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Abstract

Dendroctonus micans (Kugelann) (Coleoptera: Curculionidae) is a primary pest of spruce in Eurasia. It has killed millions
of spruce trees especially at the edges of its expanding range. In Tiirkiye and Caucasus, the beetle’s predominant host
is oriental spruce, Picea orientalis (L.) Link. Sanitary thinning and clearfelling and, when allowed, chemical measures
were not sufficient to control D. micans. Rhizophagus grandis Gyll. (Coleoptera: Monotomidae), a specific predator of D.
micans, has been mass reared and released at infested stands, and is now considered as the major component in outbreak
control. So, managing R. grandis from the rearing stage to the release in the infested stands is an important process. The
oviposition and impact on D. micans on oriental spruce of wild and laboratory-produced R. grandis were compared under
laboratory conditions in polystyrene boxes containing fresh P. orientalis bark and re-hydrated bark powder. Two series of
experimental boxes were prepared. Each box contained twenty L2-L3 D. micans larvae as well as a pair of wild (series
1), or laboratory-produced (series 2), R. grandis adults. A pair of wild R. grandis yielded significantly more larvae than
laboratory-produced predators. Predation was proportional to the number of predator larvae in the two groups after the
first two weeks, but prey supply of the wild predators was nearly exhausted after two weeks. On the third week, predation
was still proportional to the number of offspring of the laboratory-produced parents, but this was not the case with the
wild predator larvae, as their prey supply had already been almost completely exhausted during the previous period. The
offspring of the wild predators decreased after the second week, probably corresponding to cannibalism due to shortage
of prey, whilst those of the laboratory-produced predators continued to increase in numbers between the second and the
third week.
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Introduction discovered in Tiirkiye in 1966 at Posof, in oriental spruce,

Picea orientalis (L.) Link. forests neighbouring Georgia
Dendroctonus micans (Kugelann) (Coleoptera: Curcu-  (Acatay 1968). Oriental spruce is native to Tirkiye. After
lionidae) is one of the most destructive pests of spruce for-  the first discovery, D. micans has spread westwards and

ests throughout Eurasia (Grégoire 1988). It has been first  infested all the oriental spruce forests in the Eastern Black
Sea Mountains of Tirkiye until 2009 (Alkan Akinci et al.
2014). Millions of cubic meters of trees have been killed at
the expanding front of D. micans dispersal in Posof, Artvin,
Giresun and Trabzon (Alkan Akinci et al. 2005, 2014; Aksu
2011).

On a global scale, the world’s forests are facing over-
exploitation, expansion of settlements and fragmentation,
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detrimental impact on the structure and dynamics of for-
ests on a global scale (Hlasny and Turcani 2009; Ammer
et al. 2018). At the regional level, oriental spruce forests
in the Black Sea Region of Tiirkiye have a number of key
functions such as soil protection, avalanche and landslide
control, clean water and livelihoods for local communi-
ties (Alkan Akinci et al. 2014). Disturbances in the forest
environment reduce tree resistance. Host tree resistance is
known to strongly affect tree-killing bark beetles (Bieder-
mann et al. 2019). In the new climatic conditions created
by global warming, we can expect pests that are currently
of minor importance, or endemic pests, to cause significant
damage in the coming years (Hlasny and Turc¢ani 2009)
by taking the advantage of successful development, sur-
vival and range expansion (Fischbein and Corley 2022).
Research indicates that low populations of bark beetles that
are in the endemic level can be periodically disturbed by
external factors such as droughts and windthrows that trig-
gers endemic pest population’s transition to the epidemic
level (Hlasny et al. 2019). Biological control is a reliable
way to provide long-lasting and environmentally safe pest
management. Classical biological control (the introduction
of a co-evolved pest-specific natural enemy of non-native
origin to control a specific pest that is also non-native) is
a well-known method since Rodolia cardinalis (Mulsant)
(Coleoptera, Coccinellidae) has been used to control Icerya
purchasi Maskell, 1878 (Hemiptera, Margarodidae) in 1886
(Kenis et al. 2017). One of the most well-known example
of successful classical biological control of forest pests is
the biological control of D. micans by Rhizophagus grandis
Gyll. (Coleoptera: Monotomidae) in Eurasia (Khobakhidze
et al. 1970; Grégoire et al. 1984; 1989; Alkan 1989; Alkan
and Aksu 1990; Fielding and Evans 1997; Kenis et al. 2017).

