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Summary – Three new species from the genera Rhigonema and Zalophora are described and illustrated from two unidenti� ed species
of spirobolid diplopod from New Britain. The species proposed are Rhigonema licinacanthum sp. n., Zalophora deinostoma sp. n. and
Z. nemophila sp. n. A second populationof R. tribonophorumHunt, 1995 is described and the original descriptionsupplemented,caudal
rugosities being recorded in the male for the � rst time in the genus. SEM micrographs supplement the descriptions. The bionomics of
Zalophora are discussed and evidence presented to show that, unlike the other members of the Rhigonematida, Zalophora species are
predators on the other nematode inhabitants of the diplopod gut. It is postulated that this trophic specialism may explain such unusual
aspects as the occurrence of only one adult female Zalophora per diplopod host, the low prevalence of juveniles and the apparent
absence of males.

Résumé – Rhigonematida de Nouvelle-Bretagne. 2. Les genres Rhigonema Cobb, 1898 et Zalophora Hunt, 1994 (Rhigonema-
toidea: Rhigonematidae) et description de trois nouvelles espèces – Trois nouvelles espèces des genres Rhigonema et Zalophora
sont décrites et illustrées provenant de deux espèces non identi� ées de diplopodes spirobolides originaires de Nouvelle-Bretagne. Ces
espèces sont Rhigonema licinacanthum sp. n., Zalophora deinostoma sp. n. et Z. nemophila sp. n. Une seconde population de R. tri-
bonophorum Hunt, 1995 est décrite et illustrée et la descriptionoriginale est complétée, des rugosités caudales ayant été observées chez
le mâle pour la première fois dans le genre. Des photos au microscope électronique à balayage complètent les descriptions.L’écologie
du genre Zalophora est discutée et une preuve certaine est présentée selon laquelle, à la différence des autres membres des Rhigone-
matida, les espèces de Zalophora sont prédatrices des autres nématodes présents dans les intestins des diplopodes. Il est postulé que
cette spécialisation trophique pourrait expliquer certaines caractéristiques inhabituelles tels la présence d’une seule femelle adulte de
Zalophora par diplopode, la faible fréquence des juvéniles et l’apparente absence des mâles.

Keywords: bionomics, Papua New Guinea, predation, SEM, species swarm taxonomy.

This is the second paper dealing with rhigonematids
parasitic in New Britain diplopods, the � rst describing
new species of Carnoyidae (Hunt & Moore, 1998). Diplo-
pods were collected by D.M. and examined for nema-
todes by D.J.H. Previous collections of diplopods (leg.
J. Sutherland) from Morobe province on the neighbour-
ing island of New Guinea had revealed a rich assemblage
of rhigonematid genera with species � ocks occurring in
some genera (Hunt, 1994a, b, c, d, 1995; Hunt & Suther-
land, 1984a, b). The current collectionsalso providednew
species from a number of genera as well as one species
of Heth previously described from Papua New Guinea

(Hunt, 1994a). Other nematodesencountered included the
oxyurids Travassosinema, Coronostoma and Desmicola,
the latter previously only recorded from African milli-
pedes and a new genus of oxyurid. This paper describes
three new species belonging to the family Rhigonemati-
dae (Rhigonematoidea), including two new species of Za-
lophora Hunt, 1994, a rare and unusual genus known only
from the Australasian region (Hunt, 1994c). Additional
data on an existing species, Rhigonema tribonophorum
Hunt, 1995,originallydescribed from Papua New Guinea,
is provided and the original description augmented with
data from a second population.
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Materials and methods

Nematodes used in this study were either � xed in cold
70% ethanol in situ or obtained by immediate dissection
of the gut of diplopods killed by decapitation. Live ne-
matodes were heat killed at about 60°C, � xed in TAF
and processed to anhydrous glycerine via a slow evap-
oration technique over 10-14 days and mounted in the
same medium. Selected TAF � xed specimens were left
overnight in osmium tetraoxide, dehydrated through a
graded series of ethanol, critical point dried and gold
coated for SEM observation at 10 kV. Specimens of
Rhigonema were dissected in order to elucidate spicule
and genital tract structure with greater precision.The con-
dition of the material studied was as follows:

Rhigonema licinacanthum
sp. n.

