Systematic Parasitology (2005) 60: 23–32

DOI DO00001373

© Springer 2005

A new entomopathogenic nematode, Steinernema robustispiculum n. sp.
(Rhabditida: Steinernematidae), from Chumomray National Park in
Vietnam
Long K. Phan1 , Sergei A. Subbotin2 , Lieven Waeyenberge3 & Maurice Moens3,4,∗
1 Institute

of Ecology and Biological Resources, National Centre for Science and Technology, Hoang Quoc Viet 18,
Nghiado, Caugiay, Hanoi, Vietnam
2 Institute of Parasitology of Russian Academy of Sciences, Leninskii Prospect 33, Moscow, 117071, Russia
3 CLO-Department for Crop Protection, Burg. Van Gansberghelaan 96, B 9820, Merelbeke, Belgium
4 Gent University, Laboratory for Agrozoology, Coupure 555, 9000 Gent, Belgium
Accepted for publication 13th April, 2004

Abstract
Steinernema robustispiculum n. sp. (Rhabditida: Steinernematidae) was isolated from woodland in Chumomray
National Park, Sason, Sathay, Kontum, Vietnam. Its morphology, morphometrics, cross-hybridisation and the ITSrDNA sequence analysis revealed that S. robustispiculum clearly differs from other known Steinernema spp. As in
the cases of S. intermedium (Poinar, 1985), S. robustispiculum has very robust spicules, but it can be distinguished
by the longer tail of the infective juvenile, lower E%, shorter spicules, the shape of the spicules, the number of
genital papillae in the caudal region and the presence of a mucron on the male tail. S. robustispiculum has a lateral
ﬁeld resembling that of S. sangi Phan, Nguyen & Moens, 2001, but can be distinguished by a higher E%, higher
D%, smaller length to width ratio of the spicules and the morphology of both the spicule head (manubrium) and the
dorsal lobe of the spicule. The morphometrics of infective juveniles of S. robustispiculum are similar to those of
S. monticolum Stock, Choo & Kaya, 1997; these species can be distingusihed by the position of the excretory pore,
the smaller length to width ratio of the spicules, and the length and morphology of the spicule head (manubrium).
The phylogenetic relationships within Steinernema Travassos, 1927, including the newly sequenced Vietnamese
species S. robustispiculum n. sp., S. loci Phan, Nguyen & Moens, 2001, S. thanhi Phan, Nguyen & Moens, 2001
and S. sangi, are presented based on analyses of the ITS-rDNA. The ITS RFLP proﬁles obtained from 17 different
restriction enzymes are also presented.

Introduction
Entomopathogenic nematodes of the genera Steinernema Travassos, 1927 and Heterorhabditis Poinar,
1976 have great potential for the biological control of
insect pests (Gaugler & Kaya, 1990). Currently, 33
species of Steinernema and 11 species of Heterorhabditis have been described. Four Steinernema species,
S. tami Pham, Nguyen, Reid, Spiridonov & Sturhan,
2000, S. sangi Phan, Nguyen & Moens, 2001, S. loci
Phan, Nguyen & Moens, 2001 and S. thanhi Phan,
Nguyen & Moens, 2001 (Pham et al., 2000; Phan
et al., 2001a,b), and one species of Heterorhabditis,
∗ Author for correspondence.