After applying direct control measures against D.
micans, such as sanitary thinning and clearfelling, which
have been insufficient to prevent damage (Jeger et al. 2017),

mass rearing programs have been initiated in Georgia since
1963, and later on in France, Tiirkiye and the UK, to pro-
duce R. grandis (Kobakhidze et al. 1970; Grégoire et al.
1984; Alkan 1985; Fielding et al. 1991), for releases in
infested stands. R. grandis is an effective specific predator
of D. micans (Grégoire 1988; Aksu 2011; Alkan Akinci and
Aksu 2014; Dohet and Grégoire 2017; Ozcan et al. 2021),
has a high ability in finding the active galleries of the prey,
a high fecundity and is very voracious (Grégoire et al. 1984,
1989; Alkan Akinci et al. 2010; Aksu 2011). R. grandis fol-
lows D. micans as the pest expands its distribution range,
but with a time lag that can reach 50 years (Grégoire 1988).
In Tirkiye, R. grandis has been naturally found in a stand
neighbouring the Georgian border nearly 20 years after the
discovery of D. micans (Serez et al. 1987). The predator
shows a lower dispersal ability than D. micans, which often
moves with timber transportations and passes geographic
barriers such as the English Channel between the UK and
the European mainland, causing outbreaks in newly colo-
nized areas (Fielding and Evans 1997; Gilbert and Grégoire
2003; Alkan Akinci et al. 2014).

R. grandis pairs placed either in freshly cut spruce logs
with D. micans adults or larvae, or in polystyrene boxes
containing bark powder, fresh bark and prey larvae, are
being used in rearing programs. Foresters who are running
the mass rearing programs in their homeland and research-
ers from different countries may use different combinations
of predator pairs in rearing studies or experiments (Table 1).

A pair of predator produces up to 104 offspring (Keskina-
lemdar et al. 1986; Grégoire et al. 1989; Alkan Akinct and
Aksu 2014). Two female and one male predators produce
80 offspring (Fielding and Evans 1997) whereas two pairs
of predators when used with 750 larvae or with 8 D. micans
females produced 102 or 134 offspring (Aksu 2011). When
higher numbers of predator females and males are used in
rearing studies, up to 134 offspring can be produced on a

Table 1 R. grandis rearing data,
based on the literature

Numbers of  Total

Amount / type of prey

Rearing environment Reference

predators numbers of
offspring
1918 78 300 D. micans larvae /  Freshly cut oriental spruce logs Keskinalemdar
L2,1L3 et al. (1986)
1218 30-70 20 D. micans larvae / Polystyrene boxes containing ~ Grégoire et al.
L2,L3 bark powder and fresh bark (1989)
29148 0-80 20 D. micans larvae / Polystyrene boxes containing  Fielding and
L2,L3,14 bark powder and fresh bark Evans (1997)
29248 102 750 D. micans larvae Freshly cut oriental spruce logs Aksu (2011)
29248 134 8 D. micans females
1918 1-104 15 D. micans larvae / Polystyrene boxes containing  Alkan Akinci
L3, 14 bark powder and fresh bark and Aksu
(2014)
69248 86 700-750 D. micans Freshly cut oriental spruce logs Ozcan et al.
82443 134 larvae / L3, L4 (2021)
16983 24
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spruce log (Ozcan et al. 2021). However, higher numbers
of predator pairs do not necessarily mean an ever-increasing
number of offspring. When the predator combination that
produced 134 offspring by 8 females and 4 males was dou-
bled to 16 females and 8 males, the number of offspring
decreased to 24 (Ozcan et al. 2021). This trend has been
recorded by Merlin et al. (1984) in an earlier study. They
showed that the mean production per female was inversely
proportional to the number of predator females per brood
chamber. With 1, 2 and 3 predator females, the mean num-
ber of offspring per female decreased from 29.3 to 13.6 and
6.9, respectively.

Both the adults and larvae of the predator prey upon all
immature stages of D. micans (Grégoire 1988). In laboratory
conditions, up to 40 D. micans eggs can be consumed by a
pair of R. grandis adults in a week (Merlin et al. 1984). A
predator larva needs to consume the equivalent of a mature
D. micans larva throughout its immature life (Grégoire et
al. 1989). The offspring of a pair of R. grandis can consume
two-thirds of a D. micans brood (Grégoire et al. 1989; Alkan
Akinct and Grégoire 2016).

D. micans is present in Artvin oriental spruce forests since
1970 (Ozder 1983) and infested all the spruce stands in Art-
vin until 1995 (Eroglu 1996). Control measures (sanitation
felling, spot peeling and application of chemicals) that have
been implemented until 1985 could not prevent outbreaks
(Alkan 2000). Then, a biological control program based on
laboratory mass-rearing R. grandis started in 1985 (Alkan
1989). More than six million predators have been reared in
Tiirkiye so far (Aksu etal. 2014; URL 1). In Tiirkiye, rearing
laboratories belong to the General Directorate of Forestry.
Laboratory-produced predators are being released at out-
break areas and areas with higher populations of D. micans
by the staff of these rearing laboratories. Aksu (2011) men-
tions a decrease in oviposition when laboratory-produced
R. grandis adults are used during two consecutive years, so,
every third year, wild R. grandis adults have been collected
and used in laboratory mass rearing studies (Aksu 2011).
However, to our knowledge, the oviposition and predation
impact on D. micans of wild and laboratory-produced R.
grandis has not been studied so far, even though, in the mass
rearing programs, the aim is to maximize the offspring of
each pair of predators, to support effective production. Here
we report the results of comparisons of oviposition levels
and predation impact of wild and laboratory-produced R.
grandis on oriental spruce, to document possible ways of
improving the rearings in Tiirkiye.

