo = EEN N AR R B, AR
SRS 8= 12 CRT- RN - dl IP N T2 A B
WE5E W, 7 /N B i /N 454 1) 2 R R 2R TR Bl
FELR VR SR AL RE S R/ Nak &, A TR AN S H
RE,HE A RN N EE A K B — E i
(Freeman et al. ,2016) . 55 P4, £ B BURTEIST
127 T ) TAEFF R AT 5D Lynch et al. (2016) %%
AR 7 /NIRRT M P. pembeum 55 3 FhELTH
Ee 2 IR TBARUN S I A Y S A R R (N
VIR R A K I E T, P. pembeum TE 5T 1) #5 5L
PR b 3 R A ™

g5 b /B B INEE A AR TR AT S ol A S R T8 S
FNHE SN ASWEIT, A TR B0 1 K B0 1 i 5EAT)
AR, R A T B VAR AT 78 A s . BIFFE/NEE A
AR TR A2 B O P | 150 1 A TR 55 A8 AP 1Y
BILH R SO L WA R 4 il /N 3 HoAy Bk
B, Pl RS [R) 25 3 /DN 8 W /)N A
ARV 2R S Bl 2 B P A T/ A R A

SO 255 2 Rk A TR I B0 o 2 B AR B TR R
Xof P A TR AT AR, 3 4ROR) P A B ke 4 ) B AT
BORPE R AE TR T REIR AR, 2/ Bl /N A A T
WESE 7 18]

4 FEEEFEMH

/N Wy Ve A PRI T ISR 4
4T, Karunaratne et al. (2008 ) i F W58 A A& T /)N
(58 i /)~ %o ) e K 2 SE AL SR Y SN, 45
R, ARSCHC 0 W g HOG I B L TSR A S|
BRI R it A A ot X M LAY I S ) B R
INEER TR BRI R R WG] AT
Wy L o B TR HEAS LI KA R R T
SRR 5 CRHIR G W | g g L HAA K
VERT s e S 300 W o A1 0 it e P e 42
SRR i 70 A0 v, A 4 W R RO AT 2 B
BAFRWS | g im0 A R R R

H T, B/ a2 R R 2 4R TP S 3 4%
KW B 1A P 5 18D W PR T 4 K ) B BIF 5 1 A
Z L (Kelsey & Joseph, 1997; Martini et al.,2015;
Ranger et al. ,2015) ; X HE 25 45 & 1) S 9K EEVE R AU
5% (Deglow & Borden, 1998 ; Tommeras & Mustapar-
ta,1989; Zhang et al. ,2008) , LA K I 4 W5 FIAH 5
FER A EE R A B M5 (Campbell & Bor-
den,2006,2009) 7 R 5k, EABESE /N B B /N 3
A FHRY) K R A R R, A A S A
PG W AH o3 Ko B i 3k W27 245 kW
5T, IR/ IN B B /)N B BIGRE VR Y A5 P 20
SR FE i 52 A AR Car 2 R PRI ST W A /)8 5 g /)
B I WL S B S, A S8 BRI v ) 5 1 5 )
JEE ) L B 5 A i AR B i

5 RE/MEMESIME

B 4 BRI FE I R 52 5 g e L B N
VIR IR B E AT F T2 B /) A M B
MU i i | — A [ B AN R AT R Bl
FERI RIS, 4 HIUS 1 AR R B4 T e e Y
T E EARHIER HE (Kendra et al. ,2012; Pen-
nacchio et al. ,2003) ., &R W~ , BEAE L A
i BT/ NaE 22 SR IS TE It 7 b At Ay T A R |
AP AR B 45 2 4 A5 AR PR ) R 2 (Huler et
al.,2017) o XLEETE/NEE LA — B A A7 FRN,
T AT T THT I8 i A 1R AN R S 29 K AR
FH R 28 BN T 2 303K 3 RN I TiE , HAES
FEARAR R M i 7 H 3R] TG S PRAE JH (Dole & Cog-
nato,2010; Pennacchio et al. ,2003) ,

HET &6 2w /N e H EZA LT IILD
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T 50—, 035 A AR 00 AR PR BT 3l O H A2
I8, R IAEH R GHUR 32 AT IF AR BE sk i A
Fi ( Pennacchio et al. ,2003) ;5% . 7E A G &
g O it P B B 26 B8 ( Oliver & Mannion,
2001) ; 5% =, & B AR I B A HE—H AR (push-
pull tactic) , K552 3 1) 25 355 B R AR S, 7B
AW 5 /NG im0 A G Sy R Al i B bR
AK,3~4 i Ja BT A 52 FHROR, 36 TR T K
conophthorin B {5 & 2 i 4/ 4 51757 & TIHA
b TR R AR Sy BELAG 2R (GRS ) B T DR Rt
% I (RmMiX,2010; VanDerLaan & Ginzel,2013) ;
B, A A By B B WG X K25 Trichoderma harzia-
num A F T BB/ IVGE SRR A T W R OR 2 7T B4
ARGCEE L I8/ AR L RS, B0 A AR TR TR
Ui A KBl A F/VaE ( Castrillo et al. ,2016)
DL _F A8, W40 R A e 1) AL~ B IR T BOAN i
TS 551175 70 B B3k ) 1 I | HE—r SR DL K
Az 7 TR R B A A X T B S I B R /N
CIESEA 2 oF IR v amars SEW-3JI0E %N I LN

JINIA i /) S ] RO ) 2 A e 5 1 [ B
KMAHE R FEREZDE XA 046, hTHiA
PRI, 12/ )N AT BE X 4 5] B 22 4 DX 3l i o P e Ay
JSCBUE , XoF BT A% T RE A OV TE B, 48 T,
T DI EAE I o 53 1 T B T A S A LAl
B RATF R AW 57 S A AW IE, 48 s Ok
SAIL , AT R il SR L ROR S i ) S
FE L

S 3k

TG, EAR, BH, TR, AR X1, 2015, RREATT/N
5 ) /N8 ( Euwallacea fornicatus ) W16 5 B iG. A4 4%
P, 41(3) : 193-196.
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