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and allotype specimens, on slides N 513 and N 514, 
respectively and paratype specimens (males, females 
and juveniles) kept on slides in the nematode collec- 
tion of the Institute of Parasitology, Russian 
Academy of Sciences. Also, the morphology of B. 
kolymensis was compared with that of specimens 
obtained from populations of B. fraudulentus (B.f), 
B. xylophilus from USA (BxA) and Japan (BxJ, BxS- 
lo), and B. mucmnatus from France (BmF), Japan 
(BmJ, BmJ-M) and Russia (BmSU, BmR-921, 
BmR-93 1). 

Populations of B. xylophilus and B. mucmnatus 
were cultured in Scots pine (Pinus sylvestris) wood 
disks and a population of B. fraudulentus was cultured 
in birch wood disks (Betula alba). The wood disks 
(5- 10 cm diameter) were inoculated with nematodes 
and maintained at 26" C for 1-2 months. Nematodes 
were extracted from chipped disks on a Baesmann 
funnel, fotcd in TAF, processed by the lapid glyc- 
erol-ethanol method (Seinhorst, 1959, 1962) and 
mounted in anhydrous glycerol on slides. Observa- 
tions were also made of living specimens. Drawings 
were made using a compound microscope with 
interference contrast and photomicrographs were 
obtained using a Wild MPS 55 automatic photogra- 
phy system. Observations on spicule structure were 
made with processed whole nematode specimens and 
with spicules excised from futed and living nema- 
todes. The excised spicules wcre separated from each 
other by making a longitudinal division in the dorso- 
vcntral plane. Spicule lengths were measured along 
the median line of the arc of the spicule. 

RESULTS 
Comments on the description of 

B. kolymensis Korentchenko, 1980 
I n  her description of B. kolymensis, Korentchenko 

( 1980) compares the species with B. xylophilus (syn. 
B. lignicolus) and B. fraudulentus, each of which have 
similar shaped spicules (Steiner & Buhrer, 1934; 
Riihm, 1956). In the "Differential Diagnosis", B. 
kolymensis is reported to differ from B. xylophilus 
(syn. B. lignicolus) by (1) having the excretory pore 
at the level of, or anterior to, the medial bulb versus 
the level of the nerve ring; (2) the bursa being 
spade-shaped in lateral view velsus sharply beak- 
shaped; and by (3) the female tail being sharply- 
conical with a prominent slendcr mucro velsus cy- 
lindrical with a rounded tip, with or without a small 
peg or "mucron-like" projection. Also, B, kolymensis 
is reported to differ from B. fraudulentus by (1) having 
a separated spicule head, shorter rostrunl and non- 
concave anterior facet of the capitulum; (2) the post- 
anal pair of caudal papillae being larger than the pre- 
anal pair in B. kolymensis, but being of equal size in 

B. fraudulentus; and by (3) B. kolymensis being asso- 
ciated with a beetle of conifers (larch) whereas B. 
fraudulentus is associated with a beetle of deciduous 
trees. 

Observations on the holotype and allotype 
of B. kolymensis Korentchenko, 1980 
The holotype specimen of B. kolymensis is com- 

pressed, and the preselvation of both the holotype 
and the allotype is relatively poor, with the internal 
organs being obscure. 

The shapes of the spicules and bursa of the 
holotype male, and the tail and the mucro of the 
allotype female are presented in Fig. 1. The detailed 
morphology of the holotype spicule (Fig. 1A) can not 
be determined. The ventral aspect of the lamina is 
partly obscure and is indicated by a broken line 
conforming to the original description. The spicule 
length is 26 pm. The cucullus of the holotype spicule 
can not be resolved but Korentchenko (1980), whilst 
not commenting on the cucullus in the description, 
did provide an illustration of it in her Fig. 3. The 
bursa is clearly spade-shaped in lateral view (Figs. 
1D & 2E), as originally reported by Korentchenko 
(1980). The excretory pore in the holotype and 
allotype are not visible. 

