
North-Western Journal of Zoology                                                                        Vol. 4, No. 1, 2008, pp.99-107 
 [Online:  Vol.4, 2008: 18] 

 
First results on distribution and occurrence of the insect 

pathogenic alga Helicosporidium sp. (Chlorophyta: 
Trebouxiophyceae) in the populations of the great spruce bark 

beetle, Dendroctonus micans (Kugelann) (Coleoptera: 
Curculionidae, Scolytinae) 

 
Mustafa YAMAN 

 
Department of Biology, Faculty of Arts and Sciences,  

Karadeniz Technical University, 61080, Trabzon, Turkey. e-mail: muyaman@hotmail.com 
 
 

Abstract. This is the first study on the distribution and occurrence of Helicosporidium sp. 
in the populations of the great spruce bark beetle Dendroctonus micans (Coleoptera: 
Curculionidae, Scolytinae) from different localities. Two hundred and eight of 2300 
examined beetles were infected by Helicosporidium sp. In total infection rate was 9.04%. 
The infection reached 71.7%. The prevalence of Helicosporidium sp. infections in the 
examined beetles considerably differed between localities and years. The male beetles 
were infected to higher degree than female beetles in all investigated localities. These 
results revealed that Helicosporidium sp. is distributed by the infected host adults in the 
host populations among the localities during the flying period.  
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Introduction 
 
Helicosporidium is the first 

entomopathogenic algae (Tartar et al. 
2002, 2003) of invertebrates that was 
first described in a ceratopogonid 
(dipteran) by Keilin (1921). A typical is 
the multicellular but small cyst (spore) 
containing three ovoid cells which are 
enveloped by a helical filamentous cell. 
This pathogen has been reported to 
infect various invertebrate hosts, in-
cluding insects, mites, cladocerans, and 
trematodes from all continents, and it 
has also been found in ditch water 
(Avery & Undeen 1987, Kellen & 
Lindegren 1974, Pekkarinen 1993, 

Purrini 1984, Sayre & Clark 1978). 
Recently this pathogen has been 
isolated from an important pest, the 
great spruce bark beetle Dendroctonus 
micans (Coleoptera: Curculionidae, 
Scolytinae) (Yaman & Radek 2005) and 
interestingly from two biological 
control agents; the Australian aquatic 
weevil Cyrtobagus salviniae (Coleoptera: 
Curculionidae) (White et al. 2007) and 
the predator beetle Rhizophagus grandis 
Gyll. (Coleoptera, Rhizophagidae) 
(Yaman & Radek 2007). Several studies 
have been carried out on the isolation 
(Avery & Undeen 1987, Yaman & 
Radek 2005, 2007; White et al. 2007), life 
cycle and development (Keilin 1921, 
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Kellen & Lindegren 1974, Lindegren & 
Hoffmann 1976, Boucias et al. 2001, 
Bläske-Lietze et al. 2006), use in biolo-
gical control (Chapman 1974, Hembree 
1981, Undeen 1982, Seif & Rifaat 2001), 
influence and pathogenesis (Kim & 
Avery 1986, Bläske & Boucias 2004, 
Bläske-Lietze & Boucias 2005), and 
taxonomic position (Kudo 1966, Weiser 
1964, 1970, Tartar et al. 2002, 2003; 
Tartar & Boucias 2003, 2004) of 
Helicosporidium sp. However, there are 
few studies on the distribution and 
occurrence of Helicosporidium sp. in 
populations of insects as compared 
with other pathogens and parasites 
(Hembree 1979, Purrini 1981).  

Yaman & Radek (2005) recorded a 
Helicosporidium sp. infection from the 
great spruce bark beetle Dendroctonus 
micans (Coleoptera: Curculionidae, 
Scolytinae) causing significant damage 
to spruce stands in Europe and Asia 
(Fielding & Evans 1997). Several 
countries have this significant pest and 
have spent considerable amounts of 
money and effort trying to control it 
(Bevan & King 1983, Bejer 1984, 
Grégoire 1984, 1988, Lempérière 1994, 
Fielding & Evans 1997). Therefore the 
study of distribution and occurrence of 
Helicosporidium sp. in the populations 
of D. micans may offer a chance to find 
some new information about its effect 
on D. micans populations as a natural 
suppressing factor. On the other hand, 
the findings by Yaman & Radek (2007) 
revealed that Helicosporidium also 
infects R. grandis, the predatory beetle 
of D. micans and that it may be 
transmitted by feeding on infected prey 
larvae of D. micans. This discovery 

makes any study on the distribution 
and occurrence of Helicosporidium sp. in 
the populations of D. micans more 
important for the decision about the 
use of the predatory beetle or another 
alternative agent to control D. micans. 
Thus, to reveal the distribution and 
occurrence of Helicosporidium sp. in the 
populations of D. micans is also very 
important from this view. 

