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Abstract Forests, a valuable source provided by nature
to living beings, are indispensable for many living or-
ganisms; hence, it is important to ensure the sustainabil-
ity of forests. Determining the factors that exposure
threats to the forests, executing protective methods
against them and putting these methods into practise
are important for the ecological cycle. Bark beetles,
which have destructive effects on the ecosystem, are
one of the factors that expose a threat to forests. There-
fore, monitoring of these species and determination of
effective control strategies are increasingly gaining im-
portance in forestry. Conventional pheromone traps,
which are being currently used, provide limited infor-
mation on flight times of target species. Therefore, the

technological development of the capture systems of
these traps will determine future control trends. Hence,
pheromone traps with electronic control unit were pre-
pared in earlier (ѵ1) and new designed (ѵ2) versions. In
ѵ2, 97.5% of target species were counted, and instant
temperature, humidity and time parameters at the time
of capture were recorded at a practiced field work for the
system. In addition to the instant parameters recorded in
ѵ2, an anemometer used for measuring wind speed,
which is considered to have influence on the behaviour
of target species, was incorporated into the system. In
the trials, the counting success rates under daylight and
darkness conditions for Ips sexdentatus adults were 98.1
and 97%, whereas the counting success rates for
Pityocteines curvidens adults, which are smaller in size,
were 96 and 99%, respectively. In conclusion, data
obtained by recording the amount of target species along
with the capture moment and parameters related to this
will be very useful and provide determinative in the
management of target species.

Keywords Multidisciplinary study . Biotechnological
approach . Bark beetle . Species difference

Introduction

Bark beetles (Coleoptera: Curculionidae: Scolytinae)
are one of the most destructive biotic factors that affect
the forests (Marini et al. 2017). Although many species
of bark beetles prefer dead or dying trees, a few species
may kill healthy trees (Lindgren and Raffa 2013).
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Remarkable changes occur in the forests due to the
outbreak of these species (Macek et al. 2017), which
are primarily and secondarily harmful (Wood and Bright
1992), resulting in adverse effects, particularly on the
ecosystems (Gitau et al. 2013; Hansen 2014). These
species, which are considered to have an increasing
importance as beetles of conifer forests (Gitau et al.
2013; Lindgren and Raffa 2013), cause considerable
economic losses in the forests (Lindgren and Raffa
2013; Sánchez-Martínez and Wagner 2002). Although
they cause death of trees in the forests where host
species are present (Meddens et al. 2012; Negrón and
Popp 2017), the outbreak of these species exposes a
major threat to the productivity of forests (Zang et al.
2015). Besides, damages on trees have a significant
effect on timber production (Schwab et al. 2009). In
order to ensure the sustainability of forest existence, it
is indispensable to carry out a control programme of
active bark beetles in the forests (Özcan et al. 2016).

The presence of host trees controls the population of
bark beetles and limits the growth of their populations
(Gómez et al. 2017; Rudinsky 1962). Undoubtedly, the
riskiest period for these species is the time of finding a
host (Byers 1996). The species have a complex strategy
to find their hosts and location in forests (Raffa et al.
1993). Many target species that are monitored using
pheromone traps can fly very long distances (Nansen
2004). Long-distance distribution of bark beetles, which
causes the finding and placing to host plant and so
increase their populations, is a significant feature that
influences their population dynamics and distribution
(Meurisse and Pawson 2017). Distribution is an impor-
tant process in the response of beetle’s populations to
rapidly changing environmental conditions (Kautz et al.
2016).

The objective in the control of bark beetles must be to
minimise and/or reduce the beetle population (Gómez
et al. 2017). Silviculture applications may be effective in
reducing the population of bark beetles (Gómez et al.
2017). Therefore, sanitation and mass trapping are the
principal control methods to determine the populations
of these species (Yonker 1990). In addition to being
used to study the biology and behaviour of many bark
beetle species (Lindgren and Borden 1983), pheromone
traps are important in the management of forest beetles
(Knodel et al. 1995; Galko et al. 2016). Because pher-
omones specific to these species are used in these traps,
more exact data are obtained (Wainhouse 2005). The
use of pheromone traps (Sagitov et al. 2016), one of the

basic factor of the Integrated Pest Management, remains
important in terms of control strategies (Galko et al.
2016).

