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Overview of survey techniques of invasive species

Semiochemicals‐based mass trapping of RTB

Novel sampling technique of PWN and 
sex pheromone of its vector,Monochamus alternatussex pheromone of its vector, Monochamus alternatus 

Traps for beetles in USA

Hyphantria cunea with sex pheromone

Overview

The international and  accidental transport and introduction of species to new 
regions is currently perceived to be one of the primary threats to biological 
diversity (Hatcher et al. 1989; Suchanek 1994).

An understanding of invasive 
patterns is critical if we are to 
develop strategies to managedevelop strategies to manage 
bio-invasions and to effectively 
target the limited resources 
that are currently available for 
the management of non-
indigenous species.
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Cost and Invasion Process

The stages contributing to a successful biological invasion and the management tools

Invasive species management, edited by MN Clout and PA Williams

Sampling approach for documenting, mapping and predicting  
the abundance, distribution, and the spread of invasive species

Invasive species management, edited by MN Clout and PA Williams
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1 Aviation and remote sensing monitoring

1) Plane monitoring

2) Electronic channel plotting and air monitoring

Timely, Accurately, and Conveniently

3) Remote sensing monitoring 
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2 Attractants monitoring

The current international most widely applied

The most practical application value

Especially for the local area, the most effective pest monitoring technology

1) Attractants from insects

Intraspecific action          pheromone

S i h i l

aggregation
alarm

Interspecific action          allelochemical

allomone
kairomone 
synomone
antimone

Semiochemicals

2) Attractants from plants

Terpenoid compounds

Green leaves compounds

Nitrogen-containing compounds

Others
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Red turpentine beetle, an invasive forestry bark beetle In China

Dendroctonus valens LeConte
Red turpentine beetle (RTB)

Symptom
Introduced from NA to China

Red turpentine beetle (RTB)

Killed more than 7 million pines in China  

In 1999, the first major epidemic of 
D. valens began in Shanxi province 
in northern China, spreading to 
three adjacent provinces.

Chemical control of RTB

Chemical communications between RTB and host pines  

chemicals?
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Mechanisms of Chemical communications  

Annals of Forest Science  2007 64: 267-273 Journal of Chemical Ecology 2007 33: 147-156 PLoS ONE 2007 12:1-9, e1302.doi:10.1371 
Environmental Entomology 2009 38: 471-477 。。。。。。

Table 2 Mean number of beetles responding per day to monoterpene baited 
multiple funnel traps, Shanxi Province, China, 2002

Means in the same column followed by a different letter are significantly different at α=0.05, using the 
Bonferroni approach.

Environ. Entomol. 2004, 33(3):206-212
Environ. Entomol .2006, 35(3):655-660

Verbenone as RTB attacking population regulator
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Frontalin as an

Canadian Entomologist 2003, 135: 721-732.

Environmental Entomology 2006, 35 (4): 1037-1048.

Journal of Chemical Ecology 2011, Revised

TreatmentFrontalin as an 
aggregation 
pheromone and a 
female-produced 
sex pheromone
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RTB

Hylastes parallelus
3‐carene 

Interspecific Invasion of RTB and Hylastes parallelus

Interspecific Invasion in 2007
PLoS One 2007 2(12): e1302

Hylastes parallelus 
terpinolene myrtenol,trans‐verbenol, 

cis‐verbenol,myrtenal

RTB

Cross attraction between RTB and an native 
bark beetle Hylastes parallelus

Chemical communication between bark beetles, fungi, and hosts

3‐carene

L. terebrantis 40%
L. procerum   30％ (Klepzig et al. 1995)

L. procerum 70％
L. truncatum              < 1%
L. pini-densiflorae     < 1%
O. ips                           < 5%
O. flocossum               <15%
O. minus                     < 1%
O. piceae                     < 1%
O rectangulosporium< 1%

Mutualistic Invasion of RTB and its associated fungus

O. rectangulosporium< 1%
O. abietinum < 1%
H.  pinicola < 1%

Leptographium procerum is common asscoaite of RTB in China
Fungal Diversity 38:133‐145
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RTB benefits from L. procerum 1

Mutualistic Invasion of RTB and its associated fungus

Chinese L. procerum

Chinese L. procerum has the higher pathogenicity on the host than American strain.

