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Abstract

Rhabdias mcguirei sp. nov., is described on the basis of specimens found in the lungs of northern Philippine flying lizards,
Draco spilopterus (Reptilia, Agamidae) collected in Aurora province, Luzon Island, Philippines. It is characterized by a rounded
oral opening, a buccal capsule consisting of anterior and posterior parts, and the shape of the cuticular inflation in the anterior
part of the body: the cuticle is less inflated in the anterior-most part, with the inflation gradually thickening up to the level of
the oesophageal-intestinal junction. The new species is differentiated from the 11 most closely related species of Rhabdias pre-

viously known from lizards.
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Introduction

Rhabdias Stiles et Hassall, 1905 is a genus distributed
worldwide that comprises about 70 nominal species
(Kuzmin and Tkach 2002-2011) parasitic primarily in the
lungs of their amphibian and reptilian hosts. Eighteen Rhab-
dias species parasitize lizards of the families Agamidae
(2 species), Chameleonidae (13 species) and Polychrotidae
(3 species) in tropical regions of Africa, Madagascar, South-
East Asia and Central America (Kuzmin 2003; Bursey et al.
2003, 2007 in press; Lhermitte-Vallarino and Bain 2004;
Martinez-Salazar 2006; Lhermitte-Vallarino et al. 2008,
2009, 2010). One species, Rhabdias lacertae Moravec,
2010, was described from a lacertid lizard from Europe
(Moravec 2010).

To the best of our knowledge, no Rhabdias species have
been reported so far from lizards in the Philippines. In the
course of a biodiversity survey of vertebrates and their para-
sites in the Philippines, we found Rhabdias nematodes in
lungs of several Philippine flying lizards, Draco spilopterus
(Wiegmann, 1834) collected in Aurora province on the island

of Luzon. Morphological examination has demonstrated that
these specimens belong to a new species. In this paper, we de-
scribe the new species and use its distinctive morphology to
differentiate it from related taxa.

Materials and methods

Lizards were collected in coconut plantations in Aurora Me-
morial National Park, Aurora Province, Luzon Island,
Philippines, on May 28, 2009. Lizards were necropsied im-
mediately following euthanasia with 20% aqueous chlo-
ratone. Live nematodes recovered from the lungs were
rinsed in saline, killed with hot 70% ethanol and preserved
in 70% ethanol. Before light microscopical examination, nem-
atodes were cleared in phenol/glycerine solution (ratio 2:1).
Drawings were made with the aid of a drawing tube.
All measurements are in micrometers unless otherwise
stated.

Specimens used for scanning electron microscopy (SEM)
were dehydrated in a graded series of ethanol, and dried with
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hexamethyldisilazane (Ted Pella Inc., Redding, California) as
transition fluid. The specimens were mounted on aluminium
stubs using conductive double-sided tape and silver paste,
coated with gold-palladium, and examined with the use of a
Hitachi 4700 scanning electron microscope (Hitachi U.S.A.,
Mountain View, California) at an accelerating voltage of
5-10 kV.

I

Results
Rhabdias mcguirei sp. nov. (Figs 1 and 2)
Description based on 8 specimens: holotype and 7 paratypes

including 1 younger specimen (smaller and with fewer eggs in
uteri). Measurements of the holotype are followed by limits
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Fig. 1. Rhabdias mcguirei sp. nov. A — head end, lateral view. B — head end of young specimen, median view. C — head end, apical view.
D — head end, apical view, optical section at level of buccal capsule posterior segment. E — tail end. F — anterior part of body. Scale bars =

100 um (A-D), 200 pum (E-F)
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for the whole series in parentheses. A relatively large Rhabdias
species. Body length 14.5 (6.1-14.6) mm, width at mid-length
560 (250-600). Body slender, anterior end truncated, poste-
rior end tapering. Body cuticle less inflated on anterior part,
gradually thickening posteriorly starting from about level of
oesophagus mid-length (Fig. 1F). Cuticle thickest near oe-
sophageal-intestinal junction. Lateral pores visible in anterior
part of body where the cuticle is thinnest. Pores shaped as nar-
row funnels connecting outer surface of cuticle with hypo-
derm, arranged into 2 longitudinal rows running along lateral
cords. Oral opening rounded (Figs 1C, 2). Six lips present as
small, elongated elevations of body wall, similar in shape and
size (Figs 1C, 2). Submedian lips situated closer to oral open-
ing than lateral ones. Each lip with small interiolabial papilla
on inner edge. Papillae of outer circle not observed. Amphid
openings minute, situated near posterior edges of lateral lips.
Oral opening surrounded with narrow flat velum. Vestibulum
short and wide (Figs 1A, B). Buccal capsule cup-shaped in
lateral view, round in apical view, with prominently sclero-
tized walls consisting of longer anterior segment and shorter,
shallow posterior segment (Figs 1A, B). Inner surface of buc-
cal capsule walls smooth in anterior segment, rough in poste-
rior segment (Fig. 1D). Buccal capsule outer diameter 37
(37-40), total length of both segments 22 (17 —22). Oesopha-
gus wide, about half as wide as anterior part of body, club-
shaped, 1080 (870-1090) long, constituting 7.4 (7.4-14.1)%
of body length, lacking distinct dilation in muscular portion;
posterior bulb egg-shaped (Fig. 1F). Width of oesophagus 82
(75-82) at anterior end, 87 (75-97) at mid-length of muscular