Pheromone traps are the most common strategy used
to monitor the density and distribution of bark beetle
populations (Galko et al. 2013). Pheromone trapping
applications are utilised to reduce the risk of outbreak
of active beetles and increase the efficiency of control
(Zúbrik et al. 2008). Particularly, mass trapping appli-
cations are effective in reducing the density of target
species population (Özcan et al. 2011). Pheromone
traps, which are preferred for monitoring the flight times
of target species (Holuša et al. 2012), are important for
the early detection of outbreaks, determination of out-
break areas, monitoring of beetle population and selec-
tion of a beetle control method (Knodel et al. 1995;
Byers 2006; Hayes et al. 2008). One of the most signif-
icant advantages of pheromone traps is that they mini-
mise the risk of the host trees located near them being
attacked (Lindgren and Borden 1983), which reduces
the damage by bark beetles in the rest of the forest
(Krieger 1998). In addition, in the study conducted by
Sánchez-Martínez and Wagner (2002) in various spe-
cies, it was stated that the bark beetles can be captured
by the traps in a large radius. This is evidence showing
that the activity area of traps is considerably large. The
traps are biotechnical elements used for both control
(Raty et al. 1995; Gillette and Munson 2007; Özcan
et al. 2016) and monitoring of target species population
(Baker 2008; Bakke 1991; Baker 2008; Faccoli and
Stergulc 2006; Lindelow and Schroeder 2001;
Meurisse et al. 2008; Özcan et al. 2014; Turchin and
Odendall 1996).

Control strategies to be planned against target spe-
cies, with which the increased population may expose a
threat in the forests they are active, always remain in the
forefront. Therefore, it is necessary to make additional
contributions to the already-existing conventional con-
trol strategies in the presence of species. Development
of the intended use of pheromone traps, which have
been used for target species for a long time, along with
the support of various elements and the providing of
detailed data will remarkably help in the determination
of the future risks. The results from this study and then
the successive data to be obtained through common
applications will facilitate models to be created by con-
sidering parameters including target species population,
temperature, humidity, time and wind speed. These
results will help in planning control strategies that will
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enable analytical estimations from monitoring areas to
larger forest areas, assist in taking early controls against
beetles and reduce damage levels to below the expected.
In light of this information, pheromone-baited traps with
the integrated electronic control unit as a new method-
ology was designed and improved ѵ1 which involved
laser scanning system and ѵ2 which used a motion
sensor to detect large-scale target species, respectively.
Also, the improved ѵ2 were made to overcome the
explained possible handicaps, although ѵ1 and ѵ2 are
successful in determining the target species.

Experimental procedure

New design

The pheromone trap with ECU (version ѵ1) designed by
Özcan et al. (2014) aimed to determine various param-
eters at the time of capture of target species. Hence,
temperature and humidity variables at the time of cap-
ture of the beetles detected by the laser scanning system
were recorded in microSD card with the help of a card
ECU. The recorded parameters are stored in the ‘com-
ma-separated CSV’ file within the microSD card by the
microcontroller. The designed unit could be applied to
all types of traps because it is placed at the entrance of
the trap chamber. However, in the fieldworks carried out
with ѵ1 system, it was observed that the failure to count
beetles due to the location of target species at the time of
falling into the chamber through laser scanning system
may result in handicaps, i.e. inability to determine small-
sized target species. In the first version and in this study,
Scandinavian-type® three-funnel pheromone traps that
have been commonly used in Turkey were preferred to
monitor bark beetles. ECU was created using a PV
system equipment (PV module, battery, charge control-
ler, fuse and cabling) and an electronic card equipment
(microcontrollers, sensors, microSD card and electronic
units) (version ѵ2).

The pheromone trap with ECU (ѵ2) has been devel-
oped based generally on the previous design. Some
innovations and improvements were made in line with
the possible handicaps and their solution proposals. The
design of previously used system had been made based
on original pheromone traps. However, in light of the
possible handicaps during the counting process and the
statistical data obtained, it was decided that the traps
need to be improved and a new design was developed

for the entrance of the reservoir. In this new design,
instead of the laser scanning system used in the previous
work, a different type of sensor, the motion sensor, was
adapted to the system (Fig. 1).

Nonetheless, off-grid solar energy systems are still
utilised to enable them to operate independently from
energy in the forest for long periods of time. This system
includes solar panel, charge controller, battery, fuse and
cabling. A microcontroller unit is used to control the
system. The details of the system have been submitted in
previous studies, and the system continues to be used in
a similar way.