 
 
Material and methods 
 
Between 2005 and 2007, adults of D. 

micans; 264 beetles in 2005, 254 beetles in 2006 
and 1782 beetles in 2007 were collected from 
seven sampling plots of four localities in the 
spruce forests where the pest distributes at the 
Black Sea Region of Turkey. Collected beetles 
were brought to laboratory and dissected as 
soon as possible. Samples were collected from 
a wide area all with in the same time period. 
During the collection, adults of D. micans were 
randomly collected, and 923 of them were 
identified as either male or female to compare 
the infection between both sexes. Each insect 
was dissected in insect Ringer solution and 
prepared wet smear preparations were 
examined for presence of Helicosporidum cysts 
under a light microscope at a magnification of 
200–1000x. The infection was also confirmed 
under TEM microscope using previously 
reported technique (Yaman & Radek, 2005).   

 
 
Results and Discussion 
 
This is the first study on the distri-

bution and occurrence of Helicospori-
dium sp. in D. micans populations from 
different localities. In this extensive 
study, 2300 beetles were examined and, 
208 of them were found to be infected 
by Helicosporidium sp. and the overall 
infection rate was detected as 9.04%. 
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The infection rate reached 71.7% 
among the samples obtained from 
Ordu province in 2005 (Tab.1). During 
the observations by light and electron 
microscopes, the major characters, such 
as cyst size and morphology (compos-
ing of a pellicle containing three ovoid 
cells and one elongate filamentous cell, 
which coils three to four times along 
the perimeter of the cyst) suggest that 
the pathogen discovered in D. micans 
populations is identical to Helico-
sporidium sp. confirming its characteris-
tic features (Figs 1, 2) (Yaman & Radek, 
2005). 

The prevalence of Helicosporidium 
sp. infection in the examined beetles 

differed considerably between localities 
and years (Tab.1). The infection was 
observed in all localities, but it was not 
observed in Maçka (Trabzon) in the 
years 2005 and 2006, and in Giresun in 
the year 2006. The highest infection 
with 71.7% was observed in Ordu in 
2005 and the lowest infection with 1.2% 
was in Şavşat (Artvin) in 2007. One of 
the reasons for this may be different 
climatic conditions among the locali-
ties. Such variations in infection rates 
were also observed for Metschnikowia 
typographi of Ips typographus and I. 
amitinus by Weiser et al. (2003) and for 
the pathogens and parasites of D. 
micans  by  Yaman  &  Radek  (2008). 

 
 

Table 1.  Helicosporidium sp. infection in Dendroctonus micans from the various 
sampling plots and years 

 

Sampling plot Year 
Number of 
Dissected 

insects 

Number of 
infected 
insects 

Helicosporidium  
(%) 

Merkez 2007 268 42 15.7 

Şavşat 2007 156 2 1.3 ARTVIN 

Ardanuç 2007 205 12 5.9 

2005 55 - - 

2006 30 - - Maçka 

2007 232 7 3 

2005 101 11 10.9 

2006 66 12 18.2 

TRABZON 

Şalpazarı 

2007 244 5 2 

2005 48 11 22.9 

2006 22 - - GİRESUN 

2007 315 9 2.9 

2005 60 43 71.7 

2006 136 16 11.2 ORDU 

2007 362 38 10.5 

TOTAL  2300 208 9.04 
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Figure 1.  Differential interference contrast (A) and Giemsa-stained (B) micrographs of 
Helicosporidium cysts (Bar 10 µm) 

 
 

 
 

Figure 2.  Transmission electron micrographs of vegetative cell (A) (Bar 0.5 µm) and  mature cyst 
composed of three ovoid cells (B) (Bar 1 µm) of Helicosporidium sp, O;  ovoid cell, F;  helical 
filamentous cell,  P; pellicle.  