The allotype females specimen is slightly com- 
pressed and the tail appears to be broadly sub- 
cylindrical with a distinct, slender mucro (Figs. 11 & 
2C) 

Observations on the paratypes of 
B. kolymensis Korentchenko, 1980 

A single slide of paratypes is available which 
contains six females (Fig. 2A, B & D), one male (Fig. 
2F) and three juvenile specimens. The shape of the 
bursa of the male is broadly beak-shaped in lateral 
view (Fig. 1 E), thus differing slightly from that of the 
holotype (Fig. ID). The distal end of the spicule has 
a distinct cucullus (Fig. 1B) and the length of the 
spicule is 22 pm. The position of the holotype and 
the palatype males on the slides only permit a lateral 
view, which limits observations on the structure of 
the caudal papillae, and consequently precludes 
comment being made of their relative size. 

All paratype females have sub-cylindrical tails 
with long slender mucros (Figs. 1J-K & 2D), the 
mucros being similar in shape to that of the allotype 
(Figs. 11 & 2C). 

Comment on the type material of 
B. kolymensis Korentchenko, 1980 

Morphometrics obtained by re-measuring the 
type specimens differ slightly from those reported by 



Bursaphefenchus kofymensis 

Fig. 1. Morphology of spicules, bursae and female tails in Bursaphelenchus kolymensis Korentchenko, 1980 and related 
species. A & D: B. kolymensis holotype; I: B. kolymensis allotype; B,E,J & K: B. kolymensis paratypes; C & L: B. 
fraudulentus; F: B. xylophilus, U.S.A. (BxA); G & M: B. mucronatus, Russia (BmSU); H,N & 0: B. rnucronatus, Japan 
(Bmd); P: B. mucronatus, Japan (BIT-M). 
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Korentchenko (1980). The poor condition of several 
specimens (Fig. 2) precludes measurements being 
made of some characters, and thus some ratios can 
not be calculated. 

Measurements obtained during this study from 
the type material: 

Male holotype: L = 0.537 mm; a = 22.6; spicu- 
le = 26 pm. 

Female allotype: L = 0.583 mm; a = 29.2; c = 

24.9; c' = 2.3; V = 72%; stylet = 13.3 pm; mucro = 
4.4 pm. 

Male paratype: L = 0.500 mm; a = 40.0; b= 9.1; 
spicule = 22 pm. 

Female paratypes (n = 5): L = 0.518 (0.438- 
0.612) mm; a = 43.1 (41.3-44.1); b = 9.3-9.4; c = 
22.0 (20.8-23.5); C' = 3.6 (3.1-3.9); V = 76 (72- 
79)%; stylet = 11.7 (10.0-11.3) pm; mucro = 3.8 
(3.5-4.0) pm. 

Differences in the shape of the bursa and spicules 
betwcen the holotype and the paratype are probably 
a result of the poor preservation of the specimens. 
Compression of the holotype specimen has probably 
contributed to the spade-like shape of the bursa in 
lateral view. It seems likely that the original drawing 
(Fig. 3 0 )  of B. kolymensis (Korentchenko, 1980) was 
made from the holotype. Studies of the tail morphol- 
ogy in B. xylophilus and related species have revealed 
a considesable variability in the structure of the bursa 
of some populations (unpublished data). Differences 
between holotype and paratype specimens of B. 
kolymeizsis in the shape of their bursa is probably a 
result of natural variability or compression of the 
specimens. The observation of a cucullus on the 
spicule of thc paratype specimen confirms the pres- 
ence of this structure in B. kolymensis. 

The female tail shape, which is most clearly seen 
in tlie palatypes, is sub-cylindrical rather than shar- 
ply conical as stated by Korentchenko (1980), and 
the tail tip has a long slender mucro. 

Korentchenko (1980) distinguished B. koiymensis 
from B. xylophilus (syn. B. lignicolus) partly on the 
position of the excretory pore and the tail shapes of 
malcs and females. We consider these characters as 
valid even though the excsetory pore could not be 
obselvcd in tlie type material. Some populations of 
B. mucronatus and B. xylophilus have a different po- 
sition for the excretoly pore (unpublished results). 