H. baujardi Phan, Subbotin, Nguyen & Moens, 2003
(Phan et al., 2003) have been described from Vietnam. Vietnam clearly has a high species diversity of
entomopathogenic nematodes with potential for the
biological control of insects. During a nematological
survey carried out in the Chumomray National Park,
an unknown steinernematid was detected. This isolate
is distinguishable from other Steinernema species by
its morphology, morphometrics and the analyses of
its ITS-rDNA sequence. Because males of this new
nematode have large spicules, it is described here as
S. robustispiculum n. sp.
Phylogenetic relationships within Steinernema
species have recently been studied using sequences
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of both the ITS region (Nguyen et al., 2001) and the
D2-D3 fragment of the 28S gene of the rDNA (Stock
et al., 2001). We here present the relationships of four
Vietnamese species with other steinernematids based
on the analyses of the complete ITS-rDNA sequences.
Materials and methods
Nematodes
The entomopathogenic nematodes were isolated from
soil samples taken in the forest of Chumomray National Park, Sason, Sathay, Kontum, Vietnam, by the
Galleria mellonella (L.) baiting method (Bedding &
Akhurst, 1975). Infective juveniles (IJs) were collected from G. mellonella cadavers using the method of
White (1927) and stored at 15˚C in aerated water.
Co-ordinates and altitudes of the sampling sites were
registered using a GARMINTM GPS 12 CX.
Specimens of S. loci, S. thanhi and S. sangi, used
for molecular analysis, were obtained from cultures
maintained in G. mellonella.
Morphological observations
For light microscopy, nematodes were reared on G.
mellonella. We used IJs collected during a week after
their ﬁrst emergence from the insect cadavers; adults
of the ﬁrst generation were dissected from the cadavers
(Nguyen & Smart, 1995). Nematodes were killed and
ﬁxed in hot 4% formalin (50–60 ◦ C) and kept in this
solution for 48 h. Fixed nematodes were transferred to
anhydrous glycerine according to Seinhorst’s (1959)
rapid method as modiﬁed by De Grisse (1969) and
mounted on slides. All measurements were made using a drawing tube attached to an Olympus BX50 light
microscope.
For scanning electron microscopy, formalin-ﬁxed
nematodes were transferred to a drop of 4% formalin.
Ultrasonic treatment (c.10 min) was used to remove
any foreign particles adhering to the body of specimens. The nematodes were dehydrated by passing
them through a gradual ethanol concentration gradient, 25% (overnight), 50, 75, 95% (3 h) and 100%
(overnight) at 25 ◦ C, and were then critical point dried
with liquid CO2 , mounted on SEM stubs, coated with
gold and studied using a JEOL, LSM-840 scanning
electron microscope. Spicule and gubernaculum were
extracted following the methods of Nguyen & Smart
(1990, 1994).

DNA extraction, PCR, RFLP-analysis, DNA
puriﬁcation and sequencing
DNA was extracted from a single female using a modiﬁcation of the method of Joyce et al. (1994). For
each isolate, a specimen was cut in 8 µl of worm
lysis buffer (500 mM KCl, 100 mM Tris-Cl pH 8.3,
15 mM MgCl2, 10 mM DTT, 4.5% Tween 20, 0.1%
gelatin). The nematode fragments were transferred in
4 µl of the buffer to an Eppendorf tube to which 5 µl of
