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Abstract:

The relationships between nematodes and Ips spp. has been a neglected topic in central Europe. This work
summarizes available informations on entomophilic nematodes associated with bark beetles (Scolytinae)
with focus on the genus Ips DE GEERr, 1775. The association can be phoretic, in which the nematode
uses the bark beetle for transport to a new environment. This is the case of Bursaphelenchus, Cryptaph-
elenchus, Ektaphelenchus, Fuchsnema, Micoletzkya, Neoditylenchus and Plectus species, while the most
frequent phoretic nematodes in Ips bark beetles are Bursaphelenchus eidmanni (Runm, 1956) and Mico-
letzkya buetschlii (Fuchs, 1915) or endoparasitic, in which the nematode enters and obtains nutrients from
the host beetle and depends on the beetle for completion of its life cycle, the case of Contortylenchus,
Cryptaphelenchus, Ektaphelenchus, Parasitaphelenchus, Parasitorhabditis and Parasitylenchus species.
The most frequent endopararasitic nematode in Ips species are Parasitylenchus dispar (Fucus, 1915) and
Contortylenchus diplogaster v. Linstow, 1890. The effects of nematodes on beetle hosts are discussed.
Lists of the nematodes associated with particular Ips species in central Europe are provided, also the little

that is known about these associations in central Europe is summarized.
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Introduction

Nematodes (Phylum Nematoda) are among the most
numerous and abundant animals. More than 24,000
species are currently known (Hucor ef al. 2001), al-
though as many as 1 million species are thought to
exist. Therefore, this phylum could be comparable
in size to the class Insecta, which is represented by
approximately 925,000 described species (GRIMALDI,
ENGEL 2005).

Nematodes live in all types of environments.
A large numbers of free-living, terrestrial, fresh-
water and of course saltwater species of nematodes
are known. They display various life strategies and
enter into numerous interactions with viruses, bac-
teria, plants, fungi, and other animals. Many nema-
todes are parasites of plants, invertebrates, and ver-
tebrates, including humans. Representatives of this
phylum are also frequently used as model organisms
in research.

Nematology developed rapidly in the second
halfofthe 20th century and became a well-developed
discipline with a number of sub-disciplines, its own
techniques, and a substantial literature. Nematode
systematics benefitted from the introduction of the
electron microscope in the 1960s, of PCR in the
1980s (FErris 1994), and of other molecular tech-
niques more recently. Today, the classification and
phylogenetic relationships within the Nematoda is
the focus of substantial part of research, and many
new species continue to be described.

The aim of this article is to summarize the cur-
rent knowledge of the nematodes associated with
bark beetles (i.e., beetles in the subfamily Scolytinae),
with particular focus on the bark beetles of the genus
Ips DE GEER, 1775 in central Europe. The present
knowledge concerning nematodes of bark beetles is
very fragmentary, and the topic has largely been ig-
nored in central Europe.
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Entomophilic nematodes

Publications concerning entomophilic nematodes
(i.e., nematodes closely associated with insects) range
from those that merely delineate an association to
more detailed studies that describe the relationship
between nematode and insect. These relationships
include saprobiotism (living in decaying material),
commensalism (benefit without affecting the other),
which is, according to Kava, Stock (1997), one of
the most common relationships between nematodes
and insects, phoresy, and various degrees and types
of parasitism (such as semi-parasitism commonly
parasitic but also capable of living on dead or decay-
ing animal matter, ectoparasitism- living on the body
surface of the host, endoparasitism- living within the
host, facultative parasitism- living independent of at he
host but may occasionally be parasitic under certain
conditions, and obligate parasitism- cannot complete
its life cycle without exploiting a suitable host (e.g.,
WEISER 1988, TENKACOVA, MiTUCH, 1987, 1991).

Phoretic nematodes occur on the body and
limbs, in the inter-segment spaces, and under the
wings of beetles, flies, and other insects. These nem-
atodes instinctively leave a drying substrate and at-
tach themselves to an insect, which transports them
to a new environment. In the new environment, the
phoretic nematodes leave the insect and feed on
fungi, bacteria, and other microorganisms (NICKLE,
1973). Nematodes are also found in the reproduc-
tive, respiratory, gastrointestinal, and excretory sys-
tems of insects. These endoparasitic nematodes can
damage or kill their hosts. Entomophilic, especially
entomopathogenic nematodes (nematodes that live
within and that weaken and sometimes kill their host
insects) have been studied by WEISER (1966), NICKLE
(1973), Pomnar (1975), WEISER, MRrAcEK (1988),
SoniNn, SHARMA (1990) SippiQi (2000), GAUGLER
(2002), Ncuyen, Hunt (2007), and many others.

For more than 50 years, many researchers
have studied entomopathogenic nematodes as bio-
logical control agents of insect pests. Much of this
research has been focused on nematodes of the
families Heterorhabditidae and Steinernematidae,
which have wide host ranges (NERMUT et al. 2012).
Biological control of insect pests by entomopatho-
genic nematodes has been studied by GAUGLER, KAyA
(1990), SCHEEPMAKER et al. (1997), STURHAN, LisKkova
(1999), FenTON et al. (2000), Navon, AscHER (2000),
WiLsoN, GAUGLER (2004), GEBREMARIAM et al. (2005),
and many others.

Entomophilic nematodes of bark beetles

Entomophilic nematodes were first studied in the 19th
century, and one of the first works dealing with re-
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lationships between nematodes and bark beetles was
written by von Linstow (1890), wherein he described
the nematode Allantonema diplogaster (later re-
named Contortylenchus diplogaster by Ruam (1956))
in the spruce bark beetle Ips typographus (LINNAEUS,
1758) (Massey 1974). Since that time, in many pub-
lications species of nematodes found in various bark
beetles have been described (e.g., Fucus 1914, 1915,
1929, 1930, OLpHam 1930, STEINER 1932, THORNE
1935, 1949). Important work in this period included
Fucns (1915), which described nematodes associ-
ated with . typographus, and Fuchs (1938), which is
a taxonomic study of nematodes in the superfamilies
Aphelenchoidea and Tylenchoidea. The interest in en-
tomophilic nematodes has increased since the 1950s
(ANDRASSY 1954, WacHEK 1955, Massey 1957, 1960,
1964ab, 1969, NickLE 1967, 1970, THONG, WEBSTER
1973, Hunt, HAGUE 1974, GERAERT, DE GRISE 1981,
TomaLAK et al. 1989, Kava, Stock 1997, BraascH
2001, Ryss et al. 2005). These publications include
a number of taxonomic keys focusing on individual
nematode families and genera. There are also publi-
cations dealing with nematodes associated with indi-
vidual species of the following genera of bark bee-
tles: Scolytus (MASSEY 1964a, AsHRAF 1968, ASHRAF,
BerryMAN 1970, Hunt, HAGUE 1974, MOSER et al.
2005), Dendroctonus (Massey 1956, 1966, Furniss
1967, THoNG, WEBSTER 1983), Pityogenes (REID
1958, NickLE 1963), and Ips (Ruam1954, 1955, 1956,
Massey 1960, HorrarD, CosTER 1976). An important
study by Runm (1956) provided an overview of en-
tomophilic nematodes associated with bark beetles
from Germany and information about nematode life
cycles. This study, which is still frequently cited,
contains detailed characteristics of nematodes found
in 14 genera of bark beetles (Cryphalus, Crypturgus,
Dendroctonus, Dryocoetes, Hylastes, Hylesinus,
Hylurgus, Ips, Myelophilus, Orthotomicus, Pityogenes,
Pityophthorus, Polygraphus and Scolytus) and details
on Ips acuminatus (GYLLENHAL, 1827), I. amitinus
(EicuuHorr, 1871), 1. cembrae (HEER, 1836) and 1. ty-
pographus. Similar publications from the United States
(Massey 1974, CHoo et al. 1987) described the ento-
mophilic nematodes found in bark beetles including Ips
species.