When distinguishing B. koiymensis from B. frau- 
d u l e n t ~ ~ ,  the characters of tlie latter species were 
obtained by Korentchenko (1980) from the original 
illustration by Ruhm (1956) arid not from type 
specimens. Korentchenko (1980) reported a differ- 
ence in spicule structure and in the size of the male 
caudal papillae of these species. In our study of B. 
fraudulentus and of several populations of B. mucro- 

natus the post-anal papillae may appear larger than 
the pre-anal papillae when specimens are in particu- 
lar orientations. However, a definitive conclusion 
about size differences can not be made. 

Light microscopy and S EM of male B. xylophilus 
and B. mucronatus (Nickle et al., 1981; Giblin-Davis 
et al., 1993) revealed that the two species each have 
seven papillae: one ventral preanal papilla, one pair 
of subventral preanal papillae, and two pairs of 
adjacent subventral postanal papillae at the anterior 
end of the bussal flap. Only one pair of preanal 
papillae and one pair of postanal papillae were 
reported for B. kolymensis by Korentchenko (1980), 
who used only light microscopy observations when 
prepa~ing the species description. It is possible that 
7 papillae are present but can only be observed with 
the aid of SEM. 

The populations of B. xylophilus (Fig. IF), B. 
mucronatus (Fig. 1G-H) and B. fraudulentus (Fig. 
1C) used in our study have similar spicule morphol- 
ogy. The spicule of B. fraudulentus appears to have a 
more slender capitulum (Fig. IC), but the projection 
of the spicules in the microscope is dependent on 
specimen orientation, the focal plane and the quality 
of the specimen. Based on spicule-shape, B. koly- 
mensis is most similar to B. xylophilus, B. mucronatus 
and B. fraudulentus, and thus the morphology of the 
type material was compared with specimens from 
different populations of these three species. An 
emended differential diagnosis for B. kolymensis is 
presented here. 

Emended differential diagnosis of 
B. kolymensis Korentchenko, 1980 

Bursaphelenchus kolymensis can be distinguished 
from B. xylophilus by the sub-cylindrical shape of the 
female tail with a long slender mucro versus sub-cy- 
lindrical, usually with a broadly roun-ded terminus, 
occasionally with a small peg or projection; the 
excretory pore at level of or anterior to the median 
bulb versus between the pharyngeal intestinal junc- 
tion and the nerve ring; a broad beak- or spade- 
shaped bursa versus sharply beak-shaped, in lateral 
view (Fig. IF). From B. fraudulentus it can be 
distinguished by the shape of the mucro, the shape 
of the bursa and different host-plant, as B. fraudulen- 
tus is characterized by having a short mucro with a 
wide base (Fig. lL), a sharp beak-shaped bursa in 
lateral view and is associated with deciduous trees. 
B~crsaphelenchus kolymensis is similar to B. rnucro- 
natus, especially specimens from Russia (i.e. BmSU) 
and France (BmF), both of which have a similar 
tail-shape and mucro (Fig. lM), but differs from 
Japanese specimens by the sub-cylindrical shape of 
the female tail, the slender mucro and the broadly 
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Fig. 2. Type material of Bursaphelenchus kolymensis Korentchenko, 1980. A: Female paratype anterior end; B: Female 
paratype at level of vulva; C: Female allotype tail; D: Female paratype tail; E: Male holotype tail; F: Male paratype tail. 

beak or spade-shaped bursa. The female tail of B. 
mucronatus from Japan is variable (Fig. IN-P), but 
'has a more conical shape and a thicker mucro and 
males (Fig. 1H) have a sharply beak-shaped bursa in 
lateral view. 

DISCUSSION 

Bursaphelenchus kolymensis is morphologically 
distinct from B. xylophilus, but very similar in mor- 
phology to B. fraudulentus and B. mucronatus. As a 

result of differences in the morphology of the bursa 
in lateral view (males) and the mucro (females) be- 
tween B. kolymensis and B. fraudulentus, together 
with the latter species association with deciduous 
trees, B. kolymensis may be considered most similar 
to B. mucronatus. 

