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Abstract: Conifer bark beetle is one of the most destructive trunk-boring pests in coniferous forest
ecosystems, posing a serious threat to forest ecological security and sustainable forestry development.
Climate change has intensified drought stress in coniferous forests, leading to a decline in host tree stress
resistance, while simultaneously driving the northward shift of suitable habitats for bark beetles and
shortening of their generation cycles. These changes have markedly increased the outbreak frequency and

damage severity of bark beetles, making them a critical biological disaster restricting the healthy
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management of coniferous forests. Traditional chemical control is constrained by environmental pollution,
the development of pest resistance, and harm to non-target natural enemies, failing to achieve long-term and
effective management. Chemical ecological regulation technology centered on semiochemicals has become
an important approach for the green prevention and control of conifer bark beetles. This paper systematically
reviews the ecological mechanisms of three key types of signaling substances, i.e. bark beetle pheromones,
plant volatiles, and symbiotic microbial volatiles, and clarifies their functions in host location, mass attack,
population regulation, and natural enemy location. Based on field management practices, it summarizes the
application status and key deployment parameters of semiochemicals in population monitoring, mass
trapping, and push-pull control strategies, and analyzes the specific effects of chiral enantiomer ratios on the
behavioral regulation of bark beetles. Furthermore, it elaborates on the application prospects of reverse
chemical ecology approaches in the discovery of novel signaling substances, functional validation, and
identification of related olfactory receptor genes. Currently, research on semiochemicals of conifer bark
beetles still has the following deficiencies: insufficient systematic studies on species specificity and
geographic population variation of pheromone components; inadequate elucidation of the behavioral
regulation mechanisms of chiral enantiomers; a lack of standardized systems for deployment parameters of
field trapping and control technologies; and the ecological function analysis and biocontrol potential
exploitation of microbial-derived volatiles are still in their infancy, with lagging technology translation and
application. Future research should focus on functional analysis of key signaling substances, precise
development of chiral attractants, standardization of field application technologies, and exploitation of
microbial biocontrol resources, so as to provide theoretical basis and practical reference for the green and
precise prevention and control of conifer bark beetles under the context of climate change.

Key words: conifer bark beetles; pheromones; plant volatiles; microbial signals; chemical ecology; green
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prevention and control

N g R JE T ¥ H (Coleoptera) 3. H F}
(Curculionidae) 1] /N & V. &} (Scolytinae )M, & AR A
BRGT —RRERETF R RN, £
By N M SR A B B ) W R INERT S DLk
IR B LA w221 “B /"B e
& BRI MR, 12 5HAETREY R R,
By o e WA ERORIIK 5 7R S B E
BAWANRELER I, — BRI, bia
FEMR o B IHARAE 2 BRARAR BT IR 5 A 5 IR 55 D e
AR Z AL, AR R E B AR i, BEAEK
TREF BB A7 ALV AR E AR IR i 8 5577 T K
FEEANTTBARER . 2RI, FB /NS, W&
WAL ) K/ 8 & (Dendroctonus )« 145 /)N & J& (Ips )
VI /) & & (Tomicus) 55 8 22 IR AE 4 3K 2 Hiid 1% 5%
KAEGFCT FERBRAFR KRG =, ST
5T BRI — IR T TN R R R R fE
FEEED, Wt pRAE RS RG-S R AE S 2 M R
T .

ERRAEFAEASS T, EEHEYR
(semiochemical) B A= 4 B T e FE A AN 408 5, g
i B B AT Y, REE R R AN &
B A2 15 B & (pheromone) 5 iff #% F 8] B {F

T fih 2 Ak 22 W) iR Callelochemical)2 K 25, Hil & £
15 K 4515 B & (aggregation pheromone). Y15 B &
(sex pheromone) 4%, J& # I & F] T % (allomone) F|
fth # (kairomone) & Ifj f& & #E U2, X T /N & 1
5, BABBMELERELE RS RERE E & (anti-
aggregation pheromone)~ &7 7= A JE 27 F2 A8 YR JRUT)
% ) (host and non-host plant volatile) LA & 3 4= 1
HE VR LA ) (symbiotic microbial volatile ) A2 1
BHATAS MBS SRE BB D.
B85 A AR A I TR AN 7, AORE € 1 — ot
T Bk FH (gas chromatography-mass spectrometry, GC-
MS) S H € 18— £ B A2 B FH (gas chromatography-
electroantennographic detection, GC-EAD)Hi K, 45 &
fih £ HL /7 Celectroantennography, EAG). HLJ& #4510 5%
(single sensillum recording, SSR)%& &t Hi, A B G
FB LEWNAT AN TTE, 7 RG0S AR/
AT B 5 B 55 € TR IR UE 5 AT N D) RE
FEAT . RIBA A R, DME B Y i
OAT NI EOR OB e RN B 4 1)
EFB. B HHESS G, 7SR E NG
RS A B I 5 =y RO AR AR AN LG 3 R
HIEEE(IPMD I, i 5o RO AL i b 7 A 24 5



50 R 5 B/ P 0 S Is
fri 2 i
NEEF 5 REERE. AL
A 1 Bl % R
R R iz . Flo% LR
T
—— - :
i N
o e o
SR - Wl i
.
i R o

e

gigE (4f) - FUAIREGER . I THEYIERY (FICEK) SR E/NEE R K ES B AR ph o
VAR (hr) « FNREEER, I HALIERIE S ERAIERY (FIMbER) B AR kY,

W/ NEERSE BT A AR B RIOR

BT AP MON RIS B AL

Fig. 1 Semiochemicals of conifer bark beetles
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Tab. 1 Aggregation and anti-aggregation pheromones of important conifer bark beetles
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Tab.2 Key volatile compounds mediated by symbiotic microorganisms of conifer bark beetles and their ecological functions

Dol B RS M

R FEA R R 1oy

A& TE S 30k
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BN S HE AR, R RERE3- 23R -1
T A g3 Y Jk-2- 31 LR -1-F ik

FhEER R, &b CEEMAR  [73]

1.Grosmannia clavigera; 5 K11 FA K
/IN&k(Dendroctonus ponderosae) 3:
2. Ophiostoma ips: 5K/ NEEUps Wil
pini)ILE

HER (—)- B sl S M S I e e AL Dy (- Ty

PSR WHAR
il 3% 4+ [69]

Graphilbum ips-grandicollis.
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s FCPHE RP) RE I aRME Bk SR

LA ) - — REANE(—)- £ R e i T P A S A I T P 25 - D i o~ et "
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EENUE SN
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Bacillus cereus SEICAEME SINM LN K o-JRM Fe A AR D HEROIRTE ARG W& B HUAE SR (BETE 30 T

/INgE Ups paraconfusus) 34

INERIREE DN IR
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mp SR L6 R, B
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Tl 1) o ] 5 40,
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clavigera. Ophiostoma montium %5 F& i #1571 B
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Tab.3 Key parameters for semiochemical-based trapping and monitoring of conifer bark beetles

P o i P e 5%
e I / FIDOE A S B W=z X Al 3 e
& i FEANL ) TR TR MR BB TR 2R ) KA S A/ R N5 ik
(—)—a—pinene'q‘\(ﬂr—q—
(1) 7. s, ‘ pinenel & FEHi G
LR oy g 05gd3C); 12 £7, Htlicthanolky .
D. val LI + a-JRH Dok, g, LF  MEISm W25 (F=13.35,  SKEEHIR
- vatens 150 mgjd@ oy P<0.001); SN HERR R,
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Tab.3 (continued)
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