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Summary. Descriptions and illustrations are given for five populations of X. insigne from five different
hosts and for a population of X. hunaniense from Camellia japonica, each occurring in the Hangzhou
region, China. Both species have four juvenile development stages (JDS) and morphometrics of the
second, third and fourth JDS are presented. The study, which includes a morphological comparison of
several long-tailed Xiphinema species, confirms a proposal to reject the synonymization of X. hunaniense
with X. radicicola. Also, that X. savaryi be considered a junior synonym of X. insigne and that X. siamense
be considered a junior synonym of X. radiciciola.
Key words: junior synonyms, morphology, taxonomy, valid species.

Several populations of long-tailed Xiphinema nematodes representing two species were extracted
from soil samples collected during a survey of arable
fields, forests, ornamental nurseries and public parks
in the Hangzhou region, China. Numerous adult
and juvenile specimens of the two species were
present. The species were identified as representing
X. insigne Loos, 1949, and X. hunaniense Wang &
Wu, 1992, both species having previously been reported to occur in China (Wang et al., 1996). The
morphology of the nematodes from Hangzhou were
compared with published descriptions of these and
related species reported from other Asiatic countries.
The morphology and morphometrics of the two
species from Hangzhou are reported here with comments on the validity of X. hunaniense, of X. neoradicicola Dhanam & Jairajpuri, 1997 and of X.
savaryi Lamberti, Troccoli & Agostinelli, 1997, and
X. siamense Lamberti, Troccoli & Agostinelli, 1997.

MATERIAL AND METHODS
Nematodes were extracted from soil samples collected from various biotopes in the Hangzhou region

by a decanting and sieving method (Brown & Boag,
1988), fvted with 4% formaldehyde, and processed
to anhydrous glycerine by a modified Seinhorst
(1959) method.

DESCRIPTION
Xiphinema insigne Loos, 1949
(Figs. 1 & 2, Tables 1 & 2)
Female. Body habitus an open "C" shape when
heat relaxed. Lip region ofiet by slight depression,
body small (2.18-2.80 mm), tapering gradually towards the extremities, cuticle smooth, two layers,
2.4k0.3 (1.9-2.8) pm thick at mid-body, lateral
chord clear. Odontostyle robust, odontophore flange.
Guiding ring typical of the genus. Pharynx longidorid, containing three glandular nuclei. Pharyngeal
intestinal valve small, conoid. Vulva anterior, slitlike. Vagina perpendicular to the body axis, occupying 50% of the corresponding body diam. Genital
system amphidelphic, posterior branch longer than
anterior branch. Uteri thin, Z organ absent. Ovary
reflexed at terminal end, prerectum distinct, rectum
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extending about 1.5 body diams. at anus. Tail elongate, tapering gradually towards the pointed extremity, ventrally curved, two to three caudal pores
present on each side.
Male. Not found.

Juveniles. Body habitus as in adult female. Only
second, third, and fourth stage juvenile specimens
present. Juvenile tails as in adult female but less
curved ventrally in the fourth stage and only slightly
ventrally arcuate in the third and second stages.
Hosts and distribution. Five X. insigne populations
were collected from Hangzhou, Zhejiang, associated with the rhizosphere of Ligusfrum lucidurn,
Peony, Yulan magnolia, Chinese ilex, and an unidentified host, in clay and sandy soils. Each of these
hosts are new records for X. insigne occurring in
China.
Remarks. Lamberti et al. (1997) described two
new Xiphinema species from Thailand, one of which,
X. savaryi, resembled X. insigne. In the species
description, X. savaryi is differentiated from X. insigne by having a longer body, the lip region continuous with the body profde, longer tail, and a more
anterior vulva. A comparison was made of the
extensive morphological data given for X. insigne by
Luc & Southey (l980), together with the data from
the populations from Hangzhou, with data available
from the single X. savaryi population from Thailand.
It was concluded from this comparison that X. savaryi
represents an intermediate form of X. insigne for the
following reasons:
1. Several populations of X. insigne with longer
body lengths e.g., populations from Fresno, USA,
The Philippines (Luc & Southey; 1980), Serdang,
Malaysia (Rahman Razak& Loof, 1998), and from
Yulan magnolia, Hangzhou, have body lengths of
2.65-3.08, 2.44-3.09, 2.37-2.53, and2.35-2.80 mm,
all of which are similar to the body length of X.
savaryi (2.4-2.7 mm). Therefore, X. savaryi can not
be clearly differentiated from X. insigne by length of
body.
2. The V% value reported for X. savaryi is 35k0.84
(33-36), as compared to 31.9-38.2 for X. insigne
populations from Thailand (Luc & Southey, 1980),
31-38 for populations from Malaysia (Rahman
Razak & Loof, 1998), and 28.9-42.1 for the populations from Hangzhou. Therefore, X. savaryi can
not be clearly differentiated from X. insigne by V%
value.
3. The continuum of the body profile with that
of the lip region in X. insigne has been variously
drawn as being interrupted by a slight to almost
indiscernible depression. Xiphinema savaryi is re-