 
 

Weiser et al. (2003) stated that a rare 
occurrence of an infection may indicate 
a need of specific climatic conditions 
necessary for transmission of the 

Metschnikowia typographi infection in Ips 
typographus and I. amitinus. Different 
weather conditions may also be the 
reason for the strongly variable in-
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fection rates at the sampling plots in 
different years. Similar judgment was 
offered for nematode infections in bark 
beetles by Rühm (1956). The prevalence 
of nematodes is strongly affected by 
the microclimate of their host’s habitat, 
and they are most vulnerable to climate 
conditions, especially low temperatures 
and low humidity, when outside the 
host (Rühm 1956).  

As seen in Table 1, the infection rate 
varies from 1.3 to 71.7%. The young 
beetles in hundreds mate in their birth 
chambers with larvae and continue to 
feed under the bark until emergence. 
Horizontal infection can easily occur 
under such a situation. We think that, 
additional to climatic conditions, 
population density of the insect may be 
also one of the reasons for the consi-
derable difference in infection rates in 
D. micans from all localities. 

We observed that male beetles were 
infected to higher degree than female 
beetles in all investigated localities 
(Tab.2). Similar difference between 
male and female beetles was also 
observed by Weiser et al. (2003) for 
Metschnikowia typographi. Weiser et al. 
(2003) observed that male beetles were 
infected to higher degree than female 

beetles in I. typographus and I. amitinus 
populations. On the other hand, we 
could observe the infection only in 
adults of D. micans. We examined 250 
larvae of D. micans collected from 
infected localities, none of them were 
infected by Helicosporidium sp. Weiser 
et al. (2003) found M. typographi only in 
the adults of Ips typographus and I. 
amitinus and conclude that infection 
takes place during the flight and on the 
bark outside the larval galleries. This 
judgment suggested by Weiser et al. 
(2003) also would be thought to explain 
the sole infection in D. micans adults. 
However, the positive results on the 
effect of Helicosporidium (Bläske & 
Boucias 2004) on the different insects 
stimulate us to think that D. micans 
larvae may be more sensitive to 
Helicosporidium sp. and infected larvae 
may dead before becoming adult 
forms. Although, our results show that 
Helicosporidium infection varies in the 
populations of D.micans, it was ob-
served in all investigated localities. The 
great spruce bark beetle, D. micans 
established in Georgia before Turkey. 
With the gradual spread of D. micans 
from  east  to  west,  this  insect  passed 

 
Table 2.   Helicosporidium-infected males and females of Dendroctonus micans. 

 

♂♂ ♀♀ 
Sampling plots D I P D I P 
Ordu 93 17 18.3 154 17 11.03 
Giresun 115 5 4.5 182 6 3.3 
Trabzon 18 0 - 31 0 - 
Artvin 149 11 7.3 181 13 7.1 
TOTAL 375 33 8.8 548 36 6.6 

 
D: Number of dissected beetle,       I: Number of infected beetle, P: Infection percent 
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from Georgia to Turkey. Its distri-
bution in Turkey was from east to west 
(from Artvin province to Ordu pro-
vince) (Fig.3). These results revealed 
that Helicosporidium sp. is distributed 
by the infected host adults in the host 
populations among the localities 
during the flying period. We think that 
while D. micans is establishing in a new 
locality it can introduce the Helicospori-
dium parasite into the new area.  

In the literature, only one study has 
been carried out extensively on the 
distribution of Helicosporidium parasite 
in insect populations (Hembree 1979). 
Hembree (1979) found Helicosporidium 
infection in Aedes aegypti from six of 
twenty locations and in Culex quinque-
fasciatus from four of twenty locations. 
Purrini (1981) observed maximum 3% 
Helicosporidium infection in Phtiracarus 

piper (Scopoli, 1763) (Oribatei, Acarina). 
In our study, we observed Helicospori-
dium infection in all localities investi-
gated and the infection reached 71.7% 
in one location. This is a desirable 
situation.  The high infection stimulates 
us to think that Helicosporidium in-
fection would be an effective natural 
suppressing factor of D. micans under 
natural conditions. 

