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Summary – Measurements, line drawings and scanning electromicrographsare provided of Baujardia mirabilis gen. n., sp. n., isolated
from pitcher � uid of Nepenthes mirabilis from Thailand. The new genus differs from all known nematodes in having two opposing
and offset spermatheca-like pouches at the junction of oviduct and uterus. It also differs from most known Rhabditida in having four
cephalic setae instead of papillae. Phylogenetic analysis of small subunit rDNA sequence data robustly places the new genus within
Panagrolaimidae as a sister taxon to Panagrellus. These unusual nematodes resemble Panagrellus in body size (1.8-2.7 mm in females,
1.3-1.9 mm in males) and in the monodelphic, prodelphic female reproductive system with thickened vaginal walls and prominent
postvulval sac. However, they differ from Panagrellus in the characters mentioned above, in their comparatively longer stegostom and
in the shape of the male spicules. Because of its aberrant characters, inclusion of this new genus in Panagrolaimidae requires changes
to the family diagnosis.

Keywords – Nepenthes, new genus, new species, Panagrellus, phylogeny, taxonomy, Thailand.

During a visit to Tung-Kai Botanical Garden in Trang
Province, near the Isthmus of Kra, Southern Thailand,
one of us (Hendrik Segers) sampled the liquid con-
tained within pitchers of the carnivorous plant Nepenthes
mirabilis (Lour.) Druce, in order to obtain some of the
peculiar rotifers recorded from such habitats. Except for
some unidenti� able bdelloids, no rotifers were found, but
the samples contained abundant material of a remarkable
new nematode genus together with some diplogastrids.
Some of the unique morphological characters of this
new genus make its placement dif� cult. In order to ob-
tain additional information about the identity of the ne-
matode and its position in relation to known taxa, we
conducted molecular phylogenetic analyses based on the
small subunit (SSU) ribosomal DNA. In this paper, we
describe this new genus and species from Nepenthes and
present an emended diagnosis of the family Panagrolaim-
idae.

* Corresponding author, e-mail: wim.bert@rug.ac.be

Materials and methods

SAMPLING

Samples were collected by � ltering the content of
some 50 pitchers through a 50 ¹m plankton net and
were immediately � xed by adding one tenth of the
sample volumeof concentratedformalin (36%) at ambient
temperature. Nepenthes mirabilis was encountered near
the end of the trail through the primary swamp forest of
Tung Kai Botanical garden. A single bulk sample was
collected on 18 July 1999. Several additional samples,
including a sample preserved in 70% ethanol, were
collected on 13 January 2002.

MORPHOLOGICAL OBSERVATIONS

For light microscopy, nematodes were processed to an-
hydrous glycerol (Seinhorst, 1959) and mounted on alu-
minium slides with double cover slips. Measurements and

© Koninklijke Brill NV, Leiden, 2003 405
Also available online - www.brill.nl

http://www.brill.nl


W. Bert et al.

illustrations were prepared from camera lucida line draw-
ings using Olympus BX50 and BX51 DIC microscopes
and the drawings were prepared using Illustrator® 8.0
software (Adobe Systems, Mountain View, CA, USA).
For scanning electron microscopic (SEM) observation,
glycerine-embedded nematodeswere � rst transferred into
a drop of glycerine, gradually transferred to distilled wa-
ter over a period of 4 h, then dehydrated in a 25, 50, 75,
95, and 100% ethanol series at 2 h intervals, followed by
an overnight dehydration in 100% ethanol. Dehydrated
nematodes were critical-point dried with CO2 (Wergin,
1981), sputter coated with 20 nm gold, and examined with
a JEOL JSM-840 at 15 kV.

In addition to slide voucher specimens, morphology
of the new genus was recorded as video clips that
mimic multifocal observation through a light micro-
scope following the Video Capture and Editing pro-
cedures developed by De Ley and Bert (2002). The
resulting virtual specimens are available on the web
(http://faculty.ucr.edu/»pdeley/vce/Nep/nep.html).

Terminology on stoma morphology was adapted from
De Ley et al. (1995). The papilla formula follows De Ley
et al. (1999): pre- and postcloacal papillae are separated
by ‘/’, with precloacal papillae listed � rst, and the number
of pairs in each cluster of papillae separated from the
adjacent cluster with a ‘+’. The ‘p’ for phasmid pair is
omitted, as we did not observe any phasmids.

MOLECULAR ANALYSIS

The nematodes were rehydrated in distilled water for
1 h to remove ethanol. DNA extraction and sequencing
were as described in Tandingan De Ley et al. (2002).

