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Abstract. Mature adults of the pine shoot beetle Tomicus destruens reproduce in trunks of dying 
Mediterranean pines. However, there is no information about chemical stimuli governing host 
selection by T. destruens. The aims of this study were: 1) to identify volatiles released by the 
bark of stone pines (Pinus pinea) behaviorally and electro-physiologically active on T. destruens; 
2) to verify which blends and concentrations of such volatiles act differently on males and 
females. A four-arm olfactometer was used to test behavior of walking adults of T. destruens in 
relation to various sources of volatiles, including bark, its collected volatiles and a synthetic blend. 
For each odor, the behavior of both males and females was recorded individually. Bark extracts 
were then analyzed by coupled gas chromatography and mass spectrometry (GC–MS) and 
tested by gas-chromatography coupled with electro-antennography (GC-EAD) on male and 
female antennae of T. destruens. In addition, a blend of synthetic compounds chosen from 
among those inducing EAD responses was tested in the olfactometer at five concentrations. 
Behavior and EAD responses were not affected by sex, with males and females showing similar 
results. Five compounds extracted from bark were active on T. destruens antennae: limonene, β-
caryophyllene, α-pinene, β-myrcene, and α-terpinolene. Among extracted volatiles, limonene 
and β-caryophyllene were known to be repellent to T. destruens, whereas attraction to a 
synthetic blend of α-pinene, β-myrcene and α-terpinolene was positively correlated with 
concentration, although a repellent effect was noted at the highest concentrations. 
Key words: Host selection; kairomones; electrophysiology; olfactometry; terpenes; Pinus; 
Blastophagus 
 
Voláteis de Pinheiro-Manso e Seleção do Hospedeiro pela Hilésina Tomicus destruens 
(Wollaston) (Coleoptera: Curculionidae, Scolytidae) 

Sumário. Os adultos da hilésina Tomicus destruens reproduzem-se em troncos de várias espécies 
de pinheiros da região mediterrânica. No entanto, não se conhecem os estímulos químicos que 
condicionam a respetiva seleção dos hospedeiros. Os objetivos do presente estudo são: 1) 
identificar os voláteis da casca do pinheiro-manso (Pinus pinea) que influenciam a resposta 
eletrofisiológica e comportamental de T. destruens e 2) determinar quais as misturas e 
concentrações de odores que afetam diferencialmente os dois sexos. A atratividade dos adultos 
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da hilésina em relação aos voláteis (incluindo casca, voláteis da casca e uma mistura sintética) 
foi estudada usando um olfatómetro de quatro braços. Para cada odor o comportamento de 
machos e fêmeas foi estudado individualmente. Amostras de casca foram analisadas através de 
cromatografia gasosa e espectrometria de massa (GC–MS), tendo sido testados em machos e 
fêmeas de T. destruens através de cromatografia gasosa acoplada a eletroantenografia (GC-EAD). 
Adicionalmente, uma mistura sintética de compostos escolhidos entre aqueles que induziram 
respostas na EAD foi testada no olfatómetro, com cinco concentrações distintas. Constatou-se 
que o comportamento e a resposta eletroantenográfica dos insetos não dependiam do sexo; 
tanto machos como fêmeas deram resultados semelhantes. Cinco compostos extraídos da casca 
dos pinheiros desencadearam respostas ativas nas antenas de T. destruens, nomeadamente: 
limoneno, β-cariofileno α-pineno, β-mirceno e α-terpinoleno. Destes, limoneno e β-cariofileno 
foram identificados como repelentes para a hilésina, enquanto que, para a mistura sintética de 
α-pineno, β-myrceno e α-terpinoleno, foi detetada uma correlação positiva entre a atratividade 
e a concentração, embora a concentrações mais altas tenha ocorrido um efeito repelente. 
Palavras-chave: Seleção de hospedeiro; cairomonas; eletrofisiologia; olfatometria; terpenos; 
Pinus, Blastophagus 
  
