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Summary

An overview of the genus Bursaphelenchus in the Czech Republic is presented, based on a recent survey for monitoring the presence of the
pinewood nematode, Bursaphelenchus xylophilus, as well as on previous reports of this genus in the country. In addition, we provide a mor-
phological and molecular characterization of four Bursaphelenchus species (B. eremus, B. pinophilus, B. vallesianus and B. borealis) found
during the monitoring programme for forest pests, conducted during 2006-2010, within the Moravian and Bohemian regions. Nematodes
were extracted from over 1917 insects and 1493 wood samples collected from deciduous and coniferous trees exhibiting wilting and
declining symptoms. Bursaphelenchus species were found only in 0.73% of insects and 0.47% of the total number of wood samples. Bursa-
phelenchus borealis and B. pinophilus dauer juveniles were found associated with the insect vectors Dryocetes autographus and Pityogenes
bidentatus, respectively. While a total of seven Bursaphelenchus species are now reported from the Czech Republic, the status of B. xylophi-
lus remains as absent.

1 Introduction

The detection of the pinewood nematode (PWN), Bursaphelenchus xylophilus (Steiner & Buhrer, 1934) Nickle, 1970, in main-
land Portugal and Madeira Island (Mota et al. 1999; Fonseca et al. 2012) marks one of the most recent introductions of an
invasive species into pine forest ecosystems in Europe. More recently, three incursions have been reported from Spain as well
(Abelleira et al. 2011; Robertson et al. 2011). Following the detection of the PWN in one of the member states of the European
Union, all other members have been conducting specific programmes for the detection of this quarantine species in their own
forests and strategic areas where the nematode could enter as a result of human activities (Anonymous 2007).

In the Czech Republic, coniferous forests are of high importance, occupying approximately 74% of the total forest area.
Norway spruce (Picea abies L.) occupies 52.2% of the total forest area, followed by Scots pine (Pinus sylvestris L.) repre-
senting 17% of that area (Anonymous 2009). The other coniferous areas together represent 5.1% of the total area, distrib-
uted among larch (Larix decidua Miller, 3.9%), fir (Abies alba Miller, 1%) and other pine species that together represent no
more than 0.2% (Pinus mugo Turra, P. nigra Arnold and P. strobus L.). The remaining area (25%) is occupied mostly by
oak, beech, birch, hornbeam and alder species (Anonymous 2009). The potential introduction of the PWN in the Czech
Republic could create a high impact on the country’s forest resources, as the major coniferous species (P. abies and P. syl-
vestris) are hosts of the PWN (Evans et al. 1996).

Following EPPO recommendations, medium- and long-term monitoring for quarantine species are fairly well established
in the country. To detect a hypothetical introduction of the PWN, several surveys have been conducted in the past years.
Up to now, the PWN has not been detected in Czech forests (Béhalova 2006). During 2006-2011, a new survey was per-
formed in several areas of Moravia and Bohemia, for monitoring the presence of Bursaphelenchus species in these regions.
During this survey, several species were identified. Currently, the information about the genus Bursaphelenchus in the Czech
Republic is very scarce based on single reports without any detailed morphological or molecular characterization of the
species identified. Herein, we present an updated distribution of all Bursaphelenchus species reported for the country,
including a morphological and molecular characterization of the Bursaphelenchus species found during our survey. Further-
more, a list of the most common insect species found associated with wilting or declining symptomatic trees is also
provided, including the insect-associated nematodes.