double distilled water (dd H2 O) and 1 µl of proteinase
K (600 µg/ml) were added. After freezing (−70 ◦ C
for 1 h) the tubes were incubated at 65 ◦ C for 1 h, and
then at 95 ◦ C for 10 min. After centrifugation of the
tubes (1 min; 13 000 g), 10 µl of the DNA suspension were added to a PCR reaction mixture containing
4 µl 10× PCR buffer, 1 µl MgCl2 (25 mM), 1 µl
dNTP mixture (10 mM each), 0.2 µl (500 nM) of each
primer, 1.5 U Taq polymerase and 33.3 µl dd H2 O to
a ﬁnal volume of 50 µl. The forward primer 18S (5 TTGATTACGTCCCTGCCCTTT-3 ) and the reverse
primer 26S (5 -TTTCACTCGCCGTTACTAAGG-3 )
were used in the PCR reaction for ampliﬁcation of
the complete ITS region (Vrain et al., 1992). The
ampliﬁcation proﬁle was carried out using a PTC-100
thermocycler, which was preheated at 92 ◦ C for 2 min
followed by 35 cycles of 92 ◦ C for 30 s, 54 ◦ C for
30 s and 72 ◦ C for 2 min, and then 72 ◦ C for 10 min.
After DNA ampliﬁcation, 5 µl product were loaded
on a 1% agarose gel for DNA checking. PCR product
(5 µl) was digested with 17 restriction enzymes in buffer stipulated by the manufacturer. The digested DNA
was loaded on a 1.5% agarose gel, separated by electrophoresis at 130 V for 3 h, stained with ethidium
bromide, visualised and photographed under UV. The
remainder of the ampliﬁed product was puriﬁed using a Qiaquick Gel Extraction Kit (Qiagen GmbH,
Leusden, the Netherlands). DNA fragments were sequenced with a BigDye Terminator Cycle Sequencing
Ready Reaction Kit (PE Applied Biosystems, USA)
and run on ABI PRISM 310 Genetic Analyser (PE
Applied Biosystems, USA). ITS sequences of S. robustispiculum n. sp., S. loci, S. thanhi and S. sangi
were deposited at GenBank under accession numbers
AY355442, AY355443, AY355444 and AY355441,
respectively.
Sequence alignment and phylogenetic analysis
The newly obtained DNA sequence of S. robustispiculum n. sp., S. loci, S. thanhi and S. sangi were aligned
using Clustal X 1.64 with the ITS1-5.8S-ITS2 sequences of other Steinernema species (Nguyen et al.,
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2001; Stock et al., 2001; Nguyen & Duncan, 2002)
and with Caenorhabditis elegans (Maupas, 1899) as
the outgroup taxon (X03680) obtained from GenBank.
The alignment is available by request from the ﬁrst author. Equally weighted maximum parsimony (MP) and
maximum likelihood (ML) analyses were performed
using PAUP (4.0 beta version) (Swofford, 1998). For
MP analysis, a heuristic search procedure was used
with the following default settings: 10 replicates of
random taxon addition, tree-bisection-reconnection
branch swapping, multiple trees retained, no steepest descent and accelerated transformation. Gaps were
treated as missing data. For ML analysis, the appropriate substitution model of DNA evolution that
best ﬁtted the data-set were determined by the Akaike
Information Criterion with Model Test 3.06 (Posada
& Crandall, 1998). Bootstrap analysis with 100 replicates was calculated as a measure of support for
individual clades for MP and ML trees.
Cross-breeding tests
Crossbreeding tests with S. robustispiculum n. sp. and
an isolate of S. monticolum Stock, Choo & Kaya, 1997
(type-isolate), S. sangi (TX1, type-isolate) were carried out on G. mellonella hemolymph according to the
method described by Nguyen & Duncan (2002).

