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Abstract

Bark beetle is one of the most dangerous groups among forest pests. Periodic outbreaks of these species can cause very serious
economic losses as well as negatively affect ecosystem processes and functions. Strategies developed in line with the specific
objectives and continued efforts to control these pests are necessary. Environment-friendly and nature compatible methods are
preferred to keep the population of pests at low levels. One of the effective methods of suppressing the bark beetle population is
biological control. Thanasimus formicarius, a general predator of many bark beetle species, is an effective natural enemy of them.
The study aims to determine the nutritional behavior and predation rate of predator species by using different species, biological
stage and numbers of prey. In this context, Ips sexdentatus and Dendroctonus micans individuals in different stages of their life
cycle were used as prey to determine the weight loss of the prey caused by 7. formicarius, prey preference, and predation rates of
predator beetle. 7. formicarius adults caused an average weight loss of 0.0188 g of their prey within 24 h. The average weight
losses were different in three groups in experiments using /. sexdentatus adults alone, D. micans larvae alone, and these two
species together as prey. In experiments wherein only /. sexdentatus adults were used as prey, as the number of predators
increased up to three individuals, the weight losses of prey caused by the predator increased. In the evaluations conducted
without considering the differences in stages of life cycle and prey species, the predator caught the prey at a rate of 69%. In
experiments wherein only /. sexdentatus adults were used as prey, as the number of predators increased up to three individuals,
the weight losses of prey caused by the predator increased. Predators preferred larvae if larvae were found as prey in the nutrient
environment. The average predation rate of 7. formicarius in experiments using 1. sexdentatus adults alone as prey was 68.9%,
whereas this rate was 71.3% in experiments using D. micans larvae alone.
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Introduction

Forests, which constitute the largest habitat of important plant
and animal species and are the most widespread vegetation in
the world (Yildirim and Velioglu 2006; Medhi and Kar 2016),
are valuable renewable global resources due to their ecologi-
cal, social, and economic benefits (Martin-Garcia and Diez

>4 Gonca Ece Ozcan
goncaece @kastamonu.edu.tr

Nazl Kogoglu
nazkcgl@gmail.com

Faculty of Forestry, Kastamonu University, Kastamonu, Turkey

Institute of Science, Sustainable Agriculture and Natural Resources
Program, Kastamonu University, Kastamonu, Turkey

2012). Utilizing forests with sustainable and continuous plan-
ning is one of the basic principles of today’s forestry (Ozcan
2017). However, forests, our natural resources, are adversely
affected by many biotic and abiotic factors such as; water, soil,
and air pollution; increased industrialization; rapid population
growth; climate change; forest fires; pests; and diseases
(Forster et al. 2003; Okland and Berryman 2004; Anderegg
et al. 2015; Kulakowski 2016; Medhi and Kar 2016;
Mehmood et al. 2017; Elburz et al. 2018; Ozcan et al. 2018).

The presence and increase in biological invasions affect the
biodiversity and ecological integrity of natural ecosystems
(Mack et al. 2000). The invasion of insects, causing damage
to the forests, is known to cause more losses than other factors
(Brockerhoff and Liebhold 2017), and the most destructive
species affecting forests are bark beetles (Anderegg et al.
2015; Marini et al. 2017). Biological control, which involves
the control of insects and diseases using natural control agents,
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is an environment-friendly, economic, long-term, sustainable,
and most promising method that uses beneficial organisms in
the nature against harmful organisms (Bailey et al. 2009;
Birisik et al. 2014; Uygun et al. 2010; Sanda and Sunusi
2014). Existing natural enemy population can dramatically
reduce bark beetle reproduction and population density in
infested trees (Weslien and Regnander 1992; Schroeder and
Weslien 1994; Biedermann et al. 2019). The suppression of
harmful species is possible by increasing the number of pred-
ators or pathogens or interspecific competition in the region
where the pest is active (Snyder 2019). The density and be-
havioral ecology of bark beetle species is affected by predators
and parasitoid populations (Wermelinger et al. 2012).
Accordingly, biological control via the use of predators is an
effective control method for regulating harmful insect popu-
lations (Eneh 2011).