Good (heat killed, � xed
in TAF)

Rhigonema tribonophorum
Hunt, 1995

Partially shrunken (cold
� xed in alcohol)

Zalophora deinostoma
sp. n.

Mostly good (heat
killed, � xed in TAF or
cold � xed in alcohol)

Zalophora nemophila sp. n. Good (heat killed, � xed
in TAF)

Rhigonema licinacanthum* sp. n.
(Figs 1-3)

MEASUREMENTS

Holotype female: L = 5.40 mm; L¢ = 3.89 mm; diam. =
348 µ m; corpus = 417 µ m; basal bulb (height ´ diam.)
= 123 ´ 146 µ m; total pharynx = 540 µ m; anal body
diam. = 110 µ m; tail = 1.54 mm; head to vulva = 2.31
mm; a = 15.5; b = 10.0; c = 3.5; c¢ = 14.0; V = 42.8; V¢

= 59.9.
Females (n = 10): L = 5.72 ± 0.27 (5.34-6.16)mm; L¢

= 4.20 ± 0.27 (3.86-4.60) mm; diam. = 344 ± 26 (311-
381) µ m; corpus = 429 ± 29 (397-503) µ m; basal bulb
(height ´ diam.) = 128 ± 7.8 (113-139) ´ 149 ± 5.8
(142-159) µ m; total pharynx = 557 ± 33 (510-635) µ m;
anal body diam. = 113 ± 8.2 (100-128)µ m; tail = 1.52 ±
0.77 (1.41-1.65) mm; head to vulva = 2.51 ± 0.23 (2.24-
2.91) mm; a = 16.7 (14.9-18.7); b = 10.3 (9.0-11.3); c =

* Derived from the Latin licinus = bent upward, re� exed,
and acanthus = spine, referring to the re� exed tips of the
microtrichs.

3.8 (3.5-4.2); c¢ = 13.5 (11.1-15.5);V = 43.7 (41.0-48.7);
V¢ = 59.6 (56.8-63.6).

Males (n = 10): L = 4.90 ± 0.30 (4.42-5.34) mm; L¢

= 3.83 ± 0.25 (3.50-4.25) mm: diam. = 303 ± 24 (257-
328) µ m; corpus = 396 ± 16 (377-427) µ m; basal bulb
(height ´ diam.) = 115 ± 9.4 (99-132) ´ 134 ± 7.8
(122-146) µ m; total pharynx = 511 ± 24 (476-559) µ m;
cloacal body diam. = 98 ± 7.0 (90-111) µ m; tail = 1.07
± 0.07 (0.95-1.19) mm; subulate portion of tail = 0.89
± 0.08 (0.77-1.03)µ m; left spicule (n = 2) = 411 ± 5.7
(407-415) µ m; right spicule (n = 9) = 416 ± 34 (372-
481) µ m; a = 16.2 (15.2-19.4); b = 9.6 (9.0-10.3); c =
4.6 (4.2-4.9); c¢ = 11.0 (9.8 -12.8).