Chinese L. procerum

AAmerican L. procerum

Seedling Inoculation Mature Pine InoculationMature Pine Inoculation

Chinese L. procerum

AAmerican L. procerum

3-Carene extraction RTB field trapping by 3‐carene 

RTB benefits from L. procerum 2

Mutualistic Invasion of RTB and its associated fungus

Chinese L. procerum result in greater numbers of D. valens on infected 
host trees than do the other fungi.

Chinese Novel genotypes were more pathogenic and could induce more 3‐carene 
(attractant of RTB) than the other genotypes

Pathogenicity tests

Chemical extraction
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Mutualistic Invasion of RTB/fungus Complex 

A possible mutualistic 

relationship that could enhance 

invasion by and/or spread of a 

beetle/fungal complex.

New Phytologist  2010 187: 859‐866

For future studies, it would be 

interesting to explore whether 

Novel Genotypes 
Facilitate Invasion of 
RTB/fungus Complex and 
reinvasion

RTB, together with its newly 

acquired fungal genotypes, 

could cause equivalent damage 

to American pine hosts if it were 

to reinvade North America.

Ecology 2011 92: 2013‐2019

Mass Trapping(＞1.5 million ha)

RTB is under control!
The red turpentine beetle: an innocuous native and an 

invasive tree killer in China with potential reinvasion

ARE, 2013, Volume 58.
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Pine Wood Nematode (PWN)

Pinewood nematode Life Cycle

JⅢ aggregate around 
the sawyer chambers 

JⅣ leave from sawyers and 
enter feeding wounds in 

swigsDispersal pathways
♂

JⅢ molt to LⅣ and were
transported by sawyers adults

dispersion propagation

Jn feed and mnultiply
in resin canals of pines

Sawyers lay eggs 
on weakened trees by Jn

PWN

♀
Propagative pathways

Dispersal Route

Robinet, C., Roques, A., Pan, H.Y., Fang, G.F., Ye, J.R., Zhang, Y.Z., and Sun J.H.* 2009. PLoS ONE 4(2):e4646. 
doi:10.1371/journal.pone.000464
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Traditional Control  Technique

There is no cure for pine wilt disease. 

Management of the disease is primarily limited to preventing 
the introduction and spread of the nematode.

Baermann funnel technique

1 : 2.7 : 1.11 : 2.7 : 1.1

LnLn

JⅢJⅢ
1 : 2.7 : 1.1

Ln

JⅢ
α-pinene:β-pinene:longifolene

Vector Beetle Regulate the Aggregative Behavior of PWN

The different life stages of pinewood nematode can be attracted by 
different ratios of terpenes produced by their host and vector.

Zhao, L.L., Wei, W., Kang, L. and Sun, J.H*. 2007. Journal of Chemical Ecology 33:1207-1216.

1: 0.1: 0.011: 0.1: 0.011: 0.1: 0.01
α-pinene:β-pinene:longifolene

We developed a novel sampling technique! 

Zhao, L.L., Wei, W., Liu, X.Z. Kang L.and Sun, J.H.* 2007. Canadian Journal of Forest Research 37:1867-1872.
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Cessation of oleoresin 
exudation begins

The yellow needles,wilt become 
visible

2m tall

Reddish color diseased trees 1-1.5m tall

The infection site

States of decay Sampling place

FHS 

RS

PCS 

Be useful  for different states of decay Be useful in different tree species 

We can find more than twenty pinewood nematodes in 2 hour by 
the trap tube. 

May.-Oct.

Reddish color, diseased trees

Fading color, dead or dying tree 1m tallFHS: Feeding hole sampling

Nov.－Apr.

Zhao, L.L., Jiang, P., Humble, L.M. and Sun, J.H.* 2009. Forest Ecology and Management 258: 1932-1937

• Popularization of Sampling Technique

Control methods  of pinewood nematode in China

The novel attractant-baited sampling technique may facilitate the 
rapid detection of plant-parasitic nematodes for import quarantine 
and field monitoring.