Predators of different species of bark beetles are usually sim-
ilar (Reeve et al. 2003). The predators, which have a significant
impact on species, especially members of the Cleridae family, are
frequently found in the galleries of bark beetles that damage
coniferous and deciduous stands (Costello 2003; Kocoglu and
Ozcan 2018). Thanasimus formicarius (Linnaeus) (Coleoptera:
Cleridae), a general predator of many bark beetle species that
invades spruce (Picea sp.), pine (Pinus sp.), and deciduous trees
(Warzee and Gregoire 2003), is effective against several of bark
beetle species (Akyol and Sarikaya 2017) and is one of their most
abundant natural enemies present in nature (Schroeder 1997).

This predator species is produced in a laboratory environment
for the biological control of bark beetle species such as Ips
sexdentatus, 1. typographus, and Pityokteines curvidens
(Coleoptera, Curculionidae, Scolytinae) and released into the for-
est land in Turkey located in a natural forest belt in terms of forest
ecosystems (Akyol and Sarikaya 2017). In control strategies,
predator—insects preferences and predations toward the target
species are important. However, it is quite complicated to deter-
mine their effectiveness on harmful species because nonspecific
predators have a wide range of nutrients in terrain conditions.
This study was conducted in the laboratory environment wherein

different stages of the life cycle and various 1. sexdentatus and
Dendroctonus micans (Coleoptera, Curculionidae, Scolytinae)
individuals were used as prey. Consequently, the weight loss of
these preys caused by predator insect 7. formicarius, prey pref-
erence, and predation rates of 7. formicarius were determined.

Material and method
Experimental procedure

The study was carried out between May and September
2017 at the Forest Pest Control Laboratory of Kastamonu
Forest Regional Directorate. Predator insect 7. formicarius
and its prey 1. sexdentatus adults used in the experiments were
collected from pheromone traps placed in the forests of the
region within the scope of biotechnical control. Another prey,
D. micans larvae, was collected from Artvin oriental spruce
forests, which are actively damaged by this pest.
T. formicarius adults were placed for feding into glass con-
tainers with air inlet holes on the lids (Fig. 1a). Sawdust and a
small piece of wood were placed in these containers to ensure
moisture balance and to create a habitat for insects (Fig. 1b).
An adult T. formicarius was placed in each container setup.
(Fig. 1c). These containers were placed in the laboratory in a
sterile room without light at a temperature of 21 °C £ 1 °C and
75% + 5% humidity. The individuals of /. sexdentatus and
D. micans in different experiment were used in different num-
bers and stage of their life cycle as preys. They were weighed
twice with a precision scale before and after predator feeding
(24 h), and the difference in weight was calculated (Fig. 1d).
Predation rates were determined according to the number of
prey killed and/or injured by the predator in the experimental
setup within the specified period.

A total of 240 experimental setups were designed with 10
different prey groups, each containing five 7. formicarius in-
dividuals, 1200 experiments were carried out (Table 1).

n | L
- £

Fig. 1 Example of experimental setup: a Experimental containers with lid holes, b Thanasimus formicarius and Ips sexdentatus adults, ¢ The catch of the
prey by Thanasimus formicarius, d Measurement of prey using milligram precision scales
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Table 1 Experimental setups
designed according to the prey Variants ~ Number of Number of Number of Number of Number of
groups (i.e. variants), and the I. sexdentatus D. micans experiments in the 7. formicarius in total
number of experiments adults larvae group the group experiments

L 1 - 48 5 240

1L 2 - 38 5 190

ML 3 - 46 5 230

Iv. 4 - 39 5 195

V. 5 - 11 5 55

VL 6 - 3 5 15

VIL - 2 25 5 125

VIIL - 4 7 5 35

IX. 1 1 16 5 80

X. 1 3 7 5 35

Total 240 50 1200

Data analysis

Data were analyzed using IBM SPSS statistics version
20.0 for Windows® software. Descriptive statistics in-
cluding variation range, variance, standard deviation,
standard error, minimum value, maximum value, and per-
centages that described the variables in the database were
used in the evaluations. The normality of data was
checked using Kolmogorov-Smirnov (K-S) single sample
test, however, it was found that the data were not normal-
ly distributed (p < 0.05). In addition, sample size plays an
important role in the selection of tests. Since parametric
tests are more reliable in large samples (n>30) (Batu
1995; Van Buren and Herring 2020), one-way analysis
of variance and independent t-test were used during the
analyses. In addition, in the evaluations performed ac-
cording to the average losses in the prey caused by the
predator, the differences between the groups were deter-
mined by independent samples #-test and the differences
between the averages of more than two groups were de-
termined by one-factor variance analysis. The predation
rate that represented the suppression of prey populations
was the proportion of prey population that was killed and/
or injured (Vucetich et al. 2011). The predation rate was
calculated by determining how many preys were killed
and/or injured by the predator after 24 h for each exper-
iment and then the value was proportioned to total num-
ber of preys.

