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The great bustard Otis tarda Linnaeus (Gruiformes: 
Otididae) is a large-sized, predominantly herbivorous, 
gregarious species, which is mainly distributed in the 
temperate regions of Europe and Asia, including Portu-
gal, Spain, Hungary, Turkey, Russia, China, and Mongo-
lia (Morales and Martin 2002, Palacín and Alonso 2008, 
Alonso and Palacín 2010). Otis tarda is considered as vul-
nerable globally due to the rapid population reductions 
owing to the loss, degradation and fragmentation of its 
habitat, as well as hunting (Butchart and Symes 2012). 
The latest estimate of the global population of the great 
bustard is 44 100–57 000 individuals (Alonso and Palacín 
2010). This species is listed in CITES Appendix II and 
also listed as a first-class state protected animal in China. 

However, the helminth parasites of this bird are still 
poorly known. To our knowledge, only Mediorhynchus 
taeniatus Linstow, 1901 (Acanthocephala), Schistometra 
conoides (Bloch, 1782) and Idiogenes otidis Krabbe, 1867 
(Cestoda), Aprocta orbitalis Linstow, 1901, Oxyspirura 
hispanica Yeh 1957, Subulura halli Barreto, 1918 and 
Heterakis gallinarum (Schrank, 1788) (Nematoda) have 
previously been reported parasitic in O. tarda (see Li 
1933, Yeh 1957, Wu 1973, Larchenko and Sonin 1974, 
Gomez 1981, Junker and Boomker 2007). 

During a helminthological survey of endangered 
birds in China in 1990, subulurid nematodes were col-

lected from the small intestine of the great bustard from 
Chengde, Hebei Province. Morphologically, the adult 
nematodes were identified as a hitherto poorly known 
species Subulura halli Barreto, 1918. This species is re-
described herein using light microscopy and, for the first 
time, scanning electron microscopy based on the newly 
collected material. 

MATERIALS AND METHODS
A dead great bustard was dissected and examined for para-

sites in 1990 from Chengde, Hebei Province, China. Nematodes 
recovered from the small intestine of this host were washed in 
physiological saline and then fixed and stored in 70% ethanol 
until studied. For light microscopical examination, the nema-
todes were cleared in lactophenol. Drawings were made with the 
aid of a Nikon microscope drawing attachment. For scanning 
electron microscopy (SEM), two selected specimens (one male 
and one female) were fixed in cold 4% formaldehyde solution, 
post-fixed in 1% osmium tetroxide, dehydrated via an ethanol 
series and acetone, and then critical point dried. The specimens 
were coated with gold and examined using a Hitachi S-570 scan-
ning electron microscope at an accelerating voltage of 15 kV.

Measurements (range, followed by mean in parentheses) 
are given in micrometres unless otherwise indicated. Voucher 
specimens were deposited in College of Life Science, Hebei 
Normal University, Hebei Province, People’s Republic of China 
(HBNU) and Natural History Museum, London, UK (NHMUK). 
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RESULTS AND DISCUSSION

Redescription of Subulura halli Barreto, 1918	
	 Figs. 1–3

Syn.: Subulura forcipata (Rudolphi, 1819) of Seurat 
(1914), in part

General. Small, whitish to yellowish nematodes. Cu-
ticle with fine transverse striations. Maximum width of 
body at about mid-body. Anterior end of body usually 
bent dorsally. Cervical alae well developed, extending 
from base of cephalic plate to level of posterior end of 
oesophagus or a small distance behind it in male (cervical 
alae extending to a small distance behind vulva in female) 
(Figs. 1B,D,E, 3A,C). Cephalic plate without developed 
lips. Oral aperture simple, hexagonal or approximately 
circular, surrounded by four ovoid, submedial double 
papillae, two prominent lateral amphids (Figs. 1E, 2A,B, 
3A,B). Buccal cavity cylindrical, with well sclerotized 
walls. Pharynx composed of three muscular portions, 
each composed of three lobes (peripheral lobe = previ-
ously reported as second buccal cavity, radial and chordal 
lobes = previously reported as tooth-like structure ac-
cording to Inglis 1958), twisted to make pharynx form 
a helicoidal structure (Figs. 1B,E, 2A,B, 3A,B). Oesopha-
gus terminating in conspicuous bulb (Fig. 1A,D). Caudal 
alae absent. Tail of both sexes conical, with pointed tip 
(Figs. 1F,I,J, 2C,D, 3G).

