E W 2% it Acta Entomologica Sinica, December 2018, 61(12) : 1488 — 1496 doi:10. 16380/]. kexb. 2018. 12. 014

ERIEMEEEARER

MBS, AR

(RERMIEW SR T EMES R R LA LRE, mMAy R IVE ST LR, 74 350002)

WE: LRI AR ZRBAERIIEBERAETHEAEXZGMED, RILEETHZRAR 0B
HRAEDHHELBELETLRY PLEGEIARATIRFRRAELWNAE, L RAIIEL
A5 ETRRRERIAAEFET (R E), AT NS MI MR T, Kb ER
FAWBELMRAR A B ERAL T THMOE T W, A ERBEAERELFNEGT DR, B4
57 mEMRI . SR RSP EAFOARL, AU — T BT L RS MAMI MY EEX R,
FERRLAWOAL, BRNELHW A ERE T RIFAF L RERB RS, AL R &R
WP AR T AT X LR B LY aFRAARRBATT HE, § AT REE TR
R,

KW : WM EAR; WM, R ABEWR,; BARANY; MALR; LANR

FESES: 0965.8 MERARIRAD: A NEHS: 0454-6296(2018)12-1488-09
Progresses in entomic ectosymbiotic microorganisms
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Abstract; Entomic ectosymbiotic microorganisms refer to the microorganisms that interact with host
mutually in vitro. Although ectosymbiotic microorganisms are not as popular as gut microbes in insects,
they also play important roles in the growth and development of their hosts. Commonly, entomic
ectosymbiotic microorganisms are carried by host via the surface of skin or other organs like mycangi, and
move into plant tissues in the specific developmental stage of host. Ectosymbiotic microorganisms emit
volatile organic compounds to indicate the location of plants and provide nutrients for their symbiotic host,
and even affect in vitro immunity of host insects. The studies on entomic ectosymbiotic microorganisms
will advance the knowledge on the interactions between insects and microorganisms, diversify the research
of insect symbionts, and uncover the mechanisms of ectosymbiotic microorganisms-mediated immune
privilege in insects. In this article, we reviewed the studies of parasitic modes and transmission routes of
ectosymbiotic microorganisms and their effects on insect hosts, aiming to provide new insights for
integrated pest management.
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By, iy S S D)2 sl A 0y A S P AR R AR, TRt
A T B AL A A (holobiont) AME &, JE B
R IR G AE R — A #E A (Feldhaar, 2011)
AR A T BT E R 67 AT 43 Ay A oA 2R TR R iR A A
AT M 3R AR TR AR TR 7 B Al ek 2R
( Latorre and Manzano-Marin, 2017 ) , {4 4} 3 A= 5 )
AT B Uk 2R (Konrad et al., 2015) , A7 #B 5314
A AE T R AU I AR P, 140 Raffaelea J |
Wi B W JE Ambrosiella . 1 W 5% J& Ceratocystis .
Meredithiella J& F13#i 4R 5% J& Phialophoropsis BT , DA
R 25T Mycobacterium tuberculosis F1 585 H EC AT
W J& Klebsiella #H W %% ( Miyashita et al., 2015;
Campbell et al., 2016; Brace et al., 2017; Ito and
Kajimura, 2017) ,7E R 24 K & & 4R E D Bl B
T B SM (Tto and Kajimura, 2017)

DA P A TR T TC A A Sl ) AR HE Sl T3 A
1t (Engel and Moran, 2013 ; Yamashiro, 2017) , X 15
FHAZFXHEMEN, B MA YR 5 H
s EAHEEITIE . SN LA AR R, A CE
TG IR TR B R AR R B 1 AR ) e R, AR
ARG AR A B b B 77 R 1 HA 3 1 B i
RAFFNIESE HEZEAR T BA BB E B, RS LA
B g e AR X R BAT IR R E LA 3
PRI TS R S D A — S IR A I AR TR fE
PR IR 0 A TR A 2 15 g ( E#REE, 2015)