The DNA sequence of Baujardia gen. n. (GenBank ac-
cession number: AF547385) was aligned with the pub-
lished sequences of 21 other taxa. A secondary structure
alignment was constructed using Dedicated Comparative
Sequence Editor (DCSE v.3.4) (De Rijk & De Wachter,
1993), based on the unweighted SSU rRNA model of Van
de Peer et al. (1998) derived from base-pairings detected
as compensatingmutations, with equal weighting to stems
and loops. Using Modeltest (Posada & Crandall, 1988)
this alignment was analysed to determine the appropri-
ate model of DNA substitution (GTR + I + 0, 6 substi-
tution types) and to estimate the substitution rates, rela-
tive base frequencies, gamma distribution shape parame-
ter, and proportion of invariable sites.

Using the parameter estimates obtained from Mod-
eltest, molecular phylogenetic relationships were recon-
structed with neighbour joining (NJ), maximum parsi-

mony (MP) and maximum likelihood (ML) algorithms
implemented in PAUP* 4b10 (Swofford, 2002). During
the analyses, trees were rooted using Plectus. Gaps were
always treated as missing data. To estimate overall sup-
port for monophyly, NJ distance calculations were per-
formed with 3000 bootstrap replications with corrections
for multiple substitutionsusing Log Determinant distance
measure (Lockhart et al., 1994). MP heuristic analysis
was performed with 3000 bootstrap replicates and without
bootstrappingwith 100 replicates of random branch addi-
tion. Finally,a non-bootstrapheuristic ML search was also
performed with 100 replicates of random branch addi-
tion. The trees were then compared statistically using the
Kishino and Hasegawa (1989) pairwise tests with ML and
MP optimality criteria, and Templeton test with MP opti-
mality criterion. Cladograms were examined with TREE-
VIEW 1.6 (Page, 1996) and converted into graphic � les
for Adobe Illustrator® 9.0.

Baujardia mirabilis* gen. n., sp. n.
(Figs 1-4)

MEASUREMENTS

See Table 1.

DESCRIPTION

Female

Body large (1.8-2.7 mm), almost straight after � xa-
tion. Cuticle � nely and faintly annulated, 0.8 ¹m wide
at midbody. Lateral � eld narrow (2.5 ¹m wide at mid-
body), starting at end of procorpus and becoming incon-
spicuous at anal region. At midbody, lateral � eld form-
ing a single protruding ridge � anked by � ne, faint, indis-
tinct longitudinal lines. Mouth opening partly covered by
six liplets each bearing a labial papilla. Liplets continu-
ous with six discrete lips separated by shallow grooves.
Four short cephalic setae, 3-4 ¹m long, placed at base of
subventral and subdorsal lips. Amphid opening slit like,
encircled by a round shallow incisure and situated two
discontinuous annuli posterior to setae. Stoma triradiate,
relatively wide along full length (on average one third as
wide as head diam.). Lengths of cheilostom, gymnostom

* The genus name is given in honor of Dr Pierre Baujard for his
outstanding contributions to nematology. It is to be regarded as
feminine in gender. The speci� c epithet refers to the biotope this
nematode inhabits, i.e., the pitcher � uid of Nepenthes mirabilis.

406 Nematology

http://faculty.ucr.edu/%7Epdeley/vce/Nep/nep.html


Baujardia mirabilis gen. n., sp. n. from pitcher plants

Fig. 1. Baujardia mirabilis gen. n., sp. n., female (holotype). A: Neck region; B: Reproductive system showing granulated sperm cells
(arrows); C: Head region (super�cial view); D: Stoma; E: End of ovary; oviduct, spermatheca with two offset pouches (arrows) and
beginning of uterus (arrowheads); F: Vulva-tail region; G: Entire female. (Scale bars: B, G D 100 ¹m; A, F D 50 ¹m; C, D, E D
10 ¹m.)
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Fig. 2. Baujardia mirabilis gen. n., sp. n., male. A: Neck region; B: Cloacal region with copulatory papillae; C: Entire male. (Scale
bars: C D 100 ¹m; A D 50 ¹m; B D 10 ¹m.)
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Fig. 3. Baujardia mirabilis gen. n., sp. n., SEM studies of female. A: En face view; B: Lateral view head; C: Longitudinal section of
stoma region; D: Lateral � eld (at middle of body); E: Longitudinal section at the vulval region; F: Vulva lateral view; G: Anus ventral
view; H: Middle of tail. Arrowheads: cephalic setae. Arrows: digitate stoma projections. (Scale bars: C, E, F D 10 ¹m; A, B, D, G, H
D 1 ¹m.)
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Fig. 4. Baujardia mirabilis gen. n., sp. n., SEM studies of male. A: Longitudinal section of neck region; B: Longitudinal section of stoma
region showing the subventral sectors; C: Longitudinal section of stoma region showing the dorsal sector, black arrow D projection of
subventral sector, white arrows D basal lamina; D: Cloacal and tail region, lateral view; E: Cloacal region, ventral view; F: Lateral
� eld (at middle of body). (Scale bars: A, B, C, D, E D 10 ¹m; F D 1 ¹m.)
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Table 1. Morphometric data of two populations of Baujardia mirabilis gen. n., sp. n. Measurements are in ¹m and presented as: mean
§ standard deviation (range).