On the other hand, a specific 
predator of D. micans, the beetle 
Rhizophagus grandis Gyll., has been 
introduced into infested areas in 
several countries to control this pest 
(King & Evans 1984, Grégoire et al. 
1985, Fielding et al. 1991, Yüksel 1996, 
Fielding & Evans 1997). R. grandis is 
probably one of the most important 
factors  in  stabilizing D. micans popula- 
tions  in  regions   where   the  pest  has 

 

 
 

Figure 3.  Distribution of Helicosporidium sp. in Dendroctonus micans populations; 1-Artvin, 2-
Trabzon, 3-Giresun, 4-Ordu (Arrow indicates the direction of distribution of Dendroctonus 
micans from east to west) 
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been established for a long time 
(Grégoire et al. 1985). This specific 
predator has a very high foraging 
proficiency and fecundity and is 
voracious. These characteristics are 
obviously those of a potentially very 
effective bio-control agent (Grégoire et 
al. 1985). Thus, an infection of R. 
grandis populations is an undesirable 
situation. 

 R. grandis for the control of D. 
micans is reared at R. grandis rearing 
laboratories. The main nourishment for 
rearing R. grandis is D. micans larvae 
collected from infested areas. Yaman & 
Radek (2007) recorded that Helicospori-
dium also infects R. grandis, the pre-
datory beetle of D. micans and that it 
may be transmitted by feeding on in-
fected prey larvae of D. micans. There-
fore, detection of non-infected D. 
micans populations, which are ideal 
nourishment for rearing R. grandis, is 
very important. Therefore D. micans 
larvae for rearing R. grandis should be 
collected from non-infected areas. 
Additionally, to use R. grandis against 
the Helicosporidium infected-popula-
tions of D. micans would not be a good 
choice. This specific predator has a 
very high foraging proficiency and 
fecundity and is voracious.  It is clear 
that Helicosporidium in the infected 
populations of D. micans would trans-
mit to R. grandis and decrease the effi-
ciency of the predator. Thus, to reveal 
the distribution and occurrence of Heli-
cosporidium sp. in the populations of D. 
micans is also very important from this 
view. The results of this study also 
provide such useful information. 

Acknowledgements. The study was 
financially supported as a research project by the 
Scientific and Technical Council of Turkey 
(105T350). In a part of this study, Dr. Mustafa 
Yaman was awarded with grants by the 
agreement on scientific cooperation between 
the DFG (Deutsche Forschungsgemeinschaft) 
(446 TÜR 112/7/06) and TUBITAK (The 
Scientific and Technical Council of Turkey) 
(B.02.1.TBT.0.06.01.223.01-163-863). The author 
wish to express their thanks to Prof. Dr. Klaus 
Hausmann and Dr. Renate Radek, Berlin, for 
making a part of this study possible.  

 
 
References  

 
Avery, S. W., Undeen, A. H. (1987): Some 

characteristics of a new isolate of Helico-
sporidium and its effect upon mosquitoes. 
Journal of Invertebrate Pathology 49: 246–
251. 

Bejer, B. (1984): Dendroctonus micans in Denmark. 
pp. 2-19. In Grégoire, J. C., Pasteels, J. M. 
(eds.) Biological control of bark beetles 
(Dendroctonus micans). Commission of the 
European Communities, Brussels, Belgium.  

Bevan, D., King, C. J. (1983): Dendroctonus micans 
Kug., a new pest of spruce in U.K. Common-
wealth Forestry Review 62: 41-51. 

Bläske, V. U., Boucias, D. G. (2004): Influence of 
Helicosporidium spp. (Chlorophyta: Trebou-
xiophyceae) infection on the development 
and survival of three noctuid species. 
Environmental Entomology 33: 54–61. 

Bläske-Lietze, V. U., Boucias, D. G. (2005): Patho-
genesis of Helicosporidium sp. (Chlorophyta: 
Trebouxiophyceae) in susceptible noctuid 
larvae. Journal of Invertebrate Pathology 90: 
161–168. 

Bläske-Lietze, V. U., Shapiro, A. M., Denton, J. S., 
Botts, M.,  Becnel, J. J., Boucias, D. G. (2006): 
Development of the insect pathogenic alga 
Helicosporidium. The Journal of Eukaryotic 
Microbiology 53: 165–176. 

Boucias, D. G., Becnel, J. J., White, S. E., Bott, M. 
(2001): In vivo and in vitro development of 
the protist Helicosporidium sp. The Journal of 
Eukaryotic Microbiology 48: 460–470. 

Chapman, H. C. (1974): Biological control of 
mosquito larvae. Annual Review of 
Entomology 19: 33-59. 

North-West J Zool, 4, 2008 



Yaman, M. 106

Fielding, N. J., Evans H. F., (1997): Biological 
control of Dendroctonus micans (Scolytidae) in 
Great Britain. Biocontrol News Information 
18: 51N–60N. 