ported without a body profile depression in the lip
region, but in the accompanying photograph (Fig.
4A) a slight depression is visible, and which is
present in paratype specimens. Therefore, this character does not differentiate X. insigne from X. savaryi.
4. Lamberti et al. (1997) report that X. savaryi
has a longer anterior gonad (= reproductive tract),
whereas X. insigne is reported to have equally developed gonads, or that the anterior gonad is less
developed than the posterior gonad. The lengths of
the anterior and posterior gonads in X. savaryi are
297+56.2 (204-389) pm and 274H8.5 (207-339)
pm, respectively. However, Lamberti et al. (1998)
exclude the length of the reflexed ovaries when
presenting the measurements of the gonads. Also, in
illustrations of the reproductive systems of two X.
savaryi females given by Lamberti et al. (1998) the
female shown in Fig.3H clearly has the anterior
ovary less developed than the posterior ovary, whereas the female shown in Fig. 31 has the anterior
ovary substantially more developed than the posterior ovary. Such differences are probably a function
of the reproductive state of the two females. Jairajpuri
and Bajaj (1978) observed that in females from a
population of X. insigne from Aligarh, India, the
anterior ovary was constantly and consistently shorter than the posterior ovary, but that the reproductive tracts were of equal length, except during
the egg-laying period. The difference between the
mean lengths of the anterior and posterior reproductive tracts in X. savaryi is less than lo%, a
discrepency which could result from the the reproductive tract being subject to substantial physiological changes as a consequences of the reproductive-cycle. Therefore, this character does not appear
to present an unambiguous differentiation between
X. savaryi and X. insigne.
5. Tajan & Luc (1963) reported substantial
variation in the tail length of syntypes of X. insigne,
and this feature, in part, resulted in these authors
synonymizing X. indicum Siddiqi, 1959, with X.
insigne. Southey (1973) recognised two morphological forms of X. insigne designated as 'long-tail type'
and 'indicum type', referring to populations in which
specimens have 'long tails' and those that have 'short
tails', respectively. Tail shape is consistent in both
types, differing only in length. In a subsequent study
of X. insigne populations from India, Bajaj & Jairajpuri (1977) also differentiated populations as belonging to these two types. Luc & Southey (1980) in a
study of biometrical variability in several thelytokous
Xiphinema species, including populations of X. insigne, concluded that X. insigne comprised several
more or less distinct forms representing geographical
variants. The tail shape of X. savaryi is consistent
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Fig. 1. Xiphinema insigne from the rhizosphere of Chinese ilex.(A, D), Yulan magnolia (B, E) and Ligustmm lucidum
(C, F-I). Female, A-C: Lip region; D-F: Tails; G, H, I: Fourth, second and third stage juvenile tails, respectively
(Scale bar - 30 pm).
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C-F

Fig. 2. Photomicrographs of Xiphinema insigne from Yulan magnolia. Female (A-C), A: Anterior region showing
stylet; B: Vulva1 region; C : Tail region. Juvenile tails. D-F: Fourth, third and second stage, respectively. (Scale bars: A,
B - 30 pm; C-F - 50 pm).
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Table 1. Morphometrics of five populations of Xiphinema insigne from Hangzhou region, Zhejiang
Province, China (All measurements in pm).

Table 2. Morphometrics for differentiating females and juvenile development stages of Xiphinema
insigne from the rhizosphere of Yulan magnolia (All measurements in pm).

Repl. odontostyle

with that of X. insigne and the reputedly shorter tail
length of X. savaryi (126.7-143.4 pm) lies within the
mid-range of tail lengths of X. insigne (66- 170 pm),
as currently defmed.
From the foregoing we conclude that there are
insufficient morphological data to clearly distinguish
X. savaryi from X. insigne. Consequently, we consider X. savaryi a junior synonym of X insigne.