The parametric data obtained in the first applied
system (ѵ1) were expressed as temperature, humidity,
date and time. An anemometer was incorporated into the
developed system (ѵ2) to determine the wind-speed
parameter, in addition to the abovementioned parame-
ters, that is considered to have an effect on the behaviour
of beetles. The programme of ѵ2 system was re-updated
based on new studies, and the flow diagram of newly
designed programme is given below (Fig. 2).

The fieldwork of the ѵ2

In the scope of the study, a pheromone trap was de-
signed (ѵ1) in order to represent the biology and behav-
iour of target species along with specific parameters, and
the prototype works and system success results were
submitted in detail by Özcan et al. (2014, 2016). How-
ever, ѵ2 was designed to eliminate certain handicaps
observed in ѵ1 in the fieldwork and to successfully
record smaller-sized target species (Fig. 3). Besides,
every counting group was studied under daylight and
darkness conditions in order to evaluate the counting
success rate of ѵ2 and determine whether the energy
requirement is sufficient, particularly in darkness
conditions.

Overall, 649 Ips sexdentatus and 722 Pityokteines
curvidens (Germ.) (Coleoptera: Curculionidae:
Scolytinae) live adults were used in this study. The sizes
of 50 adults for each species were precisely measured.
The average size of I. sexdentatus adults that differed in
size was found to be between 5.4 and 8.7 mm, whereas
that of P. curvidens adults was between 2.1 and 3.1 mm
(Fig. 4d, e). The target species were collected from the
pheromone traps in the forest and under the bark of the
invaded trees in the first days of August in order to
evaluate the counting success and parameters recorded
during the passage of beetles of different sizes through

Environ Monit Assess (2018) 190: 600 Page 3 of 11 600



the trap chamber (Fig. 4a,b,c). Live target species ob-
tained were counted at different hours of the day be-
tween 5th and 7th August 2017.

The counting results were obtained by throwing two
different target species grouped as mono, double and
triple into traps under two different light conditions (day

and night). The trials were performed with a total of
1371 adults (649 I. sexdentatus and 722 P. curvidens
adults) in a total of 687 throws at random intervals
regardless of time frequency (Table 1).

All statistical analyses were performed using IBM
SPSS 20.0 for Windows® software. The differences

Fig. 1 Design view of the system
developed using AutoCAD
2016®
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between the counting success rates under daylight and
darkness conditions in groups for target species of dif-
ferent sizes were measured using chi-square test.

Results

When I. sexdentatus adults were evaluated regardless of
the differences in light conditions in mono, double and
triple groups, it was observed in all trials that 97.5%
(317) of 325 throws were successfully recorded, where-
as 2.5% (8) were not recorded. Similarly, in the evalu-
ations in the same category with P. curvidens adults, it
was observed that 97.5% (353) throws were successful-
ly recorded, whereas 2.5% (9) were not recorded. For
I. sexdentatus adults, 98.1% of 161 throws in daylight
and 97% in darkness were successfully counted and
recorded. For P. curvidens adults, the success rate under

daylight and darkness conditions were 96 and 98.9%,
respectively.

When adults of both target species were separately
evaluated, no statistically significant difference was ob-
served between the counting success rates under day-
light and darkness conditions (p > 0.05) (Table 2). The
absence or presence of light does not affect the counting
success for both target species and does not alter the
counting success of traps. Moreover, the counting suc-
cess rate was found to be successful under different light
conditions for ѵ2.

In addition, it was observed that the energy required
for the operation of ѵ2 can be fully supplied under
conditions without daylight. Adults were tested in
mono, double and triple groups for the evaluation of
two different target species. The counting success rates
of each groups in daylight for I. sexdentatus were found
to be 96.1, 100 and 98.3%, whereas in darkness, these
were 93.5, 98 and 98.1%, respectively (Table 3).

Start

S

Measure S

Measure; 

T(°C), H(%)

Measure; 

ND, NT

Measure WS 

(m/s)

Yes

No

T : Temperature (°C)

H : Humidity (%)

ND : Date (day / month / year)

NT : Time (hour / min. / sec.)