Fielding, N.J., O’Keefe, T., King, C.S. (1991): 
Dispersal and host-finding capability of the 
predatory beetle Rhizophagus grandis Gyll. 
(Col., Rhizophagidae). Zeitschrift für 
angewandte Entomologie 112:89–98. 

Grégoire, J.C. (1984): Dendroctonus micans in 
Belgium: the situation today. pp. 48-62. In 
Grégoire, J. C., Pasteels, J. M. (eds.) Biological 
control of bark beetles (Dendroctonus micans). 
Commission of the European Communities, 
Brussels, Belgium.  

Grégoire, J. C. (1988): The greater European 
spruce beetle. pp. 455-478. In Berryman, A. 
A. (ed.) Dynamics of forest insect popu-
lations: patterns, causes and implications. 
Plenum Publishing Corporation, New York.  

Grégoire, J. C., Merlin, J. J., Pasteels, M., Jaffuel, 
R., Vouland, G., Schvester, D. (1985): 
Biocontrol of Dendroctonus micans by 
Rhizophagus grandis Gyll. (Col., 
Rhizophagidae) in Massif Central (France). 
Zeitschrift für angewandte Entomologie 99: 
182–190. 

Hembree, S. C. (1979): Preliminary report of 
some mosquitoes pathogens from Thailand. 
Mosquito News 39: 575-582. 

Hembree, S. C. (1981): Evaluation of the 
microbial control potential of a Helico-
sporidium sp. (Protozoa: Helicosporida) from 
Aedes aegypti and Culex quinquefasciatus from 
Thailand. Mosquito News 41: 770–783. 

Keilin, D. (1921): On the life history of 
Helicosporidium parasiticum n. g., n. sp., a new 
species of protist parasite in the larvae of 
Dashelaea obscura Winn (Diptera: Cerato-
pogonidae) and in some other arthropods. 
Parasitology 13: 97–113. 

Kellen, W. R., Lindegren, J. E. (1974): Life cycle of 
Helicosporidium parasiticum in the navel 
orangeworm, Paramyelois transitella. Journal 
of Invertebrate Pathology 23: 202–208. 

Kim, S. S., Avery, S. W. (1986): Effects of 
Helicosporidium sp. infection on larval 
mortality, adult longevity, and fecundity of 
Culex salinarius Coq. Korean Journal of 
Entomology 16: 153-156. 

King, C. J., Evans, H. F. (1984): The rearing of 
Rhizophagus grandis and its release against 
Dendroctonus micans in the United Kingdom. 

pp. 87–97. In Grégoire, J. C., Pasteels, J. M. 
(eds.) Biological control of bark beetles 
(Dendroctonus micans). Commission of the 
European Communities, Brussels, Belgium.  

Kudo, R. R. (1966): Protozoology (6th ed.).  
Thomas Publishing, Springfield, IL. 

Lempérière, G. (1994): Ecology of the great 
European spruce bark beetle Dendroctonus 
micans (Kug.). Ecologie 25:31-38. 

Lindegren, J.E., Hoffmann, D.F. (1976): Ultra-
structure of some developmental stages of 
Helicosporidium sp. in the navel orangeworm, 
Paramyelois transitella. Journal of Invertebrate 
Pathology 27: 105-113. 

Pekkarinen, M. (1993): Bucephalid trematode 
sporocysts in brackish-water Mytilus edulis, 
new host of a Helicosporidium sp. (Protozoa: 
Helicosporida). Journal of Invertebrate 
Pathology 61: 214–216. 

Purrini, K. (1981): Studies on some amoebae 
(Amoebida) and Helicosporidium parasiticum 
(Helicosporida) infecting moss-mites 
(Oribatei, Acarina), in forest soil samples. 
Archiv fur Protistenkunde 124: 303-311. 

Purrini, K. (1984): Light and electron microscope 
studies on Helicosporidium sp. parasitizing 
oribatid mites (Oribatei, Acarina) and 
collembola (Apterygota, Insecta) in forest 
soils. Journal of Invertebrate Pathology 44: 
18–27. 

Purrini, K. (1985): On disease agents of insect 
pests of wild palms and forests in Tanzania. 
Zeitschrift für angewandte Entomologie 99: 
237–240. 

Reynolds, E. S. (1963): The use of lead citrate at 
high pH as an electron-opaque stain in 
electron microscopy. Journal of Cell Biology 
17: 208-212. 