Steinernema robustispiculum n. sp.
Type-host: Host(s) unknown in nature. The nematodes
were collected using the Galleria mellonella baiting
technique.
Type-habitat and locality: Wooded land from Chumonray National Park in Sason, Sathay, Kontum, Vietnam (107◦43 E, 14◦ 27 N; 700 m above sea-level).
Type-material: Holotype male and six paratype males
are deposited at Ghent University, Institute for Zoology, K.L. Ledeganckstraat 35, 9000 Gent, Belgium
(UGMD104058-UGMD104060). Slides with paratype males, females and IJs are deposited at the
Department of Nematology, Institute of Ecology and
Biological Resources, National Centre for Science and
Technology, Hoang Quoc Viet 18, Nghiado, Caugiay,
Hanoi, Vietnam and the University of California,
Riverside, USA.
Filed collection number: Isolate TN24.
Etymology: The speciﬁc epithet derives from the robust spicules of the males which distinguish S. robustispiculum n. sp. from the other species within the
Steinernema ‘kraussei’ group.

Description (Figures 1–3)
Male. Body curved ventrally, C-shaped when heatkilled (Figure 1A). Cuticle appears smooth under LM.
Head rounded, slightly offset from body. SEM en
face view with 6 pointed labial papillae and 4 cephalic papillae. Amphids inconspicuous (Figure 2A).
Mouth funnel-shaped or cup-shaped. Stoma shallow.
Oesophagus muscular; procorpus cylindrical; metacorpus slightly swollen non-valvate; isthmus distinct;
basal bulb pyriform; valve distinct. Nerve-ring just
anterior to basal bulb. Cardia prominent and protruding into intestinal lumen. Excretory pore at level of
middle of oesophagus. Excretory duct cuticularised;
excretory gland swollen and elongated. Monorchic
gonad reﬂexed. Spicules 2, yellow-brownish in colour,
strongly curved, large (Figure 1H); length/width ratio
(SL/SPW) c.4.5 (3.8-5.6); head (manubrium) as long
as wide; blade arcuate, with straight tip and 3 welldeﬁned lobes; antero-dorsal lobe enlarged dorsally and
distinctly curved, terminates posterior to spicule tip;
lateral lobe prominent, usually enlarged anteriorly in
width, terminates at spicule tip; ventral lobe enlarged
anteriorly on ventral side to form prominent rostrum,
terminates at spicule tip; velum large, not covering
blunt spicule tip (Figure 2F). Gubernaculum c.70% of
spicule length, boat-shaped in lateral view, swollen in
middle, with ventrally curved knob at proximal end
(Figure 1H); in ventral view, cuneus long, bifurcate,
not reaching end of corpus; corpus separated posteriorly (Figure 2D,E). Single ventral precloacal papilla
and 11 pairs of genital papillae; latter arranged as follows: 5 pairs subventral pre-anal, 1 pair lateral at same
level as single ventral precloacal papilla; 1 pair subventral ad-anal; 3 pairs subventral caudal and 1 pair
subdorsal caudal (Figures 1G, 2B). Tail conoidal, with
mucron (Figure 2C). Phasmids inconspicuous.
Female. Body robust, C-shaped when heat-killed.
Cuticle appears smooth under LM. Head broadly
rounded. SEM en face view with 6 pointed labial
papillae and 4 cephalic papillae. Amphids inconspicuous (Figure 3A). Mouth funnel-shaped or cup-shaped.
Stoma shallow. Oesophagus with cylindrical procorpus; metacorpus slightly swollen and non-valvate;
isthmus indistinct; basal bulb pyriform; valve observed. Excretory pore at level of middle of oesophagus (Figure 1C). Excretory duct cuticularised and
excretory gland swollen. Cardia prominent, protruding into intestinal lumen. Didelphic, amphidelphic
gonad reﬂexed and ﬁlled with eggs. Vulva a transverse
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Figure 1. Steinernema robustispiculum n. sp. A,G,H. Male, ﬁrst generation: A. Entire worm; H. Spicule and gubernaculum; G. Arrangement
of genital papillae. B,D,E,J. Infective juvenile: B. Entire worm; D,E. Bacterial vesicle; J. Tail in lateral view. C,F,I. Female, ﬁrst generation: C.
Oesophageal region; F. Vulval region; I. Tail in lateral view.
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Figure 2. Steinernema robustispiculum n. sp. SEM photographs of male, ﬁrst generation. A. En face view; B. Genital papillae indicated by
arrows; C. Tail; D,E. Gubernaculum; F. Spicule.
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Figure 3. Steinernema robustispiculum n. sp. SEM photographs of female, ﬁrst generation and infective juvenile. A-C. Female: A. En face
view; B. Vulval region; C. Tail. D-F. Infective juvenile: D. Head; E. Lateral ﬁeld; F. Tail.
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Figure 4. RFLP patterns of PCR products of the ITS regions of Steinernema robustispiculum n. sp. digested by 17 restriction enzymes.

slit, protruding from body, without epiptygma (Figure 1F), in middle of body. Vagina short, oblique with
muscular walls. Body slightly enlarged post-anally
(Figure 1I). Tail dome-shaped, shorter than anal body
width, with terminal peg (Figure 3C).
Infective juvenile. When heat killed, body moderately
C-shaped (Figure 1B), often enclosed in cuticle of
second-stage, tapering regularly from base of oesophagus to anterior end and from anus to terminus.
Mouth and anus closed. In SEM en face view, labial papillae not observed; pore-like amphids situated
posterior to labial disc just anterior to cephalic papillae (Figure 3D). Oesophagus long, narrow; isthmus
distinct, surrounded by nerve-ring; basal bulb elongate, with valve. Cardia prominent. Excretory pore at
level of middle of oesophagus. Hemizonid distinct,
anterior to basal bulb. Bacterial vesicle elliptical or
elongate (26-28 long, 7–10 µm wide) (Figure 1D,E).
Lateral ﬁelds at mid-body with 8 ridges (9 incisures);
submarginal and central pairs of ridges less distinct;
sometimes submarginals not observed (Figure 3E).
Tail long, constricted in hyaline region, especially
on dorsal side. Hyaline region distinct, c.54% of tail

