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ABSTRACT

Tarjan, A.C., and Carlos Baeza Arago6n, 1982. An analysis of the genus
Bursaphelenchus Fuchs, 1937. Nematropica 12: 121-144.

The genus Bursaphelenchus currently is composed of 43 species. The
present study proposes reducing the number of valid species to 37.
Diagnostic characters used for separating species were spicule shape and
measurements, adult population length range, stylet length, “a” and “c”
ratios, presence of the vulval flap, and vulva percentage. The unique
shape of the spicule of Bursaphelenchus lends itself to species identifica-
tion. The spicule has a capitulum with two characteristic projections. One
is a ventral thorn-like projection called the rostrum, and the other is a
dorsal thorn- or knob-like protuberance which is here named the “condy-
lus.” In some species, an accessory piece is present on the posterior end of
the spicules, to which the name “cucullus” is given. The following species
have been synonymized based on statistical cluster analysis and compari-
sons of morphometrics and morphology: B. naujaci Baujard, 1980 to B.
bakeri Riihm, 1964; B. pinasteri Baujard, 1980 to B. chitwoodi (Riithm,
1956) Goodey, 1960; and B. sutoricus Devdariani, 1974 to B. xerokarte-
rus (Rithm, 1956) Goodey, 1960. Bursaphelenchus conjunctus (Fuchs,
1930) Andrassy, 1958 and B. conurus (Steiner, 1932) Goodey, 1960 are
regarded as species incertae sedis. Bursaphelenchus cryphali (Fuchs,
1930) Goodey, 1960 is transferred to species inquirendae and B. ruehmi
Baker, 1962 to species indeterminata.

Additional key words: pinewood nematode, systematics, Aphelenchoidi-
dae, spicule morphology.

IFlorida Agricultural Experiment Stations Journal Series No. 372/

RESUMEN

Tarjan, A.C.y Carlos Baeza Aragén. 1982. Analisis del género Bursaphelen-
chus Fuchs, 1937. Nematropica 12: 121-144.

El género Bursaphelenchus esta compuesto de 43 especies. El presente
estudio propone reducir el nimero de especies validas a 37. Los caracteres
de diagnéstico para separar las especies fueron forma y medidas de la
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espicula, longitud de la poblacion adulta, longitud del estilete, valores de
“a” y “c” presencia de “cubierta” en la vulva, y posicion de la vulva en
porcentage. La forma singular de la espicula de Bursaphelenchus con-
duce por si sola a la indentificacién de las especies. La espicula tiene un
capitulum con dos proyecciones caracteristicas: una ventral en forma de
espina llamada rostrum, y la otra una protuberancia dorsal que se le did el
nombre de “condylus.” En algunas especies, una pieza accesoria se
encuentra en el extremo distal de las espiculas, y se la nombré “cucullus.”
Con base en el “analisis de agrupacion” y comparaciones morfométricas y
caracteristicas de la espicula, se sinonimizaron las siguientes especies:
Bursaphelenchus naujaci Baujard, 1980 a B. bakeri Riihm, 1964; B.
pinasteri Baujard, 1980 a B. chitwoodi (Rithm, 1956) Goodey, 1960; y B.
sutoricus Devdariani, 1974 a B. xerokarterus (Riihm, 1956) Goodey,
1960. Bursaphelenchus conjunctus (Fuchs, 1930) Andrassy, 1958 y B.
conurus (Steiner, 1932) Goodey, 1960 son considerados como species
incertae sedis. Bursaphelenchus cryphali (Fuchs, 1930) Goodey, 1960 se
considera como species inquirendae y B. ruehmi Baker, 1962 species
indeterminata.

Palabras claves adicionales: nematode del pine, sistemdtica, Aphelen-
choididae, morfologia de la espicula.

INTRODUCTION

Until rather recently, Bursaphelenchus has been a genus of interest primar-
ily, and almost exclusively, to nematologists involved with entomophilic
nematodes. Discovery of B. xylophilus (Steiner and Buhrer, 1934) Nickle,
1970 as the causal organism of pine wilt disease in Japan (19) generated a
world-wide interest in the organism, its distribution and in the disease it
causes. Yet, identification of Bursaphelenchus adults to species has not been
easy due to inaccessibility of some references, language difficulties and inade-
quate descriptions of nominal species. The present study seeks to compile
essential morphometric data on species which have been referred to the genus
and presents views on the current generic membership.

Fuchs (9) established the genus Bursaphelenchus on the basis of “small
bursa without papillae; bursa includes tail tip (tail short; organization like
Aphelenchoides) biologically bound to bark beetle.” He also stipulated that
should it be proven that the larvae are body parasites, Bursaphelenchus
should be made a subgenus of Parasitaphelenchus Fuchs, 1930. Schneider
(32) and Filipjev and Schuurmans Stekhoven (7) also supported Bursaphelen-
chus as a valid genus. In 1951, T. Goodey (11) regarded Bursaphelenchus a
synonym of Aphelenchoides on the basis of his own definition of Aphelen-
choides which referred to the male tail as “mostly without caudal alae, but in
one case minute terminal wings present.” This definition was indefensible
since each existing species of Bursaphelenchus (B. piniperdae and B. poligra-
phi Fuchs, 1937) were previously described as having a small terminal
“bursa”.