Rühm, W. (1956): Die Nematoden der Ipiden. 
Parasitol. Schriftenr. 6:1–437. 

Sayre, R.M., Clark, T.B. (1978): Daphnia magna 
(Cladocera: Chydoroidea) a new host of a 
Helicosporidium sp. (Protozoa: Helicosporida). 
Journal of Invertebrate Pathology 31: 260–
261.  

Seif, A.I., Rifaat, M.M. (2001): Laboratory eva-
luation of a Helicosporidium sp. (Protozoa: 
Helicosporida) as an agent for the microbial 
control of mosquitoes. Journal of the 
Egyptian Society of Parasitology 31: 21–35. 

Tartar, A., Boucias, D. G., Adams, B. J., Becnel, J. 
J. (2002): Phylogenetic analysis identifies the 
invertebrate pathogen Helicosporidium sp. as a 

North-West J Zool, 4, 2008 



Distribution and occurrence of Helicosporidium sp. in the populations of D. micans  107 

green alga (Chlorophyta). International 
Journal of Systematic and Evolutionary 
Microbiology 52: 273–279. 

Tartar, A., Boucias, D. G., Becnel, J. J., Adams, B. 
J. (2003): Comparison of plastid 16S rRNA 
(rrn16) genes from Helicosporidium spp.: 
evidence supporting the reclassification of 
Helicosporidia as green algae (Chlorophyta). 
International Journal of Systematic and 
Evolutionary Microbiology 53: 1719–1723. 

Tartar, A., Boucias, D. G. (2003): Incertae sedis no 
more: The phylogenetic affinity of 
Helicosporidia. Journal of Phycology 39(S1): 
55. 

Tartar, A., Boucias, D. G. (2004): The non-
photosynthetic, pathogenic green alga 
Helicosporidium sp. has retained a modified, 
functional plastid genome. FEMS 
Microbiology Letters 233: 153–157. 

Undeen, A. H. (1982): The production and use of 
Protozoa for vector control. 3. Int. Colloq. on 
Invertebrate Pathology/15. Annu. Meeting of 
the Society for Invertebrate Pathology, 
Brighton (UK), 6-10 Sep 1982. 

Weiser, J. (1964) The taxonomic position of 
Helicosporidium parasiticum, Keilin 1924. 
Journal of Protozoology 19: 440-445. 

Weiser, J. (1970): Helicosporidium parasiticum 
Keilin infection in the caterpillar of a hepialid 
moth in Argentina. Journal of Protozoology 
17: 436–440. 

Weiser, J., Wegensteiner, R., Händel, U., Žižka, Z. 
(2003): Infections with the Ascomycete 
fungus Metschnikowia typographi sp. nov. in 
the bark beetles Ips typographus and Ips 
amitinus (Coleoptera, Scolytidae). Folia 

Microbiologica 48: 611-618. 
White, S. E., Tipping, P. W., Becnel, J. J. (2007): 

First isolation of a Helicosporidium sp. 
(Chlorophyta: Trebouxiophyceae) from the 
biological control agent Cyrtobagous salviniae 
(Coleoptera: Curculionidae). Biological 
Control 40: 243-245. 

Yaman, M., Radek, R. (2005): Helicosporidium 
infection of the great European spruce bark 
beetle, Dendroctonus micans (Coleoptera: 
Scolytidae). European Journal of Protistology 
41: 203–207.  

Yaman, M., Radek, R. (2007): Infection of the 
predator beetle Rhizophagus grandis Gyll. 
(Coleoptera, Rhizophagidae) with the insect 
pathogenic alga Helicosporidium sp. 
(Chlorophyta: Trebouxiophyceae). Biological 
Control 41: 384-388. 

Yaman, M., Radek, R. (2008): Pathogens and 
parasites of adults of the great spruce bark 
beetle, Dendroctonus micans (Kugelann) 
(Coleoptera: Curculionidae, Scolytinae). J. 
Pest Sciences (in press). 

Yüksel, B. (1996): Mass-rearing of Rhizophagus 
grandis (Gyll.) for the biological control of 
Dendroctonus micans (Kug.), Güz Yarıyılı 
Seminerleri, KTÜ. Orman Fakültesi Seminer 
Serisi No 1, Trabzon, 133–141.. 

 
 
 

Submitted: 06 February 2008 
/  Accepted: 07 May 2008 

 

 
 
 

North-West J Zool, 4, 2008 