Bursaphelenchus mucronatus is widespread in Asia 
(Mamiya & Enda, 1979; Marniya, 1986; Baojun & 
Wang, 1989; Kulinich & Kolossova, 1995) and is 
considered common in Europe, from where it has 
been frequently reported (De Guiran & Boulbria, 
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1986; McNamara & Stoen, 1988; Schroeder & 
Magnusson, 1989; Tomminen et al., 1989; Braasch, 
199 1). Although relationships between different geo- 
graphical populations of the nematode from its 
extensive distribution area remain to be clarified, stu- 
dies on the taxonomic relationships of the PWNSC 
based on crossings, DNA and enzyme analysis have 
revealed differences in affinity between B. mucronatus 
populations from Japan and Europe (De Guiran et 
al., 1985; Webster et al., 1990; Abad et al., 1991; 
Beckenbach et al., 1992; Riga et al., 1992; Bolla & 
Boschert, 1993). Our study indicates a closer affinity 
of B. kolymensis to populations of B. mucronatus from 
Russia and France than to populations from Japan. 
However, it can be concluded that the complicated 
and intricate taxonomic situation of the PWNSC 
precludes synonyrnization of B. kolymensis Koren- 
tchenko, 1980'with B. mucronatus Mamiya & Enda, 
1979..As a result of the large variability in morpho- 
logical characters of PWNSC it will probably require 
mating and genetic studies to unequivocally resolve 
the specific status of B. kolymensis. 

The Russian population BmSU is very similar to 
B. kolymensis both in female and male characters. 
This population was isolated from larch wood im- 
ported to Finland from Siberia (A. Lahtinen personal 
communication) and sent to the senior author by the 
Finnish Plant Inspection Service. The taxonomic 
identity of these specimens, and their relationship to 
B. kolymensis, will remain uncertain until the latter 
species has been re-isolated and further studied. 
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Marnycco~ K., K ~ J I H H H ~  0. A. T ~ K C O H O M H ¶ ~ C K ~ R  OUeHKa IlepBOOIlMCaHMX, MOP@OJIOM~~ H CTaTyC 
Bursaphelenchus kolymensis Korentchenko, 1980 (Aphelenchida: Aphelenchoididae). 
Pe310~e. r p v n a  BMAOB ApeBeCHbIX HeMaTOA BKnIosaeT BMAbI: Bursaphelenchus xylophilus, B. 
mucronatus u B. kolymensis, npMseM ~ a ~ c o ~ o ~ a s e c ~ ~ f i  cTaTyc nocsreAHero s m a  AO c ~ x  nop He 
yrosHeH. M3pe~Me T M ~ O B ~ I X  npenapaToB B. kolymensis Korentchenko, 1980 n o ~ a s m o ,  rn cambx 
MMeIOT UIMPOKJJIO KnIOBOBMAH~lO JIOIlaTOBkfAHyIO 6ypcy npM JIaTepXTbHOM IIOJIOXeHIlM TeJIa, U 

KyKylIIoC Ha KOHUe CnM.rlcyJI. y CaMOK ~)6~WIMH&pkise~~Mfi XBOCTOBO~~ OTAeJT C TOHKMM MJXPO. 
Cpa~~eHl4e B. kolymensis C ApflMMM npeACTaBMTeJI5IMI.i 3TOTO KOMUeKCa BWOB nOKa3bIBaeT eTO 
6nM30c~b K B. fraudulentus, OT ~ o ~ o p o r o  oTmsae-rcX a o p ~ a m  v p o  M 6ypcb1, c Tame pacTemeM- 
X O ~ R M H O M ,  u K C I ~ O J I X T ~ M  B. mucronatus w 3  Q p a ~ q m i  M POCCKM. OT ~ 3 0 m a  B. mucronatus 1.13 

%IOHUM Bursaphelenchus kolymensis OTJIMsaeTCR XBOCTOM CBMKM, MJXpO M ~ O P M O ~ ~  6 ~ p ~ b 1  CaMlIa. 
AeJIae~cn BbIBOA 0 H ~ O ~ X O A M M O C T M  A ~ ~ H ~ ~ ~ U I I I X  TeHeTMPeCKHX M c c J I ~ A o B ~ H H ~ ~  N I X  OIIpeAeJIeHurr 
TaKCOHOMMseCKOrO CTaTyCa B. kolymetl~i~. 