Riithm (29) later designated Bursaphelenchus a subgenus of Aphelen-
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choides and described 14 new species. J.B. Goodey (10) and Meyl (24)
independently reestablished Bursaphelenchus as a genus with all of Riihm’s
Aphelenchoides (Bursaphelenchus) spp. being included. Meyl’s manuscript
was submitted on June 1, 1959 while Goodey’s paper was received for publica-
tion April 16, 1960. However, the book by Meyl was not actually published
until 1961. According to Article 8(2) of the International Code of Zoological
Nomenclature (13), therefore, the new combinations are attributed to Goo-
dey. Bursaphelenchus has retained its full generic status since then, with the
only major change in classification being Paramonov’s (8) erection of the
subfamily, Bursaphelenchinae.

The genus Bursaphelenchus presently consists of 43 species (Table 1).
Aphelenchoides (Bursaphelenchus) sexdentati Rithm, 1960 (30) was renamed
B. bakeri Riihm, 1964 (31). Goodey transferred Aphelenchoides lignophilus
Kdrner, 1954 to the genus Laimaphelenchus, but Paramonov, 1964 (27) listed
the species in Bursaphelenchus. Two remaining species B. fungivorus Frank-
lin & Hooper, 1962 and B. gonzalezi Loof, 1964 were transferred to Hunta-
phelenchoides by Nickle (25) and B. welchi Devdariani, 1974 (5) appears to be
a nomen nudum.

Table 1. Nominal Bursaphelenchus species*

bakeri Riithm, 1964

bestiolus Massey, 1974

borealis Korentchenko, 1980
chitwoodi (Rithm, 1956) Goodey, 1960
conjunctus (Fuchs, 1930) Andrassy, 1958
conurus (Steiner, 1932) Goodey, 1960
corneolus Massey, 1966

crenati (Rithm, 1956) Goodey, 1960
cryphali (Fuchs, 1930) Goodey, 1960
digitulus Loof, 1964

. eggersi (Rithm, 1956) Goodey, 1960

. eidmanni (Rithm, 1956) Goodey, 1960
. elytrus Massey, 1971

. eremus (Rithm, 1956) Goodey, 1960

. eucarpus (Riihm, 1956) Goodey, 1960
. fraudulentus (Rithm, 1956) Goodey, 1960
. idius (Rithm, 1956) Goodey, 1960

. incurvus (Riihm, 1956) Goodey, 1960
. kolymensis Korentchenko, 1980

. leoni Baujard, 1980

. lignicolus Mamiya & Kiyohara, 1972

. lignophilus (Korner, 1954) Meyl, 1961
. mucronatus Mamiya & Enda, 1979
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24. naujaci Baujard, 1980

25. newmexicanus Massey, 1974

26. nuesslini (Rithm, 1956) Goodey, 1960

27. pinasteri Baujard, 1980

28. piniperdae Fuchs, 1937

30. poligraphi Fuchs, 1937

31. ratzeburgii (Riihm, 1956) Goodey, 1960

32. ruehmi Baker, 1962

33. sachsi (Rithm, 1956) Goodey, 1960

34. scolyti Massey, 1974

35. silvestris (Lieutier & Lamond, 1978) Baujard, 1980
36. steineri (Rithm, 1956) Goodey, 1960

37. sutoricus Devdariani, 1974

38. sychnus (Riihm, 1956) Goodey, 1960

39. talonus (Thorne, 1935) Goodey, 1960

40. tritrunculus Massey, 1974

41. wilfordi Massey, 1964

42. xerokarterus (Rithm, 1956) Goodey, 1960

43. xylophilus (Steiner & Buhrer, 1934) Nickle, 1970

* The following reference was unavailable for this study:

Kakuliya, G.A. & T.G. Devdariani. 1965. Bursaphelenchus terato-
spicularis n.sp. (Nematoda, Aphelenchoidea). Soobs. Akad. Nauk
Gruz. SSR 38; 187-191.