2 Materials and methods

2.1 Wood sampling and nematode extraction

During 2006-2011, a survey was conducted in the Moravian and Bohemian regions of the Czech Republic as part of a gen-
eral survey for forest quarantine species, including B. xylophilus. A total of 1493 wood samples were collected from decidu-
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Table 1. Occurrence of Bursaphelenchus species in the Czech Republic.
Elevation
Bursaphelenchus sp. Location (m asl) Region Host Insect vector Publication
B. borealis N49 06.574 E13 30.340 857 Svojse (Bohemia) Picea abies Dryocetes This study
autographus
B. eremus - 190 Bacov (Bohemia) Quercus robur Scolytus Kubatova
intricatus et al.
2000;
N50 37.859, E15 05.269 329 Sychrov (Bohemia) Quercus spp. - This study
B. fungivorus - - - Coniferous bark - Braasch et al.
2002;
B. hofmanni - - - Imported - (Tomiczek &
coniferous wood Braasch,
unpublished),
in Braasch
2001;
B. mucronatus - - - Pinus sylvestris - (Tomiczek,
pers.
comm.), in
Braasch 2001;
B. pinophilus N48 53.873, E17 12.360 192 Rohatec (Moravia) Pinus sylvestris Pythiogenes  This study
bidentatus
N48 53.871, E17 12.652 167 Bzenec (Moravia) Pinus sylvestris This study
B. vallesianus N49 58.995, E 13 49.349 490 Karlova ves (Bohemia) Pinus sylvestris - This study
N48 53.879, E17 11.127 200 Rohatec (Moravia) Pinus sylvestris - Gaar et al.
2006

Fig. 1. Light micrograph of Bursaphelenchus eremus collected from wood. (a) Anterior region. (b) Male tail and bursa (ventral view).
(c) Vulva region. (d) Female tail. Scale bars = 10 pm.

ous and coniferous trees (20—100 years old) exhibiting wilting and decline symptoms (pine, 1222; spruce, 129; larch, 6;
oak, 33; orchard trees, 39; other deciduous trees, 64). Samples (approximately 50 g each) were collected from the trunk
and branches of all sizes, displaying signs of the presence of insects (insect holes, galleries). Samples were collected after
tree debarking and obtained using a drill or with the use of a chisel. On average, wood samples were incubated for 10 days
at 27°C, within sealed plastic bags to avoid moisture loss. Nematodes were extracted using the ‘tray method’ technique
over 48 h at room temperature (Whitehead and Hemming 1965). The extracted nematodes were killed and fixed in 4% for-
malin and transferred to pure glycerine according to Seinhorst (1959). Using a light microscope (Olympus, Bx50), morpho-
logical and morphometric analyses were performed from specimens directly collected from wood samples. Nematode
identification was based on observations of the main morphological features for the genus Bursaphelenchus, particularly
spicule shape, number and position of caudal papillae, number of incisures in the lateral field, presence of a vulval flap and
female tail shape (Ryss et al. 2005; Braasch et al. 2009). For each species of Bursaphelenchus found, 10-20 specimens col-
lected directly from wood samples were used to generate the respective morphological and morphometric data. Wood sam-
ples containing a sufficient number of Bursaphelenchus specimens were transferred and maintained in cultures of Botrytis
cinerea Pers. ex Ft., growing in 5% malt extract agar (MEA).

2.2 Insect sampling and associated nematode identification

Within the same period, 1917 bark- and wood-boring insects were collected from the same declining or symptomatic trees
and screened for the presence of Bursaphelenchus species. Bark and longhorn adult beetles were captured with soft entomo-
logical forceps after debarking parts of the trunk displaying symptoms of insect attack and kept in plastic tubes at 7°C until
dissection. In addition, intact trunk sections cut from affected trees that contained potential longhorn beetle larvae were also



On the genus Bursaphelenchus in the Czech Republic 3

Fig. 2. Light micrograph of Bursaphelenchus pinophilus collected from wood. (a) Anterior region. (b) Vulva region. (c¢) Female tail
(d-e) Male tail, with ventral view of the bursa in (e). (f) Lateral field with four incisures. Scale bars = 10 pum.

collected. These sections were kept in the laboratory at room temperature until emergence of the insects. All adult insects
were identified to species level. Each adult insect was individually dissected in water and examined for the presence of nem-
atodes. All nematodes resembling dauer juveniles of the genus Bursaphelenchus were collected and identified using ITS-RFLP
analysis, as described later. All other nematodes were mounted in temporary slides and identified up to the genus level.