length. Phasmids distinct, located in anterior half of
tail (Figures 1J, 3F).
Dimensions
Holotype (male, ﬁrst generation). L = 1,560 µm; W =
150 µm; stoma length = 4.5 µm; stoma width =
7.5 µm; EP = 92 µm; NR = 119 µm; ES = 179 µm;
SP = 65 µm; SW = 15 µm; GU = 44 µm; GS =
0.67; SW = 1.3; T = 33 µm; ABW = 50 µm; D% =
51.
Allotype (female, ﬁrst generation). L = 3,375 µm;
W = 195 µm; stoma length = 5 µm; stoma width =
11 µm; EP = 110 µm; NR = 143 µm; ES = 227 µm;
V = 55%; T = 50 µm; ABW = 65 µm; D% = 48.
Paratypes. Dimensions for paratype specimens are
provided in Table 1.
Cross-breeding tests
Males and females of S. robustispiculum n. sp. did not
interbreed with those of S. monticolum or S. sangi. In
the control, males and females of each species mated
and progeny were produced.
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Figure 5. Phylogenetic relationships of Steinernema robustispiculum n. sp. with 13 Steinernema species based on analyses of the ITS-rDNA
sequences. A. A single most parsimonious tree (tree length = 1946, CI = 0.6526, HI = 0.3474); B. One of three maximum likelihood trees (Ln
likelihood = −8733.10988, GTR+I+G model of DNA evolution).

Molecular characterisation and relationships with
congeners
Eight (EcoRI, HaeIII, HindIII, PstI, PvuII, SalI, BsiZI
and XbaI) of 17 enzymes did not restrict the PCR ampliﬁed product of S. robustispiculum n. sp. (Figure 4).
The phylogenetic relationships of the Vietnamese
Steinernema species are presented in Figure 5. S. robustispiculum n. sp. formed a highly supported clade
with S. monticolum. The ITS sequence of S. robustispiculum differs from that of S. monticolum by 31
nucleotides and seven deletions/insertions. The other
Vietnamese species clustered in two clades: S. sangi
with S. feltiae Wouts et al., 1982 and S. oregonense
Liu & Berry, 1996; and both S. loci and S. thanhi
with S. diaprepesi Nguyen & Duncan, 2002 (MP tree)
or S. diaprepesi and S. glaseri Wouts et al., 1982
(ML tree). The analysis of the ITS alignment showed
many ambiguous fragments. However, when these
fragments were omitted, the positions of the Vietnamese species in the MP tree did not change (data
not shown).

The phylogenetic analysis revealed the presence of
several distinct clades within Steinernema, which are
similar to those found in the trees presented by Nguyen
et al. (2001) and Nguyen & Duncan (2002). The clustering of S. loci and S. thanhi with S. diaprepesi and
S. glaseri is congruent with the grouping of these species on the base of their morphology, i.e. a group of
species sharing the same structure of the lateral ﬁeld
of the IJs (nine distinct lines) and with IJs > 1 mm in
length. In the cluster composed of S. sangi, S. feltiae
and S. oregonense, the species share a similar lateral
ﬁeld (eight ridges with submarginal ridges indistinct),
whereas the length of their IJs is between 700 and
1,000 µm.
Differential diagnosis
Steinernema robustispiculum n. sp. is characterised by
an IJ body length of c.712 (642-778) µm, a distance
from the anterior extremity to the excretory pore of
c.56 (50-68) µm, a tail length of c.75 (68-92) µm and
an E% of c.75 (67–87)%; in addition, the lateral ﬁelds
at mid-body have eight ridges (submarginal and cent-
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Table 1. Morphometrics (mean ± SD (range); in µm) of Steinernema robustispiculum n. sp.
Character
N

1st generation male
20

1st generation female
20

Infective juvenile
25

Body length (L)
Width (W)
Stoma length
Stoma width
EP
NR
ES
Testis ﬂexure
Tail length
H%
Anal body width (ABW)
Spicule length (SP)
Spicule width (SPW)
Gubernaculum length (GU)
Gubernaculum width
SP/SPW
Vulva (%)
a (L/W)
b (L/ES)
c (L/T)
D%=EP/ES × 100
E%=EP/T × 100
SW=SP/ABW
GS=GU/SP
Mucron