Rapid

Simple

Effective

Hubei, Zhejiang and Anhui provinces, China

Precise, simple and rapid detection technology (Real-time PCR, SSR-PCR)

Control methods of pinewood nematode in China

Trapping and kill of Monochamus beetle in conjunction use with B. bassiana
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Effect of male-produced pheromone on the 
traps of Monochamus alternatus

Treatment
Compound

F1 α-pinene + aldehyde

A 2-undecyloxy-1-ethanol

F1+A α-pinene + aldehyde + 2-undecyloxy-1-ethanol

ABC 2-undecyloxy-1-ethanol + ipsenol + 2-methyl-3-buten-2-ol + α-pinene

F1+ H α-pinene + aldehyde + 2-hexanol+ 3-hexanol+ 2-hexanone + 3-hexanone

F1+E α-pinene + aldehyde + Emulsifier

Table 1. Compounds of lures used in the trapping experiments for M. alternatus.

Figure 1. The number of M. alternatus adults caught by the traps in different treatments.
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Treatments

Traps in treatment F1+A with the addition of 2-undecyloxy-1-ethanol caught 4.5 
times beetles more than that of treatment F1.

Traps in treatment A with 2-undecyloxy-1-ethanol alone is not significantly different 
with treatment F1 for attracting M. alternatus beetles.

It demonstrates that the addition of the male-produced pheromone of M. 
galloprovincialis significantly improved the attraction of plant source lures to M. 
alternatus.

Figure 2. The different period of M. alternatus  adults caught.
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Before May 28: All adults are in feeding period, immature.
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Figure 3. The number of M. alternatus adultes caught in different dates.
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At July 16 the traps caught the most M. alternatus beetles in the whole
trapping period.
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D. Miller, C. Crowe, D. Johnson & R. Brantley
Southern Research Station, USDA Forest Service, Athens GA

Effects of  trap design on capture of  large
Cerambycidae & Curculionidae in Florida

ARU – Arhopalus rusticus

MTI - Monochamus titillator

XSA - Xylotrechus sagittatus

ANO - Acanthocinus nodosus

MTI

ARUANO

XSA

SUMMARYSUMMARY
-- Trap design had little influence on trap catches (Figs 1Trap design had little influence on trap catches (Figs 1--4)4)

-- Trap and funnel width had little influence on catches (Fig Trap and funnel width had little influence on catches (Fig 
2)2)

-- Traps with collection cups containing propylene glycolTraps with collection cups containing propylene glycol
(RV antifreeze) outperformed those with cups containing(RV antifreeze) outperformed those with cups containing
dichlorvos (VaporTape)  (Fig 4)dichlorvos (VaporTape)  (Fig 4)

Methods
Four experiments were conducted in the spring and fall of 
2000 and 2001 in stands of mature longleaf and slash 
pine in the Osceola National Forest in northern. In each 
experiment, traps were baited with ethanol and (-)-α-
pinene(±), released at about 2-3 grams/day. Traps were 
grouped into 8-10 replicates of four treatments per 
replicate. Trap catches were collected at 2- to 3- week 
intervals, with the glycol solution or dichlorvos strip 
replaced on each occasion. 
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FIG 1.  Pipe vs Vane vs Delta vs Funnel design FIG 2.  Soft vs rigid plastic
with Delta and Vane designs

FIG 3.  Wide vs regular width

FIG 4.  Glycol vs dichlorvos
with pipe and funnel designs

Curculionidae
PPI – Pachylobius picivorus

HPA - Hylobius pales

PPIHPA

PPI
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Hyphantria cunea with sex pheromone

CHO

¢ñ   (9z, 12z)-octadecadienal

CHO

¢ò  (9z, 12z, 15)-octadecatrienal

O

¢ó   (3z,6z)-cis-9,10-epoxy-3,6-henicosadiene

O

 ¢ô    (3z,6z)-cis-9,10-epoxy-1,3,6-henicosatriene

O

¢õ (3z,6z)-cis-9,10-epoxy-1,3,6-icosatriene

Hyphantria cunea with sex pheromone

•

Thanks！