Materials and methods

The experiments were run in cylindrical crystal polysty-
rene rearing boxes (5.5 cm in diameter and 2.5 cm high;
producer: LP Italiana, Italy, model: L202038) containing
oriental spruce bark powder, fresh bark disks, D. micans lar-
vae and R. grandis adults. Wild D. micans larvae and wild
R. grandis adults were collected from an infested oriental
spruce stand in the Taslica Forest Sub-District in Artvin.
Laboratory-produced predator adults were from stock mate-
rial maintained in the Biological Control Laboratory of Art-
vin Regional Directorate of Forestry. Following Grégoire
et al. (1984), a pair of predator adults was placed in each
rearing boxes. The experiment was conducted from 24 June
to 28 July 2015.

Wild R. grandis adults were collected from D. micans
galleries on infested oriental spruce. Laboratory-produced
R. grandis adults were produced in the spring of 2015 at
the Biological Control Laboratory of the Artvin Regional
Directorate of Forestry by a staff constituted of forest-
ers and biologists. The “log-breeding” method was used
(Aksu 2011), derived from the work of Georgian ento-
mologists (Khobakhidze et al. 1970). The rearing labora-
tory has a sealed door and air conditioning, and its windows
are protected from direct sunlight. Temperature was kept
at 19-22 °C and air moisture at 70-75% during the breed-
ing process. Some of these laboratory-produced R. grandis
adults were released in infested stands, and some were kept
as stock material. Some of the R. grandis adults from this
stock material were used in our experiments.

Preparation of the experiment

Two series of experimental boxes were prepared. There
were 3 batches in each series. Before starting the experi-
ment, polystyrene boxes, fresh phloem disks, rehydrated
bark powder and D. micans larvae have been prepared. R.
grandis adults have been separated according to their sexes
(Fig. 1a and e). Rehydrated bark powder was put into the
polystyrene boxes, together with two phloem disks (diam-
eter: 5 cm), extracted from freshly harvested oriental spruce
trees. A total of 20 D. micans larvae (L2, L3) were also
introduced in each box. All boxes were prepared on 24 June
2015. Pairs of predator were placed into the experimental
boxes after two days, on 26 June (date recorded as the first
day of the experiment) (Fig. 1f and k).

Wild R. grandis pairs were introduced into boxes in
the first series and laboratory-produced predator pairs
into second series. The experimental boxes were kept for
one, two or three weeks in the laboratory (batches one to
three, respectively). After these periods, predator pairs were
removed from the boxes in the batches on the 8th, 15th
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Fig. 1 Preparation of the
experimental boxes (Scale bars:
a,c=5cm;b,d-1i, k=2cm,
j=1cm)

and 22nd day of the experiment, and the batches were kept
for an additional 10 days to allow enough time for incuba-
tion of the predator’s eggs. Then, the number of R. grandis
larvae and of remaining D. micans larvae in each box was
recorded (Fig. 2a and c). There were ten replicates for each
batch. So there were 30 boxes for the wild predator series
and 30 boxes for the laboratory-produced predators. A con-
trol group (boxes without predators; ten replicates) was also
prepared to evaluate natural mortality.

Analyses
Data were analyzed using IBM SPSS statistics version 30.0.
Independent samples t-tests were used to compare the off-

spring of the wild and laboratory-produced parents, and
numbers of prey larvae consumed in boxes by the two series

@ Springer

of wild and laboratory-produced predators. Linear regres-
sions were used to match predation with the numbers of
predators present in the boxes.