 
Introduction 

 
Host selection by bark beetles is 

mainly governed by volatile attractive 
signals (WOOD, 1982). In many cases, 
individuals of only one sex (pioneers) 
find suitable hosts and begin to attack; 
then they release a species-specific 
aggregation pheromone (BYERS, 1989). 
Later, specimens of the non-host-
searching sex join the pioneers, simply 
by orienting to the pheromone. The pine 
shoot beetle Tomicus destruens 
(WOLLASTON, 1865) (Coleoptera, Curcu-
lionidae Scolytidae) is among the most 
damaging pests of Mediterranean pine 
forests (CHARARAS, 1962; FACCOLI et al., 
2005a; FACCOLI, 2007; VASCONCELOS et 
al., 2005). Similarly to other monogamous 
species, females are the pioneer sex, 
infesting the host tree first, whereas 
males arrive on the bark later. Although 
a secondary attraction of sexual origin 
has been reported in T. destruens (CARLE, 
1974; 1978; CARLE et al., 1978), the 
effective aggregation pheromone has 
never been found, and adult aggregation 
appears to be mediated only by host 
volatiles (GUERRERO et al., 1997). In some 

cases, efforts to trap T. destruens have 
been made with commercially available 
lures for T. piniperda, a closely related 
species living mainly on Scots pine (P. 
sylvestris) and often considered 
synonymous with T. destruens until their 
recent systematic revision (FACCOLI et 
al., 2005b; FACCOLI, 2006). The bait 
contains a synergistic blend of the host 
volatile α-pinene and ethanol 
(CZOKAJLO and TEALE, 1999), with or 
without added 3-carene and α-
terpinolene (BYERS et al., 1985; 
SCHRÖEDER and EIDMANN, 1987; 
POLAND et al., 2004). One of the main 
monoterpenes released by conifers is α-
pinene and ethanol is a product of the 
anaerobic fermentation of phloematic 
sugars in weakened and dying trees 
(KIMMERER and KOZLOWSKI, 1982). 
However, the number of adult T. 
destruens captured in traps baited only 
with α-pinene and ethanol is always very 
low (SABBATINI PEVERIERI et al., 2004; 
VASCONCELOS et al., 2005) when 
compared with catches of other bark 
beetles. In this respect, adult T. destruens 
looking for hosts susceptible for 
colonization probably follow chemical 
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cues more specific than α-pinene and 
ethanol; otherwise the beetle would 
infest any conifer having physiological 
problems. Moreover, the hosts are 
frequently present in mixed stands 
together with non-host species and flying 
adults need effective cues to find suitable 
breeding material (GUERRERO et al., 
1997). 

The aims of the present study were: 1) 
to identify the volatiles released by the 
bark of stone pines (Pinus pinea) that are 
behaviorally and electro-physiologically 
active on T. destruens and 2) to verify 
which blends and concentrations of such 
volatiles act differently on males and 
females during host search. 

 
Materials and methods 

 
Sample collection and handling  

 
Adults of T. destruens were collected 

during the winter in 2004 from a stone 
pine forest in NE Italy (Caorle (VE), 
45°54'N; 12°36'E). They were extracted 
from pine shoots recently fallen on the 
litter following attack. The insects were 
then identified and sexed individually by 
acoustical and morphological features 
(Faccoli, 2006). Logs of healthy pines 
used for chemical and behavioral studies 
were collected in the same stand where 
the insects were sampled. 
 
Odor collection 

 
Headspace collections were made 

from fresh bark of stone pine. A freshly 
cut log (ca. 800 g, length 20 cm, diameter 
10 cm) was placed into a 2000-ml glass 
jar. The cut ends of the log were sealed  
with paraffin. Charcoal-filtered air was  
 
 

pumped into the jar at 150 ml/min, over 
a Porapak Q cartridge containing 50 mg 
of adsorbent (Sigma-Aldrich, Milan, 
Italy). Collection was made for 24 hr in a 
climatic chamber at 25 ± 2 ºC, 60 ± 10% 
R.H., 16L: 8D photoperiod and 1000 lux 
during the light period (TASIN et al., 
2005). Volatiles were desorbed by eluting 
the cartridge with 500 µl of redistilled 
hexane. For quantification, additional 
extracts (N = 5) of bark were prepared, 
and 0.5 µg of heptyl acetate (purity ≥ 
99%) were added as an internal standard 
(BENGTSSON et al., 2001). Sample 
volumes were reduced to 50 µl at room 
temperature. Samples were sealed in 
glass vials and stored at −18°C.  