Male (based on six mature specimens): Body 9.02–13.0 
(11.0) mm long, maximum width 368–417 (392). Buc-
cal cavity 25–39 (34) deep, maximum width 44–65 (51). 
Oesophagus with its bulb 1.52–1.92 (1.71) mm long, rep-
resenting 12.8–16.9% (15.5%) of body length; its bulb 
196–315 (235) long, maximum width 210–294 (243) 
(Fig.  1A,D). Nerve-ring and excretory pore 294–373 
(336) and 490–637 (555), respectively, from anterior ex-
tremity (Fig. 1A,D). 

Posterior end of body curved ventrally. Precloacal 
pseudosucker without ornamentation, 472–623 (513) 
long from cloaca (measured from centre of pseudosucker) 
(Figs. 1I, 2F). Spicules well sclerotized, alate, pointed at 
distal end, of almost equal length, 1.35–1.52 (1.40) mm 
long, representing 10.7–13.7% (12.2%) of body length 
(Fig. 1G,I). Gubernaculum banana-shaped in lateral view, 
132–167 (141) long (Figs. 1C,I, 2C,D, 3F). 

Caudal papillae 11 pairs in total, arranged as follows: 
five pairs precloacal, with first pair of precloacal papillae 
situated at level of centre of precloacal pseudosucker and 
last two pairs of paracloacal rather close to cloaca, and six 
pairs of postcloacal papillae arranged as five pairs vent-
rolateral, with fourth pair dorsolateral (? phasmids) and 
fifth pair very small (Figs. 1F,I, 2C–F, 3F,G). Small, sin-
gle precloacal papilla small, medioventral (Figs. 2C, 3F). 
Tail 332–407 (393) long.

Female (based on seven gravid specimens): Body 12.3–
14.3 (13.5) mm long, maximum width 470–490 (482). 
Buccal cavity 29–39 (36) deep, maximum width 44–59 

(49). Oesophagus with its bulb 1.47–1.91 (1.62)  mm 
long, representing 10.6–13.4% (12.0%) of body length; 
its bulb 221–324 (245) long, maximum width 216–325 
(261). Nerve-ring and excretory pore 319–368 (339) and 
470–588 (515), respectively, from anterior extremity. 

Vulva slit-like, near middle of body, 5.34–6.17 
(5.70) mm from anterior extremity, 41.7–44.4% (42.9%) 
of body length (Figs. 1H, 3C,D). Vagina directed posteri-
orly from vulva. Eggs suboval, embryonated, 44–64 (48) 
× 39–49 (43) (n = 21) (Fig. 1K). Anus with one protrud-
ing lip (Fig. 3E). Tail very long, 1.42–1.57 (1.50) mm in 
length (Fig. 1J).

T y p e  h o s t :  Little bustard, Otis tetrax (Linnaeus) (syn. 
Tetrax tetrax Linnaeus) (Gruiformes: Otididae).

O t h e r  h o s t :  Great bustard, Otis tarda Linnaeus (Grui-
formes: Otididae).

S i t e  o f  i n f e c t i o n :  Small intestine.
T y p e  l o c a l i t y :  Algeria.
O t h e r  l o c a l i t i e s :  Chengde, Hebei Province, and Beijing, 

China.
R a t e  o f  i n f e c t i o n :  Single bird examined with intensity 

13 specimens.
Vo u c h e r  s p e c i m e n s :  5 males and 6 females (HBNU-

B1301L), 1 male and 1 female (NHMUK 2013.7.2.3–4).

Remarks. The genus Subulura Molin, 1860 currently 
includes over 70 nominal species, many of which were 
considered as species incertae sedis by Inglis (1958) be-
cause of the poorly known information on the structure 
of the head. The adults of Subulura are frequently found 
in the digestive tract of birds and mammals, and can also 
occur in lizards (Barreto 1918, Cram 1927, Ilyas 1982, Di-
ouf et al. 1998, Vicente et al. 2000, Ubelaker et al. 2007, 
Ming and Zhang 2010). Based on the cephalic structures, 
especially the presence or absence of labial lobes and in-
terlabia surrounding the oral aperture, Subulura falls into 
three subgenera, Subulura Molin, 1860, Murisubulara 
Quentin, 1969 and Tepuinema Díaz-Ungía, 1964, accord-
ing to Chabaud (1978). Barreto (1918) supposed that the 
morphology of some of the specimens of S. forcipata 
(Rudolphi, 1819) identified by Seurat (1914), which were 
collected from the little bustard Tetrax tetrax Linnaeus 
(= Otis tetrax) (Gruiformes: Otididae) in Algeria, was dif-
ferent from the real S. forcipata and represented a distinct 
species. Therefore, he proposed a new name Subulura hal-
li for these nematodes (Barreto 1918, Cram 1927). Subse-
quently, Li (1933) reported this species from the great bus-
tard Otis tarda Linnaeus (Gruiformes: Otididae) in China. 