Results
Predator production

The results are presented in Table 2. The mean offspring
sizes (xSEM) of the wild pairs were 43.1+£3.32 (extreme
values: 33—68) larvae after 7 days, 71.0+3.24 (53-83) after
14 days, and 51.8+2.35 (43—68) after 21 days. The labora-
tory-produced pairs produced at the same time 17.9+2.13
(8-28), 30.4+3.10 (21-49), and 32.2+1.75 (26-44) lar-
vae, respectively (Fig. 3). Significantly more larvaec were
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Fig. 2 Examples of Rhizophagus
grandis larvae collected from
experimental boxes

Table 2 Numbers of Rhizophagus grandis larvae produced per box by wild and laboratory-produced predator pairs

Origin of the parental adults

Number of Rhizophagus grandis larvae per experimental box

Time of the counts Replicates
1 2 3 4 5 6 7 8 9 10
Wild day 7 49 39 36 35 33 68 38 39 51 43
R. grandis pairs day 14 65 81 53 78 81 63 66 83 77 63
day 21 44 68 47 52 54 49 49 43 53 59
Laboratory-produced R. grandis pairs day 7 12 28 24 14 8 16 19 22 25 11
day 14 45 22 32 34 49 27 28 21 24 22
day 21 44 32 28 30 26 27 31 33 32 39

produced by the wild adults than by the laboratory-pro-
duced predators, after each period of time (respectively, day
7:t=6.385; p<0.001; day 14: t=9.067; p<0.001; day 21:
t=6.687; p<0.001) (Table 3).

The offspring of the wild predators decreased between
day 14 and day 21, whilst the offspring of the laboratory-
produced predators continued to grow slightly (Fig. 3).

Predation

As there was no prey mortality in the control groups, the
number of D. micans larvae that disappeared in the experi-
mental boxes can be attributed to predation. The numbers of
D. micans larvae preyed upon at the end of the experiment

are presented in Table 4. An average of 12.6+£0.65 (9-16)
(63%), 19.7+0.15 (19-20) (98.5%) and 19.9+0.10 (19-20)
(99.5%) prey were consumed by each pair of wild predators
and their offspring during the first, second and third week,
respectively. The laboratory-produced pairs and their off-
spring consumed on the average 7.8+0.55 (6-11) (39%),
14.2+0.57 (11-17) (71%), and 19.2+0.33 (17-20) (96%)
prey larvae, respectively, during the same periods. Sig-
nificantly more D. micans larvae were preyed upon by the
wild predators and their offspring than by the laboratory-
produced predators and offspring, after the first two peri-
ods (respectively: t=5.605; p<0.001 at Day 7; t=9.267;
»<0.001 at Day 14;t=2.049; p=0.066 at Day 21) (Table 5).
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Table 3 Result of the t-tests of the comparison of the larvae produced by wild R. grandis adults by laboratory-produced adults
Time of the counts ~ Number of R. grandis larvae at counting days (mean+SEM) Levene’s tests for Equality of  t-tests
Variances
Wild Laboratory-produced F D t P
Day 7 43.1+£3.32 17.9+£2.13 0.784 0388 6385  p<0.001
Day 14 71.0+£3.24 30.4+3.10 0.388 0.541  9.067 p<0.001
Day 21 51.8+2.35 32.2+1.75 0.628 0.437  6.687 p<0.001
Table 4 Numbers of prey larvae consumed in boxes by the two series of predators
Origin of the parental adults Numbers of prey larvae consumed in boxes
Time of the counts Replicates
1 2 3 4 5 6 7 8 9 10
Wild day 7 14 13 11 9 12 16 12 11 15 13
R. grandis pairs day 14 20 20 19 20 20 19 19 20 20 20
day 21 20 20 20 20 20 20 20 19 20 20
Laboratory-produced R. grandis pairs day 7 9 11 6 8 6 7 10 6 8 7
day 14 16 12 15 15 17 14 15 11 14 13
day 21 20 20 19 20 18 17 19 20 19 20

Table 5 Result of the t test of D. micans larvae preyed upon by the wild predators and their offspring vs. laboratory-produced predators and their
offspring

Time of the counts Number of D. micans larvae consumed at control days (mean+SEM) Levene’s tests for Equality  t-tests

of Variances
Wild Laboratory-produced F 2 t p
Day 7 12.6+0.65 7.8+0.55 0.173 0.682  5.605 p<0.001
Day 14 19.7+0.15 14.2+0.57 8.363 0.010* 9.267 p<0.001
Day 21 19.9+0.10 19.2+0.33 9.162 0.007* 2.049 0.066™

* Equal variances not assumed

™ non-significant
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Predator density was higher in the batches with wild
pairs and their offspring than in the batches with laboratory-
produced pairs and their offspring.

At day 7, the maximum offspring size produced by the
laboratory-produced pairs was 28 larvae (box 2). It was
lower than the minimum offspring size produced by the wild
batch (33). The maximum offspring size from the wild batch
was 68 larvae (box 6) after the first week (Table 2). Preda-
tion efficiency was highest in this box (16 D. micans larvae
consumed) (Table 4).

At day 14, the maximum offspring size from the labora-
tory-produced pairs was 49 larvae (box 5). It was lower than
the minimum offspring size from the wild batch (53). The
maximum offspring size from the wild batch was 83 larvae
(box 8) (Table 2). All the D. micans larvae were consumed
in this box (Table 4). A maximum of 17 larvae were con-
sumed by a laboratory-produced batch (Table 4).

