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Abstract

This study concerns a new neogregarine parasitic in the great spruce bark beetle Dendroctonus micans (Kugelann) (Cur-
culionidae, Scolytinae). The rate of infection was high, reaching 27.3%. There was no difference in the rate of infection of
male and female beetles. The life-cycle stages of the pathogen were described by light and electron microscopy. Each game-
tocyst of the neogregarine included 8—16 actinocephalid oocysts measuring 11.19 + 0.42 x 4.99 + 0.25 pm. The described
pathogen has the typical characteristics of members of the genus Menzbieria within the order Neogregarinida and it was iden-
tified as Menzbieria chalcographi. This is the first record of an infection of D. micans by M. chalcographi. Possibly, this
pathogen could be useful for the biological control of this destructive bark beetle.
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Introduction

The great spruce bark beetle Dendroctonus micans (Curculioni-
dae, Scolytinae) causes serious economic losses in Europe and
Asia, despite the considerable efforts invested in the mechanical
and/or biological control of the beetle. One possibility to reduce
or regulate the density of the bark beetle would be the detection
and use of its natural pathogens (Yaman and Radek 2005, 2008a,
b). The study of D. micans pathogens might lead to the discov-
ery of natural factors which could suppress the populations. Sev-
eral studies on the pathogens and parasites of beetles have been
conducted to find an organism effective as a biological control
of bark beetles. Although in recent investigations, about 20
pathogens of different bark beetles that may limit the population
density of their host have been observed (Weiser et al. 2000, We-
gensteiner 2004), studies on the pathogens of D. micans revealed
only three pathogens (Yaman and Radek 2005; 2008a, b; Yaman
2008). In the present paper, a new pathogen of D. micans, the
neogregarine Menzbieria chalcographi, is identified and char-
acterised by light and electron microscopy.

Materials and methods

Altogether, 1860 adults of D. micans were collected from
spruce forests on seven sampling plots in four localities in
the Black Sea region of Turkey. Adults of D. micans were
randomly collected; 252 of them were later sexed to permit
comparison of the infection rate among males and females.
Each beetle was dissected in insect Ringer solution, and pre-
pared wet smears were examined for presence of the neogre-
garine infection under a light microscope at a magnification
of x200-1000. Positive smears were stained with Giemsa
solution (Yaman and Radek 2005, Yaman et al. 2005). De-
tected fresh and stained stages were measured and pho-
tographed using an Olympus BX51 microscope equipped
with a DP-25 digital camera and a DP2-BSW Soft Imaging
System. Procedures for scanning (SEM) and transmission
electron microscopy (TEM) followed standard protocols
(Pilarska et al. 2002; Yaman and Radek 2005; Yaman et al.
2005, 2011).
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Table 1. Menzbieria chalcographi infections in Dendroctonus micans populations from various sampling plots

Localities Dissected insects Infected insects % Infected
162 0 0
Merkez 106 6 5.7
Artvin Savsat 110 30 27.3
48 19 12.8
Ardanug 103 1 0.9
Trabzon Magka 232 0 0
Salpazari 244 0 0
Giresun Merkez 315 0 0
284 1 0.4
Ordu Merkez 156 0 0
Total 1860 57 3.1

Results and discussion

Life cycle stages and systematic affiliation

Beetles infected with neogregarine pathogens were found at
two of the investigated localities (Table I). Different life sta-
ges such as gametocysts, oocysts and merozoites were ob-
served in the fat body of the adult D. micans specimens (Figs
1-8). Gametocysts had a size of 20-30 um and included 8—
16 oocysts (Figs 1 and 5). The oocysts were of the acti-
nocephalid type, meaning that they possess large polar plugs
(Fig. 8). They measured 11.19 + 0.42 x 4.99 + 0.25 um.
Light and electron microscopic observations revealed that
the neogregarine pathogen has the typical characteristics of

members of the genus Menzbieria Bogoyavlenskaya, 1922
within the order Neogregarinida. These characteristics in-
clude merogony in body cavity, elongate first-generation
merozoites and amoeboid second-generation merozoites,
actinocephalid type oocysts, and more than two and maxi-
mally forty oocysts per gametocyst (Levine 1988, Undeen
and Vavra 1997).

The genus Menzbieria has two species; the type species
M. hydrachnae Bogoyavlenskaya, 1922 and M. chalco-
graphi Weiser, 1955. M. hydrachnae was found in the in-
testine of a fresh water mite of the genus Hydrachna (Bo-
goyavlenskaya 1922). M. chalcographi was recorded for
the first time in the bark beetle, Pityogenes chalcographus
(Weiser 1955). Until now, Menzbieria chalcographi has