part, 87 (72-95) at mid-distance between nerve ring and pos-
terior edge; oesophageal bulb 157 (117-167) wide. Nerve ring
situated at 270 (230-270) from anterior edge of oesophagus or
25.0 (21.1-26.8)% of oesophagus length. Excretory pore sit-
uated immediately posterior to nerve ring; excretory duct short
and straight (Fig. 1F). Excretory glands inconspicuous. Ante-
rior-most portion of intestine wider than oesophageal bulb.
Posterior part of intestine wide, thin-walled, filled with dark
contents.

Reproductive system typical of the genus. Vulva slightly
post-equatorial, situated at 8.2 (3.1-8.2) mm from anterior
end or 56.4 (51.2-56.4)% of body length. Vulva lips not
salient. Vagina short, transverse. Uteri thin-walled, filled
with numerous eggs, most containing first stage larvae. Egg
size 120-130 x 52-65 (N = 10, measured in uteri of holo-
type). Proximal parts of ovaries extending well beyond level
of vulva.

Tail straight, relatively short, tail length 290 (290-360) or
2.0 (2.0-5.0)% of body length. Rectum tubular, thick-walled.
Tail sharply tapering from level of anus to mid-length of tail,
then gradually tapering to posterior extremity (Fig. 1E). Tail
tip sharpened, with thin cuticle. Phasmids situated somewhat
posterior to mid-length of tail.

Taxonomic summary
Type host: Draco spilopterus (Wiegmann, 1834) (Reptilia,

Squamata, Agamidae).
Prevalence: Found in 2 out of 5 D. spilopterus.

Fig. 2. Scanning electron photograph of the anterior end of Rhabdias mcguirei sp. nov. Abbreviations: a — amphids, 1 — lateral lip,

s — submedian lips. Scale bar = 0.05 mm
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Intensity: 1-7 specimens (mean 4.0).

Type locality: Aurora Memorial National Park, Sitio Di-
mani, Barangay Villa Aurora, Municipality of Maria Aurora,
Aurora Province, Luzon Island, Philippines, 500 m a.s.l.,
15.680°N, 121.336°E.

Specimens deposited: The type series consists of 6 fully
mature and 1 young specimens. Holotype: HWML-67079 (la-
beled: ex Draco spilopterus, Aurora Memorial National Park,
Sitio Dimani, Barangay Villa Aurora, Municipality of Maria
Aurora, Aurora Province, Luzon Island, Philippines, 28 May
2009, coll. V. Tkach). Paratypes: HWML-67080 (labeled: ex
Draco spilopterus, Aurora Memorial National Park, Sitio Di-
mani, Barangay Villa Aurora, Municipality of Maria Aurora,
Aurora Province, Luzon Island, Philippines, 28 May 2009,
coll. V. Tkach).

Etymology: We are pleased to name this new species for Dr.
Jimmy A. McGuire, in recognition of his many contributions to
systematic herpetology in Southeast Asia, in particular to our
knowledge of the systematics and evolution of the genus Draco.

Remarks

While most Rhabdias species from lizards and amphibians
share main morphological characters such as presence of cu-
ticular inflations, rather long oesophagi and numerous eggs in
uteri, Rhabdias mcguirei sp. nov. is morphologically and bio-
logically similar to other species of Rhabdias parasitizing
lizards. Therefore, the differential diagnosis below is restricted
to the parasites of lizards. Of 18 known species from this
group, 11 possess round or almost round oral openings and 6
mostly uniform lips similar to the situation in the new species.
These species are: R. anolis Bursey, Goldberg et Telford,
2003; R. casiraghii Lhermitte-Vallarino, Barbuto et Bain,
2010; R. chamaeleonis (Skrjabin, 1916); R. cristati Lhermitte-
Vallarino et Bain, 2008; R. gemellipara Chabaud, Brygoo et
Petter, 1961; R. japalurae Kuzmin, 2003; R. jarki Lhermitte-
Vallarino et Bain, 2004; R. nicaraguensis Bursey, Goldberg et
Vitt, 2007; R. okuensis Lhermitte-Vallarino et Bain, 2008;
R. rabetafikae Lhermitte-Vallarino, Junker et Bain, 2009 and
R. rhampholeonis Lhermitte-Vallarino et Bain, 2009. In the
differentiating diagnosis we used the original descriptions of
these 11 species as well as redescriptions of R. chamaeleonis
by Lhermitte-Vallarino and Bain (2004) and of R. gemellipara
by Lhermitte-Vallarino, Junker and Bain (2009).