WS : Wind Speed (m/s)

S   : Motion Sensor

Save;

T, H, ND, NT, W

Write the 

parameters to screen

Fig. 2 Flow diagram of the
newly designed programme
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The counting success rates for P. curvidens adults in
the same group were 96.3, 94.7 and 98.4% in daylight,
and whereas 98.5, 100 and 98.3% in darkness condi-
tions, respectively (Table 4). Rates for the failure to
count or the detection of double and triple groups as a
single group were ≤ 6.5% for I. sexdentatus adults and ≤
5.3% for P. curvidens adults. It is highly likely that
multiple adults are captured by the pheromone traps
based on the natural environment conditions, and it
was observed that the margin of error in this regard
was considerably reduced with the new sensor de-
sign of ѵ2. For the target species, no statistically
significant difference in terms of counting success
rate was observed among the mono, double and
triple groups under both daylight and darkness con-
ditions (p > 0.05) (Tables 3 and 4). Based on this
evaluation, the fact that both species are captured
by the traps in mono or multi groups does not affect

the success rate, and they can be counted and record-
ed with a high success rate.

In the evaluation of counting success for target spe-
cies with different sizes, no statistically significant dif-
ference was observed among the groups under both
daylight and darkness conditions (p > 0.05). The
counting success rate for large- and small-sized target
species in daylight conditions was between 96.1 and
100%, whereas it was 93.5 and 100% in darkness con-
ditions (Fig. 5). In conclusion, the counting success for
species with different sizes is considerably high.

Discussion

Galko et al. (2016) emphasise that the development of
the capturing systems of traps will be a future trend. In
conventional pheromone traps, which are currently

Fig. 3 The experimental
illustration of the ѵ2 involving
microcontroller to determine
target species for monitoring
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used, provide limited information on the flight time and
duration of target species (Özcan et al. 2011; Özcan
2017). ECU has been incorporated into these conven-
tional traps to record the capture moment and the tem-
perature and humidity values at that moment (ѵ1)
(Özcan et al. 2014). Based on the results of the trials,
the designed trap was considered to be successful
(Özcan et al. 2016). Effective use of data obtained by
these traps will reduce damages and subsequent eco-
nomic losses caused by the species (Özcan et al. 2016).
Although instant temperature, humidity and time param-
eters were recorded with a high capture success rate of
87.1% in ѵ1 (Özcan et al. 2016), this rate increased to
97.5% in ѵ2. In addition to instant parameters recorded
in ѵ1, wind speed was incorporated into the trap. In the

trials conducted with I. sexdentatus adults, the counting
success rates in ѵ1 under daylight and darkness condi-
tions were 83.7 and 90.2% (Özcan et al. 2016) and the
counting success rates in the trials with the same target
species were 98.1 and 97%, respectively. The success
rate in ѵ2 was increased compared with that in ѵ1 with
I. sexdentatus adults (Özcan et al. 2016), whereas the
success rates for the same species based on different
light conditions were increased by 14.4 and 6.8%,
respectively.

In addition, the success rates for P. curvidens adults
with smaller sizes were as high as 96 and 99%. It was
found that ѵ2 had a higher success rate for the adults of
the same species compared with ѵ1, and it was also
determined to be considerably successful for small-

Fig. 4 Collecting samples used in the designed system from
forest: aDamage by Ips sexdentatus in Anatolian Black Pine Forest
(Kastamonu/Turkey, 2017), bIps sexdentatus gallery, c bark

beetles collected in pheromone trap, d Ips sexdentatus used in
the trials and e Pityokteines curvidens adults

Table 1 Distribution of target species into mono, double and triple groups

Group Daylight Dark Total

Mono Double Triple Mono Double Triple

Ips sexdentatus 52 50 59 61 50 53 325

Pityokteines curvidens 55 57 61 67 63 59 362

Total 107 107 120 128 113 112 687a

a Number of target species in 687 throws performed in mono, double and triple groups, 1371
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sized species. ѵ2 was designed so that environmental
conditions do not have any effects on the counting
success for both target species. The trials with ѵ1 under
darkness conditions were more successful than those
performed under daylight conditions (Özcan et al.
2016); however, the problems caused by light were
resolved and the success rate increased in ѵ2. Addition-
ally, the new design has proved to have a successful
counting rate of approximately 100% under different
light conditions. In addition, it was observed that the
energy required for the operation of ѵ2 can be fully
supplied under conditions without daylight. ѵ1 can de-
termine the differences (millisecond) in refraction of
light with an average error margin of 15% (Özcan
et al. 2016); this rate was decreased to ≤ 6.5% by the
use of motion sensor instead of a laser scanning system.
Angle of fall for the beetles in the designed ѵ2 cannot be
controlled for each throw under different light condi-
tions. Detection of beetles is possible by passing in front
of the motion sensor. In darkness and daylight

conditions, differences of the success rates, which is
negligible, are related to the position of the beetle when
it is caught. This difference can be overcome with
improvements on the design.