1999 Population (Type) 2002 Population*

Holotype Female CV Male CV Female CV
paratypes paratypes paratypes

n 19 17 12
L 2138 2316 § 238 10.3 1694 § 175 10.3 2113 § 380 18

(1837-2745) (1350-1944) (1512-2550)
a 34.7 31 § 3:5 11.3 34:3 § 4:1 11.8 32:5 § 4:5 14

(22-36) (27-43) (23-37)
b 5.7 6:2 § 0:5 8.7 5:2 § 0:5 9.6 6:3 § 1:2 19

(5.3-7.4) (4.1-5.9) (4.4-7.7)
c 7 7:5 § 0:6 8.4 8:7 § 1:1 12.4 6:6 § 0:5 7.2

(6.2-8.9) (6.7-11) (6.1-7.5)
c0 10.5 10:1 § 1 10.1 6:3 § 0:7 10.8 10:6 § 2:3 21

(7.3-11.7) (4.6-7.5) (6.5-13.5)
Maximum body diam. 61.6 76 § 15 19.8 50 § 7:7 15.5 64:3 § 13:2 21

(54-107) (36-68) (48-84)
Stoma length 20 20 § 0:8 4.1 18 § 1 5.5 19 § 1:7 8.7

(18-22) (16-20) (17-22)
Head diam. (at amphid) 13.3 13 § 1:0 7.8 12 § 0:8 7.1 12 § 0:7 6

(12-15) (9-13) (11-13)
Stoma length/head diam. 1.5 1:5 § 0:1 6.9 1:5 § 0:2 10.4 1:6 § 0:2 9.7

(1.3-1.7) (1.3-2) (1.4-1.8)
Seta length 4.1 2:8 § 0:6 23 2:7 § 0:5 17.2 2:6 § 0:4 17

(1.7-4.2) (1.7-3.5) (2-3)
Amphid width 6.7 6 § 1:1 19 5:4 § 1:1 19.5 5:5 § 0:9 17

(4-8.5) (3-7) (4-7)
Neck length 375 372 § 16 4.4 326 § 19 5.8 336 § 28:7 8.5

(337-402) (285-352) (294-378)
Corpus length 252 253 § 16:3 6.4 216 § 15 6.9 219 § 19 8.7

(222-280) (186-237) (189-250)
Procorpus length 145 135 § 11:7 8.7 117 § 8:6 7.3 118 § 11:6 9.8

(117-153) (97-127) (108-132)
Metacorpus length 107 115 § 11 9.5 98:4 § 8:1 8.2 114 § 9:1 7.9

(97-132) (78-112) (103-123)
Isthmus length 60 57 § 4:1 7.1 51:2 § 4:4 8.5 53:8 § 5:1 9.5

(51-62) (40-57) (48-61)
Bulb length 42.5 46 § 3:4 7.3 43 § 5:3 12.3 40 § 3:8 9.4

(40-52) (35-52) (35-46)
Corpus/isthmus 4.2 4:4 § 0:4 8.7 4:2 § 0:4 8.6 4:1 § 0:3 8.3

(3.7-5.2) (3.4-4.8) (3.6-4.6)
Excretory pore position 232 224 § 22 9.8 199 § 27:3 13.7 220 § 25:5 12

(180-260) (155-252) (186-252)
Nerve ring position 270 269 § 20:7 7.7 237 § 15:2 6.4 255 § 30:3 12

(235-312) (210-237) (216-294)
EP (as % Neck length) 62 59 § 4:2 7.1 61:5 § 7:1 11.6 66 § 5:6 8.5

(53-66) (48-73) (57-73)
NR (as % Neck length) 72 72:2 § 3:4 4.8 73 § 3:5 4.8 75:8 § 6:8 8.9

(66-80) (65-79) (66-86)
Tail length 305 307 § 18 6 195 § 15:4 7.9 317 § 48:1 15

(275-345) (162-225) (243-378)
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Table 1. (Continued).