The nematodes associated with bark bee-
tles are frequently studied along with other patho-
gens that could serve as biological control agents
of beetle pests. However, the information on these
nematodes is incomplete and often limited to eas-
ily discernible, endoparasitic species (i.e., nema-
todes within the beetle rather than on the beetle),
such as Contortylenchus and Parasitylenchus spp.
(e.g., WEISER et al. 2006, Takov et al. 2006, 2011,
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BuriANADZE, GOGINASHVILI 2009, KERESELIDZE et al.
2010, MicHALKOVA et al. 2012).

Relationships between nematodes and bark

beetles

Relationships between nematodes and bark beetles
are described by the same terms as is the case for
relationships between certain other organisms.

Phoretic nematodes

Phoresy is widespread between nematodes and bark
beetles, and phoretic nematodes are commonly found
on the bodies of beetles. They are most frequently lo-
cated in clusters under the elytra, on the wings, or be-
tween the individual segments of the body, especially
between the thorax and the abdomen and between ab-
dominal tergites. These nematodes mostly consume
fungi, bacteria, and other microorganisms, and they
are often found on the bodies of beetles undergo-
ing anabiosis. Groups of phoretic nematodes some-
times assume specific formations. Species in the ge-
nus Ektaphelenchus, for example, form cocoon-like
structures (nematangia) under the elytra and on the
wings of the beetle (CarRDOzA et al. 2006). The life
cycle of these phoretic nematodes has a number of
essential features. Adult nematodes occur in the bee-
tle galleries, where they mate and generally lay eggs
(oviparity) from which the second stage juveniles
hatch. The juveniles moult several times and then seek
their host. Upon attaching to the host beetle, they are
transferred to a new environment, where they leave
the host and continue to develop and moult. Upon
reaching maturity, the adults mate, and the entire
cycle is repeated. Examples of phoretic nematodes
of bark beetles include species of Neoditylenchus,
Ektaphelenchus, Micoletzkya, and Bursaphelenchus.
Nematodes found on the bodies of Ips species in cen-
tral Europe are presented in Table 1.

Parasitic nematodes

In contrast to phoretic nematodes, parasitic nema-
todes occur in the body cavities of their hosts and
require hosts to complete their life cycle (Hunr,
HAGUE 1974). In the case of parasites of bark beetles,
endoparasitic nematodes are most frequently found
moving freely in the body cavities of adults, larvae,
and pupae. Cryptaphelenchus spp. are also found on
the surface of the insect and in the Malpighian tu-
bules, and Parasitaphelenchus and Parasitorhabditis
spp. occur in the lumen of the intestine but also move
freely in the body cavity. With respect to the life cy-
cle of endoparasitic nematodes, juvenile nematodes
mature and mate in bark beetle galleries. The impreg-
nated pre-mature female infects the beetle, which is
usually the 1 or 2™ stage larva, by passing through

its cuticle or intestine. The life cycles of the parasite
and host are synchronized, and the female nematode
reaches maturity at approximately the same time as
its host. The female then produces juveniles (e. g.,
Parasitylenchus) or eggs (e. g., Contortylenchus)
within the host body cavity. Young nematode juve-
niles then penetrate the intestine and are emited into
the gallery. A variation on this kind of life cycle is dis-
played by Parasitaphelenchus spp., which lay their
eggs near host larvae in the gallery (e. g. Scolytus,
Ips, Polygraphus, Scolytus genera). The nematode
juveniles then hatch, and after several moults, infect
the larvae or even the pupae of the bark beetle. They
suck fluids within the beetle’s body cavity, subse-
quently infect the intestine, and then leave the body
and return to the gallery, where they moult into the
adult stage, copulate, and lay eggs. The number of
nematode generations per year is identical to the
number of host generations per year, and can be as
high 12 in laboratory experiments of Contortylenchus
elongatus (Massey, 1960) NickLE, 1963 in Ips confu-
sus (LE ConTg, 1876) (Massey 1974). Endoparasitic
nematodes associated with Ips bark beetles in central
Europe are presented in Table 2.

The effect of parasitic nematodes on their hosts

Since the first studies of entomophilic nematodes of
bark beetles, researchers have been interested in the
effects of endoparasitic nematodes on the populations
of these forest pests. Endoparasitic nematodes obtain
nutrients from the host body fluids, and in some cas-
es consume all of the host’s fat body and other tis-
sues. Endoparasitic nematodes are commonly found
in bark beetles, and sometimes at infestation rates
exceeding 50 % (e. g. BuriaNaDZE, GOGINASHVILI
2009). Massey (1974) considered nematodes to be
important factors limiting the populations of bark
beetles. Although these nematodes seldom kill their
host, they can change host behaviour; decrease
host fertility, survival, and flight activity, and delay
swarming (e.g., HoFrarD, COSTER 1976, Kaya 1984).
Fuchs, in his studies from the first half of the 20th
century, stated that nematodes weaken and kill bark
beetles, reduce the number of eggs laid by as much
as 40 %, and reduce the number of generations per
year (MasSey 1974). Y ATSENKOwsKY (1924) reported
that infestation of bark beetles by small numbers of
nematodes causes beetle sterility while infestation
by large numbers causes death. Subsequent research
has greatly increased our understanding of how en-
doparasitic nematodes affect insect hosts.
Nematodes developing inside the beetle de-
prive the host of nutrients. This is evidenced by a
decreased number of fat cells in infected bark bee-
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Table 1. Nematodes found under elytra, on the wings, thorax, abdomen and between body segments of Ips bark beetles in

central Europe. For species marked with an asterisk (*) in the table see a list of known synonyms provided in Table 4