DESCRIPTION

Rhigonematidae. Medium sized nematodes. Cephalic
region heavily cuticularized and consisting of a rounded,
well developed and relatively high cephalic cap followed
by an extensive cephalic collar with posterior free edge
prominently overhanging body contour. Cephalic cap cir-
cular in en face view and bearing four equidistant mam-
milliform papillae, two subdorsal and two subventralwith
amphids located laterally at junction of cap and cephalic
collar. Cuticle with � ne transverse striae about 2 µ m and
4-5 µ m apart in midbody region of male and female re-
spectively. Striae often incomplete and irregularly crenate
posterior to microtrichs. Body strongly and densely pilose
in anterior region for a distance of about 1.4 (1.25-1.72)
pharynx lengths posterior to cephalic cap. Microtrichs of
� rst row immediately posterior to cephalic collar very
small and may be obscured by overhanging collar; sub-
sequent rows more robust and strongly cuticularized with
broad bases. Anteriormost microtrichs measuring about
25-27 µ m long in females and with re� exed, attenuated
tips. Pilose region ending abruptly; remainder of body
glabrous. J1, J2 and J3 entirely pilose, recurved, spine-
like microtrichs being strongly developed and extending
from cephalic collar to anus in similar fashion to adults
and juvenilesof R. acrulocanthum(see Hunt, 1995). J4 re-
sembling adult in that the microtrichs are of similar form
and restricted to cervical region. Oral opening triradiate;
equilateral in form; dorsal and two subventral sectors of
equal development. Three cuticularized plates articulat-
ing to form jawlike apparatus at anterior end of phar-
ynx; dorsal and two subventral plates of equal develop-
ment and bearing three teeth on either side of a central
rasp of minute cuticular ridges. Pharynx typical of genus,
comprising a powerful, muscular, cylindrical corpus with
distal expansion; redundant isthmus and powerful, basal
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Fig. 1. Rhigonema licinacanthum sp. n. A: Female pharynx; B: Female cephalic cap and collar; C: Vagina and diverticulum; D: Female
tail; E: Female anal region; F: Male tail region, ventral view (ninth pair of precloacal papillae not shown); G: Crenate striae; H: Male
tail; I: Right spicule, outer face; J: Spicule tip; K, L: Male tail region showing distribution of papillae (Scale bar: C, D, H = 345 µ m;
A, E, F, L = 170 µ m; B, I, K = 85 µ m; J, G = 35 µ m).
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Fig. 2. Rhigonema licinacanthum sp. n., SEM observations. A: Female cervical region; B: Male cephalic cap and collar; C: Male.
Termination of pilose region and crenate striae; D: Female en face; E: Male. Microtrichs about a body diam. behind the cephalic
collar.

228 Nematology



Rhigonematida from New Britain diplopods

Fig. 3. Rhigonema licinacanthum sp. n., SEM observations. A: Male cervical region showing extent and termination of pilose region;
B: Male tail region showing crenate striae; C, D: Male tail region showing striae and papillae; E: Male tail region, ventral view of
cloacal region showing papillae and precloacal striae.
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bulb broadest anteriorly.Anterior half or so of corpus with
� ne transverse striations in region of lumen. Basal bulb
anchored to body wall by muscles attached to its broad-
est point. Three large cardia extending from bulb into
intestine. Nerve ring encircling corpus at about its mid-
point and excretory pore just anterior to corpus/basal bulb
junction.Arcade cells inconspicuous.Intestine polycytous
with numerous irregular hexagonal cells and � lled with
an amorphous brownish mass with occasional trichomes,
fragments of plant material and spore-like structures.

Female: Vulval opening in form of a broad, transverse
slit located in premedian region of body and often covered
by a substantial amber-brown plaque possibly represent-
ing a copulatory plug. Vagina long and muscular, initially
more or less at right angles to body axis and then leading
anteriorly to a prominent, voluminous vaginal diverticu-
lum (Type 4 genital tract of Adamson, 1987) containing
numerous elongate spermatozoa and an occasional egg.
Diverticulumlocatedon right subventralside of body with
long common uterus leading off from it and directed pos-
teriorly for some distance before re� exing anteriorly and
dividing into two, opposed, re� exed, genital tracts. In the
specimens studied the genital tracts contain relatively few
(three to � fteen) to many, ovoid eggs with smooth, thick-
walled, shells. Uterine eggs (n = 10) 85 ± 2.7 (80-90) ´
68 ± 2.6 (65-73) µ m in size, their contents showing signs
of differentiation into two or four cells in vicinity of uteri.
Crenate striae terminating ventrally just before anus, but
continuing dorsally for a short distance. Tail very long,
initially conoid, then long, evenly attenuated and subu-
late. Tail cuticle clearly thickeningat about phasmid level.
Tail terminus � nely pointed.Rectum short, not much more
than one anal body diam. long and with prominentdepres-
sor ani muscles extending to subdorsal body walls. Phas-
mids about two anal body diam. behind anus.