1999 Population (Type) 2002 Population*

Holotype Female CV Male CV Female CV
paratypes paratypes paratypes

Anal body diam. 29.1 31 § 3 9.8 31 § 2:7 8.5 31 § 8:3 27
(26-40) (25.8-36) (22-50)

Rectum length 50 49 § 4:2 8.6 47 § 6 13
(42-56) (38-56)

Rectum/Anal body diam. 1.7 1:6 § 0:2 12.8 1:6 § 0:3 17
(1.2-2.1) (1.1-2)

Tail/Rectum 6 6:3 § 0:5 7.7
(5.5-7.3)

Gonad length 1250 1370 § 187 13.6 1049 § 110 10.5 1251 § 327 26
(1012-1700) (775-1206) (768-1635)

Vulva position 1625 1768 § 179 10.1 1620 § 335 21
(1375-2062) (1104-2070)

Vulva body diam. 46.6 57 § 17:8 31 46 § 8:7 19
(42-107) (33-59)

Vagina length 26.6 29 § 3:2 11.2 26 § 4 15
(25-35) (21-34)

Vulva-Anus distance 207 240 § 73:7 30.6 175 § 56:5 32.2
(120-439) (102-270)

Vulva-Anus/Tail 0.7 0:8 § 0:2 28.6 0:6 § 0:2 35
(0.4-1.4) (0.3-0.8)

Postvulval sac length 121 126 § 10:6 8.4 115 § 15:4 13
(103-149) (93-141)

Postvulval sac length/ 2.6 2:3 § 0:5 20.2 2.5 §0:3 12
vulva body diam. (1.2-3) (2-2.9)

Postvulval stalk length 29 34 § 5:3 15.3 34 § 6:4 19
(26-44) (23-40)

Postvulval pouch length 91 91 § 11:2 12.3 81 § 11 14
(75-120) (70-101)

Vaginal cell cluster length 20 17 § 2:2 12.6 15 § 2:6 18
(15-21) (9-17)

Vaginal cell cluster diam. 10.8 13 § 2 16.1 9 § 2:4 25
(10-18) (6-12)

No. of eggs in uterus 20 § 10 49.1 20 § 8:4 42
(4-34) (8-31)

V 76 76:4 § 2:1 2.7 76:3 § 3 4
(72-81) (72-81)

Gonad (as % L) 58.5 59 § 2:8 4.7 58:4 § 5:5 9.5
(55-64) (51-66)

Vagina (as % Vulva 57 53:1 § 14:1 26.5 59 § 13:2 22
body diam.) (24-74) (40-76)

T 62:1 § 4:5 7.3
(52-74)

Spicule length 57 § 3:8 6.7
(50-62)

Spicule/Anal body diam. 1:8 § 0:2 11.8
(1.5-2.1)

Gubernaculum length 24 § 2:2 8.9
(20-28)
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Table 1. (Continued).

1999 Population (Type) 2002 Population*

Holotype Female CV Male CV Female CV
paratypes paratypes paratypes

Gubernaculum/Spicule 0:4 § 0 8.9
(0.4-0.5)

Spicate tail portion 97:2 § 8:4 8.4
(85-117)

Spicate tail/Tail length 0:5 § 0:1 14.1
(0.4-0.7)

* source of specimens for DNA extraction; males were not recovered.

and stegostom in ratio 1 : 1 : 2. Cheilostom without dis-
tinct sclerotisations. Stegostom divided into two parts in
sectioned specimens observed with SEM. Posterior part
apparently with seven denticles or digitate projections ca
2 ¹m long, reclining against, and posteriorly connected
to, stoma wall. Projections as observed with SEM in two
specimens and consistent with light microscope obser-
vations on three females positioned as follows: three in
dorsal sector and two in each subventral sector (the sec-
ond projection in the right subventral sector was presum-
ably sliced through in Fig. 4B). Dorsal gland opening at
base of these projections. Basal lamina visible between
gymnostom and stegostom (arrows in Fig. 4C). Neck re-
gion forming one � fth to one seventh of body. Pharynx
divided into a cylindrical corpus comprising on average
68% of neck length, a short isthmus and an oval bulbus
with transverse valves. Cardia well developed.Nerve ring
at transition of corpus-isthmus. Excretory pore 15-80 ¹m
anterior to nerve ring, wide but often dif� cult to � nd be-
cause of its lack of sclerotisation. Deirid not found. In-
testine with wide lumen demarcated by refractive lining,
microvilli visible anterior to rectum. Rectum long, with
large sphincter cells at its beginning.Reproductivesystem
monodelphic, prodelphic,with posteriorly re� exed ovary.
Oviduct always with two distinct nuclei, located at � ex-
ure between ovary and uterus. Two opposing and offset
spermatheca-like pouches present at junction of oviduct
and uterus. Each pouch with one distinct terminal cell, its
lining with a membranous appearance. Granulated sperm
cells very large (15-34 ¹m long) and often compressed
into serial clusters erratically dispersed throughoututerus,
often alternating with developing eggs. Vulva a trans-
verse cleft with overhanging anterior vulval lip located
at 75% of body length. Vagina with thickened walls and
surrounded by strong muscles. Prominent postvulval sac