Nematode species Nematode family Ips species Country Reference
Bursaphelenchus eidmanni . . L amitinus Germany, Ruim 1956, TenKa-
Parasitaphelenchidae . covAa, MitucH 1986,
(Runm, 1956) * L typographus Slovakia
1987, 1991
Bursaphelenchus sexdentati . .
Rutiv, 1960 * Parasitaphelenchidae | I sexdentatus Germany RunM 1960
Cryptaphelenchus macrogaster o .
L Aphelenchoididae 1. acuminatus Germany Runm 1956
acuminati Ruam, 1956
Runm 1956, TENKA-
Cryptaphelenchus macrogaster mac- Aphelenchoididac L. cembrae Germany, cova, Miuch 1986,
rogaster (Fuchs, 1937) * L typographus Slovakia 1991
Ektaphelenchus amitini . .
(Fucsss, 1937) * Ektaphelenchidae L amitinus Germany RunmMm 1956
Ektaphelenchus typographi .
(Fucis, 1930) * Ektaphelenchidae 1 typographus Germany RunmMm 1956
1. amitinus German RunmMm 1956, TENKA-
Fuchsnema halleri (Fuchs, 1915) * Diplogasteroididae 1 cembrae Y CcovA, MiTucH 1986,
Slovakia
1 typographus 1991
Micoletzkya buetschli acuminati (M- Neodiplogastridae 1. acuminatus Germany Runm, 1956
COLETZKY, 1922) *
I cembrae Czech Republic, WEISER 1954, Runm
Micoletzkya buetschlii (Fucns, 1915) Neodiplogastridae I ) ooranhiis Germany, 1956, TENKACOVA,
- Dpograp Slovakia Mrruch 1986, 1991
. . Runm 1956, TENKA-
Neoditylenchus major (Fuchs, 1915) * Neotylenchldae. syn. L. amitinus Germany, Slo- COVA, Mrtuch 1987,
Sychnotylenchidae L typographus vakia 1991
Plectus rhizophilus bE MaN, 1880 Plectidae 1. sexdentatus Slovakia ViLaciova 1990

tles, as described by NickLE (1963), THONG, WEBSTER
(1973), and LieuTier (1982). Depletion of nutrients
(especially proteins) was confirmed by changes in the
composition of the hemolymph caused by the devel-
opment of a fertilized female of two Contortylenchus
species in bark beetle hemocoel (THONG, WEBSTER
1972, 1975). During beetle diapause, nematodes may
also undergo dormancy, as described for the nema-
tode Paraiotonchium autumnale (NicKLE, 1967)
SLoBODYANYUK, 1976 (syn. Heterotylenchus autum-
nalis NIckLE, 1967, which parasitizes certain flies.
Otherwise, nematodes may infest the fat body, as is
the case when Mermis nigrescens DUJARDIN, 1842
parasitizes grasshoppers (THoNG, WEBSTER 1975).
Srankis (1967) also reported that nematodes caused
mechanical damage to organs and tissues as well as
intoxication. Great damage to the intestinal epithe-
lium was found in Ips sexdentatus (BORNER, 1776)
parasitized by Parasitorhabditis ipsophila LIEUTIER
AND LAauMoOND, 1978 (LIEUTIER 1984a).

The fact that endoparasitic nematodes signifi-
cantly reduce bark beetle fertility was reported by
REID (1958), Massey (1956, 1960), THONG, WEBSTER
(1975), and WEISER, MRACEK (1988). Smaller gonads
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in parasitized individuals had been previously de-
scribed by OrpHaM (1930) (in Hunt, HAGUE 1974).
THONG, WEBSTER (1975) described a 20% reduction
in oocytes. These structural changes might be direct
effects or might reflect a general decrease in host
nutrition caused by removal of nutrients by nema-
todes. This was confirmed by LieuTIER (1982), who
reported that individuals of I sexdentatus parasit-
ized by Parasitaphelenchus sp. and Contortylenchus
sp. had smaller fat bodies and ovaries and less de-
veloped terminal oocytes than non-parasitized indi-
viduals. A small fat body is unable to provide the
nutrients necessary for the normal maturation of
oocytes, which therefore delays swarming and the
start of oviposition. A slight decrease in the density
of oviposition incisions and in the number of eggs in
individuals parasitized by Parasitorhabditis sp. has
also been reported (LIEUTIER 1984Db). A shift in the
time of swarming was confirmed by NickLE (1963)
in 1. confusus.

Nematode infection was reported to cause
pathological changes in flight muscle structure of
Scolytus ventralis LECoNTE, 1868 (ASCHRAF et al.
1971) but these changes may have been caused by
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a natural degradation (Forsse 1987). Subsequent re-
search has not confirmed that nematode parasitism
affects bark beetle flight capability. For example,
nematode parasitism did not affect the flight activ-
ity of Dendroctonus pseudotsugae Hopkins, 1905
(ATkINS 1961), D. frontalis ZIMMERMANN, 1868 (KINN,
StepHEN 1981), or I typographus (THALENHORST
1958, Forsse 1987).

NickLE (1971) as well as Pomnar, CayLor (1974)
stated that some nematode species can change insect
behaviour and change the shape of bark beetle galler-
ies. The shape of the galleries created by 1. sexdenta-
tus, however, was not changed by Parasitorhabditis
ipsophila (LIEUTIER 1984b) or by D. pseudotsugae
or Contortylenchus reversus (THORNE, 1935) Runm,
1956 (THONG, WEBSTER 1975). Although nematodes
did not change gallery shape, they did reduce gallery
length by 25-28 % (THonG, WEBSTER 1975)

The percentage of nematode-parasitized bark
beetles in a population and the number of nematodes
per beetle varies widely by location and probably de-
pends on microclimate rather than on elevation or on
whether the samples are collected from a standing
or fallen tree. The reported prevalence of nematodes
in bark beetles ranges from approximately 1 to 91
% (Takov, PiLarska 2008) but is frequently about
50-60 %. More than 99 % of galleries contained
nematodes in the studies of HorrarDp, CosTER (1976),
TeENkACOVA, MiTucH (1986, 1987, 1991), CARDOZA et
al. (2008), BuriaNADZE, GoGINASHVILI (2009), and
KERESELIDZE et al. (2010). Significant differences
have been documented in the parasitization rates be-
tween the spring and summer generations of beetles
(CHoo, Kavya 1987, TeNkAcovA, MiTucH 1986) but
not between male and female beetles (e.g., ZITTERER
2002, Takov, PiLarska 2008).

A single bark beetle may contain many nema-
todes, and it is not unusual to find a bark beetle with
hundreds of nematode juveniles in its intestine and
hemocoel and under its elytra (NickLE 1973). THONG,
WEBSTER (1975) and WEISER (1966) found more than
1,000 eggs and juveniles of Contortylenchus spp. in
the hemocoel of individual Dendroctonus and Ips
beetles. The large number of nematodes per beetle
results from the high fecundity of entomopathogen-
ic nematodes; one female can produce as many as
10,000 juveniles (NickLE 1973).

Although each species of bark beetle is usu-
ally attacked by only a subset of the species of ento-
mopathogenic nematodes (CarpozA et al. 2006), the
number of nematode species associated with a single
species of bark beetle can be variable. Ruam (1956)
recorded a maximum of 11 species of nematodes in
the black pine bark beetle Hylastes ater (PAyKULL,

1800) in Germany, and Massey (1974) found 30 spe-
cies in Dendroctonus adjunctus BLANDFORD, 1897 in
the United States.

Nematodes associated with Ips spp.

Bark beetles of the genus Ips belong to the family
of snout beetles (Curculionidae) and the Scolytinae
subfamily. In central Europe, seven species occur
(Ips acuminatus, 1. amitinus, 1. cembrae, I. duplica-
tus (SAHLBERG, 1836), I. mannsfeldi (WAcHTL, 1879),
1 sexdentatus, and 1. typographus). An identification
key to the bark beetle species, including Ips spp.,
was published by Prerrer (1989). Ips spp. feed on
the phloem of conifers, predominantly spruce, pine,
and larch. These bark beetles have been often seri-
ous pests mainly in spruce monocultures but also in
close-to-nature forests. Since 1950, 2-9 million m? of
wood have been damaged annually by bark beetles,
and predominantly by /. fypographus (SCHELHAAS et
al. 2003).