Data set

In this study, it was aimed that predators show similar
feeding behavior in groups where the predators were fed
by the same number of preys. Therefore, the predators
were determined in the terms of the difference in the

average weight losses of each prey in the groups eaten
by each predator based on the variance analysis.
Accordingly, in groups I, II, III, TV, and X, statistically
significant differences were found between the average
weight losses (p <0.05; Table 2). Predators differing in
these groups were determined and all experiments includ-
ing these predators were excluded, and a total of 1070
experiments were evaluated. In the remaining groups, no
significant difference was observed between the averages
of weight losses in prey according to the analysis of var-
iance (p > 0.05).

Results
Weight losses of prey

Of 1070 experiments, in 75% (802) 1. sexdentatus adults
alone, in 15% (160) D. micans larvae alone, and in 10%
(108) both I. sexdentatus adults and D. micans larvae
were given as prey to 7. formicarius. When the differ-
ences in prey species, different stages of prey life cycle,
and prey number were ignored, the average weight loss in
the prey that an T. formicarius adult caused during the 24-
h period was 0.0188+0.0141 g. The average weight loss
in experiments using /. sexdentatus adults alone as prey
(groups I-VI) was 0.0163+0.0120 g; 0.0274+0.0179 g
in experiments where D. micans larvae alone were used
(groups VII-VIII), and 0.0240£0.0160 g in experiments
using both prey species (group IX—X; Fig. 2). In these
three experimental groups, a significant difference was
observed among the average weight losses of prey
(p <0.05), and the weight loss amounts in D. micans lar-
vae was higher than in I sexdentatus adults.
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Table 2 Results of variance

(ANOVA) in terms of average Variants ~ Number of 7. formicarius in the Number of The biological stage of *p
weight loss rates caused by pred- group experiments prey
ator according to prey groups
L 5 48 adult 0.470
1L 5 38 adult 0.004*
III. 5 46 adult 0.006*
V. 5 39 adult 0.001*
v 5 11 adult 0.203
VI 5 3 adult 0.135
VIL 5 25 larvae 0.263
VIIL 5 7 larvae 0.852
IX. 5 16 adult 0.113
larvae 0.151
X. 5 7 adult 0.025%
larvae 0.379

*p < 0.05 refers to different groups

Further, one, two, three, four, five, and six individuals were
used as prey in 29.9% (240, group I), 19% (152, group II),
22.9% (184, group III), 19.4% (156, group IV), 6.8% (55,
group V), and 1.8% (15, group VI), respectively, in 802 ex-
periments, wherein 1. sexdentatus adults alone were used as
prey. According to the groups, the average amounts of weight
losses were 0.00983, 0.01584, 0.01902, 0.01899, 0.02447,
and 0.0324 g, respectively. No significant difference was ob-
served between the average weight losses in groups IV, V, and
VI (p>0.05). In experiments including four and more
1 sexdentatus adults, the average weight loss of the prey was
0.02122 g, and the weight loss caused by the predator per day
was approximately equal. The weight loss did not increase
directly and proportionally with the number of prey.

Besides, according to variance analysis, a significant
difference (p <0.05) was observed among the average
weight losses in groups I, II, and III. Further, no

significant difference (p >0.05) was observed between
the experimental groups using three . sexdentatus adults
as prey and the groups using four and more /. sexdentatus
adults as prey (Fig. 2). As the number of 1. sexdentatus
adults increased, the weight losses caused by the predator
increased; further, the difference among the weight losses
of the prey with different adult numbers decreased with
the increase in the number of adults.