Figs 1-4. Light micrographs of Menzbieria chalcographi in Dendroctonus micans. 1 — Pregametocysts and mature gametocysts including
8 to 16 oocysts; 2 — pairing of two gamonts forming a gametocyst; 3 — Giemsa-stained oocysts; 4 — two types of merozoites. Scale bars = 10 pm
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Figs 5-8. Electron micrographs of Menzbieria chalcographi in Dendroctonus micans. 5 —Eight mature oocysts in a gametocyst. TEM.
6 — A mature oocyst with polar plugs. SEM. 7 — Longitudinal section of an oocyst. TEM. 8 — Thick polar plug of an oocyst. TEM. Scale bars =2 um

been found to occur in the following bark beetles:
P. chalcographus (Weiser 1955, Purrini 1978a, Purrini and
Fithrer 1979, Héndel ef al. 2003, Takov et al. 2007), Dryo-
coetes autographus and Hylurgops glabratus (Purrini
1978b), Ips typographus (Wegensteiner and Weiser 2004,
Takov et al. 2007, Holusa et al. 2009) and Pityokteines
spinidens (Pernek et al. 2009). However, it has not yet been
found in D. micans. The neogregarine pathogen from D. mi-
cans is very similar to M. chalcographi in several charac-
teristics such as the size and shape of oocysts, the oocyst
number per gametocyst, and the degree of relationship be-
tween the host species. Both isolates originate from bark
beetles of the subfamily Scolytinae which live in spruce
forests. Except for the small difference in size between M.
chalcographi and our isolate, there are no morphological dif-
ferences justifying the creation of a new species for the
neogregarine pathogen from D. micans. The isolates of
M. chalcographi from other bark beetles also showed some
size differences (Purrini 1978a). We conclude that the re-
ported pathogen is identical to M. chalcographi and present
D. micans as a newly discovered host for this pathogen.

Infection rates
Infection was observed in five of ten samples; only samples

from the two localities Artvin and Ordu were positive (Table
I). In total, 57 of 1860 examined adults were infected with

Menzbieria chalcographi. This corresponds to a mean infec-
tion rate of 3.1%. The prevalence of M. chalcographi infec-
tions in the examined beetles, however, differed considerably
between localities, ranging from 0.4 to 27.3% (Table I). Such
variations in infection rates were also observed for the patho-
genic green alga Helicosporidium sp. (Yaman 2008) and the
yeast Metschnikowia typographi (Yaman and Radek 2008b)
infecting D. micans, as well as M. typographi infecting other
bark beetles such as Ips typographus and I. amitinus (Weiser
et al. 2003).

The infection rate of D. micans with M. chalcographi was
sometimes quite high, reaching e.g. 27.3% in one locality
(Savsat in Artvin). This is considerably greater than the high-
est reported infection rates in other bark beetles, such as 0.3%
in Pityogenes chalcographus (Handel et al. 2003), 8% in
Dryocoetes autographus and 13% in Hylurgops glabratus
(Purrini 1978b), and 0.7% in 1. typographus (Wegensteiner
and Weiser 2004).

During this study we also compared the infection levels in
male and female beetles. Twenty out of the 120 investigated
males and 27 of the 145 investigated females were infected
by the neogregarine pathogen. This corresponds to infection
levels of 18.7% in males and 18.6% in females (Table II).
Thus, there were no significant differences in the infection le-
vels, revealing that the M. chalcographi infection does not
favor any sex in D. micans. In contrast, Yaman (2008) report-
ed a higher Helicosporidium sp. infection rate in females than
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Table I1. Number and percentage of Menzbieria chalcographi-infected male and female Dendroctonus micans

Sampling plots 33 QQ

D I % D I %
Artvin/Merkez 31 1 32 52 5 9.6
Artvin/Savsat-1 26 9 34.6 41 13 31.7
Artvin/Savsat-2 50 10 20 52 9 17.3
Total 107 20 18.7 145 27 18.6

D —no. of dissected beetles, I — no. of infected beetles.

in males of D. micans. Also Weiser et al. (2003) reported a si-
milar result for a M. typographi infection among 1. typogra-
phus and 1. amitinus populations.

Relevance of the new pathogen

Studies on the pathogens of D. micans are very limited. Al-
though the green alga Helicosporidium sp. (Chlorophyta)
(Yaman and Radek 2005), the neogregarine Mattesia sp., the
yeast Metschnikowia typographi (Yaman and Radek 2008a, b)
and some bacteria (including both spore-forming and non-
spore-forming species) (Yaman et al. 2010) have been
recorded to infect D. micans, Menzbieria species had not been
found before now. Thus, this is the first record of M. chal-
cographi in D. micans.

D. micans is currently controlled by using a predatory bee-
tle, Rhizophagus grandis (Coleoptera: Rhizophagidae). This
predatory beetle is reared in laboratories, using mainly D. mi-
cans larvae collected from infested areas as nourishment
(Yaman 2008). Yaman and Radek (2007) recorded that Heli-
cosporidium also infects R. grandis, the predatory beetle of
D. micans, and that it may be transmitted when the beetles are
fed with infected prey larvae of D. micans. Such an infection
could reduce its efficiency of suppressing D. micans popula-
tions. The detection of non-infected D. micans populations,
which are ideal nourishment for rearing R. grandis, is thus
very important. Thus, revealing the occurrence of Menzbieria
chalcographi in the populations of D. micans is also very im-
portant from this view. In a follow-up study, an infection of
R. grandis with M. chalcographi will be investigated.
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