METHODS

This study was based solely on a thorough review of the references origi-
nally naming the species currently assigned to Bursaphelenchus. Particular
attention was paid to the shape and morphometrics of the spicule since it is
considered to be the most important single diagnostic character for differen-
tiating between species. Review of spicule morphology necessitated the for-
mation of two new names for distinguishing certain spicular components.
Our initial evaluation of the validity of species used diagnostic characters of
spicule shape and measurements (spicule lengths were measured along the
center of the arc of the spicule), male and female body and stylet lengths, “a”
and “c” ratios, presence of vulval flap and vulva percentage. Following this,
statistical cluster analyses were conducted on spicule morphometrics using
four different measurements, and on female and male morphometrics and
ratios. Measurements not given in the original description were calculated
from the accompanying illustrations. When a measurement or ratio appeared
only as a range, the mean was calculated and used.
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RESULTS

The highly distinctive male spicule contains a capitulum? or head and a
calomus or shaft that, when viewed laterally, appears to be indistinguishable
from the lamina or blade. It was found necessary to give names to two other
parts of the spicule. The capitulum is composed of a ventral rostrum; the
opposite side of the capitulum which is anteriad or dorsal, depending on the
position of the spicule, is named the “condylus” (Fig. 1). Certain species, of
which B. xylophilus is representative, contain a knob or disc-like appendage
at the end of the laminae which is named the “cucullus.” When the spicules are
viewed ventrally (Fig. 1), the separation between the two spicules is distinct.
The cucullus appears to have a slight posterior cleft. Two small, somewhat
indistinct reniform-shaped structures were evident just above the points of the
rostrum and either on the cuticle or in subcuticular position. A thickening of
the cuticle is the only evidence of these structures when the tail is viewed
laterally (Fig. 1).

Spicule shapes of all Bursaphelenchus species were traced from jllustra-
tions in the original publications. The traced illustrations were then redrawn
to one scale with the aid of a pantograph and appear in Fig. 2.

Statistical cluster analysis based on spicule measurements generally did not
give comparable results to the analysis using female and male ratios and
morphometrics. However, cluster analysis of male ratios and morphometrics
(Fig. 3) most closely supported conclusions gained by study of the illustra-
tions, descriptions and morphometric data (Tables 3, 4).

A key to the species within the genus is presented as Table 2. It is based on
the diagnostic data presented in Tables 3 & 4 and on spicule shapes (Fig. 2).

2The terminology presented by Chitwood & Chitwood (4, p. 119) is followed

ANALYSES AND DEPARTURES
Bursaphelenchus borealis K orentchenko, 1980

The illustrations and measurements of this species (14) conform extremely
well with those of B. leoni Baujard, 1980 (3). The strongest anatomical
similarity of the two species is the posterior flexture of the spicular condylus
(Fig. 2); this feature only appears in one other species, B. silvestris. Yet they
appear as discrete species in the statistical cluster analysis for males (Fig. 3),
having separated at the 7th cluster grouping. Accordingly, we regard the
species as distinct from each other.

Bursaphelenchus conjunctus (Fuchs, 1930) Andrassy, 1958

This species was originally assigned to the genus Parasitaphenchus (8), then
to Aphelenchoides (6), and then to Schistonchus (33). Ruhm (28) considered
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Fig. 1. Ventral and lateral views of the Bursaphelenchus spicules with the
nomenclature proposed.

the taxon to be an Aphelenchoides and assigned it to the subgenus Bursaphe-
lenchus. His reference to the authority as being “Fuchs, 1938” in his Fig. 3isa
lapsus calami; Fuchs’ only publication in 1938 does not mention this species.
The subgeneric name Bursaphelenchus was later elevated to genus (10).
Goodey (10,12) placed the specific name in species inquirendae; however
Meyl (24) regarded the species as valid.

The drawing by Fuchs (8) shows a slender spicule quite dissimilar to the
typical Bursaphelenchus spicule. Far more important, however, there is no
caudal ala (bursa) on the tail, clearly placing this species outside the generic
concepts for Bursaphelenchus. Accordingly, the species is regarded as species
incertae sedis.
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Bursaphelenchus conurus (Steiner, 1938) Goodey, 1960

Although Goodey (10) transferred this species from Aphelenchoides to
Bursaphelenchus, he apparently did so based on the opinion of Riihm (29).
Even so, Goodey stated that the species “probably” belongs to Bursaphelen-
chus. Steiner (35) described the species on the basis of a solitary female. No
male characteristics are known. Furthermore, the stylet had no “knots or
swellings at the proximal end.” Accordingly B. conurus is designated species
incertae sedis.

Bursaphelenchus cryphali (Fuchs, 1930) Goodey, 1960

This species originated as Parasitaphelenchus cryphali Fuchs, 1938 (8) but
was later transferred to Schistonchus (33), to Aphelenchoides by Rithm (29)
who erroneously credited T. Goodey, 1951 (11) with having made the transfer
(the transfer to Aphelenchoides also is erroneously credited to Fuchs, 1937 (9)
by Goodey (12)) and to Bursaphelenchus (10). Despite the attention the taxon
has received, the immutable fact remains that the species description by Fuchs
was based on a single female specimen.

The species was resuscitated by Rithm using a population including males,
the biometrics of which did not conform to Fuchs’ measurements. Bursaphe-
lenchus is a genus dependent on males for valid species identification. For
these reasons Bursaphelenchus cryphali (Fuchs, 1930) Goodey, 1960 is placed
in species inquirendae.