At day 21, the maximum offspring size from the labo-
ratory-produced pairs was 44 larvae (box 1). It was almost
the same as the minimum offspring size from the wild batch
(43). The maximum offspring size from the wild batch was
68 larvae (box 2) (Table 2). Nearly all the D. micans larvae
were consumed (Table 4).

Predation in each box increased with time and was lin-
early proportional to the number of predator larvae in the
laboratory-produced series (Day 7: y=0.3963x; R>=0.8917;
p<0.001; Day 14: y=0.4412x; R*=0.9613; p<0.001; Day
21: y=0.584x; R?=0.9822; p<0.001), and, during the 14
first days in the wild series (Day 7: y=0.286x; R?=0.9844;
p<0.001; Day 14: y=0.0329x+17.363; R>=0.4858;
p=0.025) but, after nearly reaching a plateau in Day 14,
it then became independent from the number of preda-
tor larvae present as all prey had been consumed (Day 21:
y=0.0177x+18.984; R?=0.1729; p=0.232). This evolution

Fig.4 Relationship between pre-
dation and the numbers of preda-

tor larvae per box after 7 days < 18
@©
g 16
qg 14 y = 0.3963x
B R?=0.8917
g p<0.001
2 10
2 o
5 8 o 4P
° i
2 6 @
£
S
£ a4
3
= 2
5]
°
2 0
= 0 5 10 15

20

in time is represented in Fig. 4 (day 7), Fig. 5 (day 14) and
Fig. 6 (day 21).

Discussion

In this study, we compared the oviposition and predation
impact on D. micans of wild and laboratory-produced R.
grandis on oriental spruce in Tirkiye. We compared brood
production over time between wild and laboratory-produced
predators, analyzed predation against time in both groups
and examined relationships between predation and the num-
bers of predator larvae in boxes during three time periods.

Difference against time in brood production
between wild and laboratory-produced predators

The wild predators produced more offspring than the labo-
ratory-produced predators during the three time periods of
the study. This finding supports practice developed by Aksu
(2011) to collect wild R. grandis adults in the forest every
third year to maintain higher mass-rearing yields (see the
Introduction). Volatile compounds present in the larval frass
of D. micans have been identified as the cause of oviposi-
tion in R. grandis (Baisier and Grégoire 1988; Baisier et al.
1988; Grégoire et al. 1991), and a number of oxygenated
monoterpenes have been identified as oviposition stimu-
lants for R. grandis (Dohet and Grégoire 2017). Our results
suggest that this blend of oviposition stimulants could dif-
fer quantitatively and/or qualitatively between laboratory-
produced and wild predators.

Predation in the experimental boxes (day 7)

_ y = 0.286x%
e L & R?=0.9844
p<0.001
oo
® Laboratory-produced
A Wild
25 30 35 40 45 50 55 60 65 70 75

Predator larvae
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Relationships between predation and the numbers
of predator larvae in the boxes

Predation was proportional to the number of predator larvae
in the two groups after the first two weeks, but prey supply
of the wild predators was nearly exhausted after two weeks.
On the third week, predation was still proportional to the
number of offspring of the laboratory-produced parents, but
because there were more predator larvae in the wild series,
the prey supply was nearly exhausted after 14 days, whilst
there were still on the average six D. micans larvae in the
laboratory-produced serie on Day 14. The decrease of preda-
tor larvae in the wild series between Day 14 and Day 21 can
be explained by cannibalism in the absence of prey. Baisier
et al. (1984) developed a model based on experimental data,
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showing that, under conditions of prey shortage, mortality
by cannibalism increases exponentially with the number
of predator larvae present together. King et al. (1991) also
frequently observed cannibalism among R. grandis larvae
when intraspecific competition was artificially induced in
the laboratory. If there had been more prey larvae at the start
in the boxes, the wild predators would probably have pro-
duced even more offspring.

Cannibalism is considered as a common trait in the popu-
lation dynamics of a wide range of animal species. Michaud
(2003) reports cannibalism among different species of coc-
cinellids. Larvae of the studied coccinellid species cannibal-
ized siblings and non-siblings in response to reduced food
availability. Cannibalism is frequently observed among
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mass-produced coleopteran predators, in particular among
carabids (Riddick 2023).

Conclusion

Basically, three practical conclusions may be drawn from
these results:

a) Wild predators, when available, should be used in the
rearings;

b) A sufficient number of prey larvae should be provided
per rearing boxes;

¢) When only small numbers of prey larvae are available,
however, and if the supply of parent predators allows,
it might become cost-effective to prepare more oviposi-
tion boxes with a smaller number of prey.