17 ELAAS AR B 5 1 2 A B AR A SC R I TR AN
FEAG T RE B, 0 M 9 AR T AN SR (Freitak er al.,
2007) . WeAh, B Ho T A Hh 3 A T A B A AN 7 2K
ZRNZAE AR IE il T A L A% FIER B 25 (Gomes
et al., 2003 ; Scott et al., 2008 ; Christiaens et al., 2014;
Marshall, 2015; Wang et al., 2015; Kooij et al.,
2016; Piper et al., 2017) , SKTi0, B HL 54 A% G {4
HPIEA TR ROBILAR , LA S A S Az T o Y B A P Y
AN R — 2P AT, 30 Ry e 4 L B 5 A
AP A TR A O 2R 1 R YR ATV TE ML B S

ERIE SN R SN G R/ B SN UE S e
SR RS 5 AL R R B L (IR R R B
YER By B, W 3R L R ) 5 R A Y 3k
AWy R B S A TR R R A LR S . AR SO
B AL, £rad 1RSI A TR B e Y A7 320 A
AR E S PR R

/|

1 BREMMEFREES

PR B BUR A AR A B8, Il ad A
Sy P B A K T AR S A A A A, IR
T X — K BUE ARy B RSN RS SD
SR ARG 32 B B A A A B L S AR A AR
(&) TR AP () (R 1) .
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Table 1 Types of ectosymbionts in insects

A AR R B AL E = DTN
Parasitism types Mutualism system Parasitism position References
1R 27 4= Epiphytic Laboulbenia formicarum-{EFE B Lasius neglectus Sk Head Kooij et al., 2016
i 1 AR it it 1T
Penicillium herque-3:"4: H! Euops chinensis . iy Wang et al., 2015
Mycangi at the end of gut
o T A i i TR 25
Ceratocystiopsis ranaculosus-FG ¥ /Ng& Dendroctonus frontalis . ) Scott et al., 2008
Mycangi at the end of gut
¥ Endosymbiotic .. . N .
P PIF 2 Endosymbiotic Saccharomyces cerevisiae- S5 SR Drosophila melanogaster 71l Gut Christiaens et al., 2014
PR 2251} Candida tropicalis-Zaprionus indianus B Gut Gomes et al, 2003
Pichia kluyveri-| % 52 Bactrocera tryoni i Gut Piper et al., 2017
Leucocoprinus gongylophorus-YJJI- WY Atta 5 Mandible Kooij et al., 2016
HAth Others W AR Sporothrix sp. -¥AB& K2 Monochamus alternatus 2 TAEY Host plant Viiri et al., 2001

PR AT A BRI B dUR SR Bl T 54k
BInAE R Lasius neglectus T MUK FEFE A7 T A BT
Laboulbenia formicarum( Konrad et al., 2015) ; &N 3
AR ZF A () #EAE 25 H 2 a8, 7658 B
BetE ERICTR, e F e AR K A E SR

AR, U Ara J&AE TR U) OIS K 1AM 3R AR TR
Leucocoprinus gongylophorus fi ik T il , 72 &5 0422 fp
TE L AR Y (Van et al., 2012) T 2742
T EMIE RSN T REAEAR SN 1 R
1, AR A A 2 — R RS A TR (HSX A
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HAEAE F i N R 1E R, ) o BB SR 08 Drosophila
melanogaster fify 18 N 1) 3 A W B TR R T B Bk
Saccharomyces cerevisiae RETERAMIB BB K AT
(Marshall, 2015) . A ik A — B ke 3K 19 228 7
=, W 2 K 4+ Monochamus alternatus-i¥%; 7%
Ceratocystis polonica , W5 S T 1E R Z N R R TE R
HHIRAA Lt T At (Viird et al., 2001) , 0] GEJEFE
SR IR, — B A A R A BUCE S E  w B
TEAE EARRME#E (A%, 2017) , T 728 B A A4 1E
EPRTE T RA SR KA 1Y & F B FAEG 5 ( Zhao et
al., 2013 ) , AN B AR H AR KBS R b ™ 2k