Bursaphelenchus kolymensis Korentchenko, 1980

This species appears extremely close to B. fraudulentus (Rithm, 1956)
Goodey, 1960 by virtue of comparisons of: body, stylet, tail and spicule
lengths and female tail. Korentchenko (14) separates his species from B.
fraudulentus by “separate” spicules with a shorter ventral process, relative
size of caudal papillae, and by association with coniferous pests. We regard
these differences of minor significance. Yet, the capitulum of the spicule is of
different shape for each species and males of the two species appeared
unrelated in the statistical cluster analysis, separating at the third cluster
grouping (Fig. 3). Accordingly, they are regarded as discrete species until
more concrete evidence can prove their conspecificity.

Bursaphelenchus naujaci Baujard, 1980

This species is identical to B. bakeri Riihm, 1964 (syn: Aphelenchoides
[ Bursaphelenchus) sexdentati Riihm, 1964) on the basis of several compari-
sons. The basic shape of the spicules is similar for both species (Fig. 2).
Comparisons of spicule shape shows that only the distal part of the spicular
blades of B. bakeri are more attenuated than for B. naujaci. Male measure-
ments for B. bakeri(n= 5) are included within the ranges given for B. naujaci
(n=22); spicule ranges for both species overlap. The description for Aphelen-
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Fig. 2. Spicules of Bursaphelenchus spp.
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Fig. 2. (cont.) Spicule aphelenchus spp.
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Fig. 3. Phenetic dendrogram based on a 41-cluster analysis of five Bursaphe-
lenchus morphometrics and ratios. 'Based on data from Fuchs 1937; 2based
on data from Riihm, 1956.

choides [B.] sexdentati (= B. bakeri) claims a post-vulval constriction of the
female body as clearly indicated. The figure for B. naujaci exhibits such a
constriction. The computer cluster analysis for male measurements showed
both species juxtapositioned on the cluster map, finally segregating at the
37th cluster division (Fig. 3). Accordingly, we consider B. naujaci Baujard,
1980 a junior synonym of B. bakeri Riihm, 1964.
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Bursaphelenchus pinasteri Baujard, 1980

We reluctantly synonymize B. pinasteri to B. chitwoodi (Rithm, 1956)
Goodey, 1960, understandably because Baujard (3) described the former
species from 17 specimens of each sex while Riihm (29) used only one male
and one female on which to propose the species. Nonetheless, comparison of
spicule shapes of the two species reveals that basically they have the same
shape and females of both species exhibit a mucro on the tail. The results of
cluster analysis (Fig. 3) for spicular measurements, as well as for male
measurements showed the species to be closely related and not separating
until the 22nd cluster division (Fig. 3). Accordingly, B. pinasteri Baujard,
1980 is synonymized to B. chitwoodi (Riihm, 1956) Goodey, 1960.

Bursaphelenchus ruehmi Baker, 1962

Riihm (29) published the description of “Aphelenchoides [ Bursaphelen-
chus] conjunctus (Fuchs, 1938) Schuurmans-Stekhoven, 1941” only ina key.
Fuchs (8) actually erected this species as Parasitaphelenchus conjunctus in
1930, not 1938. It was transferred by Filipjev (6) to Aphelenchoides (Schis-
tonchus) conjunctus and to the subgenus Bursaphelenchus by Rithm (29)
which was raised to generic level by Andrassy (1). Goodey (10) was unaware
of the Andréassy action and belatedly transferred to Bursaphelenchus the
species described by Riithm in 1956 (29). Baker (2) concluded that the animal
described by Riihm in 1956 was not conspecific with that described by Fuchs
in 1930 and proposed the name Bursaphelenchus ruehmi nom. nov., to which
he synonymized B. conjunctus of J.B. Goodey, 1960. Goodey (12) was
unaware of Baker’s action and unknowingly also gave the name B. ruehmito
Riithm’s species. The only published description of B. ruehmi is given in the
key on pg 220 of Riithm, 1956 (29); there are no illustrations. The paucity of
information about this species justifies its categorization as species in-
determinata.

Bursaphelenchus sutoricus Devdariani, 1974

The description of this species (5), though meager and without range data,
does contain some essential measurements, ratios and illustrations for com-
parison to other species. Various measurements of the spicule, when com-
pared by computer cluster analysis, were in either juxtapositioned or separ-
ated by only one species from B. xerokarterus (Rithm, 1956) Goodey, 1960.
Segregation of the two species occured at the 18th cluster break on the
dendrogram for male diagnostic data (Fig. 3). The spicule shapes are very
similar. Despite some minor differences in measurements, it would be practi-
cally impossible to separate the two species based on existing information.
We therefore synonymize B. sutoricus Devdariani, 1974 to B. xerokarterus
(Rithm, 1956) Goodey, 1960.
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DISCUSSION AND CONCLUSIONS

This study of the original descriptions of Bursaphelenchus was based on the
thesis that the descriptions and figures presented were reasonably accurate.
The extreme variation shown by some spicule shapes (Fig 2.) tends to dis-
credit at least some of the work reviewed. Preparatior. of the key to species
proved difficult due to the similarity of the morphometrics of several of the
species. The net result, in a few areas of the key, was a species separation based
on weak characters. One of the most important diagnostic features of the
genus is the presence of a vulval flap. Yet Rithm, who erected 16 of the 43
species in the genus, did not discuss nor illustrate the vulva of his species,
except for B. fraudulentus.