Xiphinema hunaniense Wang & Wu, 1992
(Figs. 3 & 4, Table 3)
Female. Body short (1.73-2.32 mm), tapering
slightly towards the head and tail ends, ventrally
arcuate with the posterior end more curved than the
anterior end when relaxed. Cuticle smooth, 2.5k0.3

(2.1-3.0) prn thick at mid-body, lateral chord
occupying 25-33 % of body diam. Lip region 8.7-9.3
pm wide, offset from body profile by a slight depression. Amphids stirrup-shaped, amphid apertures slitlike, spear 155-184 pm long. Guide ring 91- 100 pm
from anterior end. Pharynx typical of genus, basal
bulb containing oesophageal gland nucleus anteriorly
and two subventral gland nuclei at mid-bulb. Prerectum six to eleven body diam. in length, rectum
about 30 pm long. Vulva a transverse slit.Vagina
thick-walled, extending half a body width into body.
No anterior gonad, posterior gonad variable in size,
typically dorylaimoid. Uterus short and undifferentiated, Z organ absent. Tail dorsally conoid, slightly
convex dorsally and concave ventrally, digitate,
elongated peg 23-27 pm long. Three caudal pores
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B-E

Fig. 3. Xphinema hunaniense from the rhizosphere of Camelliajaponica. Female(A-F). A: Anterior body; B, C : Lip
region; D, E: Tail region; F: Genital track. Juvenile tails. G-I: Second, third and fourth stage, respectively (Scale bar 20 pm).
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Fig. 4. Photomicrographs of Xphinema hunaniense from the rhizosphere of Camellia japonica: Female (A-D). A:
Anterior region showing spear; B: Lip region; C: Vulva1 region; D: Tail region. Juvenile tails, E-G: Fourth, third and
second stage, respectively. (Scale bars: A - 50 pm; B-G - 30 pm).
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present on each side of tail, one on each side at
beginning of tail terminus, the other two generally
on the dorsal side near anus.
Male. Not found.
Juveniles. Body tapering towards each end and
ventrally arcuate when relaxed. Juvenile stages can
be distinguished by body length, length of functional
odontostyle and replacement odontostyle, the latter
being similar in length to the functional odontostyle
in the next stage. Specimens with the tip of the
replacement odontostyle enclosed in the odontophore not found, therefore no specimens were
identified as representing the first development stage.
Only second, third and fourth stage juveniles found.
Host and distribution. Two populations were collected from Fuyang, Hangzhou region, Zhejiang
Province, associated with the rhizosphere of Ligustrum lucidum and Camellia japonica, respectively.
Remarks. The two Xiphinema populations from
Fuyang were compared with the lectotype and paralectotypes of X radicicola reported by Luc (1981),
but several differences were apparent i.e., body
length 1.73-2.31 vs 2.2-2.43 mm, tail length 36.545.2 vs 57.5-63.5 pm, c'=1.3-2.1 vs 2.2-2.4. A
further comparison of the two populations with a
population originally described as a new species, X.
hunaniense from China (Wang & Wu, 1992), which
has a body length 2.07-2.50 mm, tail length 37-45
pm, and c'=1.2- 1.7, suggested that the Chinese
populations were most similar to this species. However, Loof et al. (1996) considered X. hunaniense a
junior synonym of X. radicicola Goodey, 1936, but
this synonymization has subsequently been rejected
by Robbins and Wang (1998). Comparison of several
paratype female X. radicicola collected by Goodey in
1936, and available in the Thorne component of the
USDA nematode collection, Beltsville, USA, with
paratype specimens of X. hunaniense resulted in
Robbins and Wang (1998) re-establishing X. hunaniense as a valid species. These authors noted the
following characters that clearly distinguish the type
specimens of X. radicicola from those of X. hunaniense: c, 32.9-38.2 vs 54.0-66.2; anal body
d i m . , 22.3-24.4 vs 25.4-28.4 pm; V%, 27.9-30.0 vs
24.2-26.8; tail length, 52.8-62.9 vs 34.5-44.7 pm; c7,
2.2-2.8 vs 1.3-1.5; odontostyle length, 119.8-121.8 vs
109.6-117.7 pm; odontophore length, 54.8-60.9 vs
69.0-75.1 pm; and shape of tail, uniformly conical
with the suggestion of a peg vs conoid, rounded
with a distinct, elongated peg.
From our observations of the two Xiphinema
populations from different hosts in Fuyang and
comparisons made with the databy Cohn & Sher