There have been very few studies of the nema-
todes associated with Ips spp. in central Europe.
The first publication that described nematodes of
Ips spp. in this region was by WEISER (1954), who
described three species of nematodes found in the
body and under the elytra of I #ypographus (in
TenkAacova, MitucH 1987). There are also several
studies by TeEnkacova, MitucH (1986, 1987, 1991)
related to nematodes of Ips spp. in the territory of
the former Czechoslovakia. The study sites in all of
these reports were in the territory of today’s Slovak
Republic. Researchers have also reported on nema-
todes associated with Ips spp. in Germany (Runm
1956, 1960), Poland (BaLazy 1966, 1968), Bulgaria
(Taxov et al. 2006; NEDELCHEV et al. 2008), Portugal
(PENas et al. 2006), Russia (Stankis 1969), France
(LieuTtier, Laumonp 1978), Sweden (Forsse 1987)
and Georgia (BURIANANDZE, GOGINASHVILI 2009).

Ips spp. have been reported to be associ-
ated with nematodes in the orders Diplogasterida,
Rhabditida, and Tylenchida and in the
families Parasitaphelenchidae, Allantonematidae,
Ektaphelenchidae, Aphelenchoididae, Diplogaste-
roididae, Neodiplogasteridae, Rhabditidae, and
Parasitylenchidae. Runm (1956) recorded nine spe-
cies of nematodes in /. typographus, including five
each in 1. acuminatus and 1. cembrae and three in 1.
amitinus. MAssey (1974) found 4-14 species of nema-
todes in Ips spp. in the United States. The nematodes
associated with Ips spp. range in size from 0.2 mm
(Cryptaphelenchus) to 2.0 mm (Contortylenchus).

Lists of nematodes associated with Ips spp. in
central Europe is given in Tables 1-3. A problem in
preparing this kind of list is the existence of many
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Table 2. Endoparasitic nematodes associated with Ips species in central Europe. For species marked with an asterisk
(*) in the table see a list of known synonyms provided in Table 4

Nematode species Nematode family Ips species Location Country Reference
Contortylenchus acuminati Allantonematidae | I. acuminatus hemocel Germany Runm 1956
Runm, 1956
Contortylenchus amitini Allantonematidae 1. amitinus intestinum Czeégrlr?lealzlumlc, Runm 1956, WEISER et al.
Runm, 1956 ' > 2006, ViLagiova 1993
Slovakia
Contortvienchus dinl 1. cembrae Czech Republic, | Runm 1956, TENKACOVA,
asOtZrO\fDI}JeI\}IIISCTOL\l; 1159%_* Allantonematidae | I. sexdentatus hemocel | Germany, Poland, [Mituch 1986, 1991, BaLazy
& ’ ’ 1 typographus Slovakia 1966, 1968
Cryptaphelenchus macro- Malphigian
gaster acuminati RunM, | Aphelenchoididae | I acuminatus tubules Germany Runwm, 1956
1956 intestinum
Cryptaphelenchus macro- - 1 cembrae Malphigian German}./, Slo- RutM 1956, TENKACOVA,
gaster macrogaster (Fuchs, | Aphelenchoididae I topoeraphus tubules vakia Mrruch 1986. 1991
1937) * - pograp intestinum ’
Ektaphelenchus typographi .
(Fucns, 1930) * Ektaphelenchidae | I typographus larvae Germany RunMm 1956
Pamszta]?helenchus acumi- | Parasitaphelenchi- I acuminatus 'hem(')cel Germany Rutv 1956
nati Runm, 1956 dae intestinum
Parasitaphelenchus sexden-| Parasitaphelenchi- I sexdentatus hemocel | Czech Republic, WEISER, MRACEK 1988,
tati Fuchs, 1937 * dae ’ intestinum Germany FiLipsev 1959
Parasitorhabditis acuminati .\ . hemocel
(Fucrs, 1937) * Rhabditidae 1. acuminatus intestinum Germany RunMm 1956
Parasitorhabditis amitini .\ L. . . Germany, RunmMm 1956, TENKACOVA,
(Fucs, 1915) * Rhabditidac L amitinus | intestinum Slovakia Miruci 1987, 1991
Austrla, Runm 1956, WEISER,
Switzerland, MRracek 1988, TENKACOVA
P “r":éfj’cr::bldg”l’;)"f “4 | Rhabditidac | | L cemb o | intestinum Czeg;nie;;“bhc’ Mutuci 1986, 1987, 1991,
: - bpographus Y| Barazy 1966, 1968, An-
Poland, Slovakia,
. DRASSY 1983
Slovenia
Czech Republic, | Ruam 1956, BaLazy 1966,
Parasitvienchus dispar Germany, 1968, WEISER 1954, 1977,
(FL?C/HS 191 5)*p Parasitylenchidae | /. typographus | hemocel Poland, WEISER, MRACEK 1988,
’ Slovakia, 2006, TENKACOVA, MITUCH
Slovenia 1986, 1991

synonyms for nematode species. Not all of them
are valid (see Table 4). Synonyms of the Genus
Bursaphelenchus were published by Ryss et al. (2005),
Contortylenchus, Neoditylenchus and Parasitylenchus
by Smopiqr (2000), Micoletzkya and Fuchsnema by
SupHaus, voN LIEVEN (2003), Parasitaphelenchus by
Runm, 1956 and the others by Baker (1962).

Conclusion

As between other organisms various relationships
from commensalism to obligate parasitism occur
between bark beetles and nematodes. Nematodes
are almost always found in the galleries of bark
beetles and each nematode species may benefit
from the proximity of the bark beetle differently.
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Endoparasitic nematodes even can affect some im-
portant biological processes such as host fertility,
survival, flight activity or swarming time, or change
host behaviour . This review summarizes mentioned
relationships and lists the known nematodes associ-
ated with the representatives of Ips genus which are
importaint pests in Central Europe. Nematodes asso-
ciated with Ips species could live as commensals us-
ing only bark beetle gallery environment (such e. g.
members of Clarkus, Panagrolaimus or Pristionchus
genera), phoretic nematodes use bark beetles for
transfer to a new environment ( e. g. memebers of
Bursaphelenchus or Micoletzkya genera), to inhabit
bark beetle body cavity is essential for endoparasit-
ic nematode life cycles (e. g. Contortylenchus and
Parasitylenchus genera) but some nematodes are



Nematodes Associated with Bark Beetles with Focus on the Genus /ps...