In the 160 experiments, where D. micans larvae
alone were used as prey, two individuals were used in
78.1% (125, group VII) and four individuals in 21.9%
(35, group VIII). The average weight losses caused by
T. formicarius in the prey were 0.0279+0.0158 and
0.0250+0.0239 g, respectively (Fig. 2). There was a
significant difference between the average weights
losses in groups VII and VIII according to independent
t-test (p <0.05).
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Fig. 2 Average weight losses caused by Thanasimus formicarius in prey according to prey groups
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Prey preference of the predator

In experiment groups VI and VII, wherein /. sexdentatus
adults and D. micans larvae together were used as prey, a
significant difference was observed among the average weight
losses in I. sexdentatus adults caused by the predator accord-
ing to independent #-test (p < 0.05). Moreover, the weight loss
in experiments using only /. sexdentatus adult was approxi-
mately three times higher than the average weight loss in
experiments using both I sexdentatus adult and D. micans
larvae (Fig. 2). This suggests that the predator insect prefers
larvae if larvae are found as prey in the nutrient environment.
In experimental groups where /. sexdentatus adult and
D. micans larvae were used as prey together, when only
D. micans larvae were evaluated in terms of weight loss, the
average amounts of larval weight loss were statistically differ-
ent according to the independent #-test (p < 0.05). The average
losses caused by the predator was 0.0274 g in experiments
wherein only D. micans larvae were used as prey, and the
average larval loss was 1.47 times higher in experiments
wherein /. sexdentatus adults and D. micans larvae were used
together. This suggests that the predator prefers larvae in the
presence of larvae as prey in the environment. With simulta-
neous use of the 1. sexdentatus adult and D. micans larvae as
prey, T. formicarius caused 22.8% loss of adults and 77.2%
loss of larvae. The amount of loss in experiments using single-
prey species was 1.68 times higher for larvae than for adults.
In addition, when experiments are setup using both adults and
larvae, the predator was primarily oriented toward the larvae.

Predation rates

In experiments using 1. sexdentatus adults alone, 100% pre-
dation rate was observed in 81.6%, 54%, 31.5%, 20%, 20%,
and 6.6% in groups I, I, III, IV, and VI, respectively. As the
number of adults used as prey increased, the number of exper-
iments with 100% predation rate decreased. This outcome
only differed in group V. In addition, predation rates by
groups calculated for half and more of the individuals used
as prey were 81.6%, 88.9%, 60.3%, 65.6%, 69%, and 73.5%,
respectively (Table 3).

In experiments using D. micans larvae alone, the predation
rate was a 100% in 70.4% of group VII and 22.9% of group
VIII. As the number of larvae used as prey increased, the
number of experiments with 100% predation rate decreased.
In addition, predation rates by groups calculated for half and
more of the individuals used as prey were 96% and 62.9%,
respectively. In experiments using two D. micans larvae, a
100% predation rate was 3.07 times higher than in experi-
ments using four larvae (Table 4). Although 7. formicarius
adults did not kill all I sexdentatus adults or D. micans larvae

1677
Table 3 Predation rates of Thanasimus formicarius on Ips sexdentatus
adults
Variants ~ Predation Experiments
rates
(%) Number Percentage Cumulative
™) (%) (%)
L 100 196 81.6 81.6
0 44 18.4 100
II. 100 82 54.0 54.0
50 53 34.9 88.9
0 17 11.1 100
1. 100 58 315 315
66.7 53 28.8 60.3
333 52 28.3 88.6
0 21 11.4 100
Iv. 100 31 19.9 19.9
75 31 19.9 39.8
50 40 25.6 65.4
25 39 25.0 90.4
0 15 9.6 100
IX. 100 11 20.0 20.0
80 16 29.0 49.0
60 11 20.0 69.0
40 14 25.4 94.4
20 2 3.6 98.0
0 1 2.0 100
X. 100 1 6.6 6.6
833 2 133 19.9
66.7 4 26.8 46.7
50 4 26.8 73.5
333 2 133 86.8
16.7 1 6.6 934
0 1 6.6 100

in which they shared the same environment, they showed
sufficient predation to cause the prey population to decrease.

In group IX, in which predation rates were evaluated for
1 sexdentatus and D. micans larvae, which were used as prey
together, both adult and larval predation occurred together in
57.5% of experiments, whereas the larval predation rate was
100% in 96.2% of experiments. In group X, both adult and
larval predation occurred together in 32.1% of experiments;
further, adult predation in 32.1% of experiments and larval
predation in 46.4% of the experiments was 100% (Table 5).