Morphological description of specimens of S. halli, 
who considered them to belong to S. forcipata, by Seurat 
(1914) was somewhat brief and provided too few illus-
trations by modern standards. Nonetheless, several criti-
cal diagnostic characters are figured or mentioned, such 
as the position of the precloacal pseudosucker and vulva, 
the length of oesophagus and spicules, the number and 
arrangement of caudal papillae, by which we can readily 
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Fig. 1. Subulura halli Barreto, 1918 from Otis tarda in China. A – anterior part of male, lateral view; B – cephalic end of male, 
dorsoventral view; C – gubernaculum, sublateral view; D – anterior part of male, dorsoventral view; E – cephalic end of male, apical 
view (reconstructed from SEM micrograph); F – posterior end of male, lateral view, showing last three pairs of precloacal and all 
postcloacal papillae; G – distal end of spicule; H – region of vulva; I – posterior end of male, lateral view; note spicules, gubernacu-
lum, caudal papillae and precloacal pseudosucker); J – posterior end of female, subventral view; K – eggs. 
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Fig. 2. Scanning electron micrographs of male of Subulura halli Barreto, 1918 from Otis tarda Linnaeus in China. A, B – cephalic 
extremity, apical view; arrows show the anterior end of the pharynx that bears an elaborate arrangement of tooth-like structures; 
C – posterior end of body, ventral view; black arrows show the last 2 precloacal papillae close to cloaca, white arrows show post-
cloacal papillae (spicules broken); D – posterior end of body, lateral view; black arrows show last 2 precloacal papillae rather close 
to cloaca, white arrows show postcloacal papillae (spicules broken); E – last two postcloacal papillae; black arrow show 5th small 
postcloacal papilla; F – region of precloacal pseudosucker and magnified image of 1st precloacal papilla. Abbreviations: am – lateral 
amphid; g – gubernaculum; pa – submedial double papillae; pmp – medioventral precloacal papilla. 
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Fig. 3. Scanning electron micrographs of Subulura halli Barreto, 1918 from Otis tarda Linnaeus in China. A – anterior part of female, 
subapical view; lateral ala arrowed; B – cephalic end of female, apical view; C – region of vulva, ventral view; lateral ala and vulva 
arrowed; D – magnified image of vulva; E – anus of female, ventral view; F – region of cloaca of male (spicules broken), ventral 
view; G – posterior end of male (spicules broken), subventral view; precloacal papillae arrowed. Abbreviations: am – lateral amphid; 
g – gubernaculum; pa – submedial double papillae; pmp – medio-ventral precloacal papilla.
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distinguish this species from its congeners. It is thus not 
necessary to identify this species by examining the type 
material, which has been deposited in the Muséum Na-
tional d’Histoire Naturelle, Paris for more or less 100 
years and in poor condition. Moreover, the taxonomy of 
Subulura, and especially delimitation of the genera or sub-
genera, are mainly based on cephalic structures. Currently, 
the most useful and practical method for studying of the 
cephalic structures of types in detail is to use SEM. Unfor-
tunately, it is inevitable to destroy type specimens and this 
situation must be forbidden by the curator. Thus, we did 
not compare our present material with the types of S. halli. 

However, the morphology and measurements of the 
present specimens are almost identical to the original de-
scription of S. halli by Seurat (1914; as S. forcipata) and 
later by Li (1933), including the body size, the position 
of the nerve-ring, excretory pore, precloacal pseudosucker 
and vulva, the length of the oesophagus and spicules, the 
arrangement of caudal papillae, and the morphology of the 
male and female tail. Furthermore, it should also be noted 
that the present specimens were collected from the con-
generic hosts as S. halli and from the same host as those 
studied by Li (1933). 