Table 3. Nematodes found only in frass and feed marks of Ips bark beetles in central Europe
Nematode species Nematode family| Ips species Country Reference
Clarkus papillatus (Bastian, 1865) Mononchidae |1 #ypographus| Slovakia Vilagiova, 1990
Cuticularia oxycerca (de Man, 1895) Rhabditidae 1. sexdentatus Slovakia Vilagiova, 1990
Mesorhabditis oschei Korner, 1954 Mesorhabditidae | 1. sexdentatus Slovakia Vilagiova, 1990
Panagrolaimus chalcographi Fuchs, 1930 Panagrolaimidae | /. typographus| Slovakia Vilagiova, 1990, 1993
Panagrolaimus rigidus (Schneider, 1866) Panagrolaimidae | I. sexdentatus Slovakia Vilagiova, 1993
Prionchulus muscorum (Dujardin, 1845) Mononchidae |1 typographus| Slovakia Vilagiova, 1990
Pristionchus lheritieri (Maupas, 1919) Neodiplogastridae| I. typographus| Slovakia Vilagiova, 1990
Tripyla filicaudata de Man, 1880 Tripylidae L. sexdentatus |  Slovakia Vilagiova, 1990

Table 4. Synonymous names of nematode species associated with Ips bark beetles in central Europe

Nematode species

Synonymous names

Bursaphelenchus
eidmanni RunMm, 1956

Aphelenchoides (Bursaphelenchus) eidmanni Runm, 1956

Bursaphelenchus

sexdentati RUHM, Aphelenchoides (Bursaphelenchus) sexdentati Runm, 1960, Bursaphelenchus bakeri Runm, 1964
1960

Contortylenchus Anguillulina contortus typographi (Fucss, 1915); Allantonema diplogaster v. Linstow, 1890; Aphelenchulus

diplogaster
(v. LinsTow, 1890)

contortus typographi (Fucns, 1915); Aphelenchulus diplogaster (Fucns, 1915) ; Parasitylenchus contortus
cembrae (Fucns, 1915); Parasitylenchus contortus typographi (Fucns, 1915); Tylenchus contortus cembrae
(Fucss, 1915); Tylenchus contortus typographi Fucws, 1915; Tylenchus diplogaster (v. LinsTow, 1890)

Cryptaphelenchus
macrogaster macro-
gaster (Fucns, 1937)

Aphelenchoides macrogaster (Fucns, 1937); Aphelenchoides (Schistonchus) macrogaster (Fucus, 1915);
Parasitaphelenchus macrogaster (Fucns, 1915); Tylenchus macrogaster Fucws, 1915; Parasitaphelenchus
(Cryptaphelenchus) macrogaster (Fucwus, 1915); Schistonchus macrogaster (Fucus, 1915)

Fuchsnema halleri
(Fucas, 1915)

Diplogaster (Fuchsia) halleri (Fucns, 1915); Diplogasteroides (Diplogasteroides) halleri (Fuchs, 1915);
Rhabditolaimus halleri Fuchs, 1915

Ektaphelenchus ami-
tini (Fuchs, 1937)

Aphelenchoides amitini (Fucus, 1937); Parasitaphelenchus (Cryptaphelenchus) amitini Fucus, 1937

Ekg;l: o}lge;l"z;;lzus Aphelenchus typographi (Fucas, 1930); Parasitaphelenchus typographi Fucus, 1930; Parasitaphelenchus
(Fucrs, 1930) (Ektaphelenchus) typographi (Fuchs, 1930)
Micoletzkya buetschli
acuminata Fuchsia buetschli acuminati Runm, 1956

(MicoLETZKY, 1922)

Neoditylenchus major
(Fucns, 1915)
MEyL, 1961

Anguillulina major (Fucns, 1915); Ditylenchus major (Fuchs, 1915); Synchotylenchus major (Fuchs,
1915); Tylenchus major Fuchs, 1915

Parasitaphelenchus
sexdentati FucHs,
1937

Aphlenchoides uncinatus sexdentati (Fucns, 1937); Parasitaphelenchus uncinatus sexdentati Fucus, 1937

Parasitorhabditis
acuminati
(Fucns, 1915)

Rhabditis obtusa acuminati Fucus, 1915; Rhabditis (Parasitorhabditis) obtusa f. acuminati (Fuchus, 1915)

Parsitorhabditis ami-
tini (Fucns, 1915)

Rhabditis obtusa amitini Fuchs, 1915; Rhabditis (Parasitorhabditis) obtusa f. amitini Fucus, 1915

Parasitorhabditis
obtusa (Fucws, 1915)

Parasitorhabditis typographi (Fuchs, 1915); Rhabditis obtusa Fucus, 1915; Rhabdlitis obtusa typographi
Fucsus, 1915; Rhabditis (Parasitorhabditis) obtusa f. typographi Fuchs, 1915

Parasitylenchus
dispar (Fucss, 1915)

Anguilulina dispar typographi (Fucus, 1915); Aphelenchulus dispar typographis (Fucus, 1915); Polymor-
photylenchus typographi (Fucus, 1915); Tylenchus dispar typographi Fucus, 1915
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found on bark beetle body surface as well as in their
body (e.g. Cryptaphelenchus and Ektaphelenchus
species). Although considerable attention has been
devoted to entomophilic nematodes associated with
important pests like bark beetles, our knowledge of
these nematode—beetle associations in central Europe
is still limited. Furthermore, a large number of syn-

References

ANDRASSY 1. 1954. Revision of the Genus Tylenchus Bastian, 1865
(Tylenchidae, Nematoda). — Acta Zoologica Academiae
Scientiarum Hungaricae, 1 (1-2): 5-42. (In German).

ANDRASSY 1. 1983. A taxonomic review of the suborder Rhabditina
(Nematoda: Secernentia). Paris (ORSTOM). 241 p.

AsHRAF M. 1968 Biological studies of Scolytus ventralis Le Conte
(Coleoptera: Scolytidae) with particular reference to nema-
tode parasite Sulphuretylenchus elongatus Massey. — [Ph.D.
thesis.] Washington State University, Pullman, 81 p.

AsHRAF M., A. A. BERRYMAN 1970. Biology of Sulphuretylenchus
elongatus (Nematoda: Spaerulariidae) and its effect on its
host Scolytus ventralis (Coleoptera: Scolytidae). — Cana-
dian Entomologist, 102: 197-213.

ATKINS M. D. 1961. A study of the flight of the Dendroctonus
pseudotsugae Hopk. (Coleoptera: Scolytidae) III. Flight
capacity. — Canadian Entomologist, 93: 467-474.

Bakir A. D. 1962 Checklist of the nematode superfamilies
Dorylaimoidea, Rhabditoidea, Tylenchoides, and Aph-
elenchoidea. Leiden, Netherlands (E. J. Brill). 261 p.

Bavrazy S. 1966. Living organisms regulate population density
of bark beetles in spruce forests, with special reference
to entomopathogenic fungi. — Poznanskie Towarzystwo
Przyjaciol Nauk Wydzial Nauk Rolniczych i Lesnych, 21
(1): 3-48. (In Polish).

BarLazy S. 1968. Analysis of bark beetle mortality in spruce forests
in Poland. — Ekologia Polska Seria A, 16 (33): 657-687.
(In Polish).

BraascH H. 2001. Bursaphelenchus species in conifers in Europe:
distribution and morphological relationships. — European
and Mediterranean Plant Protection Organization Bulletin,
31: 127-142.

BursaNaDZE M., N. GoGINasHVILI 2009. Occurrence of pathogens
and nematodes in the spruce bark beetles, Ips typographus
(Col., Scolytidae) in Borjomi Gorge. — Bulletin of the Geor-
gian National Academy of Sciences, 3 (1): 145-150.