In 57.5% experiments in group IX, I. sexdentatus adults
died. In group X, with the increase in the number of
D. micans larvae, the adult mortality rate decreased to
32.1%. The predation on I. sexdentatus adults decreases due
to the increase in the number of D. micans larvae as prey.
Thus, the predator primarily prefers larvae.
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Table 4  Predation rates of Thanasimus formicarius on Dendroctonus
micans larvae

Variants ~ Predation Experiments
rates
(%) Number Percentage Cumulative
Q) (%) (%)
Iv. 100 88 70.4 70.4
50 32 25.6 96.0
0 5 4.0 100
VIIL 100 8 229 229
75 3 8.6 31.5
50 11 314 62.9
25 7 20.0 82.9
0 6 17.1 100
Discussion

The activity of natural enemies affects the distribution of
harmful species and the change in their populations ( Gullan
and Cranston 2012; Kogoglu and Ozcan 2018). There is
strong evidence that biological control practices using preda-
tors and parasitoids are effective in reducing losses caused by
many forest pests, such as bark beetles, and support other
control strategies (Wermelinger et al. 2012). The ability to
locate their prey is a characteristic feature of natural enemies
(Raffa et al. 2008), and the predator can locate their prey, even
when the prey population is small (Wermelinger et al. 2012)
Thanasimus formicarius, a potential predator of many species
of bark beetles (Warzee and Gregoire 2003), that play an
important role in forest ecosystems (Lindgren and Raffa
2013), is one of the most gluttonous predators (Schroeder
1997). Therefore, bark beetles are adversely affected by high
predation caused by 7. formicarius (Costello 2003). In this

study, the average weight losses were different in three groups
of experiments using /. sexdentatus adults alone, D. micans
larvae alone, and a combination of two species as prey.

Although T. formicarius is a predator that feeds on eggs,
larvae, pupa, and the adults of bark beetles (Aksu 2011), the
weight loss of D. micans larvae is always higher than those in
1. sexdentatus adults when individuals of different species and
in different stages of their life cycle are used as prey. In other
words, the predator prefers larvae among the preys in different
stages of their life cycle. Clerids found in the galleries feed on
both adults and larvae of bark beetles (Wermelinger et al.
2012). Accordingly, many predators can act selectively in
their nutritional preferences (Klecka and Boukal 2012). This
may vary according to the amount of prey present in the en-
vironment and its stage of life a cycle, as shown in the present
study. Thanasimus species are particularly important preda-
tors for Dendroctonus, Ips, and Scolytus (Kenis et al. 2007).
Clerid beetles are dominant groups among the natural enemies
of scolytides, and they contribute toward the natural control of
these pests (Hagen et al. 1999). According to the results of our
study, in experiments using / sexdentatus adults as prey alone,
as the number of prey increased up to three adults, the prey
weight loss caused by the predator insect increased, and the
difference among the weight losses of the prey groups with
different adult numbers decreased with the increased number
of adults. When four or more /. sexdentatus adults were used
as prey, the prey weight loss did not proportionally increase
with the number of prey, and if the prey was given in these
numbers, the predator caused a stable loss.

In the present study, predators caught their prey with a
predation rate of 69% when the evaluation was carried out
without considering the stage of the life cycle of prey and
difference in prey species. In laboratory studies on the nutri-
tion behavior of Thanasimus dubius (Fab.) (Coleoptera:
Cleridae), the predator insect caught its prey with a predation

Table 5 Predation rates of Thanasimus formicarius in experiments where Ips sexdentatus adults and Dendroctonus micans larvae together were used
as prey
Variants Predation rates (%) Experiments
Number (N) Percentage (%) Cumulative
(%)

Adult Larvae Adult Larvae Adult Larvae Adult Larve

1 sexdentatus D. micans 1. sexdentatus D. micans 1. sexdentatus D. micans 1. sexdentatus D. micans
IX. 100 100 46 77 57.5 96.2 57.5 96.2

0 0 34 3 425 38 100 100
X. 100 100 9 13 32.1 46.4 32.1 46.4

0 66.7 19 67.9 25.0 100 71.4

- 333 - - 10,7 - 82.1

- 0 - - 17.9 - 100
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rate of 72% (Frazier et al. 1981). According to these two
studies carried out in laboratory conditions, the predation rates
of T" dubius and T. formicarius have been found to be close to
each other and these rates appear to be at levels sufficient to
suppress the population levels of pests. Bale et al. (2008)
emphasized that natural enemies actively seek their prey and
may increase prey control over time.