Author contributions HAA and JCG conceived research; HAA con-
ducted experiments; HAA and JCG analyzed data; HAA wrote the
manuscript; JCG made comments and suggestions on the manuscript;
Both authors read and approved the manuscript.

Funding No funds, grants, or other support was received.

Declarations

Conflict of interest The authors declare that they do not have any kind
of conflict of interests.

References

Acatay A (1968) Tiirkiye’de Yeni Bir Ladin Tahripgisi, Dendroctonus
micans Kug. I U Orman Fakiiltesi Dergisi 18(1):18-36

Aksu Y (2011) Rhizophagus grandis Gyll. (Coleoptera:
Rhizophagidae)’in biyolojisi, laboratuarda iiretim yontemleri,
ormanlara salinmasi ve miicadele sonuglart. Tiirkiye I. Orman
Entomolojisi ve Patolojisi Sempozyumu Bildirileri, 23-25
Kasim. Antalya, pp 73-79

Aksu Y, Dedeagaoglu C, Celik B (2014) Dendroctonus micans (Kug)
(Coleoptera: Scolytidea)’in miicadelesinde kullanilan Rhizopha-
gus grandis (Gyll) (Coleoptera: Rhizophagidae)’m kutu metodu
ile tiretilmesi. Tiirkiye II. Orman Entomolojisi ve Patolojisi Sem-
pozyumu Bildileri, 7-9 Nisan, Antalya, 6471

Alkan S (1985) Savsat Isletmesi Ormanlarinda Dendroctonus micans
Kug. (Dev Soymuk bocegi). Orman Miihendisligi Dergisi
1:59-62

Alkan § (1989) Dendroctonus micans (Kug.)’la Savas (Diinii, Bugiinii,
Yarini). Orman Miihendisligi Dergisi 4:30

Alkan § (2000) Ladin ormanlaria zarar veren Dendroctonus micans
ve Ips typographus zararhlarina karsi siirdiiriilen miicadele
uygulamalar1. Egitim Semineri, 22-26 Mayzs, Istanbul, 1018

Alkan S, Aksu Y (1990) Rhizophagus grandis Gyll. (Coleoptera,
Rhizophagidae)’in Uretilmesinde Yeni Bir Metodun Uygulanmasi
Uzerine Arastirmalar. Tiirkiye II. Biyolojik Miicadele Kongresi,
26-29 Eyliil, Ankara, Bildiriler Kitab1, 173—-179

Alkan Akinc1 H, Aksu Y (2014) Rhizophagus grandis Gyll. (Cole-
optera: Rhizophagidae)’in kitle-liretimi: Belgika’da uygulanan

kutuda iiretim yonteminin Tiirkiye’deki ilk deneyimi. Tiirkiye
II. Orman Entomolojisi ve Patolojisi Sempozyumu Bildileri, 7-9
Nisan, 82-84

Alkan Akinci H, Grégoire JC (2016) Preliminary results of the obser-
vations on oviposition and predation impact of Rhizophagus
grandis Gyll. (Coleoptera: Monotomidae) on Dendroctonus
micans (Kug.) (Coleoptera: Curculionidae) in Turkey. Proceed-
ings of International Forestry Symposium, 7-10 December,
Kastamonu, 16-21

Alkan Akinct H, Ozcan GE, Eroglu M (2005) Dendroctonus micans
(Kugelann) (Coleoptera, Scolytidae)’in Zarar Durumu, popula-
syon Diizeyi ve Mortalite etkenleri. Ladin Sempozyumu, 20-22
Ekim 2005, Trabzon, Bildiriler Kitabi, I. Cilt, 163-173

Alkan Akinci H, Eroglu M, Ozcan GE (2010) Ladin Ormanlarimizda
Rhizophagus grandis (Gyllenhal)’in Dendroctonus micans
(Kugelann) Populasyonlarina yerlesmesi ve Predatdriin koloniza-
syon diizeyleri. Kastamonu Universitesi Orman Fakiiltesi Dergisi
10(2):137-146

Alkan Akinc1 H, Eroglu M, Ozcan GE (2014) Attack strategy and
development of Dendroctonus micans (Kug.) (Coleoptera: Cur-
culionidae) on Oriental Spruce in Turkey. Turkish J Entomol
38(1):31-41

Ammer C, Fichtner A, Fischer A, Gossner MM, Meyer P, Seidl
R, Thomas FM, Annighdfer P, Kreyling J, Ohse B, Berger
U, Feldmann E, Hiberle KH, Heer K, Heinrichs S, Huth F,
Kramer-Klement K, Mélder A, Miiller J, Wagner S (2018) Key
ecological research questions for Central European forests. Basic
and Applied Ecology, 32, 3-25