Male: Developing spermatozoa small, rounded-ovoid
in form. Spicules long and slender; largely isometric and
isomorphic. Spicule capitulum continuing line of shaft.
Retracted spicules proximally straight, but ventrally arcu-
ate in distal third with prominent longitudinal rib running
for most of their length; thin ventral velum along shaft.
Cuticular sculpturing represented by � ne punctations or
striae depending on angle of view. Spicule tips � nely
pointed and apparently formed from solid cuticle apart
from a � ne channel; left tip hooked and tending to cross
over straight right spicule tip on partial protrusion. Nine
to twelve pairs of oblique copulatory muscles. Spicule
protractor muscles attached to subventral walls of tail in
region of anteriormost two pairs of papillae. Copulatory

papillae typically numbering 25, but maybe as few as 23
or, rarely, as many as 27; arranged as seven or eight, rarely
nine, precloacal pairs plus a single midventral papilla on
anterior cloacal lip and four subventral postcloacal pairs.
Anteriormost two or three pairs of precloacal papillae in-
creasingly lateral in position. Posteriormost � ve pairs of
precloacal papillae subventral; arranged closer together
and slightly smaller than remainder of series. Midven-
tral papilla small and located in close proximity to mar-
gin of anterior cloacal lip. Postcloacal pairs arranged as
two large pairs just posterior to cloaca followed by a gap
and then two smaller pairs arranged close together near
commencementof subulateportion of tail. Gubernaculum
absent. ‘True’ bursa absent, but a broad fold of cuticle oc-
curring dorsal to line of caudal papillae visible in some
specimens. This fold may be due to shortening and ven-
tral curvature of tail caused by contraction of powerful
muscles extending past cloaca subventrally, but attaching
to tail cuticle subdorsally just prior to subulate portion.
Cloacal slit crescentic with subtriangular, posteriorly di-
rected median lobe bearing single midventral papilla. Tail
very long, initially dorsally convex, subconoid and then
with a long, dorsally offset, subulateportionwhich may be
directed somewhat dorsally. Tail tip � nely pointed. Phas-
mids varying from just posterior to last pair of papillae
to about level with midway point between last two pairs.
Deeply incised transverse striae with crenate margins dis-
appearingventrally and subventrallyat about cloacal level
and then also dorsally before subulate portion of tail com-
mences.

TYPE HOST AND LOCALITIES

Type population from midgut and posterior intestine
of the robust yellow and black banded spirobolid from
Balima, New Britain, Papua New Guinea.

Also found in the same diplopod from Hargy Estate
and Kimbé and from the slender brownish-grey spirobolid
from Hargy Estate, Balima and Kimbé. Associated gen-
era of rhigonematids included Heth, Carnoya, Ichthyo-
cephaloides, Zalophora and Ransomnema.

TYPE MATERIAL

Holotypefemale, � ve paratype females and six paratype
males (T504/11) at Biosystematics and Molecular Biol-
ogy, CABI Bioscience, UK Centre (Egham), UK and four
paratype females and four paratype males in Collection
nationale de nématodes du sol et parasites des plantes,
Orstom, Montpellier, France.
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DIAGNOSIS AND RELATIONSHIPS

Rhigonema licinacanthumsp. n. is characterized by the
long, heavily cuticularized microtrichs (about 25-27 µ m
long just posterior to the cervical collar) with re� exed
tips, the microtrichsbeing restricted to the cervical region;
the robust cephalic cap and strongly overhangingcephalic
collar; the Type 4 female genital tract; the tail shape
and form in both sexes; the long spicules; the number
and disposition of the copulatory papillae and the early
juvenile stages having a spiniferous body from head to
anus.