TR T IAR LA™ W (Unpe A= 5 R4 & 1k
ALY X fE 3B R AR KOk B LA R B A
A= E AR o

2 RN ERETIRE

B R A AR T i A0 AL 3 Al 2 IR
Feor L MR SN 25, H AT T B B -l A= P iAo
SR A AL 52 L BCTR AR S DD i - Sh 3
AT, BT T ARSI AR B0 A AL AR AR T 2O
HAE B IIRERF (K 2) .

x2 CHREMEBRSEIMIEYEEREFR
Table 2 Reported mutualism systems of ectosymbionts and insect hosts
- A (AR WAL A LR IRE .
Rl PRANSEE AR . .- S0
. Living ( parasitism) Methods of Function of .
Insects Ectosymbionts o . . . References
position incubation ectosymbionts
FF O I (B Ata
0 A BURHEET 5
#  Aeromyrmes E ) Leucocoprinus » B BT T 5 4R ey Kooij et al., 2016;
Attine ants ( including WY Nest Incubated by mandible
gongylophorus Supply food for larvae Nygaard et al., 2011
genera Atta and of queen ant
Acromyrmex )

¥ o A 2 ]
Gt e WRBITHER R -
o T i T P ey, R el .
chinensis ( i ¥ H Penicillium e . Kobayashi et al., 2008 ;
) . fi TR #% Mycongi Incubated by Supply food, protect
Coleoptera; ¥ % Fl herque . ) Wang et al., 2015
) differentiated organ of fungus garden
Attelabidae )
female
B R g Drosophila ; . PRI | A HE K
. PR 2D, 4t
melanogaster ( X ¥ H L) Becher et al., 2012
. Saccharomyces Host plants and larval . . .
Diptera; & @ F} .. Emit  volatiles  to Christiaens et al., 2014
. cerevisiae gut .
Drosophilidae ) induce adults
Zaprionus indianus ( X FFHY , 2h B ipiE
O 22 e 1)

¥ H Diptera; 3 iRl . -
. Candida tropicalis
Drosophilidae ) gut

Host plants and larval

Gomes et al., 2003

B+ 22 5288 Bactrocera T

PR G | R

tryoni A )
r}.om ( . a H Pichia klwyveri Host plants and larval Y . . Piper et al., 2017
Diptera: 5 M Fb . Emit  volatiles  to
Tephritidae ) &l induce adults
. aF LAY, 4k i (SUEAL ]
Hanseniaspora .
Host plants and larval Accelerate growth of Piper et al., 2017
uvarum
gut larvae
\ . PRI | I P HE
PEME SZ W D, suzukii Candid T FHY , 2 B GiE Wy
andida
(X# H Diptera; S o Host plants and larval ) ) Scheidler et al., 2015
| .. zemplinina Emit  volatiles  to
Bl Tephritidae ) gut .
induce adults
N . ARG 45 R
. FEAEY, 4 B IE
Hanseniaspora L7} .
Host plants and larval . ) Scheidler et al., 2015
uvarum Emit  volatiles  to

gut

induce adults
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4752 2 Table 2 continued

. AFNE (ap ) WAL gy AR RE .
Rt RO > o N L3k
) Living ( parasitism) Methods of Function of
Insects Ectosymbionts . . . . References
position incubation ectosymbionts
22N S = I ' LG A U
Odontotermes AT ]
A — ) s i ) I 4y s AL
SJormosanus (14 B H CCYNETD) M E Ant net Carried and inoculated Aanen et al., 2007
. . Supply food for larvae
Isoptera; [ M F} Termitomyces in the nest by queen
Termitidae ) ant
30 3o M ol R R
R AR /N 5L
Dendroctonus  frontalis Entomocorticium W RY, B A B #y . AR E Y
Inoculated  in  the Scott et al., 2008
(%3 H Coleoptera: sp. A Mycongi in female adult . X Supply food for larvae
) . oviporus by  female
INEERL Scolytidae)
adult
T 2o M R A T
EFL
Ceratocystiopsi: F i R i o A AL
Cratocysiopss ML i 2 Carried and inoculated 14 R L) Scott et al., 2008

ranaculosus Mycongi in female adult

. Supply food for larvae
in the oviporus by

female adult

Streptomyces WHE P i R PRI ]
Scott et al., 2008
thermosacchari Mycongi in female adult Protect fungal garden

i H B Bolitophagus . m N

i - A2 AL F W £ Y
reticulatus (5 ¥ H . .