Rhabdias japalurae, parasitizing agamid lizards on Oki-
nawa Island and Taiwan (Kuzmin 2003), is close to R. mcguirei
sp. nov. morphologically, geographically and by its occurrence
in another agamid genus, Japalura. The two species have a
similar pattern of cuticular inflation, narrow in the anterior
part and widening posteriorly from the level of the mid-length
of the oesophagus (Kuzmin 2003). The widening, however, is
much more prominent in R. japalurae than in R. mcguirei sp.
nov. Rhabdias japalurae has a narrower buccal capsule
(Kuzmin 2003): 26-30 vs 3740 in R. mcguirei sp. nov. The
buccal capsule in R. japalurae is not divided into anterior and

posterior parts as found in the buccal capsule of R. mcguirei
sp. nov. The tail in R. japalurae is more gradually tapering
than that in R. mcguirei sp. nov. The cuticle covering the tail
tip is inflated in R. japalurae (Kuzmin 2003), but not in
R. mcguirei sp. nov.

Rhabdias casiraghii, parasitizing Trioceros ellioti (Glin-
ther, 1895) (Chamaeleonidae) in East Africa (Lhermitte-Val-
larino et al. 2010), is close to R. mcguirei sp. nov. by metrical
characters (size of the body, the buccal capsule and the oe-
sophagus) but differs from the new species by the presence of
a thick cuticular inflation on the anterior end and on the tail tip.
In addition, the anterior part of the intestine is narrow in
R. casiraghii (Lhermitte-Vallarino et al. 2010) and wide in
R. mcguirei sp. nov. The 2 species differ in the position of the
lips: the lateral lips are situated at approximately the same dis-
tance from the edge of the oral opening as the submedian ones
in R. casiraghii (Lhermitte-Vallarino et al. 2010), whereas in
R. mcguirei sp. nov. the submedian lips are closer to the oral
opening than the lateral ones.

Rhabdias chamaeleonis from African chamaelonids dif-
fers from R. mcguirei sp. nov. by the absence of segments in
the buccal capsule and the presence of a cuticular inflation at
both the anterior part of the body and the on the tip of the tail
(Skrjabin 1916; Lhermitte-Vallarino and Bain 2004).

Rhabdias cristati, parasitic in Chamaeleo cristatus (Stutch-
bury, 1837) from Africa, differs from R. mcguirei sp. nov. by
a larger buccal capsule (50-63 wide), presence of cuticular in-
flations at both the anterior part of the body and on the tip of
the tail, absence of the velum around the oral opening and ab-
sence of segments in the buccal capsule (Lhermitte-Vallarino
et al. 2008).

Rhabdias jarki, parasitic in Chamaeleo johnstoni (Bou-
lenger, 1901) from Africa (Lhermitte-Vallarino and Bain
2004), differs from R. mcguirei sp. nov. by the absence of seg-
ments in the buccal capsule, triangular shape of the buccal
capsule in lateral view, a comparatively narrow oesophagus
occupying less than half of the body width in the anterior part,
and a narrower oesophageal bulb, 100—110 wide in R. jarki vs
117-167 in R. mcguirei sp. nov.

Rhabdias okuensis, parasitic in Chamaeleo quadricornis
(Tornier, 1899) from Africa (Lhermitte-Vallarino et al. 2008),
differs from R. mcguirei sp. nov. by having a shallow buccal
capsule (10—15 deep and 30-50 wide) without segments, and
by the presence of an arrowhead shaped cuticular inflation on
the anterior end (Lhermitte-Vallarino et al. 2008).

Rhabdias rabetafikae, described from Calumma cuculla-
tum (Gray, 1831) (Chamaeleonidae) in Madagascar (Lher-
mitte-Vallarino et al. 2009), differs from R. mcguirei sp. nov.
by the presence of cuticular inflations on the anterior part of
the body and the tail tip. In addition, R. rabetafikae has a wider
oesophagus (140—150 at midlength vs 72-95 wide in R. mcgui-
rei sp. nov.) and oesophageal bulb (210-240 wide vs 117-167
in R. mcguirei sp. nov.).