In our study, the average predation rate of 7. formicarius in
experiments using I. sexdentatus adult alone as prey was
68.9%, whereas this rate was 71.3% in experiments using
D. micans larvae alone. In experiments using a combination
of two species as prey, the predation rate of predators on
1. sexdentatus adults was between 32.1% and 57.5%, whereas
this rate was between 66.6% and 96.2% in D. micans larvae.
When the predation rates were examined, the predator was
found to have a greater effect on larvae. In another study
where adults and larvae of 1. sexdentatus were given as prey
at the same time, the predation of 7. formicarius on the larvae
was four times more than adults (Kogoglu and Ozcan 2018).
Predators and all other natural enemies are effective in the
population dynamics of many pests (Reeve 2011), and the
predation rates of Clerid insects on various bark beetle species
are particularly high (Thatcher and Pickard 1966).

Thanasimus formicarius, a predator of Tomicus piniperda
(Linnaeus) (Coleoptera: Curculionidae: Scolytinae), one of
the bark beetle species, decreased the pest population by 81—
92%. This rate is high compared to the rate of reduction in
reproductive efficiency caused by other predators (Schroeder
and Weslien 1994). In addition, Weslien and Regnander
(1992) reported that the predation of 7. formicarius under
the bark can also significantly decrease the reproductivity of
L typographus and indicated a 45% reduction in pest popula-
tion based on their experimental studies. Mills (1985) calcu-
lated that the survival rate of 1. #ypographus larvae in the
natural environment decreased from 37-19% with the preda-
tion effect of T. formicarius. Although they cannot completely
prevent the outbreaks of species (Thatcher and Pickard 1966),
the positive contribution of natural enemies to biological con-
trol practices (Fetting and Hilszczannski 2015) is undeniable
considering the predation rates in our study. Although the
effect of 7' formicarius on reducing the reproductive efficien-
cy of T. piniperda is higher than the species tested in our
study, predation rates are at levels that can cause a reduction
in different bark beetle species. In addition, the effect of the
predator on /. typographus is approximately similar to that
observed on /. sexdentatus adults.

According to this study, it can be assumed that an
T. formicarius adult killed or injured approximately three or
four 1. sexdentatus adults or two D. micans larvae per day. In
laboratory conditions, it has been noted that 7. dubuis (F.) kills
on average 2.2 Dendroctonus frontalis Zimmerman adults per
day (Thatcher and Pickard 1966). Schroder (1997) stated that
a T. formicarius adult feeds on average three bark beetles per

day and Aksu (2011) stated they feed on 1.5-3 1. typographus
adults. In addition, Gauss (1954) reported that the number of
L. typographus consumed by T. formicarius daily varies be-
tween two and four individuals, whereas Weslien and
Regnander (1992) found the average number of
L typographus consumed daily to be 0.86 per couple.
However, this difference may be due to the limitation of prey
(Weslien and Regnander 1992). The number of individuals
killed and/or injured by the predator per day is similar to our
study.

Conclusion

The conservation of forests that are affected by various dan-
gers and threats caused by many biotic and abiotic factors is
important. Therefore, making harmful factors harmless can
only be achieved through protection strategies that are com-
patible with nature. With this principle, it is important to sup-
press the bark beetle outbreaks, which cause great damage to
the forests. Taking advantage of natural enemies and predators
in controlling these species is one of the effective ways, and
predators play a critical role in balancing the population of
pests in pest management programs. In the present study,
T. formicarius preferred larvae in experiments using
1. sexdentatus and D. micans in different stages of their life
cycle as prey; besides, predation rates on adults and larvae
were also quite high. These results show that 7. formicarius,
a general predator, can cause a sufficient reduction of its prey
in forests where different species simultaneously cause harm.
It is necessary to rear effective predators in the laboratory and
release them to the forests to increase the predator density and
to keep the balance under control by biological agents.
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