X Fomes Evaluate mature period Holighaus et al., 2014
Coleoptera; {1 25 H F} .
o fomentarius of food
Tenebrionidae )
L4 W Lagria villosa FEE A
((¥§# H Coleoptera: TR EE Sk E )
Florez et al., 2017
ol H* H paN Burkholderia Protect eggs of hosts
Tenebrionidae ) gladioli
a oz W
lifhynchophorus P 22 P B S
Serrugineus (5 ¥ H Candida Abe et al., 2010
o Supply heat

Coleoptera; % H Fl tropicalis
Curculionidae)
B YN AR 9 Philanthus . " "

. lan A 1 B S 52
triangulum (i # H ibi

5 Streptomyces Inhibit Kaltenpoth et al., 2005
Hymenoptera: ¢ % £} .
) coelicolor entomopathogen
Sphecidae )
R BPLA T J PRSI
LLFAR /N FeeERAR Wy B A ) 75
Pseudomonas ,

Dendroctonus ) 1 5

PLE & Rahnella,
VR IKHE Serratia,
RS /R I R

ponderosae (¥4 ¥ H
Coleoptera; /)N 2 F}

Reduce the harm of  Adams et al., 2013

plant resistance against

Scolytidae ) ] hosts
Berkholderia
FEFE UYL Lasius neglectus Laboulbeni T BEHE Y PR R R
aboulbenia
(f%3# H Hymenoptera: . Carried on the cuticle Regulate investment of  Konrad et al., 2015
formicarum

IR} Formicidae )

of worker immunity for hosts

2.1 FSpHEEREIERRERITANZ MW

TR PR B2y F A R S e S e H A A
(LB AT . BRI R W, Z2800hE Pk B SR 2 38 1 fi
£ 25 S5 AE WA A L B 4 A LA (volatile
organic compounds, VOCs) , #E1M €V &F 3= ( Bruce et

al., 2005 ; Rharrabe et al., 2014) . B R R LIEA)
MW, 5 SRR, BE A s R &
1) VOCs, & & H 1 Bolitophagus reticulatus - 2 fe%
W A KB )Z FLE Fomes fomentarius A~ [R) A2
WY BORE 1 8 Rk LIRS IE &Y, I 1--F 453
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i (1-octen-3-0l) , 3 2= (3-octanone ) f1 3 = (3-
octanol ) , 7E AL B, H-HI Wr ELE Y i 28 ( Holighaus
et al., 2014)