2.3 Molecular analysis

Nematodes (1-15) were collected into a drop of demineralized water in a 1.5-ml Eppendorf tube and stored at —20°C for
subsequent molecular characterization. Genomic DNA was extracted using a High Pure PCR Template Preparation Kit
(Roche, Basel, Switzerland) according to the manufacturer’s protocol for isolation of nucleic acids from mammalian tissues.
DNA was eluted in 50 pl of pre-heated elution buffer. The target region containing the ITS1, 5.8S and ITS2 of ribosomal
DNA was amplified by PCR using the forward primer 5-CGTAACAAGGTAGCTGTAG-3’ (Ferris et al. 1993) and reverse pri-
mer 5-TTTCACTCGCCGTTACTAAGG-3' (Vrain 1993). Each PCR was performed in a total volume of 50 pl, containing 1x
PCR buffer (75 mm Tris—HCl pH 9,0, 50 mm KCl, 20 mm (NH4),S0,4), 4 mm MgCl,, 400 pm dNTPs, 600 nm of each primer, 2
U of Biotools DNA polymerase (Biotools, Madrid, Spain) and 10 pl of template DNA. DNA was amplified in a Mastercycler
Gradient thermocycler (Eppendorf) or Thermal XP Cycler (Bioer Technology Co. LTD, Hangzhou, China) using an initial
denaturation step for 5 min at 94°C, followed by 40 reaction cycles of denaturation for 1 min at 94°C, annealing for 1 min
at 55°C and extension for 2 min at 72°C, with a final extension for 10 min at 72°C. Ten microlitres of PCR product was
analysed by electrophoresis using ethidium bromide stained 1.5% agarose gel in TBE buffer, and size of the products was
compared with 100-bp DNA ladder (Promega Corporation, Madison, WI, USA). Six microlitres of the amplified DNA was
digested for at least 2 h at 37°C, using 2.5 U of each of the five enzymes (Alul, Haelll, Hinfl, Mspl and Rsal) in the total vol-
ume of 10 pl. These five restriction enzymes are known to generate species-specific ITS-RFLP profiles for Bursaphelenchus
species (Burgermeister et al. 2009). The restriction fragments were resolved by electrophoresis in a 3% (w/v) agarose
polyacrylamide gel in TBE buffer and stained with ethidium bromide. The size of the fragments was estimated by compar-
ing with 100-bp DNA ladder (Promega Corporation).
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Fig. 3. Light micrograph of Bursaphelenchus vallesianus collected from wood. (a) Anterior region. (b—c) Male tail. (d) Vulva region.
(e—f) Female tail. Scale bars = 10 um.

3 Results

The geographical distribution of the Bursaphelenchus species found during this survey, as well as the species previously
reported from the Czech Republic is summarized in Table 1. From the 1493 wood samples collected from the Moravia and
Bohemia regions, only five samples contained Bursaphelenchus species (Table 1).

3.1 Bursaphelenchus spp. — Tree host association

A total of three different Bursaphelenchus species were identified from the 1493 wood samples collected from trees. These
were B. eremus Rithm, 1956 (Fig. 1), B. pinophilus Brzeski and Baujard 1997 (Fig. 2), and B. vallesianus Braasch, Shonfeld,
Polomski & Burgermeister, 2004 (Fig. 3). The morphological (Figs. 1-3) and morphometric data (Table 2) determined were
generally in agreement with the respective original descriptions. B. eremus is characterized by short spicules (Fig. 1b), the
presence of seven caudal papillae on males, three lateral incisures, females with no vulval flap (Fig. 1c), conical and gradu-
ally tapering female tail (Fig. 1d). Both B. pinophilus and B. vallesianus had stout and curved spicules, with prominent ros-
trum and condylus (Figs 2d, e and 3b, c, respectively), the presence of seven caudal papillae, four lateral incisures (Fig. 2f)
and females with a small vulval flap (Figs 2b and 3d, respectively). Whereas B. pinophilus females have a more pointed and
conoid tail (Fig. 2c), sometimes mucronate, B. vallesianus females present a conical, gradually tapering tail (Fig. 3e, f).

3.2 Insect-Nematode association

The 1917 insects collected from the declining trees were distributed among 13 different species, belonging to the families
Buprestidae, Cerambycidae and Curculionidae. Nematodes were only detected in insects belonging to the subfamily Scolyti-
nae (Curculionidae, 0.73% of the total number of insects collected), including two species of the genus Bursaphelenchus
(Table 3), one of which was also detected in our wood samples. Bursaphelenchus borealis was isolated from several
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Table 3. Bark- and wood-boring insects collected from declining and symptomatic trees from Bohemia and Moravia regions and respective
associated nematodes.