It has already been stated that the spicule and, ipso facto, the male are the
most important diagnostic tools in distinguishing between species of Burs-
aphelenchus. Inspection of the shapes and sizes of spicules shown in Fig. 2
tends to confirm this supposition. Yet the statistical cluster analyses of four
spicular measurements did not confirm the conspecificity suggested by a
visual comparison of spicular shapes and adult morphometrics. The sug-
gested similarities, however, were confirmed by the cluster analysis of male
body, stylet, and spicule length and by male “a” and “c” ratios. Inspection of
the dendrogram in Fig. 3 reveals the similarity of the synonymized species B.
bakeriwith B. naujaci which did not segregate until the 36th cluster grouping.
Bursaphelenchus chitwoodi and B. pinasteri separated at the 23rd cluster
grouping, while B. xerokarterus and B. sutoricus split at the 19th cluster
grouping. Inspection of the dendrogram (Fig. 3) also shows close relatedness,
based on the aforementioned five male morphometrics and ratios, of species
such as B. borealis with B. sachsi, B. bestiolus with B. fraudulentus, and B.
kolymensis with B. xylophilus. A comparison of spicules of these species (Fig.
2), however, presents an opposing view, that of unrelatedness of the species
based on spicule shape and size. It appears evident from this study that one
can not rely solely on a statistical cluster analysis for determining relationship
of species. The accuracy of such analyses is determiried mainly by the validity
and number of differential characters used. A personal analysis of the diag-
nostic description of each species and comparisons of its morphology and
anatomy with other members of the genus must play the major role in
judgements of a species’ distinctiveness.

SUMMARY

Original descriptions for 43 species of Bursaphelenchus were analyzed.
Morphometrics, if not given, were calculated from accompanying illustra-
tions. Tentative judgements were made as to the validity of species and were
then tested in a statistical cluster analysis. Such analyses were conducted
using the male body, stylet and spicule length measurements and “a” and “c”
ratios of each species. Synonymizations were based on comparisons of mor-
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phometrics and morphology, and the results of the cluster analysis. Bursaphe-
lenchus naujaci Baujard, 1980 is synonymized to B. bakeri Rithm, 1964; B.
pinasteri Baujard, 1980 to B. chitwoodi (Riithm, 1956) Goodey, 1960; and B.
sutoricus Devdariani, 1974 to B. xerokarterus (Rithm, 1956) Goodey, 1960.
Other actions suggested are to regard B. conjunctus (Fuchs, 1930) Andréssy,
1958 and B. conurus (Steiner, 1932) Goodey, 1960 as species incertae sedis.
Bursaphelenchus cryphali (Fuchs, 1930) Goodey, 1960 is transferred to spe-
cies inquirendae and B. ruehmi Baker, 1962 to species indeterminata. Two
new names are proposed for parts of the Bursaphelenchus spicule. The
“condylus” is the dorsal thorn- or knob-like protuberance on the capitulum
while the “cucullus” is the knob- or disc-like appendage found on the poste-
rior or ventral end of the spicules of some species.
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Table 2. Key to Bursaphelenchus Species

. Spicule with cucullus (cf Fig. 1) ... .ciiiiiiiiiniiin i, 2
Spicule without cucullus ......... ... i ittt 6
Female tail always with digitate or pointed terminus.............. 3
Female tail terminus mostly broadly rounded, rarely with

digitate terminus ............ xylophilus (Steiner & Buhrer, 1934)