ZHS i AN R R B e ) 2 B A R RE TR B
B — T sCh e ER B, 55— e A
SN TE EREREAT Y VOCs, 5] 1 B8 it 5 i 114 407 1l
REARZ G, W2 R #5707 1) 22 Fh e B T 4 Fh 7e 2R
S TR TR B AR A G SR S LI, TR ) R
5[ HAth 5 1% 77 O ( Becher et al., 2012; Marshall,
2015) , 3X AT HE A H T 2 A 2R S B 25 B i R T
AR, TR T R R oK 10, R 75 | A ) SR ST LAty
HALRE WA . PEBESCR Drosophila suzukii %) 1 fi7)
ENGE 6 MR EERETR , Kb 228 5] Candida
zemplinina FIHAILE B HE Hanseniaspora uvarum 7=/H:
BT &) £, R S I (isoamyl acetate) f1 Z R 7 T
fi (isobutyl acetate ) X} 15 3= R A H A R 5% 19 515 4E
Fi (Scheidler et al., 2015) . SRR G N LR L T8
FEPN(ATFU) (PRI RS S, cerevisiae {2 Yt FEAEI
RINRRE R AR R AR ) VOCs FFANREN 5] SR 1E
R, 2 AE B AR Y B AR 7 AR R VOCs 2
ot S0 M 5% 1Y W 5| 7 ( Christiaens et al., 2014 )
X130 Y M A T B B 7 A R4 R ) B A SR i A7
A EMET, BRI 5| ok i A AR 1 ) O 09 A% 1 1
o TER T 2252 M Bactrocera tryoni %)) B ifp 18 P9 1,
IR 9 BE 1 R 5 6 2 56 JR B B Pichia kluyveri
A T A DGR B, He warum , F %5 1H A
FEDUGENEEREE A S 5 TR I, 77 A BIK 3k i 3L VOCs,
LG PE) 5T AT RE 2 1E C BF (1-hexanol ) FIN R £ MR
(‘ethyl propionate ) , {H [F] B L0 45 5 €5 2 HE AR [ B
A1 VOCs X i Bt U A Al 5 B9 W 51 g (Piper et
al., 2017) o B - 2= 52l A A 24l P b D) E A S
(I TERETRIWE? T RE A0 o AN [R] 35 P e 0 2R S 1Y)
B BE B R, Bl YT R F & Penicillium
expansum ;= A {f) VOCs W& A 7 I BE (3-methyl-1-
butanol ) #1355 T [ ( 2-methyl-1-propanol ) , B2 f5 5 i
(0 %)) W RS M i W R W) Je o g AR SR A TR T
FEA BKGEERL N ( Stotefeld et al., 2015)

A T AT RETE I I 9 A AR VOCs T s
mafe R AU P RRAT o MBI AR B Golmus
intraradices REfd A 3 ) 8 /L il 26 ) o 4 4% ki
(Babikova et al., 2014) , i 2535 & W) 2 B RS H
SRR ) 2 A 9K TS M) BT ( Dicke and
Baldwin, 2010) , 1 ¥ ¥ 9% # Candidatus Liberibacter
asiaticus W) G 45 =5 2F 340 Y1 7K 4 B2 R I 1 5 K =

(Lin et al., 2016) , fiifg v R maliE ERAERY)
ENI BN FMY) b B EiRAEY 5 R Z R
FEAR B R B BRI R A
UL A EAYE W), LIS | 5 2218 E U B AL
FEIIRE T
2.2 {FOMEEEMNERAERKAFTHNRIN

R WF S UESE , B oA oy Hh A s Ry 1 48
Pvh 5 198 37 ) 5t (Kikuchi, 2009; 47 S5 55,
2014 ; Skidmore and Hansen, 2017 ) , [ij{A& #p A= 5
WHARDRIIRE, £ 2 BNy A R ey
(B o DI B (LG Aita FI Acromyrmex J& )
PO Tk i R B R I BRI R EDR R S
(3 A T AT T T S, A S [ i S AR T L
gongylophorus 35548 T B [l 77 ( Farji-Brener and Illes,
2000; Van et al., 2012) , I HI 5 ff i de #2023 (1
B ) BEAH LA TR LT L. gongylophorus U7/
B YA R R ORI 2 R R 1Y e R e i
(Nygaard et al., 2011) , i — WL LB, A [] )& (1)
DI SR AR 1 S A TR D 28 25 S KR, Avta T DT YL
BiA ny 2 T O 2 AR, 77 T B R (Kooij et al.,
2016) , H AR B 7™ A 18 53 fift Bl 15 7 155 (Koodj et al.,
2014) , HILIE B E Y X T HALE , X 7T fE
e Jm WCHE LR PE R Y eI RO
Odontotermes formosanus 75 18 & > 4, (2 5 V) -y
AR EATHE B H R S S 2 4 0 AR 5
B E XYPNET Termitomyces (Aanen et al., 2007)