Consequently, we considered that our material should 
be conspecific with S. halli. However, the tail length of 
the male of present material is slightly shorter than re-
ported by Seurat (1914; as S. forcipata) and later by Li 
(1933); 0.33–0.41 mm in the present material vs 0.50 mm 
and 0.43–0.49 mm, respectively, in material of Seurat 
1914 and Li 1933 material. This morphometric difference 
should be considered as intraspecific variability, possibly 
owing to the different hosts or geographical locations. 

The present study provides the first data on the detailed 
structure of the poorly known nematode using scanning 
electron microscopy (SEM), which made it possible to 
observe previously unreported morphological features of 
taxonomic significance and to correct some erroneous in-
formation. Inglis (1958) considered S. halli as a species 
incertae sedis because of its insufficiently known struc-
tures of the head. 

In our material we observed the oral aperture to be sim-
ple, hexagonal or nearly circular (without labial lobes and 
interlabia), the buccal cavity circular in transverse section, 
pharyngeal portions lobed and twisted, cervical alae well 
developed, precloacal pseudosucker without any cuticular 
ornament and both spicules fully sclerotized. All of these 
characters clearly show that S. halli should belong to the 
subgenus Subulura. Seurat (1914) reported 11  pairs of 
caudal papillae (five pairs precloacal), whereas Li (1933) 
stated that there were only 10 pairs of caudal papillae and 
one pair of phasmids in his material. 

The present SEM observations show 11 pairs, which 
are arranged as five pairs of precloacal (the last two pairs 
of paracloacal rather close to the cloaca) and six pairs of 
postcloacal (five pairs ventrolateral and the fourth pair 
dorsolateral) papillae. In fact, it is very difficult to decide 

whether the fourth pair of dorsolateral postcloacal papil-
lae are phasmids or caudal papillae (based on their posi-
tion, they seem to be phasmids rather than papillae). 

Moreover, neither Seurat (1914) nor Li (1933) report-
ed whether there was any medioventral precloacal papilla 
in the male, whereas, using SEM, we observed one small, 
single, medioventral, precloacal papilla in our specimens 
(Figs. 2C, 3F). As far as we are aware, none of Subulura 
spp. has previously been reported to possess this structure. 
Seurat (1914) reported narrow caudal alae to be present. 
However, in our material we could not observe this struc-
ture. Li (1933) also reported six labial papillae around the 
hexagonal mouth, in addition to four submedial double 
papillae and two lateral amphids. However, we only ob-
served the hexagonal mouth surrounded by four subme-
dial double papillae and two lateral amphids (there are 
no labial papillae) by SEM examination (see Figs. 2A,B, 
3A,B). 

Within the genus Subulura, only S. rima (Linstow, 
1906) was reported from birds of the family Otididae 
(Cram 1927). Subulura halli differs from S. rima by hav-
ing much longer spicules (1.35–1.52 mm in the former vs 
0.70 and 0.84 mm in the latter) and different number and 
arrangement of caudal papillae (11 pairs in total, arranged 
as five pairs of precloacal and six pairs of postcloacal pa-
pillae in S. halli vs nine pairs in total, arranged as four 
pairs precloacal and five pairs postcloacal in S. rima). 

In fact, out of the species of Subulura that occur in 
birds, S. halli, which is typified by having a relatively long 
oesophagus (length over 1.40 mm) and the equal length 
of spicules (over 1.30 mm), is similar only to S. leprincei 
(Gendre, 1909) from Caprimulgus aegyptius Lichtenstein, 
C. fossii Hartlaub and Macrodipteryx longipennis (Shaw) 
(Caprimulgiformes: Caprimulgidae) (Cram 1927). 

However, S. halli can be readily distinguished from 
S. leprincei by the different number and arrangement of 
caudal papillae, especially the number of papillae and 
position of the first pair of precloacal ones (11 pairs in 
total and the first pair of precloacal papillae situated at 
the level of the centre of the precloacal pseudosucker in 
S. halli vs 13 pairs in total and the first pair of precloacal 
papillae situated at the level of the anterior margin of the 
precloacal pseudosucker in the latter species), the absence 
of caudal alae (caudal alae well developed in S. leprincei) 
and the presence of medioventral, precloacal papilla in 
the male in the former species (vs its absence in the latter).
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