Nickle, 1970 (syn: lignicolus Mamiya & Kiyohara, 1972

. Female tail tapering to a pointed terminus, female “c” ratio

12-17 o e e borealis Korentchenko, 1980
Female tail definitely mucronate, female “c” ratio 20-30,
........................................................... 4
. Male spicule 17-21um long, vulva
at68-75% i kolymensis Korentchenko, 1980
Male spicule 21-29um long, vulva
AL 732770 v ettt e e e e e 5
. Female stylet 12-14um, male spicules 21-22um long,
.................................... fraudulentus Rithm, 1956
Female stylet 14-16um long, male spicules 23-29um long,
........................... mucronatus Mamiya & Enda, 1979
Female body length 456-475um, “c” measurement 8.6-8.8,
spicules thin-elongate ....... steineri (Riihm, 1956) Goodey, 1960
Female body length 580um and greater, “c” measurement
10 or more, spicules MOre sStoUt ..........vvreeneenennennenns 7
. Male spicule 26-31um long .......c.oviiiiiiiiiin e 8
Male spicule 24um or lessinlength .................ccevvenn... 10
Female without vulva flap, “c” ratio = 17-21
........................................ elytrus Massey, 1960
Female with vulval flap, “c” ratio either
more than 2l orlessthan 17 ........ ... oottt 9
Condylus (cf Fig. 1) of spicular capitulum with a conspicuous
posterior flexure, male length 730-895um ................cc.....
............ silvestris (Lieutier and Lamond, 1978) Baujard, 1980
Condylus of spicule without posterior flexure,
male length 1250um ............... newmexicanus Massey, 1974
Vulva located at 84-88% of body length ....... digitulus Loof, 1964
Vulva located at 79% or less of body length .................... 11
. Condylus (cf Fig. 1) of spicular capitulum with a posterior
fleXure. ..oovvinniin it i e leoni Baujard, 1980

Condylus of spicule without ventral flexture.................... 12
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Spicule length (measured along arc) 11-12umorless............. 13
Spicule length l4um or greater ..........cviniiinenieennnnens 16
. Female with vulval flap, length 650-700um long;
“c”valueof male=18.5 ................ corneolus Massey, 1966
Female without vulval flap, length at least 720um;
“c”valueof males = 25-28 ... ...ttt 14

Adult stylet 11-12um long; Female length no greater

than 840Um ... ..t i i it i i e it e 15
Adult stylet 14-16um long; Female length

L1073+ o PP wilfordi Massey, 1964
Spicule length 8-9um; males 800um long....... scolyti Massey, 1974
Spicule length 11-12um; males 630-675um

long.....coovvvivenn.n, ratzeburgii (Riihm, 1956) Goodey, 1960
Females with vulvalflap ......... ... oottt 17

Females without vulval flap, or presence of flap not determined . . .18

Lateral incisures present, male body length 820um,

female body length 940um .............. pityogeni Massey, 1974
Lateral incisures absent, male body length 670um,

female body length 830um ............... bestiolus Massey, 1974
Male body length 490-547um, female “c”

ratio 11-12 ................ sychnus (Rithm, 1956) Goodey, 1960
Male body length 550um or more (exc. eggersi),

female “c” ratio 13 or greater ...........coiviiiniinenianenn 19
Male stylet 18-19m ... ..ottt i i iineeennen 20
Male stylet 18um or less, average length 16umorless............ 21
Female stylet 18-19um, vulva 72-74% .......... bakeri Riilhm, 1964

(syn: B. naujaci Baujard, 1980)

Female stylet 16-18um, vulva 75-76% ....... piniperdae Fuchs, 1937
Spicule length 18-24um ..o, 22
Spicule length no greaterthan 18um ..............cccovvveennn. 24
Stylet length of both sexes 11-14um, “a” ratio

=48 0rmore.............. lignophilus (Korner, 1954) Meyl, 1960
Stylet length of both sexes 14um or greater, “a” ratio

L0 [P 23

Female length 795-990um, vulva

T1-77% oo i eidmanni (Riihm, 1956) Goodey, 1956
Female length 991-1122um, vulva

69-70% ..ooviii i eggersi (Riihm, 1956) Goodey, 1960
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24. Male length 547um, female length 619um
........................ chitwoodi (Riithm, 1956) Goodey, 1960
(syn: B. pinasteri Baujard, 1980)
Male length 600um and greater, female length 650um or
greater (xerokarterus range 600-903um,

idius range 610-885UM) .. ......iiiiiiiii i i i 25
25. Spicule length 14-154m . ... .oviriiiit it iiineeeennnn. 26
Spicule length 15um or more (eremus range 14-19 um) ........... 29
26. Male length 650um, vulva at 71%........ tritrunculus Massey, 1974
Male length greater than 680um or less than 643um,
Vulva at 730 Or INOTE . v v vt ottt it ittt et te e enennennns 27
27. Condylus of spicule a reduced protuberance, male length
619-643 um.............0.nn.. idius (Rithm, 1956) Goodey, 1960
Condylus of spicule prominent,
male length 680-825Um . ... ..iiiiir ittt it 28

28. Vulva at 73-80%, Stylet length both sexes from
12-18um .............. xerokarterus (Rithm, 1956) Goodey, 1960
(syn: B. sutoricus Devdariani, 1974)
Vulva at 73%, stylet length both sexes

Hpm ..o, talonus (Thorne, 1935) Goodey, 1960
29. Male length 600-645um, female stylet
15-19um ................. incurvus (Rithm, 1956) Goodey, 1960
Male length 662um or greater, 15gmorless .......covvvvveunn.. 30
30. Male length 662-691um, female “c”
ratio 14-15 .................. sachsi (Riithm, 1956) Goodey, 1960
Male length 720um or greater, female “c”
Tatio 15 Or Greater .. ..ovuverie i i 31