Baisier M, Grégoire JC (1988) Factors influencing oviposition in Rhi-
zophagus grandis (Coleoptera: Rhizophagidae), specific predator
of the bark beetle Dendroctonus micans (Coleoptera: Scolytidae).
Mededelingen Van De Faculteit Landbouwwetenschappen Rijk-
suniversiteit Gent 53(3a):1159-1167

Baisier M, Deneubourg JL, Grégoire JC (1984) Death due to inter-
actions between Rhizophagus grandis larvae, a theoretical and
experimental evaluation. Proceedings of the EEC Seminar Bio-
logical Control of Bark Beetles (Dendroctonus micans), 34
October, 134-139

Baisier M, Grégoire JC, Delinte K, Bonnard O (1988) The role of
Spruce monoterpene derivatives as oviposition stimuli for Rhi-
zophagus grandis, a predator of the bark beetle, Dendroctonus
micans. In: Mattson WJ, Lévieux J, Bernard-Dagan C (eds)
Mechanisms of Woody plant defense against insects. Springer-,
New York, pp 359-368

Biedermann PHW, Miiller J, Grégoire JC, Gruppe A, Hagge J, Ham-
merbacher A, Hofstetter RW, Kandasamy D, Kolarik M, Kos-
toveik M, Krokene P, Sallé A, Six DL, Turrini T, Vanderpool D,
Wingfield MJ, Bissler C (2019) Bark beetle population dynamics
in the anthropocene: challenges and solutions. Trends Ecol Evol
34(10):914-924

Dohet L, Grégoire JC (2017) Is prey specificity constrained by geog-
raphy? Semiochemically mediated oviposition in Rhizophagus
grandis (Coleoptera: Monotomidae) with its specific prey, Den-
droctonus micans (Coleoptera: curculionidae: Scolytinae), and
with exotic Dendroctonus species. ] Chem Ecol 43:778-793

Eroglu M (1996) Rhizophagus grandis Gyll. (Coleoptera, Rhizophagi-
dae) ile Dendroctonus micans (Kug.) (Coleoptera, Scolytidae)’in
Populasyonlar1 Arasindaki Interaksiyonlar Uzerine Arastirmalar.
KTU Orman Fakiiltesi Seminer Serisi, Bahar Yartyili Seminerl-
eri, pp 45-54

Fielding NJ, Evans HF (1997) Biological control of Dendroctonus
micans (Scolytidae) in Great Britain. Biocontrol News Inform
18(2):51-60

Fielding NJ, O’Keefe T, King CJ (1991) Dispersal and host-finding
capability of the predatory beetle Rhizophagus grandis Gyll.
(Col., Rhizophagidae). J Appl Entomol 112:89-98

@ Springer



1424

International Journal of Tropical Insect Science (2025) 45:1415-1424

Fischbein D, Corley JC (2022) Population ecology and classical bio-
logical control of forest insect pests in a changing world. For Ecol
Manag 520:120400 https://doi.org/10.1016/j.foreco.2022.120400

Gilbert M, Grégoire JC (2003) Site condition and predation influence
a bark beetle’s success: a spatially realistic approach. Agric for
Entomol 5:87-96

Grégoire JC (1988) Greater European Spruce beetle, Dendroctonus
micans. In: Berryman AA (ed) Dynamics of forest insect popu-
lations: patterns, causes, implications. Plenum, New York, pp
455-478

Grégoire JC, Merlin J, Pasteels JM, Jaffuel R, Vouland G, Schvester
D (1984) Mass-rearings and releases of Rhizophagus grandis
in Lozere. Proceedings of the EEC Seminar Biological Control
of Bark Beetles (Dendroctonus micans), 3—4 October, Brussels,
122-128

Grégoire JC, Baisier M, Merlin J (1989) Interactions between Rhizoph-
agus grandis (Coleoptera: Rhizophagidae) and Dendroctonus
micans (Coleoptera: Scolytidae) in the field and the laboratory:
their application for the biological control of Dendroctonus
micans in France. In: Kulhavy DL, MillerMC (eds) The potential
for biological control of Dendroctonus and Ips bark beetles. The
Stephen Austin University Pres, Nacogdoches, Texas, pp 95-98

Grégoire JC, Baisier M, Drumont A, Dahlsten DL, Meyer H, Francke
W (1991) Volatile compounds in the larval frass of Dendrocto-
nus valens and Dendroctonus micans (Coleoptera: Scolytidae)
in relation to oviposition by the predator, Rhizophagus grandis
(Cloeptera: Rhizophagidae). J] Chem Ecol 17(10):2003-2019

Hlasny T, Tur¢ani M (2009) Insect pests as climate change driven dis-
turbances in forest ecosystems. In: Strelcova K et al (eds) Biocli-
matology and natural hazards. Springer, Dordrecht, Netherlands,
pp 165-176