 
Chemical analysis 

 
Five samples of the extract were 

analyzed by coupled gas 
chromatography and mass spectrometry 
(GC–MS). Analyses were performed on a 
Hewlett-Packard 5890 GC, with a polar 
Innowax column (30 m x 0.32 mm; J & W 
Scientific, Folsom, CA) programmed 
from 60°C (hold 3 min) at 8°C min-1 to 
220°C (hold 7 min), interfaced with a 
Hewlett-Packard 5970B MS with electron 
impact ionization (70 eV). The identity of 
compounds in volatile collections was 
verified by comparison with synthetic 
compounds purchased from Sigma-
Aldrich and Fluka Chemie. Compounds 
that did not elicit antennal responses and 
for which no standards were available 
were tentatively identified using the 
Wiley mass spectral database. Identified 
compounds were quantified by 
comparing their peak areas with those of 
the internal standard (ZHANG et al., 
2007). 
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Gas chromatography and electro-
antennographic detection (GC-EAD) 
 
Two microliters of the extract were 

injected into a Hewlett-Packard 5890 GC, 
with a polar Innowax column (30 m x 
0.32 mm; J & W Scientific, Folsom, CA) 
programmed from 60°C (hold 3 min) at 
8°C min-1 to 220°C (hold 7 min), 
interfaced with an electroantennogram 
apparatus (ARN et al., 1975). The outlet of 
the GC column was split in a 1:1 ratio 
between the flame ionization detector 
(FID) and one of the antennae of T. 
destruens. A glass capillary indifferent 
electrode filled with Kaissling solution 
with an added 5 g l-1 polyvinylpyr-
rolidone K90 (Fluka Chemie) was 
inserted into the severed head of the 
beetle; the different electrode was a 
similar pipette, brought into contact with 
the distal end of the antennal club. 
Compounds eluting from the capillary 
column were delivered to the antenna 
through a glass tube (12 cm × 8 mm) by a 
charcoal-filtered and humidified 
airstream. The antennal and FID signals 
were amplified and recorded 
simultaneously by Syntech software 
(Hilversum, The Netherlands). Samples 
from bark extracts were tested on five 
males and five females of T. destruens. A 
compound was considered electro-
physiologically active when it elicited at 
least three antennal responses different 
from background noise (ZHANG et al., 
2001). 

 
Behavioral responses 

 
A four-arm olfactometer, in which 

individual insects could walk freely (VET 
et al., 1983), was used to test the 
behavioral responses of walking adults 
of T. destruens to various sources of 

volatiles. Incoming air (about 800 
ml/minute) passed through an activated 
carbon filter (Whatman Carbon-Cap 75) 
before being branched off to separate but 
identical lines leading to the olfactometer 
corners, each connected to a 300 ml glass 
jar containing the odor source. Finally, 
exiting airflows were conveyed into the 
center of the olfactometer floor, where a 
vial contained a test insect (VET et al., 
1983). Only one arm of the olfactometer 
contained a test odor (called Arm 1), 
whereas the other arms were empty. A 
digital camera, positioned centrally 
above the chambers, was linked to a 
video recording monitor. Digital records 
were analyzed later, as described below. 

The selected sources of volatiles 
included fresh bark, its collected volatiles, 
a blend of synthetic compounds and a 
blank (an empty olfactometer). For each 
source and concentration, 10 adults were 
tested, taking sex into account 
(male/female). Fresh material − randomly 
collected from several trees − was tested, 
with 50 g of bark inserted directly into a 
jar connected with arm 1; bark extracts 
were tested with 10 µl per insect. Finally, 
a blend of three synthetic compounds  
(α-pinene, β-myrcene and α-terpinolene) 
chosen among those inducing GC-EAD 
responses and known to be attractive to 
other bark beetle species (see results) 
were tested at five concentrations 
ranging from 10-2 to 102 of the amounts 
collected from 800 g of a cut branch 
(Table 1). The blend was prepared by 
following the proportions of α-pinene, β-
myrcene and α-terpinolene occurring in 
the plume collected from bark (18: 80: 2). 
For every five insects tested, the whole 
apparatus was washed and Arm  
1 randomly reassigned. Experiments 
were carried out in laboratory conditions 
(21±1°C, 70% R.H.), assuming a similar 
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concentration of volatiles, released by 
samples kept at the same temperature 
and having the same size and similar 
physiological conditions. The behavior of 
T. destruens adults was recorded 
individually for 10 minutes; each insect 
and each sample tissue was only used 
once.  
 