1,433 ± 106 (1,320-1,665)
127 ± 15 (105-150)
4 ± 1 (3-5)
6 ± 1 (5-8)
96 ± 5 (89-104)
120 ± 5 (110-129)
173 ± 7 (162-186)
264 ± 58 (165-360)
29 ± 5 (23-33)
–
46 ± 4 (39-56)
58 ± 3 (51-65)
13 ± 1 (11-15)
41 ± 3 (36-44)
6 ± 1 (5-8)
4.6 ± 0.4 (4.2-5.6)
–
11 ± 1 (9-13)
8 ± 1 (7-9)
50 ± 8 (40-67)
56 ± 5 (50-63)
–
1.29 ± 0.12 (1.11-1.50)
0.7 ± 0.05 (0.64-0.79)
2.4 ± 0.56 (1.5-3.0)

3,206 ± 249 (2,745-3,765)
193 ± 18 (165-240)
6 ± 1 (5-8)
10 ± 1 (8-12)
108 ± 8 (90-117)
148 ± 9 (132-165)
226 ± 6 (216-239)
–
54 ± 5 (47-63)
–
73 ± 9 (59-87)
–
–
–
–

712 ± 43 (642-778)
28 ± 3 (26-35)
–
–
56 ± 4 (50-68)
84 ± 4 (80-100)
120 ± 7 (115-152)
–
75 ± 5 (68-92)
54 ± 3 (49-62)
16 ± 1 (14-48)
–
–
–
–

55 ± 2 (50-58)
17 ± 1 (15-19)
14 ± 1 (13-16)
60 ± 7 (49-70)
48 ± 3 (39-53)
–
–
–
–

–
25 ± 3 (18-29)
6 ± 1 (3.6-6.3)
10 ± 1 (6-11)
46 ± 3 (43-59)
75 ± 5 (67-87)
–
–
–

EP, distance from anterior end to excretory pore; NR, distance from anterior end to nerve-ring; ES, oesophageal
length; H%, hyaline region/tail length × 100.

ral pair less distinct) and the males have large spicules
(SL/SPW c.4.5).
The morphometrics of the IJs of S. robustispiculum
are close to those of S. monticolum from Korea, except for the position of the excretory pore (at level
of middle of oesophagus vs opposite anterior third of
oesophagus). Moreover, the new species can be distinguished from S. monticolum by male characters,
such as a shorter spicule length [58 (51-65) vs 70 (6180) µm], a broader spicule [SL/SPW = 4.5 (3.8-5.6)
vs 8.75 (8.0-8.71)] and the spicule head (manubrium)
is elongate vs round.
Both S. intermedium and S. robustispiculum have
very large spicules, but the new species can be separated by its longer IJ tail length [75 (68-92) vs 66
(53-74) µm], lower E% [75 (67-87) vs 96 (89-108)%],
shorter spicules [58 (51-65) vs 91 (84-100) µm], the
shape of the spicules (arcuate vs distinctly curved
proximally, distally almost straight), the number of

genital papillae on the caudal region (four vs six pairs)
and the presence of a mucron on the male tail.
S. robustispiculum has lateral ﬁelds resembling
those of S. sangi, also found in Vietnam, but can be
separated from this latter species by a higher E% [75
(67-87) vs 62 (56-70)%], higher D% [46 (43-59) vs
40 (36-44)%], broader spicules [ratio SL/SPW = (4.5
(3.8-5.6) vs 5.25 (5.71-5.8)], shorter spicule length [58
(51-65) vs 63 (58-80) µm], the shape and size of the
spicule head (manubrium) (elongate and c.1/4 spicule
length vs short, blunt and c.1/5 spicule length) and the
dorsal lobe of the spicule (not terminating at spicule tip
vs terminating at spicule tip). S. robustispiculum also
differs from other Steinernema species, where data are
available, in the sequence of its ITS-rDNA.
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