Examined Specimens infested
Insect species specimens with nematodes Associated nematodes
Buprestidae
Chrysobothris affinis 1 0 -
Phaenops cyanea 4 0 -
Cerambycidae
Monochamus galloprovincialis 8 0 -
Plagionotus arcuatus 1 0 -
Spondylis buprestoides 3 0 -
Curculionidae
Molytinae
Pisodes piniphilus 22 0 -
Scolytinae
Dryocetes autographus 6 5 Bursaphelenchus borealis
Rhabditis
Hylurgus ligniperda 18 2 Aphelenchoides
Ips acuminatus 80 23 Contorthylenchus
Cryptaphelenchus
Ektaphelenchus
Parasitaphelenchus
Parasitorhabditis
Parasitylenchus
Ips duplicatus 930 186 Cryptaphelenchus
Ektaphelenchus
Unidentified nematodes
Orthotomicus proximus 62 37 Cryptaphelenchus
Contorthylenchus.
Parasitaphelenchus
Parasitorhabditis
Pityogenes bidentatus 37 12 Bursaphelenchus pinophilus
Pityogenes chalcographus 569 85 Cryptaphelenchus
Unidentified nematodes
Pityophthorus pityographus 34 5 Unidentified nematodes
Tomicus piniperda 74 9 Contorthylenchus
Parasitorhabditis
Tomicus minor 68 12 Parasitorhabditis
Total 1917 376

specimens of the bark beetle, Dryocetes autographus Ratzerburg, collected from symptomatic Picea abies trees. The dauer
juveniles (Fig. 4) displayed three lateral incisures (Fig. 4a), slender body (Fig. 4b), dome-shaped head and a degenerated
stylet (not clearly visible), oval metacorpus (Fig. 4e), with a variable conical tail (Fig. 4c, d). Our molecular analyses
confirmed the identification of these specimens as B. borealis Korentchenko 1980 (Fig. 6).

Dauer juveniles of B. pinophilus were found associated with Pityogenes bidentatus (Herbst) (Cermak etal. 2012),
collected from declining P. sylvestris. The dauer juveniles (Fig. 5a) were morphologically very similar, displaying the typical
dome-shaped head, indistinct stylet, and elongated conoid to digitate tail (Fig. 5b, d). The morphobiometric data for the
dauer juveniles of both species are presented in Table 4.

In the case of Dryocetes autographus, Ips acuminatus (Gyllenhal), Ips duplicatus (Sahlberg), Orthotomicus proximus Eich.,
Pityogenes chalcographus (L.) and Tomicus piniperda (L.), more than one nematode genus were carried by these insects
(Table 3).

3.3 Molecular characterization

For each species of Bursaphelenchus that was collected in this study, a molecular characterization was performed using the
ITS1, 5.8S and ITS2 region of the ribosomal DNA. The ITS-RFLP patterns obtained for all Bursaphelenchus species extracted
from the declining trees or insect vectors, showed the same reference patterns established by Burgermeister et al. (2009)
and therefore validated our morphological and morphometric characterization (Fig. 6).

4 Discussion

Information regarding the diversity of the genus Bursaphelenchus in the Czech Republic is scarce and occurs in a variety of
brief reports or abstracts without any morphological or morphometric characterization of the different species reported. The
objective of our survey was to see whether B. xylophilus occurred within the regions of Bohemia and Moravia. Four Bursaphe-
lenchus species — B. eremus, B. pinophilus, B. vallesianus, and B. borealis — were isolated and characterized. Based on our find-
ings and other available data, we discuss the present knowledge and distribution of the genus within the country.



On the genus Bursaphelenchus in the Czech Republic 7

Fig. 4. Light micrograph of dauer juveniles of Bursaphelenchus borealis. (a) Lateral lines. (b) Whole dauer body. (c-d) Variation of dauer
tails. (e) Anterior region. Scale bars = 10 pm.