Carpoza Y. J., J. C. Moskr, K. D. KLepziG and K. F. Rarra 2008.
Multipartite Symbioses Among fungi, Mite, Nematodes
and the Spruce Beetle, Dendroctonus rufipennis. — Envi-
ronmental Entomology, 37 (4): 956-963.

Carpoza Y. J., S. Paskewirz and K. F. Rarra 2006. Traveling
through time and space on wings of Beetles: A tripartite in-
sect-fungi-nematode association. — Symbiosis, 41: 71-79.

Croo H. Y., H. K. Kava., P. SueA and E. M. NOFFSINGER 1987.
Ecological Study of Nematode Parasitism in /ps Beetles
from California and Idaho. — Journal of Nematology, 19
(9): 495-502.

FenTON A., R. NorMAN, J. P. FAIRBAIRN and P. J. Hubson 2000.
Modelling the efficacy of entomopathogenic nematodes in
the regulation of invertebrate pests in glasshouse crops. —
Journal of Applied Ecology, 37: 309-320.

Ferris V. R. 1994. The future of nematode systematics. — Funda-
mental and Applied Nematology, 17 (2): 97-101.

Fiipiev 1. H., J. M. JR. SCHUURMANS-STEKHOVEN 1959. A Manual
of Agricultural Helmithology. 2™ Impression. Leiden (E.

554

onymous names makes the orientation in this topic
more difficult. Expanding on this knowledge will be
an important task for the coming years. .

Acknowledgments: We thank Bruce Jaffee for very valuable
advices and improvements. This study was supported by grants
IGA 20124321 and CIGA 20124302.

J. Brill). 880 p.

Forssk E. 1987. Flight duration in Ips typographus L.: Insensitiv-
ity to nematode infection. —Journal of Applied Entomology,
104: 326-328.

Fucus A. G. 1914. Tylenchus dispar curvidentis m. and Tylenchus
dispar cryphali m. — Zoologischer Anzeiger, Leipzig, 45 (5):
195-207. (In German).

Fucus A. G. 1915. Natural history of nematodes and some
other parasites. 1. Ips typographus L. 2. Hylobius abietis
L. — Zoologishe Jahrbucher, Abteilung fur Systematik,
Ockologie und Geographie der Tiere, 38 (3-4): 109-222.
(In German).

Fuchs A. G. 1929. The parasites of some of weevils and bark
beetles. — Zeitschrift fur Parasitenkunde Berlin, 2 (2):
2248-285. (In German).

Fucnus A. G. 1930. Nematodes new for bark beetles and weevils,
semiparasitic and inhabiting their galleries. — Zoologische
Jahrbucher. Abteilung fur Systematik, Geographie und
Biologie der Tier, 59 (5-6): 505-646. (In German).

Fuchs A. G. 1938. New parasitic and semiparasitic nematodes
of bark Beatles and some other nematodes II, III, and IV
part. — Zoologische Jahrbucher. Abteilung fur Systematik,
Geographie und Biologie der Tier, 771 (1-2): 123-190.
(In German).

Furniss M. M. 1967. Nematode parasites of the Douglas-fir beetle
in Idaho and Utah. — Journal of Economic Entomology,
92: 941-954.

GAUGLER R. 2002. Entomopathogenic Nematology, New York,
USA (CABI). 388 p.

GauGLER R., H. K. Kava 1990. Entomopathogenic nematodes
in biological kontrol. Boca Raton, USA (CRC Press).
365 p.

GEBREMARIAM G., R. GAUGLER and K. B. NGuyen 2005. Entomo-
pathogenic nematodes (EPN): the perspective direction
in the biological control of agricultural pests. — Lucrari
Stiintifice, UASM, 14: 409-413.

GERAERT E., A. DE Grise 1981. The Male Copulatory System
in Tylenchid Taxonomy (Nematoda). Nematologica, 27:
432-442.

GrivaLDI D., M. S. ENGEL 2005. Evolution of the Insects, Cam-
bridge, UK (Cambridge University Press). 772 p.

Horrarp W. H., J. E. CosTEr 1976. Endoparasitic Nematodes of
Ips Bark Beetles in Eastern Texas. — Environmental Ento-
mology, 5 (1): 128-132(5).

Hucor J., P. Bausarp and S. Moranp 2001.Biodiversity in
helminths and nematodes as a field study: an overview. —
Nematology, 3: 199-208.

Hunt D. J., N. G. M. HAGUE 1974. A Redescription of Parasitaph-
elenchus oldami Ruhm, 1956 (Nematoda: Aphelencjhoidi-
dae) a Parasite of Two Elm Bark Beetles: Scolytus scolytus
and S. multistriatus, together with some notes on its biology.
— Nematologica, 20: 174-180.

Kava H. K. 1984. Nematode parasites of bark beetle. — In: NicKLE
W. R. (Ed.): Plant and Insect Nematodes. New York, USA



Nematodes Associated with Bark Beetles with Focus on the Genus /ps...

(Marcel Dekker Inc). 727-754.

Kava H. K., S. R.Stock 1997. Techniques in insect nematology.
— In: Lacey L. A. (ed.): Manual of techniques in insect
pathology. San Diego, USA (Academic Press). 281-324.

KERESELIDZE M., R. WEGENSTEINER, N. GOGINASHVILI, M. TVARADZE
and D. PiLarska 2010. Further Studies on the Occurence
of Natural Enemies of Ips typographus (Coleoptare: Sco-
lytinae) in Georgia. — Acta Zoologica Bulgarica, 62 (2):
131-139.

Kinn D. N., F. M.StepHEN 1981. The incidence of endoparasitism
of Dendroctonus frontalis Zimm. (Coleoptera: Scolytidae)
by Contortylenchus brevicomi (Massey) Rithm (Nematoda:
Sphaerulidae). — Zeitschrift fur Angewandte Entomologie,
91: 452-458.

LieuTier F. 1982. Weight variations of adipose tissue and ovaries
and variations in the length of ovocytes in Ips sexdentatus
Boern. (Coleoptera: Scolytidae); relation to parasitism by
nematodes. — Annales de Parasitologie Humaine et Com-
paree, 57 (4): 407-418.

LieuTier F. 1984a. Disturbances in the digestive tract of Ips
sexdentatus (Insecta: Scolytidae) induced by Parasito-
rhabditis ipsophila (Nematoda: Rhabditidae). — Annales de
Parasitologie Humaine et Comparee, 59 (6): 597-605.

LieuTier F. 1984b. Parasitism of Ips sexdentatus (Insecta: Scoly-
tidae) by Parasitorhabditis ipsophila (Nematoda: Rhabdi-
tidae). — Annales de Parasitologie Humaine et Comparee,
59 (5): 507-520.

Lieutier F., C. LaumonD 1978. Nematode Parasites and Associates
of the Ips sexdentatus and Ips typographus (Coleoptera,
Scolytidae). — En Région Parisienne Nematologica, 24 (2):
184-200. (In French).

voN Linstow O. F. B. 1890. About Allantonema and Diplogas-
ter. — Centralblatt fur Bakteriologie, 8 (16): 489-493. (In
German)MAGGENTI A. 1981. General Nematology. New
York, USA (Springer-Verlag). 372 p.