R TSR LB IR, ARSI AR TR A RE S M 15
EBRpRE . REAEMAZIG, T 20 R i ik i
APEFIT AATIE = SR, 718 52 SR i 4l B s
TG PR IAER A AT R IR n 2R
SLNKEIR T MR (Gomes et al., 2003) , FA7F
20 fH4g 70 4EAX Janzen (1977 ) 4 H ik SE B 16 2
P SRR, S d AR E R Y, R
T BRSNS . HE— DI R IR TR
A= R AR AR ™ 4 72 2 5 T ( frambinone ) GE A i
T B R R, T4 T AN AR B A 22 SR e e
HIAZ L 52 5+ /1 ( Pérez-Staples et al., 2010; Akter et
al., 2017) . HAR 552 5 S L I T B TR A 9K
S e 2 S mOR M HE T, ELAR A B 2 o
AL 35t | MAE oS H 7 B e P o 9 B DR 2 1T, &)
IREAA J o I B T B AR N, (LB AA AL AR AL 1 A b
5 A itk — 20058

B RH Euops chinens 18 J5 ek th— A FE 4t
A FUR A7 10 4% B ——fi# 14 % ( Kobayashi et al.,
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T E R e RS AL
T IR HER T AL
Hosts carry ectosymbiotic
microorganisms with mycongi,
and incubate ectosymbiotic
microorganisms into oviporus
RN R T 3R AU A
FIEN X

Ectosymbiotic
microorganisms offer stroma
as food for host offspring

15 i Rt AR R AL A
TR T HUE A

Hosts incubate ectosymbiotic
microorganisms into tunnel
with proboscis

SRS
Bty

Hosls incubate ectosymbiotic
— microorganisms to leaf with
wandible

RANLA TR 1 3 A AR
it e
Ectosymbiotic
microorganisms offer

stroma as food for host
offspring

PRAMEA T 75 £ 5 A
SRR B I A
Ectosymbiotie
microorganisms offer
heat for host offspring

BT RN A RO i R A KRB R R

Fig. 1

B SR I e RSN AE B T 28 A, PO A 3 0 B0 o i R AR AL B s AR B B A B IR REF

Effects of ectosymbionts on the growth and development of insect hosts

Insects carry and inoculate

ectosymbiotic microorganisms to host plants. The reproduction of ectosymbiotic microorganisms provides food for the host offspring, and produces heat to

help the development of host offspring.

2008 ), i HAF 2 AR A I o A S R SR
fift B e N AR TR T, SR AU B 4
HRYEY), b 97 %18 P. herquei I8 RE " A= BTk
F R W A2 22 B 5 Y (Wang et al., 2015)
Tanahashi 11 Hawes (2016 ) NI F| FA #5235 A | HL %
T RN B Sinodendron cylindricum Ji%, M8 A0 4 1 [
Jor i A A B B, AR S R i A A T A
It 188 rRNA HAR % 4 AR RN A Stk
WERETAT , LB B A 7 &)y B oA A 9 2 v T
A — KN &R B /N & Premnobius
cavipennis , Wi I HUR N HAT TR A% A7 1 AL 45 BB
W TR K EST R TE N I 2 R A B, ME A
7 B A [ P g A T D T A 2, A AR 4 R
A B R 1 A A Horp A R
EIEY) 5 (Kinuura, 1995; Bateman et al., 2017)
2T 8 K /INEE Dendroctonus valens JE= WA | 1) B 53
AR RE 2 5 Rt FmRAKALED,
Leptographium procerum 221 g K /N ad i #5485 S A4 B
T, 3 L B ) T L ek R A AL ) 21 A 1) O R 4
HR RS E oKL E Y (Lu et al., 2016) ,

AN, A et A T s 2k At X pr i R Uk
BFo LIkE% W Rhynchophorus ferrugineus TE{& T 13°C
IR PR 22, BAE FAE 0°C LR i IX Jo B4, 4R i
TR AR, Z0AR G B 4y 2 ) LT 0 A ) 2 2
FRIERE TR, A3 PRli R 22 B £F Candida tropicalis FI
R P B, I TRT A T I 7 £ kT il e 3 IR R
K 30°C LA I, e A AR BRI B B B T o8
JBRAE (Abe et al., 2010) , FhFPIESE R, B Ho ik
SPILAE TR W (RGO B RE 1) i 3R AL 1 AR
KL H s (W EEE R B L k& s e, —
B AR B BRI G R
2.3 RS EER R RIEN R