The first report of the genus Bursaphelenchus for the Czech Republic was by Kubatova et al. (2000), who reported the
association of B. eremus with the hyphomycetous microfungus Esteya vermicola and the bark beetle Scolytus intricatus (Rat-
zeburg), collected from several Quercus robur, in central Bohemia. During our survey, adults and juveniles of B. eremus
were found within the trunk of declining Quercus spp., in the Sychrov castle park (near Mohelka River) in Bohemia. As con-
firmed by our morphological and molecular analyses, the presence of B. eremus seems to be widespread within country.
The cerambycid Plagionotus arcuatus (L.) and the buprestid Chrysobothris affinis (Fabricius) collected from the same declin-
ing Quercus trees (Cermak et al. 2009) did not carry Bursaphelenchus.

Following the first report of B. eremus, three other species were recorded in the Czech Republic, that is, B. fungivorus
Franklin & Hooper, 1962 (Braasch et al. 2002), B. mucronatus Mamiya & Enda, 1979 (unpublished data, in Braasch 2001)
and B. hofmanni Braasch, 1998, which were all intercepted in imported coniferous wood (unpublished data, in Braasch
2001). However, no morphological description and no morphometric or molecular characterization was included in these
reports. Due to the lack of information regarding the origin of the collected wood material, we were unable to trace their
geographical location within the Czech Republic.

Bursaphelenchus vallesianus was found associated with declining P. sylvestris in both Moravia and Bohemia. This species
had previously been reported to occur in the Moravia region (Gaar et al. 2006; Zouhar et al. 2006). Although B. vallesianus
has repeatedly been associated with P. sylvestris in central Europe (CABI 2010), it has recently been reported from different
regions of Eurasia, such as Turkey (Akbulut et al. 2008) and China (CABI 2010). The potential involvement of B. vallesianus
on P. sylvestris decline in Valais (Switzerland) has been suggested (Polomski et al. 2008). Furthermore, some pathogenic
potential of B. vallesianus was also demonstrated experimentally when 3-year-old P. sylvestris trees, under a drought stress
situation, were inoculated with species (Polomski and Rigling 2010). Whether this species can be considered pathogenic



8 V. Cermak, P. Vieira, V. Gaar et al.

Fig. 5. Light micrograph of dauer juveniles of Bursaphelenchus pinophilus. (a) Whole dauer body. (b-d) Variation of dauer tails.
Scale bars = 10 um.

and harmful to pine forests remains unclear. Although all trees surveyed during this study showed symptoms of decline,
B. vallesianus occurred in only two trees. Due to the low number of individuals found on each tree, and occasional distribu-
tion, no correlation could be drawn between the declining pine trees and the presence of this species.

During our survey, B. pinophilus was found for the first time in the Czech Republic and it was associated with declining
P. sylvestris, in two different areas of Bohemia. This species has been reported from Poland (Brzeski and Baujard 1997),
Germany (unpublished data, in Braasch 2001), Portugal (Penas et al. 2007) and recently from Korea, where it was associ-
ated with dead Pinus koraiensis (Han et al. 2009). The sexdentati group of species has been showing a tight correlation with
insects belonging to the Scolytinae (Ryss et al. 2005; Braasch et al. 2009). Our previous findings showed for the first time
an association of B. pinophilus with its insect vector, the bark beetle P. bidentatus (Cermak et al. 2012).

Our survey results also enable us to report for the first time in the Czech Republic, B. borealis in association with the
bark beetle D. autographus, which occurs under the bark of declining P. abies. D. autographus, which is considered a
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Table 4. Morphometrics of dauer juveniles of Bursaphelenchus borealis and B. pinophilus isolated from the bark beetles Dryocetes autogra-

phus and Pityogenes bidentatus, respectively. All measurements are in micrometre and in the format: mean + SD (range).

Max. body diam.

Anal body diam.