Massey C. L. 1956.Nematode parasites and associates of the
Engelmann spruce beetle (Dendroctonus engelmanni
Hopk.). — Proceedings of The Hemlmitological Society of
Washington, 23 (1): 14-24.

Massey C. L. 1957. Four newspecies of Aphelenchus (Nematoda)
parasitic in bark Beetles in the united States. — Proceed-
ings of The Hemlmitological Society of Washington, 24
(1): 29-34.

Massey C. L. 1960. Nematode parasites and associates of the
California five-spined engraver, Ips confitsus (Lec.). — Pro-
ceedings of The Hemlmitological Society of Washington,
27 (1): 42-44.

Massey C. L. 1964a. The nematode parasites and associates of
the fir engraver beetle, Scolytus ventralis Le Conte, in New
Mexico. — Journal of Insect Pathology, 6: 133-155.

Massey C. L. 1964b. Two new species of the nematode genus
Ektaphelenchus (Nematoda: Aphelenchoididae) parasites
of bark Beetles in the south-western United States. — Pro-
ceedings of The Hemlmitological Society of Washington,
31 (1): 37-40.

Massey C. L. 1966. The nematode parasites and associates of
Dendroctonus adjunctus (Coleoptera: Scolytidae) in New
Mexico. — Annals of the Entomological Society of America,
59 (3): 424-440.

Massey C. L. 1969. New species of tylenchs associated with bark
beetles in New Mexico and Colorado. — Proceedings of The
Hemlmitological Society of Washington, 64 (1): 43-52.

Massey C. L. 1974. Biology and taxonomy of nematode parasites
and associates of bark beetle in the United States. Washing-
ton DC, USA. (US Government Printing Office). 233 p.

MicharLkova V., E. KrascseNITsova and M. KozAnek 2012.

On the pathogens of spruce bark beetle Ips typographus
(Coleoptera: Scolytinae) in the Western Carpathians. —
Biologia, 67: 217-221.

Moser J. C., H. KonraD, T. KirisiTs and L. K. Carta 2005. Phoret-
ic mites and nematodes associates of Scolytus multistriatus
and Scolytus pygmeus (Coleoptera : Scolytidae) in Austria.
— Agricultural and Forest Entomology, 7: 169-177.

Navon A., K. R. S. AscHEr 2000. Bioassays of entomopathogenic
microbes and nematodes. Wallingford, UK (CABI Publish-
ing). 324 p.

NepELCHEV S., D. Takov and D. PiLarska 2008. Parasitic and
associated nematodes of bark beetles in Bulgaria. — Acta
Zoologica Bulgarica, 2: 83-991.

Ncuyen,K. B., D. J. Hunt 2007. Entomopathogenic Nematodes:
Systematics, Phylogeny and Bacterial Symbionts. Nematol-
ogy Monographs and Perspectives 5. Leiden, Netherlands
(Brill NV). 816 p.

NermUT J., V. Puza and Z. MRracek 2012. Entomopathogenic a
moluscopathogenic nematodes — soil invisible killers. —
Ziva, 1: 10-13. (In Czech)

NickLe W. R. 1963. Observations on the effect of nematodes on
Ips confusus (LeConte) and other bark beetles. — Journal
of Insect Pathology, 5: 386-389.

NickLE W. R. 1967. On the Classification of the Insect Parasitic
Nematodes of the Sphaerulariidae Lubbock, 1861 (Tylen-
choidea: Nematoda). — Proceedings of The Hemlmitological
Society of Washington, 34 (1): 72-94.

NickLe W. R. 1970. A Taxonomic Review of the Genera Aph-
elenchoidea (Fuchs, 1937) Thorne, 1949 (Nematoda:
Tylenchida). — Journal of Nematology, 2 (4): 375-392.

NickLe W. R. 1971. Behavior of the Shothole Borer, Scolytus
rugulosus, Altered by the Nematode Parasite Neoparasi-
tylenchus rugulosi. — Annals of the Entomological Society
of America, 64 (3): 751-751 (1).

NickLe W. R. 1973. Identification of Insect Parasitic Nematodes- A
rewiew. — Experimental Parasitology, 33 (2): 303-317.

OLpHAM J. N. 1930. On the infestation of elm bark beetle (Scolyti-
dae) by a nematode, Parasitylenchus scouti n. sp. —Journal
of Helmithology, 8 (4): 239-248.

Penas A. C., M. A. Bravo, P. Naves, L. Boniracio, E. Sousa and
M. Mota 2006. Species of Bursaphelenchus Fuchs, 1937
(Nematoda: Parasitaphelenchidae) and other nematode
genera associated with insects from Pinus pinaster in Por-
tugal. — Annals of Applied Biology, 148: 121-131.

Prerrer A.: Bark beetles Scolytidae and Platypodidae, Praha,
Ceska republika, Academia 1989. (In Czech).

Pomar G. O. Jr., J. N. CavLor 1974. Neoparasitylenchus amvio-
cercus sp. n. (Tylenchida: Nematodea) from Conophthorus
monophyllae (Scolytidae: Coleoptera) in California with a
synopsis of the nematode genera found in bark beetles. —
Journal of Invertebrate Pathology, 24 (1): 112-119.

Pomar G. O. jr. 1975. Entomogenous Nematodes: A Manual
and Host List of Insect-nematode Associations. Leiden,
Netherlands (E. J. Brill). 317 p.

Rem R. W. 1958. Nematodes associated with the mountain pine
beetle. — Bimonthly Progress Report, Canada Department
of Agriculture, 14 (1): 3.

Runm W. 1954, A new nematodes species of Ips bark beetles. —
Zoologischer Anzeiger Leipzig, 53 (9-10): 221-242. (In
German).

Runm W. 1955. About some nematode species associate of wood
breeding Ips bark beetles. — Zoologischer Anzeiger Leipzig,
155 (3-4): 70-83. (In German).

RunMm W. 1956. The Nematodes of Bark Beetles. — Parasitologi-
sche Schriftenreihe, 6,: 1-437. (In German).

RunM W. 1960. A contribution to the nomenclature and systemat-

555



Grucmanova S., J. Holusa

ics of some nematode species associate of the Scolytids.
— Zoologischer Anzeiger Leipzig, 164 (5-6): 201-213. (In
German).

Ryss A., P. ViERA, M. Mota and O. Kurmnicu 2005. A synopsis
of'the genus Bursaphelenchus Fuchs, 1937 (Aphelenchida:
Parasitaphelenchidae) with keys to species. — Nematology,
7 (3): 393-458.

ScHEEPMAKER J. W. A, F. P. GEELs, P. H. Smitsand L. J. L. D. Van
GRIENSVEN 1997. Control of the mushroom pests Lycori-
ella auripila (Diptera: Sciaridae) and Megaselia halterata
(Diptera: Phoridae) by Steinernema feltiae (Nematoda:
Steinernematidae) in field experiments. — Annals of Applied
Biology, 131 (3): 359-368.

ScHELHAAS M.J., NaBUURS G.J., ScHuck A. 2003. Natural dis-
turbances in the European forests in the 19th and 20th
centuries. — Global Change Biology, 9: 1620-1633.