with anterior stalk and posterior pouch.Transition vagina-
postvulvalsac guarded by a cluster of four cells consisting
of two pairs lying side by side. Anus a broad, curved slit
in ventral view. Tail elongate-conical with � ne tip. Irreg-
ular pattern of lines substituting annulation over a short
distance at middle of tail, as seen by SEM. No phasmids
or phasmid-likestructures observed with SEM or light mi-
croscope.

Male

General morphology similar to female. Body 1.3-
1.9 mm long, arcuate ventrad and especially so in pos-
terior region, with tail usually curved into 1.5 coils. Cu-
ticle � nely annulated, 0.8 ¹m wide at midbody. Lat-
eral � eld indistinct, with several discontinuous lines, ex-
tending slightly posterior to cloacal opening, 3 ¹m wide
at midbody. Neck region comprising 20-25% of body
length. Excretory pore from 80 ¹m anterior to nerve
ring to 6 ¹m posterior to nerve ring. Reproductive tract
occupying 50-75% of body length, monorchic, dextral,
testis ventrally re� exed for 36-120¹m. Vesicula seminalis
containing large granulated spermatocytes. Spicules mas-
sive, arcuate, each with complex angular manubrium and
well developed velum. Demarcation of shaft and velum
strongly sclerotised, spicule tip not divided. Gubernacu-
lum with ventral triangular extension and prominent crura
which may protrude from cloacal aperture. Papilla for-
mula: 1 C 1 C 1=1 C 2 C 1. Seven precloacal papillae:
� rst pair subventral on cuticular sockets at about two
anal body diam. anterior to cloaca, second pair lateral,
less than one anal body diam. before cloaca, third pair
subventral on cuticular sockets at level of precloacal lip
and one medioventral papilla located on higher socket at
same level as second precloacal pair. Four papilla pairs
on tail: � rst and fourth pair lateral, situated respectively
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at ca one and two anal body diam. posterior to cloaca.
Second and third papilla pair close to each other subven-
trally with second pair more pronounced. Tail elongate-
conical, narrowing sharply at midpoint and with � ne tail
tip. No phasmids observed with SEM or light micro-
scope.

TYPE LOCALITY

Pitchers of Nepenthes mirabilis (Lour.) Druce in Tung-
Kai Botanical Garden, Trang Province, Southern Thai-
land.

TYPE MATERIAL

Holotype female (slide MDNC 4021), two paratype fe-
males (slides MDNC 4022, 4023) and four paratype males
(slides MDNC 4024, 4025)deposited in the nematodecol-
lection of the Zoology Museum, Department of Biology,
Ghent University, Belgium; four paratype females and
four paratype males on slides with UCR-NC Accession
No. 30059-30063 in the nematode collection of the De-
partment of Nematology, University of California, River-
side, USA; three paratype females and two paratype males
on UCNC slide numbers 5234-5237 in the nematode col-
lection of the Department of Nematology, University of
California, Davis, USA; two paratype females and two
paratype males in the nematode type collection of CABI
Bioscience, Egham, UK.

DIAGNOSIS AND RELATIONSHIPS

Baujardia mirabilis gen. n., sp. n. differs from all
known nematodes in having two opposing and offset
spermatheca-like pouches at the junction of oviduct and
uterus. It also differs from nearly all known Rhabditida
in having four cephalic setae instead of papillae, in the
presence of six liplets, and in the apparent absence of
phasmids.

This new genus resembles Panagrellus Thorne, 1938
in the long body size, in the elongate-conical tail and in
the monodelphic, prodelphic female reproductive system
with posteriorlyplaced vulva, thickenedvaginalwalls and
prominent postvulval sac. However, Baujardia gen. n.
differs from Panagrellus in the characters mentioned
above, in the comparatively longer stegostom, and in
the more robust male spicules with complex angular
manubrium and undivided tip.