Although mass trapping is not always a precise con-
trol method for target species (Panzavolta et al. 2014), it
is stated that these applications would be useful for the
protection of forests against I. typographus (Faccoli and
Stergulc 2008). Using ѵ2 will contribute to the determi-
nation of behaviour of target species such as
I. typographus. Weslien et al. (1989) suggested that the
numbers of I. typographus adults captured by the pher-
omone traps reflect the damage caused by the bark
beetles in the region within the year. However, the data
obtained are limited and are expressed by prediction. On
the other hand, data obtained from mass traps are im-
portant because they can be used to plan the control
methods (Yonker 1990). Besides, the flight times of
target species adults may vary every year; hence, the
population dynamics of target species need to be mon-
itored (Panzavolta et al. 2014). Data obtained by this
design, particularly ѵ2, will help to make accurate and
reproducible predictions on tree mortality rates in out-
break areas.

It is known that there is a high correlation between
the number of beetles captured by the traps and the
volume of wood invaded or the number of dead trees
(Faccoli and Stergulc 2004). Therefore, the number of
beetles captured by the traps can provide information on
the population of species and give insight into the pos-
sible tree mortality rates. Parameters obtained from the
conventional traps during the monitoring and control

Table 2 Relationship of counting success rates in daylight and
darkness conditions for different target species

Light condition-target
species

N (throws) Counted Not counted

N % N %

Daylight—I. sexdentatusa 161 158 98.1 3 1.9

Dark—I. sexdentatus* 164 159 97.0 5 3

Daylight—P. curvidens** 173 166 96.0 7 4

Dark—P. curvidens** 189 187 98.9 45 1.1

*p > 0.05 (x2 = 293.788; df = 1); **p > 0.05 (x2 = 326.895; df = 1)

Table 3 Counting success relationship of different throw groups
under daylight and darkness conditions for Ips sexdentatus adults

Different
throw groups

Number Counted Not counted

n % n %

Daylight*

Mono 52 50 96.1 2 3.9

Double 50 50 100 0 0

Triple 59 58 98.3 1 1.7

Dark**

Mono 62 58 93.5 4 6.5

Double 50 49 98 1 2

Triple 53 52 98.1 1 1.9

*p > 0.05 (x2 = 149.224; df = 1); **p > 0.05 (x2 = 144.610; df = 2)

Table 4 Counting success relationship among different throw
groups under daylight and darkness conditions for Pityokteines
curvidens adults

Different
throw groups

Number Counted Not counted

n % n %

Daylight*

Mono 55 52 96.3 3 3.7

Double 57 54 94.7 3 5.3

Triple 61 60 98.4 1 1.6

Dark**

Mono 67 66 98.5 1 1.5

Double 63 63 100 0 0

Triple 59 58 98.3 1 1.7

*p > 0.05 (x2 = 146.133; df = 2); **p > 0.05 (x2 = 181.085; df = 2)
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processes provide detailed information on the behaviour
of target species population. Themoment and number of
species captured are important for making predictions.
In addition, data obtained by recording the numbers of
target species along with parameters that contribute to
the clarification of biology and behaviour of target spe-
cies will be very useful and provide guidance in the
management of target species. On the other hand, elim-
ination of outbreaks of these species is difficult and
expensive. Precautions taken to prevent these outbreaks
are effective in reducing the losses caused by these
beetles (Schowalter 2012). It is indispensable to control
programs to reduce the potential future outbreaks of
bark beetles or the intensity of outbreaks and to use
new methods in this regard in today’s technology.

So far, researchers have tried to determine sensitive
areas by taking into account forest conditions and fo-
cussing on the use of pheromone traps (Negrón and
Popp 2017). However, it is not always possible to see
the whole picture in the forest from the limited points.
Data obtained by the monitoring of target species
through pheromone traps with this design (ѵ2) will help
to obtain more information on beetle species and pro-
vide an insight into the prediction of possible damages
caused by them. In particular, the efficient prediction of
early flights (Zang et al. 2015), flight times and dura-
tions (Özcan 2017) of bark beetles are important for
preventing or minimising large outbreaks (Zang et al.
2015). With the help of the designed system, it will be
possible to update the control strategies for damages
caused by target species in forests. Bark beetle out-
breaks, which are called smokeless fires in the forest
ecology, are more hazardous than fires, and it is

necessary to use control programme against them. The
obtained results from the studies conducted using this
system design will help to create models based on the
flight of target species, thus ensuring the acquisition of
significant records for the prevention of possible
damages.
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