Rhabdias rhampholeonis, parasitizing the chameleon
Rhampholeon spectrum (Buccholtz, 1874) in Africa (Lher-
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mitte-Vallarino et al. 2009), differs from R. mcguirei sp. nov.
by the presence of a distinct head vesicle and a larger buccal
capsule (50-55 wide vs 3740 in R. mcguirei sp. nov.).

Rhabdias gemellipara from Malagasy chameleons is much
smaller than R. mcguirei sp. nov. Body length in the former
species is 3.5-7.7 mm vs 6.1-14.6 mm in R. mcguirei sp. nov.
Other metric characters (buccal capsule 7-10 x 12—16, oe-
sophagus 530-610 long and oesophageal bulb 33—40 wide)
are also smaller in R. gemellipara (Lhermitte-Vallarino et al.
2009) than in R. mcguirei sp. nov. The body cuticle is evenly
inflated on the anterior part of the body in R. gemellipara
(Chabaud ef al. 1961), whereas it is less inflated on the ante-
rior part of the body in R. mcguirei sp. nov.

Both Rhabdias anolis and R. nicaraguensis, parasitizing
Polychrotidae in Neotropics, are smaller than R. mcguirei sp.
nov. Body length in R. anolis is 4.6-7.4 mm (Bursey et al.
2003) and body length in R. nicaraguensis is 6.6—7.2 mm
(Bursey et al. 2007). These species also have much smaller
buccal capsules: 9—13 wide in R. anolis and 11-15 wide in
R. nicaraguensis (Bursey et al. 2003, 2007) vs 3740 in
R. mcguirei sp. nov.; even the smallest studied specimen of
the new species that was only 6.1 mm long, still had the buc-
cal capsule 40 wide. Rhabdias anolis and R. nicaraguensis are
separated from R. mcguirei sp. nov. geographically (both are
from the Neotropical region) and by their specificity to the
Polychrotidae.

Shape of the oral opening and lips was not mentioned in
the descriptions of the 2 other species from lizards: R. brevi-
corne Lhermitte-Vallarino, Junker et Bain, 2009 and R. nasu-
tum Lhermitte-Vallarino, Junker et Bain, 2009, both para-
sitizing chameleons on Madagascar.

Unlike R. mcguirei sp. nov., both R. nasutum and R. bre-
vicorne possess cuticular inflations on the anterior part of body
and the tail tip. The anterior part of intestine in these 2 species
is narrower than the oesophageal bulb (Lhermitte-Vallarino
et al. 2009), whereas in R. mcguirei sp. nov. the anterior part
of the intestine is wider than the oesophageal bulb. Both
species also differ from R. mcguirei sp. nov. by having some-
what wider buccal capsules: 42—48 in R. nasutum and 42—55
in R. brevicorne (Lhermitte-Vallarino et al. 2009) vs 37—40 in
R. mcguirei sp. nov.

Discussion

The only previous records of Rhabdias from Draco spp. were
unidentified specimens of Rhabdias from Draco volans (Lin-
naeus, 1758) and D. quinquefasciatus Hardwicke et Gray,
1827 from Malaysia reported by Kuzmin (2003), who studied
material deposited in the collection of the Muséum National
d’Histoire Naturelle, Paris. Unfortunately, those specimens
were of too poor quality to be properly identified or compared
with the new species described in the present work. Although
the genus Draco includes at least 42 species found in many
countries of the South and Southeast Asia (McGuire and Al-

cala 2000, McGuire and Kiew 2001, McGuire et al. 2007) we
are unaware of other publications on helminths of these
lizards. Due to rather limited sampling, the limits of geo-
graphical distribution and host range of R. mcguirei sp. nov. is
unknown. It can be hypothesized that, on one hand, our new
species may have a broader distribution (perhaps throughout
the range of D. spilopterus from both northern and central is-
lands of the Philippines; McGuire and Alcala 2010) and, on
the other hand, examination of other species of Draco from
various regions (mainland Asia; Manthey and Grossman 1997,
Grismer 2011) may potentially reveal additional undescribed
species of Rhabdias.

The majority of Rhabdias spp. parasitizing lizards (except
for R. lacertae) are characterized by similar morphology. The
similarities include the presence of prominent cuticular infla-
tions on at least some parts of the body, relatively long oe-
sophagi and numerous eggs in uteri, among other characters.
Interestingly, the majority of morphological characters ob-
served in species of this group are also found in some Rhab-
dias spp. parasitizing amphibians. Hence, Rhabdias spp.
parasitizing lizards do not seem to form a morphologically dis-
tinct group within Rhabdias or the Rhabdiasidae. Molecular
data may shed light on the phylogenetic relationships and evo-
lution of host associations among members of Rhabdias spp.
parasitic in different host groups.
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