(1972) and by Luc (1981) for syntype and paralectotype specimens of X. radicicola, and data from
Wang and Wu (1992) and from Robbins and Wang
(1998) we concur with Robbins and Wang (1998)
that X. hunaniense be considered a valid species.
Thus, the populations from Fuyang are here identified as representing X. hunaniense.
Cohn & Sher (1980) provided drawings of a tail
shape of a syntype of X radicicola and of unidentified
Xiphinema specimens from populations from Thailand, Ceylon, and Georgia and Florida, USA. Luc
(198 1) examined Xiphinema specimens from the
Ivory Coast, Nigeria, Malaysia, Austmlia, and Florida, USA, and provided a drawing of the tail shape
of a paralectotype of X. radicicola and of Xiphinema
specimens, including those from populations from
the Ivory Coast, Malaysia and Florida, USA. He
concluded that the populations described by Cohn
& Sher (1980) from Ceylon and Thailand and those
from the Ivory Coast, Nigeria and Malaysia were X.
in part, 'no differences were observed
radicicola,
in the various biornetrics or tail shape when compared with the available data'. Also, as insufficent
specimens were available for study it was concluded
that the taxonomic status of the specimens from
Florida and Georgia, USA, remained uncertain.
The drawings of tail shapes provided by Cohn &
Sher (1980) and by Luc (1981) of specimens from
populations from Thailand, Ceylon, Ivory Coast,
and Malaysia clearly show a tail with an elongated
peg whereas with the paralectotype of X. radicicola
drawn by Luc (1981) the tail is uniformly conical.
Robbins & Wang (pers. comm.) compared X chambersi from Arkansas, USA, X. sp. from Florida,
USA, X. radicicola collected in Indonesia by Goodey, X. sp. and X. hunaniense each from China, and
X. brasiliense from Guatemala and Trinidad. They
found that the tail shapes of X. chambersi, X sp.
from Florida, USA, and X. radicicola were similar
being uniformly conical whereas those of the X. sp.
from China, X. hunaniense and X. brasiliense were
conoid, rounded with a distinct elongated peg.
Therefore, unlike X. insigne that has a consistent tail
shape differing only in length, X. radicicola as
defined by Cohn & Sher (1980) and Luc (1981)
appears to comprise two, or more, species with X.
radicicola sensu strict0 having a uniformly conoid tail
shape and the other species having a conoid tail
with a distinct elongated peg.
Bajaj & Jairajpuri (1979) observed that type
specimens of X radicicola from Javadescribed by
Goodey (1936), and specimens from Australia described by McLeod & Khair (1971), had a lip
region that was well offset and the tail tapered
gradually to aconoid terminus with equal dorsal and
ventral curvature. However, specimens collected in
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Table 3. Morphometrics of Xphinema hunaniense from Camellia japonica (AU measurements in pm).

Replacement odontostyle
Stylet
Dist. ant. end to guide ring
Tail length
Width at lip reg.
width at phryng./intest
junction
Width at mid. body
Width at anus

1910k150 (1733-2317)
45.01t3.7 (36.9-47.7)
5.6M.6 (4.6-6.4)
47.5k4.8 (39.2-58.5)
1.5M.2 (1.3-2.1)
26.01t1.9 (21.6-28.7)
110.8f5.0 (96.0-118.4)
63.9f6.0 (60.8-73.6)
-

4.9M.4 (4.4-5.9)

4.8M.8 (4.0-5.9)

2.2fl.2 (1.8-2.5)

2.9H.1 (2.8-3.0)

174.9f8.4 (155.2-184.0)
96.4k3.0 (91.2-100.8)
39.7k3.9 (36.7-45.2)
9.8M.6 (8.7-10.9)
40.8k4.5 (35.5-52.2)

94.4f3.5 (88.0-99.2)
57.3k2.6 (51.2-60.0)
110.9k2.4 (106.4-115.2)
150.%3.7 (145.6-158.4)
83.5k3.5 (78.4-89.6)
52.3f4.9 (41.9-57.4)
9.7k0.9 (8.1-10.6)
36.0f2.6 (32.8-39.3)

96.7k2.4 (94.4-100.8)
130.8k2.3(128.0-133.6)
72.CE2.3 (70.4-73.6)
64.2k4.3 (60.6-69.0)
9.e0.4 (8.7-9.6)
33.4f3.7 (31.0-38.7)

80.0, 81.6
110.4, 107.6

42.7k4.9 (37.4-55.5)
26.3k1.8 (21.3-28.4)

36.7k3.3 (31.6-41.3)
24.1f1.1 (23.5-25.8)

35.2k4.7 (31.6-40.6)
22.4k 1.6 (20.6-23.8)