Sibpigr M. R. 2000. Tylenchida: parasites of plants and insects.
Wallingford, UK (CABI Publisher). 833 p.

Srankis A. 1967. Contortylenchus cylindricus sp. n. and Con-
tortylenchus rarus sp. n. (Tylenchida: Contortylenchidae).
Parasites of bark Beetles and taxonomic notes on the genus
Contortylenchus Ruhm 1956. — Trudy Gel 'minto- logisch-
eskoi Laboratorii, 18: 111-118.

Srankis A. 1969. A new species of endoparasitic nematode,
Contortylenchus pseudodiplogaster n.sp. from the bark
beetle, Ips sexdentatus. — Materialy nauchn Konfvsesoiuz
Obshchestva Gel’'mint, 2: 302-305.

SoniNn M. D., B. D.SuarmMA 1990. Helminths of Insects. Leiden,
Netherlands (E. J. Brill). 227 p.

STEINER G. 1932. Some nemic parasites and associates of the
mountin pine beetle (Dendroctonus monticolae). — Journal
of Agricultural Research, 45 (7): 437-444.

SturHAN D., M. Liskova 1999. Occurence and distribution of
entomopathogenic in Slovak Republic. — Nematology, 1
(3):273-2717.

SupHaus W., F. von LiEven 2003. A phylogenetic classification
and catalogue of the Diplogastridae (Secernentea, Nema-
toda).- Journal of Nematode Morphology and Systematics,
6: 43-90.

Takov D., D. DoycHev, A. LINDE, S. DRaGANOVA and D. PiLar-
ska 2011. Pathogens of bark beetles (Coleoptera: Curcu-
lionidae) in Bulgarian forests. — Phytoparasitica, 39 (4):
343-352.

Takov D., D. PiLarska 2008. Prevalence of Gregarina typographi
Fuchs (Apicomplexa: Gregarinidae) and nematodes
(Nematoda) in bark beetles (Coleoptera: Scolytinae) from
Bulgaria depending on the host gender. — Acta Zoologica
Bulgarica, 60 (3): 227-232.

Takov D., D. PiLarska and R. WEGENSTEINER 2006. Entomo-
pathogens in Ips typographus (Coleoptera, Scotylidae)
from several spruce stands in Bulgaria. — Acta Zoologica
Bulgarica, 58: 409-420.

Tenkacova L., J. Mituch 1986. A contribution to the knowledge of
nematofauna of Scolytidae bark beetles in norway spruce
in forest park in KoSice. — Lesnicky casopis, 32 (5): 381-
387. (In Slovak).

Tenkacova 1., J. MitucH 1987. Nematodes new for the fauna of
the Czechoslovak Socialist Republic with the affinity to
scolytids (Coleoptera: Scolytidae). — Helmintologia, 24:
281-291.

TeENkAcovA 1., J. MitucH 1991. Nematodes of bark beetles (Co-
leoptera: Scolytidae) from Tatra National Park. — Zbornik
prac o Tatranskom ndarodnom parku, 31: 173-182. (In
Slovak).

THALENHORST W. 1958. Broad lines of population dynamics
of spruce bark beetle Ips typographus L. - Schriften-

556

reihe der Forstlichen Fakultdt der Universitdt Gottingen,
21: 1-126. (In German).

TronG C. H. S., J. M. WEBSTER 1972. A redescription of the Bark
Beetle Nematode Contortylenchus brevicomi: Synonym
Contortylnchus barberus /Nematoda: Shaerulariidae). —
Journal of Nematology, 4 (3): 213-216.

TuonG C. H. S., J. M. WEBSTER 1973. Morphology and the post-
embryonic development of tje bark beetle nematode Con-
tortylenchus reversus (Sphaerularidae). — Nematologica,
19: 159-168.

Toong C. H. S., J. M. WEBSTER 1975. Effects of the Bark Beetles
Nematode, Contortylenchus reversus on Gallery Construc-
tion, Fecundity and Egg Viability of the Douglas Fir Beetle
Dendroctonus pseudotsugae (Coleoptera: Scolytidae). —
Journal of Invertebrate Pathology, 26: 235-238.

Tuong C. H. S., J. M. WEBsTER 1983. Nematode parasites and
associates of Dendroctonus spp. and Trypodendron lin-
eatum (Coleoptera: Scolytidae) with description of Bur-
saphelenchus varicauda n. sp. — Journal of Nematology,
15 (2): 312-318.

THorNE G. 1935. Nemic parasites and associates of the mountin
pine beetle (Dendroctonus monticolae) in Utah. — Journal
of Agricultural Research, 51 (2): 131-144.

THORNE G. 1949. On the classification of the Tylenchida, new
order (Nematoda, Phasmida). — Proceedings of the Helm-
inthological Society of Washington, 16 (2): 37-73.

TomaLak M., H. E. WELcH and T. D. GaLLoway 1989. Nematode
parasites of bark beetles (scolytidae) in southern Manitoba,
with descriptions of three new species of Sulphuretylenchus
Ruhm (Nematoda: Allanotonematidae). — Canadian Jour-
nal of Zoology, 67: 2497-2505.

ViLaciova 1. 1990. Helmiths of bark beetles (Coleoptera: Scolyti-
dae) in Slovakia. PhD. Thesis. Helmithological Institute of
Slovak Academy of Sciences, Kosice. 118 p. (In Slovak)

ViLaciova 1. 1993. Helmiths of bark beetles (Coleoptera: Sco-
lytidae) in urban area of Kosice city. — Forest Journal, 39:
183-188. (In Slovak).

Wacnek F. 1955. The Entomoparasitic Tylenchids. — Parasi-
tologische Schriftenreiche, Fischer, Jena, 3: 1-119. (In
German).

WEIsER J. 1954. Contributions tot he knowledge of Ips typogra-
phus parasites, 1. Véstnik Ceskoslovenské Zoologické
spolecnosti, 19: 217-224.

WEIsER J. 1966. The Insect Diseases. Prague, Czech Republic
(Academia). 554 p.

WEIsER J., J. HoLusa and Z. Zizka 2006. Larssoniella duplicati
n. sp. (Microsporidia, Unikaryonidae), a newly described
pathogen infecting the double-spined spruce bark beetle, Ips
duplicatus (Coleoptera, Scolytidae) in the Czech Republic.
— Journal of Pest Science, 79: 127-135.

WEISER J., Z. MRACEK 1988. Parasitic nematodes of the insects.
Prague, Czech Republic (Academia). 258 p.

WiLsoN M., R. GAUGLER 2004. Factors limiting short-term persis-
tence of entomopathogenic nematodes. — Journal of Applied
Entomology, 128 (4): 250-253.

Y arseNkowsky A. W. 1924. The castration of Blastophagus of
pines by roundworms and thein effect on the aktivity and
life phenomena of the Ipidae. — Publication of Agriculture
Institute, Western White Russian, 3: 1-19.

ZitTERER P. M. 2002. Antagonists of Ips acuminatus (Gyllenhall)
with special consideration of pathogens [Diploma thesis].
Vienna, Austria, Department fur Wald- und Bodenwissen-
schaften, Universitdt fur Bodenkultur, 57 p.

Received: 05.12.2012
Accepted: 18.09.2013