The liplets, cephalic setae and lack of phasmids are
characters reminiscent of the genus Teratocephalus de

Man, 1876 in the family Teratocephalidae, but our new
genus differs from this family in numerous respects, e.g.,
the amphidial apertures are located on the lips, there is a
distinct differentiationbetween the pharyngealcorpus and
isthmus and the female has an elongate reproductive sys-
tem. Another taxon in which liplets and setae occur on
the lip region is the family Chambersiellidae. However,
members of this family have distinct labial setae, more
posteriorly located amphids, a much narrower stegostom
and the tail is usually equipped with a hook-like mucro.
Overall, the mixture of characters resembling members
of different families precludes unequivocal placement of
the new genus on morphological grounds alone. In view
of the molecular analysis discussed below, we conclude
that it belongs in the infraorder Panagrolaimomorpha,su-
perfamily Panagrolaimoideaand family Panagrolaimidae.
The morphological diagnosis of Panagrolaimidae must
be revised signi� cantly to accommodate our new genus
and the new information on some other panagrolaims
recently described by Stock et al. (2002). As a result,
very few unequivocal diagnostic characters currently re-
main for Panagrolaimidae, especially when compared to
families Cephalobidae, Chambersiellidae or Brevibucci-
dae (we consider the latter two to be incertae sedis – see
De Ley & Blaxter, 2002). Molecular data are clearly es-
sential as an additional source of diagnostic characters in
these nematodes.

MOLECULAR PHYLOGENY

The nearly complete SSU sequences of the 22 in-
cluded taxa consisted of 1491 (Rhabditophanes sp.) to
1611 (Panagrolaimus sp.) bp, with an intermediate value
for Baujardia mirabilis gen. n., sp. n. (1587 bp). The
secondary structure alignment comprised 1769 positions,
of which 971 (55%) were variable including 715 (40%)
parsimony-informative characters. The A + T content of
Baujardia gen. n. was 53%.

Table 2 summarises the bootstrap support for, and
monophyly of, clades in the obtained trees. NJ, MP, and
ML trees consistently support (100% bootstrap) a sister
taxon relationship between the new genus and Panagrel-
lus redivivus (L., 1767) Goodey, 1945 (cf clade A, Figs 5-
8). Panagrolaimus sp. has an uncertain position relative
to these two genera: it is placed within the same clade in
the NJ and ML trees, while the MP trees place it closer
to the strongly supported sister taxa Halicephalobus gin-
givalis (Stefanski, 1954) Andrássy, 1984 and Turbatrix
aceti (Müller, 1783) Peters, 1927 (clade B). Consistent
maximal support was also given to sister taxa Plectonchus
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Baujardia mirabilis gen. n., sp. n. from pitcher plants

Table 2. Monophyly (X D yes, X D no) and bootstrap support (%) for clades.

Clades NJ MP1 MP2 MP majority ML
(Fig. 5) (Fig. 6) (Fig. 7) rule (Fig. 6) (Fig. 8)

Clade A
(Panagrolaimus, (Baujardia (Panagrellus redivivus 57 X X 52 X

AF036599, Panagrellus redivivus AF083007)))
(Baujardia (Panagrellus redivivus AF036599, 100 X X 100 X

Panagrellus redivivus AF083007))
(Panagrolaimus sp. (Halicephalobus gingivalis, X X X 52 X

Turbatrix aceti))

Clade B
(Halicephalobus gingivalis, Turbatrix aceti) 86 X X 79 X

Clade C
(Plectonchus hunti, Panagrobelus stammeri) 100 X X 100 X
(Clade C (Clade A, Clade B)) (DPanagrolaimidae) 100 X X 100 X
Monophyly of Strongyloidoidea (Steinernema X X X 51 X

carpocapsae (Rhabditophanes, Strongyloides stercolaris))
Monophyly of Panagrolaimoidea and Strongyloidoidea X X X except X X

(DInfraorder Panagrolaimomorpha1/ / Steinernema
Rhabditomorpha1/ (DRhabditina) as sister taxon to X X

Panagrolaimomorpha1/

Panagrolaimomorpha1/ as sister X X
taxon to Cephalobomorpha1/ , Tylenchomorpha1/

1/De Ley and Blaxter (2002).

hunti Stock, De Ley, De Ley, Mundo-Ocampo, Baldwin
& Nadler, 2002 and Panagrobelus stammeri Rühm, 1956
(clade C); and to a basal position for this clade within
Panagrolaimidae. In other respects, our results are com-
parable to the SSU rDNA sequence analysis of Félix et
al. (2000), for example the position of Brevibucca within
Rhabditida is uncertain, variously assuming a position
at the base of either infraorder Cephalobomorpha, Pana-
grolaimomorpha or Rhabditomorpha (De Ley & Blaxter,
2002). Steinernema carpocapsae (Weiser, 1955) Wouts,
Mrá†cek, Gerdin & Bedding, 1982 is another nematode
whose position is unclear, both in our trees and those
of Félix et al. (2000), but analysis with a more fo-
cused dataset con� rms its placement in a monophyletic
superfamily Strongyloidoidea (Dorris et al., 2002). As
the purpose of our study was to explore phylogenetic
af� nities between Baujardia gen. n. and its closest rel-
atives, we limited the number of sequences included in
our dataset and it is therefore not surprising that resolu-
tion of relationships among higher taxa remains unclear
in our trees (e.g. aphelenchs are not found to be mono-
phyletic).