Hlasny T, Krokene P, Liebhold A, Montagné-Huck C, Miiller J, Qin H,
Raffa K, Schelhaas MJ, Seidl R, Svoboda M, Viiri H (2019) Liv-
ing with bark beetles: impacts, outlook and management options.
From Science to Policy 8. European Forest Institute

Jeger M, Bragard C, Caffier D, Candresse T, Chatzivassiliou E,
Dehnen-Schmutz K, Gilioli G, Jaques Miret JA, MacLeod A,
Navajas Navarro M, Niere B, Parnell S, Potting R, Rafoss T,
Rossi V, Urek G, Van Bruggen A, Van der Werf W, West J, Winter
S, Kertész V, Aukhojee M, Grégoire JC (2017) Scientific opin-
ion on the pest categorization of Dendroctonus micans. EFSA J
15(7):4880. https://doi.org/10.2903/j.efsa.2017.4880

Kenis M, Hurley BP, Hajek AE, Cock MJW (2017) Classical biologi-
cal control of insect pests of trees: facts and figures. Biol Inva-
sions 19(11):3401-3417

Keskinalemdar E, Aksu Y, Alkan S (1986) Rhizophagus grandis
Gyll.’in laboratuar sartlarinda iiretimi ve biyolojik miicadele

@ Springer

uygulamalarinda kullanilmasi olanaklar1 {izerine arastirmalar.
Tiirkiye I. Biyolojik Miicadele Kongresi Bildirileri, 12—14 Subat,
195-205

Khobakhidze DN, Tvaradze MS, Kraveishvili IK (1970) Preliminary
results of introduction, study of bioecology, development of
methods of artificial rearing and naturalization of the effective
entomophage, Rhizophagus grandis Gyll., against the European
Spruce beetle, Dendroctonus micans Kugel., in spruce plantations
in Georgia. Bull Acad Sci Georgian SSR 60:205-208

King CJ, Fielding NJ, O’Keefe T (1991) Observation on the life cycle
and behavior of the predatory beetle, Rhizophagus grandis Gyll.
(Col., Rhizophagidae) in Britain. J Appl Entomol 111:286-296

Merlin J, Grégoire JC, Baisier M, Pasteels JM (1984) Some new data
on the biology of Rhizophagus grandis (Col., Rhizophagidae).
Proceedings of the EEC Seminar Biological Control of Bark
Beetles (Dendroctonus micans), 3—4 October, Brussels, 107-121

Michaud JP (2003) A comparative study of larval cannibalism in three
species of Ladybird. Ecol Entomol 28:92—101

Ozcan GE, Eroglu M, Alkan Akinci H (2021) Assessing the laboratory
mass rearing of predator beetle Rhizophagus grandis Gyll. (Cole-
optera: Monotomidae). Int J Trop Insect Sci 41:1835—1843. https
://doi.org/10.1007/342690-020-00417-z

Ozder Z (1983) Tiirkiye’de Dendroctonus micans Kug. (Dev Soy-
muk bocegi) Afetinin tarihgesi ve kritigi. Orman Miihendisligi
20(9):8-13

Riddick EW (2023) Production of coleopteran predators. In: Morales-
Ramos J, Rojas MG, Shapiro-Ilan DI (ed) Mass production of
benificial organisms: Invertabrates and Entomopathogens, Aca-
demic Press, Second Edition, 13-36

Serez M, Keskinalemdar E, Aksu Y, Alkan S (1987) Rhizophagus
grandis Gyll. (Coleoptera, Rhizophagidae)’in Laboratuarda Uret-
imi ve Dendroctonus micans Kug.’a Kars1 Kullanilma Olanaklar.
KTU Orman Fakiiltesi Dergisi 10(1-2):3—11

URL 1 (2024) Orman Genel Miidiirliigii Ormancilik Istatistikleri.
(Web sayfasi: ) https://www.ogm.gov.tr/tr/e-kutuphane/resmi-ist
atistikler

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1007/s42690-020-00417-z
https://doi.org/10.1007/s42690-020-00417-z
https://www.ogm.gov.tr/tr/e-kutuphane/resmi-istatistikler
https://www.ogm.gov.tr/tr/e-kutuphane/resmi-istatistikler
https://doi.org/10.1016/j.foreco.2022.120400
https://doi.org/10.2903/j.efsa.2017.4880

	﻿Investigation of the oviposition and predation impact on ﻿Dendroctonus micans﻿ (Kug.) of wild and laboratory-produced ﻿Rhizophagus grandis﻿ Gyll. on oriental spruce in Türkiye
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Preparation of the experiment
	﻿Analyses

	﻿Results
	﻿Predator production
	﻿Predation

	﻿Discussion
	﻿Difference against time in brood production between wild and laboratory-produced predators
	﻿Relationships between predation and the numbers of predator larvae in the boxes

	﻿Conclusion
	﻿References