B RS AU 15 T 528 TR BT, 16
AEr=A: B Y & ( Willing et al., 2011; Bills et al.,
2013) , Wang %5 (2015) % 4 M4 B 3 T35 55
WREPEDUER BB 15 O B W e sz HAb G E
YIniRYs . FE B0 s S Burkholderia gladioli
T W Lagria villosa B9 5 A 345, GEAE 1 4 5P
R PEHUE Y BT LR HoA 205 I T i e, S5 A
BB, 3% — 2 A TR A AT 5E o T 3 0 E A
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14 (Florez et al., 2017 ). B B8 # /N2
Entomocorticium sp. A Z A A HA LR —H %
Fl/NK BB Ophiostoma minus BYRE IR, Bl /N Bk 55
Wit Entomocorticium sp. A A4 , ma T A /N B i 7
N By A= it 26 B Streptomyces thermosacchari B BE
JHCHS FRAE /N Bk B 1 0 TR ) —— 2 W i e )
(Scott er al., 2008 ) , {HHZ I r I A £ 240 5 ) o %
Entomocorticium sp. BI520M X ULHH , 2o A R = A1
B FR A TR EY ., FEe b R
PAETTE Y BT B BT TR B B 0 2l
e xR 5 I BALH X R H R — s ] &, 4
BRI AR % Philanthus triangulum 4% 5 7 & 20 A
TR T ik R R A R BN S R R A T TR PR T DR AR I
AR TR AR A A P X R B 2 A
YERT, B A R 4% 5 OF 1Y 97 4k 32 ( Kaltenpoth et al.,
2005 ) 5 53— T ) 5T Up Bl B s AT AR Ah A iz
SCE A AT e R 2 B oA At AR A W, 5 n
P ALY AR TR TR B BB G AR B, T LAGR
1 E &Y 53, BRI X &Y Apterostigma
spp. ALHAW I AR A G A AR ™ A T — s IR ]
(Little and Currie, 2008) , £ oA #hIh A= F iR GE15
1B A R 55 15 E S e I, il AR
B W Lasius neglectus 1 & #p 3 4= B Laboulbenia
Sormicarum % 5% 41 I 3 2 B, AE el 38 A2 S 45 A
Metarhizium brunneum 12 YLt | Ha e AH o0 FE R 1Y) F b
H5KFE L formicarum T K& % 1F H (Konrad et
al., 2015) .
AN S A R BB A G 1 Y AF AR, T AR
WXt % oL T 98 S 95 1l 4 /D EE Dendroctonus
2 A oa w R PR R
Pseudomonadaceae F$ii B [C & J& Rahnella Vb 8 K
J& Serratia FI{A 78 2 /RS 5 J& Burkholderia 1) 45 Bf
T, TR T A AN AL B B 2 B, A B
ANZH AP e 5E ( Adams et al., 2013)

ponderosae

3 NEERE

Xt AL B BURE, (RSN AR B A4 A 3t
AT IC AT U CRVE AT (B 2 R e b 4 B - oh
IR RRILA R R, T MRAS L T X A AR G &
(IR RED Y5 B e A AL, 7 DR] ZEL 0 25 R AT 2 0 45
IR KR, BE A FA TR R 3 U R it Ak
AR T A ARG . H AT T R A S A
BT ST 2 B AR I AR S R IR R, RSN A

RO B g RS T v LA R P S o i F
I, 4 G B M2 T B dU O B o B
FURTIRAR . NSEBR N 0 R , RS A T A
ARSI BRI S5, RS A B 5 R dE
AHLTIRBIESE , BB T B ZR G BE SR AU R, X
PRAMEA T 5 B R 2 )k 27 il TR A T 5, I RE o B
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