31. Male stylet 15um, female “a”

ratio22-36 ............... nuesslini (Rithm, 1956) Goodey, 1960
Male stylet 14um or less, female “a”
Tatio 34 OTMOTE .. uttt ittt et iiiiennneenns 32

32. Female stylet 11-12um, female “c”

ratio 26-32 ..., crenati (Rithm, 1956) Goodey, 1960
Female stylet 12um or greater, female
“c”ratioless than 26.......cvvviiiiiiernrereenininnnnnnnn 33

33. Female length 765-767um, male “c”
ratio 16-35 ........ . it poligraphi Fuchs, 1937
Female length 825um or greater, male “c”
TAtio 31 OF Greater . vvvveeeteeeiiiiiiieer e rnnnnnnnenn. 34
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34. Male stylet 11-12um long, male “c”

ratio31-35 ................. eremus (Rithm, 1956) Goodey, 1960
Male stylet 12-14um long, male “c”
ratio34-45 ............... eucarpus (Rithm, 1956) Goodey, 1960

Table 3. Diagnostic Data on Bursaphelenchus Females

Essential Measurements and Ratios

Stylet
Length “a” “c” Length Vulval
in gm Ratio Ratio ingum  Vulva®%  Flap

bakeri 924-1232 38-41 26 18-19 73-75 ?
Riithm, 1964

bestiolus 830 32 17 13-14 74 +
Massey, 1974

borealis 507-1018 26-38 12-17 14-16 71-77 +
Korentchenko, 1980

chitwoodi 619 21 16 12 69 ?
(Rithm, 1956)

corneolus 650-700 29 18 122 73 +
Massey, 1966

crenati 825-1125 39-54 26-32 11 72-74 ?
(Riithm, 1956)

cryphali 447 19 19 12 71 -
(Fuchs, 1930)

digitulus 790-1260 31-44 13-20 11-14 84-88 -
Loof, 1964

eggersi 990-1122 37-39 20 16-18 69-70 -
(Riihm, 1956)

eidmanni 795-990 25-32 70-73% 1418 72-78 -
(Riithm, 1956)

elytrus 890-960 35-41 17-21 15 73 -
Massey, 1971

eremus 858-990 41 23 13 69-73 ?
(Riithm, 1956)

eucarpus 825-1275 39-46 20-26 12-14 68-76 ?

(Riithm. 1956)
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Diagnostic Data on Bursaphelenchus Females (continued).

Essential Measurements and Ratios

Stylet
Length “a” “c” Length Vulval
in ym Ratio Ratio inum Vulva%  Flap

fraudulentus 675-900 32 21-26 12-14 74-75 +
(Riihm, 1956)

idius 610-885 32-34 23-25 11-14 76-80 ?
(Rithm, 1956)

incurvus 660-840 24-25 19-22 15-19 72-73 -
(Rithm, 1956)

kolymensis 473-716 22-36 17-24 12-15 68-75 +
Korentchenko, 1980

leoni 580-860 33-44 10-15 12-17 69-74 +
Baujard, 1980

lignicolus 710-1010 33-46 23-32 14-18 67-78 +
Mamiya & Kiyohara,
1979

lignophilus 992-1257 46-55 20-25 11-14 70-73 ?
(Korner, 1954)

mucronatus 700-980 36-46 20-30 14-16 73-77 +
Mamiya & Kiyohara,
1979

naujaci 730-1300 35-51 19-30 13-18 71-76 ?
Baujard, 1980

newmexicanus 1500 40 28 15 73 +
Massey, 1974

nuesslini 660-1020 22-36 24-29 12-15 71-76 ?
(Rithm, 1956)

pinasteri 550-650 35-47 19-25 11-13 69-73 +

Baujard, 1980

piniperdae {551¢ 40 27 12 76 -
Fuchs, 1937 £780-11259 3236 25-27 16-18 74-76 ?

pityogeni 940 30 26 14-15 73 +
Massey, 1974

poligraphi £605-914°  41-57 45 9 76 ?

Fuchs, 1937 {765-7679  35-47 15-27 12-15 69-72 ?
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Diagnostic Data on Bursaphelenchus (Females Continued).