27.1, 24.8
16.4, 16.1

Indiaby these authors, and others from Sri Lanka
(Loos, 1949), had a lip region that was not offset
and the tail was more or less straight on the ventral
surface with a sharp curvature on the dorsal side,
which is similar to the tail shape for specimens from
Thailand and Ceylon as drawn by Cohn & Sher
(1972) and from the Ivory Coast and Malaysiaas
drawn by Luc (1981).
Xiphinema neoradicicola Dhanam & Jairajpuri,
1997, from India is described as having 'tail short,
conoid, dorsally convex, distinctly digitate at terminus', and the digitate terminus of this species is
drawn as being slightly spatulate. This species is
distinguished by the authors from X. radicicola by tail
structure and male characters, and the tail structure
appears similar to that in the populations from
Thailand, Ceylon, the Ivory Coast and Malaysia,
referred to above.
Consequently, a taxonomic appraisal of the type
specimens of X. radicicola and the material studied
by Cohn & Sher (1980) and Luc (198 I), including
specimens from Georgia and Florida, USA, and
Bajaj & Jairajpuri (1979) and type specimens of X.
neoradicicola Dhanam & Jairajpuri, 1997, is required to elucidate the specific designation of the
populations studied by these authors. It would also
by advantageous to subject specimens from these
locations to modern molecular taxonomic investigation to complememt a morphological study.
Lamberti et al. (1997) described X. siamense from
specimens recovered from the rhizosphere of litchi
trees growing in Thailand. This species was differen-

?

66.4, 63.8
8.3, 8.1
26.4, 24.5

tiated from X. radicicola (paralectotypes described by
Luc (1981) by having a shorter body, 1.6-1.9 vs
2.20-2.45 mm; shorter tail length, 45.0-56.6 vs 60
pm; lip region, continuous with the body profile vs
offset by a depression; and vagina, oblique vs
perpendicular. Whilst comparing the populations of
X. hunaniense from Fuyang with type specimens of
X. radicicola and with X. siamense the following
observations were made:
1. The body lengths of the X. radicicola lectotypes
and syntypes described by Luc (1981) and Cohn &
Sher (1980) were 2.20 to 2.45 and 2.1-2.3mm,
respectively. Thus, this character apparently differentiates X. siamense from type specimens of X
radicicola.
2. The tail lengths of the lectotypes referred to
above and type specimens examined by Robbins &
Wang were 56.5-63.5 and 52.8-62.9 pm, respectively, as compared with 45.0-56.6 pm for X. siamense. Therefore, X. siamense can not be clearly
differentiated from X. radicicola by length of tail.
However, the tail shape of X. siamenese, unlike the
uniformly conoid shape in type specimens of X.
radicicola, is more or less straight 011 the ventral
surface with adistinct curvature on the dorsal side,
which is similar to that for specimens from Thailand
and Ceylon the Ivory Coast and Malaysia as drawn
by Cohn & Sher (1972) and Luc (198 I), respectively. This character, whilst distinguishing X. siamense from the type specimens of X. radicicola, does
not distinguish the species from these other populations currently included in X. radicicola sensu lato.
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3. The continuum of the body profile with that
of the lip region has been described for X. radicicola
as being interrupted by a slight depression (Luc,
1981) or as offset (Bajaj & Jairajpuri, 1979), whereas X. siamense is reported not to have a depression,
as occurs with specimens from India and Sri Lanka
(Bajaj & Jairajpuri, 1979). Therefore, this character
distinguishes the type specimens of X. radicicola from
X. siamense, but does not distinguish X. siamense
from X. radicicola sensu lato.
4. The vagina of X. radicicola as illustrated by
Goodey (1936) is clearly oblique to the body axis
and this characteristic occurs in each of four paratype females (R.T. Robbins, pers. comm.). In X.
siamense the vagina is also oblique to the body axis.
Therefore, X. siamense can not be distinguished from
X.radicicola by this feature.
We conclude that until there is a comprehensive
reappraisal of X. radicicola sensu lato there are insufficient morphological data to clearly distinguish X.
siamense from X. radicicola. Consequently, X. siamense should be regarded as a junior synonym of X.
radicicola.
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Hccnenosame, sKnlosalouee ~ o p @ o n o m s e c ~ ocpaBHeHHe
e
BHAOB Xiphinema c AaHHbIMH x ~ o c TOBbIMH KOHUaMH, yKa3bIBaeT Ha H ~ O ~ O C H O B ~ H H O~
CT
I ~~ ~ M o xCHHOHHMH3aUHH
~ H H o ~ ~ X. hunaniense
H X. radicicola. llpewarae~crrC H H O H M M M ~ ~ U HX.
I I savaryi c X. insigne, a X. siamense paccMa-rpumeTcrr
MXaALlMM CHHOHHMOM X.radicicola.