BIOLOGY

We assume that the pitchers of Nepenthes mirabilis are
the natural habitat of Baujardia mirabilis gen. n., sp. n.,
considering that the species was found alive in several
pitchers. These pitchers contained a relatively diverse
fauna, dominated by mosquito larvae, midges and the
new genus, in addition to a few dipteran and coleopteran
larvae. The most abundant prey insects in the pitchers
were ants and diverse � ying hymenopterans. Apparently,
a diverse assemblage of organisms lives in association
with the pitchers of this Nepenthes species. This may
represent an ecologically complex community similar
to the better-known association inhabiting Sarracenia
pitchers (e.g., Kitching, 2001; Greeney, 2001). Possibly
the nematodes have a phoretic relationship with one
or more insect species. Closely related genera are also
capable of withstanding harsh environments; Turbatrix
aceti (the vinegar eelworm), Panagrellus redivivus, P.
silusiae and P. nepenthicola inhabit vinegar, bookbinder’s
paste, beer � lters and pitcher plants, respectively.

Not much is known about the occurrence of nematodes
in pitcher plants and they were not even mentioned in
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Fig. 5. Neighbour joining tree based on secondary structure alignment of small subunit rDNA. Plectus was designated as outgroup;
numbers next to branches are percentage bootstrap support values from corresponding50% majority-ruleconsensus tree obtained with
NJ analysis of 3000 bootstrap replicates. A, B and C indicate the three obtained clades within the Panagrolaimidae.

a reference work of the Nepenthes-inhabiting fauna by
Thienemann (1933). More extensive study is needed to
investigate the life cycle and biochemistry of this unusual
new genus. Moreover, pitcher plants and other epiphytes
are clearly a promising source of surprising new nematode
taxa.

Discussion

The nematofauna of pitcher plants in Indonesia was
studied by Menzel (1922), who reported the genera Plec-
tus, Dorylaimus, Rhabditis and Diplogaster. He very
brie� y described a new species; Anguillula nepenthicola
Menzel, 1922 which he considered as the only true inhab-
itant of pitcher plants and not an accidental recovery. An-
guillula nepenthicola, together with several other species,
including Panagrellus pycnus Thorne, 1938, was later
placed in the newly erected genus Turbator by Goodey

(1943), which later (Goodey, 1945) became a junior syn-
onym of Panagrellus.

As P. nepenthicola was described from the same habi-
tat and similar geographical region as our new genus, we
have brie� y examined Menzel’s (1922) very limited de-
scription to justify proposal of a new species for our ma-
terial, especially in the absence of original illustrations for
P. nepenthicola. Both species are comparable in length
(1.8-2.7 vs 2.3-2.9 mm for P. nepenthicola) and in vulva
position (average of 76 vs 77% for P. nepenthicola). The
relative tail length is, however, clearly longer in our ne-
matodes, being on average 125% of the vulva-anus dis-
tance vs only half the vulva-anus distance length in P. ne-
penthicola; the male tail is on average twice the spicula
length vs three times the spicula length in P. nepenthicola;
the female c value is 6.2-8.9 vs 9-10 in P. nepenthicola
and the male c value is 6.7-11 vs 12-15 in P. nepenthicola.
The identity of P. nepenthicolabecame somewhat clearer
with the redescription by Micoletzky and Menzel (1928)
although only the male tail was illustrated. The most ap-
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Fig. 6. First of two best trees obtained with Maximum Parsimony analysis based on secondary structure alignment of small subunit
rDNA. Plectus was designated as outgroup; numbers next to branches are bootstrap values from corresponding 50% majority-rule
consensus tree obtained with MP analysis of 3000 bootstrap replicates. A, B and C indicate the three obtained clades within the
Panagrolaimidae. Broken line in the bracket for clade A denotes paraphyletic position of Panagrolaimus in this tree compared to the
others (Figs 5, 8).

parent similarities of the new genus with the redescribed
P. nepenthicolaare the muscular vagina and long postvul-
val sac (103-149 vs 78-150 for P. nepenthicola). However,
the spicules of our new genus and species have more an-
gular manubria and their tips are not bi� d (an indistinct
bi� d tip can be observed on the original illustration of P.
nepenthicola). Furthermore, the male tail is more strongly
curved compared to P. nepenthicola and the number and
positioning of the genital papillae is different. The differ-
ence in tail curvature, however, may be due to cold � xa-
tion of our nematodes.