Analysis of behavioral data 

 
The digital record of the activity of 

each insect in the olfactometer was 
analyzed by the Micro Measure 
program (Wye College Programs). A 
video mixing desk was used to lay out a 
computer-generated map of the 
olfactometer on the video image. The 
borders of the odor fields were drawn on 
the computer image and labeled as 
zones. All the flying or walking tracks of 
the insect were traced from the video 
image by a cursor. For each insect tested 
and for each arm of the olfactometer, the 
program measured time spent walking 
(sec), time spent stationary (sec), and 
total time spent (sec) in each arm. Data 
were analyzed by multi-way ANOVA to 
find statistical differences in time spent 
by adults in Arm 1, in relation to their 
sex and tested odor. Possible interactions 
among the investigated variables were 
also analyzed. Homogeneity of variance 
was tested by Cochran's test (test C) and 
normality by Kolmogorov-Smirnow's 
test (test D); when necessary, data were 
transformed by log (X' = log (x+1)) or 
arcsine (X' = arcsine√x) to obtain 
homogeneous data and normal variance. 
Whenever significant differences 
occurred, Tukey's honestly significant 
difference (HSD) multiple comparison 
test was applied for mean separation 

(ZAR, 1999). Differences at the 0.05 level 
of confidence, adjusted by Bonferroni 
correction for mass comparison, were 
considered significant. Analyses were 
performed by STATISTICA® 3.1 for 
WINDOWS® software (Statistica®, Tulsa, 
OK). 

 
Results 

 
Chemical analysis 

 
Compounds identified from the bark 

of stone pine (Table 1) only included 
eight monoterpenes and four 
sesquiterpenes. The most abundant 
compound in headspace collections was 
limonene, with an average amount − 
from 800 g of a cut log − of 16.9 ± 4.4 
µg/h (ca. 91% of the whole blend), 
followed by β-myrcene (6.4%), α-pinene 
(1.4%) and β-caryophyllene (0.92%) 
(Table 1). 
 
Gas chromatography and electro-
antennographic detection (GC-EAD) 
 

GC-EAD analyses of headspace 
collections detected five active com-
pounds on T. destruens antennae (Table 
1). Considering antennal responses and 
the quantity of compounds in the blend, 
monoterpenes α-pinene, β-myrcene and 
α-terpinolene were the most antennally 
active volatiles (Figure 1), and were 
therefore later tested in the olfactometer 
(see "methods and materials"). Antennal 
responses were also elicited by limonene 
and β-caryophyllene (Figure 1 and Table 
1). Both males and females showed 
similar EAD responses. 
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Table 1 - Volatile compounds collected in headspace of Pinus pinea bark and antennal activity 
in GC-EAD experiments on Tomicus destruens adults 

 
Compounds µµµµg/ha %b GC-EADc Activity  

Monoterpenes    
α-pinene 0.24 1.42 * 
β-pinene 0.03 0.19  
β-myrcene 1.08 6.43 * 
limonene 19.90 100.00 * 
sabinened 0.02 0.15  
α-terpinolene 0.03 0.18 * 
E-limonene oxided 0.02 0.12  
Z-limonene oxided 0.08 0.48  

Sesquiterpenes    
α-longipinened 
junipened 
β-caryophyllene 

0.02 
0.03 
0.15 

0.13 
0.23 
0.92 

 
 
* 

humulene 0.02 0.13  
a Average amount collected from 800 g of a cut branch was 16.9 ± 4.4 µg/h.  
b Reported percentages relative to limonene (100).  
c Asterisks: compounds eliciting responses in T. destruens antennae during GC-EAD experiments. 
d Compound identified with Wiley mass spectral database. 

 

 
 
Figure 1 - GC-EAD responses of Tomicus destruens to headspace collection from bark of stone 
pine. Compounds eliciting antennal responses: α-pinene, β-myrcene, limonene, α-terpinolene, 
and β-caryophyllene (see Table 1) 