Essential Measurements and Ratios

Stylet
Length “a” “e” Length Vulval
in um Ratio Ratio inum Vulva%  Flap
ratzeburgii 720-825 39-41 21-22 11 71-74 -
(Riithm, 1956)
sachsi 660-763 34 14-15 12-14 71-72 ?
(Rithm, 1956)
scolyti 840 40 20 11 72 -
Massey, 1974
silvestris 720-1220 35-47 11-15 12-16 72-76 +
(Lieutier &
Lamond, 1978)
steineri 456-475 22-26 9 12-14 68-73 ?
(Riihm, 1956)
sutoricus 930 44 25 13 64 -
Devdariani, 1974
sychnus 634-662 23-29 11-12 12-13 73-74 ?
(Riithm, 1956)
talonus 800 33 25 11 73 ?
(Thorne, 1935)
tritrunculus 650 29 11 13 71 -
Massey, 1974
wilfordi 900 60 27 142 70 -
Massey, 1964
xerokarterus 600-930 26-38 20-30 12-15 73-80 ?
(Riithm, 1956)
xylophilus 447-609€ 37-48 23-31 13 73-77 +
(Steiner &
Buhrer, 1934)
ACalculated from illustration dMeasuremems from Riihm, 1956
An obvious error €Measurements of lectotype material

®Measurements from Fuchs, 1937 by Nickle et al., 1981
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Table 4. Diagnostic Data on Bursaphelenchus Males

Essential Measurements and Ratios

Stylet Spicule
Length “a” “c” Length Length
pgm Ratio Ratio pm pum

bakeri 858-990 38-45 25-26 18 19-22
Riihm, 1964

bestiolus 670 32 18 13-14 182
Massey, 1974

borealis 548-813 25-43 16-29 12-16 16-20
Korentchenko, 1980

chitwoodi 547 34 24 12 16
(Riithm, 1956)

conjunctus 455 31 15 16.5 14.5
(Fuchs, 1930)

corneolus 570-700 35 18 123 132
Massey, 1966

crenati 825-1080 39-51 29-42 11 17-18
(Rithm, 1956)

cryphali 885-945€ 51-54 25-37 12-14 14-15
(Fuchs, 1930)

digitulus 530-710 33-41 15-19 11-12 162
Loof, 1964

eggersi 450-990 21-31 19-28 14-16 18-24
(Rithm, 1956)

eidmanni 675-855 32-39 19-23 14-18 18-21
(Riihm, 1956)

elytrus 830-1040 41-52 21-26 15 282
Massey, 1971

eremus 782-840 40-49 31-36 11-12 14-19
(Rithm, 1956)

eucarpus 750-1020 43-49 33-45 12-14 15-16

(Rithm, 1956)
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Diagnostic Data on Bursaphelenchus Males (continued).

Essential Measurements and Ratios

Stylet Spicule
Length “a” “c” Length Length
Mm Ratio Ratio um Mm

fraudulentus 645-685 33-37 20-27 12-15 21-22
(Riihm, 1956)

idius 619-643 34 33 11 14
(Riithm, 1956)

incurvus 600-645 21-24 24-26 12-17 17-18
(Riihm, 1956)

kolymensis 423-706 24-46 18-29 12-15 17-21
Korentchenko, 1980

leoni 510-1060 36-56 16-26 13-17 10-20
Baujard, 1980

lignicolus 590-820 36-47 21-31 14-17 25-30
Mamiya & Kiyohara,
1972

lignophilus 912-1147 48-64 18-23 11-14 21-23
(Korner, 1954)

mucronatus 640-970 39-51 26-36 14-16 23-29
Mamiya & Kiyohara,
1979

naujaci 630-1200 32:52 20-27 13-18 13-20
Baujard, 1980

newmexicanus 1250 47 26 15 243
Massey, 1974

nuesslini 780-900 43-45 28-32 15 15-16
(Riihm, 1956)

pinasteri 500-620 42-51 20-25 11-13 12-14
Baujard, 1980

piniperdae {570 38 24 12 14
Fuchs, 1937 {750-9754 36-40 19-25 18-19 17-19

pityogeni 820 31 22 14-15 172
Massey, 1974

poligraphi {589-785¢ 35-65 34 10 13-14

Fuchs, 1937 £720-9154 37-50 17-35 12-14 15-18
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Essential Measurements and Ratios

Stylet Spicule
Length “a” “c” Length Length
pum Ratio Ratio um Mm

ratzeburgii 630-675 38-39 28 9-11 11-12
(Riithm, 1956)

sachsi 662-691 26-29 25-27 12-14 17-18
(Riithm, 1956)

scolyti 800 38 25 11 6.92
Massey, 1974

silvestris 730-895 37-44 18-22 12-15 28-31
(Lieutier &

Lamond, 1978)

steineri 476-480 23-26 21 12 17
(Rithm, 1956)

sutoricus 740 34 14 14 22
Devdariani, 1974

sychnus 490-547 24-30 22-24 12-14 19-23
(Riithm, 1956)

talonus 800 47 25 11 14.52
(Thorne, 1935)

tritrunculus 650 29 23 13 13.92
Massey, 1974

wilfordi 670-750 61 26 142 102
Massey, 1964

xerokarterus 680-825 31-41 24-34 12-18 14-15
(Riihm, 1956)

xylophilus 520-601¢ 35-45 21-29 13-14 19-23

Steiner &
Buhrer, 1934

3Measured from illustration
bAn obvious error
®Measurements from Fuchs, 1937

clMeasuremf:nts from Rithm, 1956
®Measurements of lectotype material

by Nickle et al. (26)