The genital system of the new genus is panagrolaimid
and shows similarities with the morphology of the female
gonad of Panagrellus redivivus (according to results ob-
tained after extraction of the genital system by Geraert
et al., 1980). As in P. redivivus, the � exure of the gen-
ital system is formed by the oviduct and a pair of dis-
tinct oviduct cells are observed at the spermatheca side.

However, the two opposing and offset spermatheca-like
pouches observed here represent a unique feature amongst
described nematodes. These pouches are probably glan-
dular, rather than having a function in sperm storage, as
suggested by the unusually large size of the sperm cells
and their occurrence throughout the uterus of gravid fe-
males. Possibly each compressed cluster of sperm orig-
inated from successive copulations, as multiple matings
per female might be more frequent in a limited and liquid
environment. Alternatively, the movement of eggs could
cause the break-up of single clusters of sperm.

On morphological grounds alone, it was not immedi-
ately apparent in which family Baujardiagen. n. shouldbe
placed. The molecular analysis, however, robustly places
the new genus as a sister taxon of Panagrellus within the
Panagrolaimidae. As a matter of fact, the morphological
similarities with Panagrellus, as discussed above, are rel-
atively obvious a posteriori, but were not evident before
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Fig. 7. Second of two best trees obtained with Maximum Parsimony analysis based on secondary structure alignment of small subunit
rDNA. Plectus was designated as outgroup. A, B and C indicate the three obtained clades within the Panagrolaimidae. Broken line in
the bracket for clade A denotes paraphyletic position of Panagrolaimus in this tree compared to the others (Figs 5, 8).

the molecular analysis. Morphological characters such as
spermatheca structure, stoma organisation, the presence
of liplets, setae and amphids are generally considered
to be appropriate to characterise a family. However, the
placement by molecular analysis of this morphologically
deviant new genus illustrates the inconsistency of these
characters within the family Panagrolaimidae. As a con-
sequence, a morphological rede� nition of this family is
required.

Panagrolaimidae Thorne, 1937

EMENDED DIAGNOSIS

Lip region without probolae or � mbriate processes.
Labial sensilla papilliform, cephalic sensilla papilliform
or rarely setiform. Cuticula � nely annulated (annules usu-
ally <1 ¹m wide). Stoma fairly wide anteriorly, stegos-
tom usually tapering, comprising between 50 and 66% of
stoma length, never with distinct subdivisionsof its lining.
Pharynx with cylindrical procorpus, metacorpus cylin-

drical or with valveless median bulb, terminal bulb val-
vate. Female reproductive system monodelphic, prodel-
phic. Spermatheca usually absent or axial, rarely offset
as in Cephalobidae.Uterus-oviduct junctionexceptionally
with two offset spermatheca-like pouches. Postvulval sac
present or absent. Female tail conical with pointed tip.
Males without bursa, with one unpaired papilla and � ve
to seven pairs of genital papillae, arrangement variable.
Spicules often with wide velum, gubernaculumoften with
posteriorly expanded outline.

LIST OF GENERA

AnguilluloidesRühm, 1956
Brevistoma Mukhina, 1981
HalicephalobusTimm, 1956
D Micronema Körner, 1954
D PhytorhabditisLordello & De Oliveira, 1963
PanagrellusThorne, 1938
D Anguillula de Man, 1910 pro parte
D NeocephalobusSteiner, 1936 pro parte
D Turbator Goodey, 1943
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Fig. 8. Maximum Likelihood tree based on secondary structure alignment of small subunit rDNA. Plectus was designated as outgroup.
A, B and C indicate the three obtained clades within the Panagrolaimidae.Lineages of taxa are based on proposed classi�cation scheme
by De Ley and Blaxter (2002).

D TylorhabdusSukul, 1971
PanagrobelusThorne, 1939
PanagrobeliumAndrássy, 1984
Panagrolaimus Fuchs, 1930
Plectonchus Fuchs, 1930
ProcephalobusSteiner, 1934
Tricephalobus Steiner, 1936
D PseudorhabditisKreis, 1929
D Trilabiatus Goodey, 1963
Turbatrix Peters, 1927
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