Tail length

MB width

MB length

Genital primordium (GP) length
Head — GP

49.2 + 3.5 (46.2-54.7)

12.8 + 1.1 (11.6-14.3)
7.5 + 0.4 (7.1-8.2)

25.7 + 2.4 (22.5-28.9)
6.5 + 0.2 (6.2-6.8)

113 + 0.2 (11.0-11.6)

15.0 & 2.1 (12.7-19.0)

257.7 + 36.7 (204.4-314.0)

Bursaphelenchus borealis (dauer juveniles Bursaphelenchus pinophilus (dauer juveniles
isolated from D. autographus) n =5 isolated from P. bidentatus) n = 8
L 406.4 + 42.0 (346-466) 374.4 + 11.9 (363-394)
a 31.7 + 2.1 (29.8-35.2) 25.6 + 1.1 (23.8-28.0)
c 15.9 & 1.5 (20.1-27.5) 14.3 £ 0.6 (13.8-15.0)
¢ 34 + 02 (3.1-3.7) 2.9 + 0.1 (2.9-3.1)
Head - MB

46.6 + 1.2 (45.0-48.5)
14.7 £+ 0.5 (14.3-15.5)
8.9 + 0.4 (8.2-9.4)
26.2 + 0.7 (25.0-26.7)
74 £ 0.5 (6.5-7.8)
13.5 + 1.1 (11.3-14.7)
19.1 + 4.3 (12.0-23.6)

247.0 + 25.1 (217.0-297.0)

Rsal

B. borealis B. eremus

Rsal
Haelll
Mspl
Hinfl

B. pinophilus B. vallesianus
T B E 3 = 3 B E 3
£ 2 £ T M & = = £ <

Alul

Fig. 6. ITS-RFLP profiles of B. borealis, B. eremus, B. pinophilus and B. vallesianus. The enzymes used for the restriction digest are indicated

above the corresponding line. M: DNA size marker (100 bp).
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Palearctic species occurring abundantly from low to high altitudes of central Europe, has been reported before as the insect
vector of B. borealis (Braasch et al. 1999). This insect species develops mainly under the bark of spruces (Picea spp.), and
occasionally in some other conifers, feeding on heavily weakened, dying or felled trees that were previously attacked by
more aggressive bark beetles (Postner 1974). Its preferential occurrence with the base or stumps of the tree, due to the
favourable moist conditions (Pfeffer 1955), could also reflect the preferable habitat for B. borealis. After its original descrip-
tion from Russia (Magadan territory), in association with the vector Ips subelongatus Motschulsky (Korentchenko 1980),
B. borealis has been occasionally reported for Germany (Braasch et al. 1999), in intercepted wood from Russia (Braasch et
al. 2001) and associated with Pinus brutia Tenore in Cyprus (Braasch and Philis 2002).

During our survey of dying or symptomatic trees, special attention was also paid to the collected insects that are also
known to vector Bursaphelenchus species. Most of the insects we collected belong to the subfamily Scolytinae, suggesting a
strong association between these species and decaying trees. The number of associated nematodes with different species
within the Scolytinae demonstrates a broader association of these insects with a different set of nematode genera, including
two species of Bursaphelenchus. Within the Cerambycidae, only eight specimens of Monochamus galloprovincialis (Olivier),
the insect vector of B. xylophilus in Portugal (Sousa et al. 2001), were captured, without any associated nematodes.
Although Monochamus spp. are considered secondary forest pests, mainly associated with weakened or dying host trees
(Evans et al. 2004), they assume great importance as they are the major insect carriers of B. xylophilus worldwide (Akbulut
and Stamps 2012). In the Czech Republic, five species of the genus Monochamus have been reported, namely M. gallopro-
vincialis, M. saltuarius (Gebler), M. sartor Fabricius, M. sutor (L.) and M. urussovi (Fischer), with both M. galloprovincialis
and M. sutor representing the most widely distributed species (Slama 1998). The wide distribution of species of the genus
Monochamus within the Czech Republic reinforces the idea that a continuous plan for monitoring the main forests could be
advantageous, because all the conditions for potential introduction and propagation of B. xylophilus are met in certain areas
of the country. Up to know, and based upon the analysis of several hundreds of samples, the status of B. xylophilus in the
country remains as being absent.

To summarize, to date seven Bursaphelenchus species have been reported to occur in the Czech Republic. Future surveys
within other regions of the Czech Republic will generate a better knowledge of the full diversity and distribution of the
genus Bursaphelenchus in the Czech forests.
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