 
Behavioral responses 

 
When exposed to the same source, 

males and females showed similar 
behavior (F1, 58 = 1.32, P = 0.12) (Figure 2). 
Thus, further analyses were performed 
with joined male and female data. Adults 

were clearly attracted by bark and its 
extracts, with statistical differences from 
the blank (F2, 57 = 7.13, P < 0.01) (Figure 
2). The responses of adults to the 
synthetic blend were correlated with the 
blend concentration by a logarithmic 
equation (Figure 3), with responses 
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becoming significantly higher than the 
blank at blend concentrations exceeding 

or equal to 1 (F5, 58 = 3.46, P < 0.001) 
(Figure 3). 
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Figure 2 - Mean time spent by males and females of Tomicus destruens in the olfactometer arm 
containing the tested odors (arm 1). Black dots: females; gray squares: males. Blank means 
empty olfactometer. Differences analyzed by two-way ANOVA on odors and sexes. Different 
letters mean statistical differences by Tukey test (P<0.05) 
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Figure 3 - Mean time spent by adults of Tomicus destruens in the olfactometer arm containing 
the tested concentrations of the synthetic blend (α-pinene, β-myrcene and α-terpinolene). 
Concentration equal to 0 is the blank (empty olfactometer), whereas concentration equal to 1 is 
the amount of volatiles collected from 800 g of a cut branch (Table 1). Different letters among 
concentrations mean statistical differences by Tukey test (P<0.05) 
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Discussion 

 
Our results indicate that the behavior 

of T. destruens is governed by specific 
volatile cues. In this respect, stopping or 
slowing walking speed is usually 
considered to be a response to a chemical 
trace of an attractive host (JACOBSON, 
1966). Although it has been 
demonstrated that the behavior of many 
insects may be affected by odors 
encountered during previous searches, 
each adult was tested only once, to avoid 
any possible effect on responses resulting 
from previous exposure. Also, the 
intensity of the odor to which an insect is 
exposed can affect its activity, and 
several species fail to respond to low or 
high concentrations of a kairomone 
(JONES et al., 1971). In the synthetic blend 
tested in the present study, 
concentrations equal to or higher than 
those naturally released by bark and 
shoots caused significant alterations in 
behavior compared with clean air (empty 
arms), indicating that the odor flow was 
strong enough to elicit the insect's 
responses. Adult response increased 
with concentration, although a blend 
concentration a hundred times higher 
than the natural plume seemed to cause 
repellence, as observed in other bark 
beetle species (FACCOLI et al., 2005c). 

In the present study, gender did not 
affect the behavioral or EAD responses to 
host volatiles. When exposed to host 
material or host extracts, males and 
females showed similar behavior, and 
both sexes had similar EAD responses to 
all tested volatiles. Higher antennal 
sensitivity (lower response threshold) 
would be expected for the host-selecting 
sex (pioneers) − females for 
monogamous genera such as Scolytus 

and Tomicus, and males for polygamous 
ones, like Ips and Pityogenes. For instance, 
previous studies report the pioneer sex 
of I. typographus as more affected by host 
and non-host volatiles (FACCOLI et al., 
2005c). DICKENS (1981) found that 
females of I. typographus, which find 
suitable hosts following male-produced 
pheromones, do not have high sensitivity 
to host volatiles, and that their antennae 
have fewer receptors responsive to α-
pinene than those of males. When 
responding to pre-landing signals, males 
of I. typographus are more sensitive than 
females to verbenone (SCHLYTER et al., 
1989) and non-host volatiles (ZHANG 
and SCHLYTER, 2004), whereas females 
of Scolytus rugulosus are more susceptible 
to anti-feedants than males (ASCHER et 
al., 1975). In addition, BYERS et al. (1998, 
2004) found that males of the 
polygamous P. chalcographus and P. 
bidentatus avoid non-host trees more than 
females. However, this mechanism 
seems to be different in Tomicus species. 
Adults of T. piniperda are attracted to 
pine logs or to bark monoterpenes in an 
equal sex ratio (LÅNGSTRÖM, 1980; 1983; 
BYERS et al., 1985; LANNE et al., 1987) and 
our results also confirm this finding for 
T. destruens.  

No aggregation pheromone has been 
found for T. destruens; T. piniperda, a 
more frequently studied species, has also 
given unsatisfactory results. Laboratory 
bioassays with walking beetles and field 
tests have shown that T. piniperda is 
equally attracted to infested and 
uninfested pine logs (BYERS et al., 1985; 
LANNE et al., 1987). Similarly, 
PERTTUNEN et al. (1970) found that the 
presence of boring females did not 
enhance log attractiveness, indicating 
that, in T. piniperda, host and mate 
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location are achieved only by host 
volatiles. In this respect, several studies 
have demonstrated that conifer phloem 
contains extractable compounds 
attractive to bark beetles (BYERS, 1995). 
In our experiments, the only compounds 
eliciting antennal responses in T. 
destruens were four monoterpenes  
(α-pinene, β-myrcene, α-terpinolene and 
limonene) and one sesquiterpene  
(β-caryophyllene). These volatiles are 
very common, and their attractive or 
repellent effect on bark beetles is well 
known. For instance, field investigations 
report β-caryophyllene as a repellent, 
reducing the attraction of P. bidentatus to 
pheromone-baited traps (BYERS et al., 
2004). High contents of β-caryophyllene 
were also found in samples of oak twigs 
attacked by S. intricatus during 
maturation feeding and in oak logs 
during the boring of maternal galleries 
(VRKOCOVA et al., 2000), perhaps due to 
a reaction by the tree to tissue infestation 
by bark beetles. Limonene was the major 
volatile compound isolated from bark 
and shoots of P. pinea, as found by 
MACCHIONI et al. (2003). Limonene is 
one of the host monoterpenes involved 
in pre-existing and induced defenses 
against bark beetles (BAIER et al., 1999) 
and high concentrations occur in trees 
responding to an attack (ERBILGIN and 
RAFFA, 2000). Many experiments suggest 
that high concentrations of limonene are 
toxic or repellent to T. destruens 
(SABBATINI PEVERIERI et al., 2004) and 
other species, such as Dendroctonus 
brevicomis (STURGEON, 1979), I. pini 
(WALLIN and RAFFA, 2000), and I. 
typographus (EVERAERTS et al., 1988). 
However, much of the previous 
literature on monoterpene toxicity had 
methodological problems, since the 
concentrations necessary to kill beetles 

were much higher than in galleries under 
bark (BYERS, 1981). 

Differently, α-pinene, α-terpinolene 
and β-myrcene are the only volatiles 
detected from P. pinea that are attractive 
to T. destruens. The role of α-pinene as a 
kairomone of T. piniperda (SCHRÖEDER 
and EIDMANN, 1987) and more generally 
of many conifer-inhabiting bark beetles is 
well known (BYERS, 1995). Our results, 
together with earlier field investigations 
(SABBATINI PEVERIERI et al., 2004; 
VASCONCELOS et al., 2005), indicate that 
α-pinene is also active on T. destruens. 
Similar results concern α-terpinolene, 
which elicited EAG responses in T. 
destruens and has also been reported as 
an attractant for T. piniperda (BYERS et al., 
1985; SCHRÖEDER and EIDMANN, 1987; 
POLAND et al., 2004). Lastly, β-myrcene 
induces clear antennal responses in T. 
destruens, suggesting its major role in 
host selection. β-myrcene is one of the 
most common components of oleoresins 
of Mediterranean pines (MACCHIONI et 
al., 2003) but occurs in very small 
amounts in continental pine species 
(IDZOJTIC et al., 2005). This may explain 
the preference of T. destruens for the 
Mediterranean pines and T. piniperda for 
the continental ones. In addition,  
β-myrcene is not attractive to T. piniperda 
(BYERS et al., 1985). Although recent 
papers report positive responses of some 
Chinese populations of T. piniperda to  
β-myrcene released by P. yunnanensis, a 
pine species growing in Yunnan 
(southern China) (BORG-KARLSON et al., 
1999; ZHAO et al., 2002), T. piniperda from 
these populations was later ascribed to a 
new species (Tomicus yunnanensis 
Kirkendall & Faccoli) (KIRKENDALL et 
al., 2008). 

In conclusion, in our laboratory 
bioassay the blend composed of  
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α-pinene, α-terpinolene and β-myrcene 
acts as a kairomone on both males and 
females of T. destruens. Intuitively, each 
volatile could encode specific 
information for finding a suitable host, 
since α-pinene is the main conifer 
monoterpene, α-terpinolene occurs 
mainly in pines, and β-myrcene is typical 
of Mediterranean pines. This attractive 
blend may be improved by ethanol − as 
observed in T. piniperda (SCHRÖEDER 
and LINDELÖW, 1989) − released by 
weakened and dying trees. Because an 
effective lure can potentially protect 
Mediterranean pine forests from bark 
beetle attacks, further research 
concerning odor signals mediating host 
location is of interest in the management 
of T. destruens infestations. 
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