It is closest to R. acrulocanthumHunt, 1995, R. tomen-
tosum Hunt, 1995 and R. villosum Hunt, 1995, a group of
similar species from Papua New Guinea with a vaginal di-
verticulum, long tail and long spicules. R. licinacanthum
sp. n. can be easily distinguished from R. acrulocanthum,
the latter species having a fully spined body in the adults
of both sexes. R. tomentosum is morphologically similar
(� ner, comparatively inconspicuouscrenate striae are also
present on the type material, although this feature was not
mentioned in the original description), but R. licinacan-
thum sp. n. differs in the shorter extent of the pilose re-
gion (1.25-1.72 vs 2.0-2.5 pharynx lengths); longer (25-
27 vs 20-22 µ m), better developed, microtrichs; longer,
more evenly tapering female tail (1.52 (1.41-1.65)vs 1.05
(0.95-1.17) mm), lower female c ratio (3.5-4.2 vs 4.7-
5.6), longer male tail (1.07 (0.95-1.19)vs 0.85 (0.66-0.99)
mm), lower male c ratio (4.6 (4.6-4.9) vs 5.4 (4.5-6.6)),
smaller spicules (mean values: left = 411 µ m; right =
416 µ m vs left = 559 µ m; right = 553 µ m) and fewer
precloacal pairs of papillae (7-9 vs 9-12). It differs from
R. villosum in possessing much longer microtrichs just
posterior to the cervical collar (25-27 vs 15 µ m long in
R. villosum) with re� exed tips, crenate striae as opposed
to smooth, markedly longer tail in both sexes and fewer
pairs of precloacal papillae (R. villosum: female tail =
0.86 (0.74-1.02) mm; male tail = 0.52 (0.35-0.62) mm;
precloacal papillae = 9-11 pairs). R. acrulocanthum, R.
tomentosum, R. villosum and R. licinacanthum sp. n. are
morphologically similar species in general respects yet
appear to be readily distinguishableon apparently consis-
tent features such as type, development and extent of pi-
losity, presence or absence of crenate striae, absolute and
relative tail length and dispositionof the copulatorypapil-
lae. They may well represent a species swarm in the New
Guinea/New Britain region, the delineation of which will
dependupon further samplingof the numerousindigenous
species of diplopod in the area.

Rhigonema tribonophorum Hunt, 1995
(Figs 4, 5)

MEASUREMENTS*

Females (n = 10): L = 3.08 ± 0.21 (2.68-3.32)mm; L¢

= 2.57 ± 0.21 (2.23-2.81) mm; diam. = 250 ± 24 (211-
279) µ m; corpus = 236 ± 20 (209-265) µ m; basal bulb
(height ´ diam.) = 79 ± 5.6 (73-89) ´ 116 ± 9.0 (99-
129) µ m; total pharynx = 301 ± 28 (258-348) µ m; anal
body diam. = 69 ± 6.6 (56-76)µ m; tail = 514 ± 40 (450-
596) µ m; head to vulva = 1.38 ± 0.13 (1.18-1.57) mm;
a = 12.4 (10.8-14.9); b = 10.3 (9.3-12.8); c = 6.0 (5.1-
6.7); c¢ = 7.5 (5.9-8.8); V = 44.8 (40.2-48.9); V¢ = 53.7
(47.5-58.1).

Males (n = 10): L (n = 9) = 2.45 ± 0.27 (2.04-2.84)
mm; L¢ = 2.11 ± 0.26 (1.72-2.50) mm: diam. = 258 ±
26 (228-298) µ m; corpus = 221 ± 10.5 (208-232) µ m;
basal bulb (height ´ diam.) = 64 ± 6.2 (56-73) ´ 112 ±
4.1 (106-119) µ m; total pharynx = 285 ± 11 (264-300)
µ m; cloacal body diam. = 62 ± 12.6 (43-83) µ m; tail (n
= 9) = 370 ± 52 (274-423) µ m; subulate portion of tail
(n = 9) = 308 ± 50 (218-363)µ m; left spicule (n = 7) =
226 ± 14 (211-252) µ m; right spicule (n = 6) = 219 ±
17 (204-252) µ m; a = 9.6 (8.3-11.3); b = 8.6 (7.5-9.7); c
= 6.7 (5.5-8.7); c¢ = 6.2 (4.0-9.5).

DESCRIPTION

Rhigonematidae. Medium sized and apparently rather
plump nematodes. Cephalic region heavily cuticularized
and consisting of a broad cephalic cap followed by a
cephalic collar slightly overhanging body contour. Cep-
halic cap circular in en face view and bearing four equidis-
tant mammilliform papillae, two subdorsal and two sub-
ventral with amphids located laterally at junction of the
cap and cephalic collar. Cuticle with very � ne trans-
verse striae about 1-1.5 µ m apart. Cervical region with
� ne microtrichs extending back from cephalic collar for
about one pharynx length or slightly more (i.e. about an
additional basal bulb length). Microtrichs much smaller
and more widely spaced by end of corpus. Oral open-
ing triradiate; equilateral in form; dorsal and two sub-
ventral sectors of equal development.Three cuticularized
plates articulating to form a jawlike apparatus at ante-
rior end of pharynx; dorsal and two subventral plates of

* The material is somewhat distressed by poor � xation in
alcohol resulting in a wrinkling of the body cuticle (leading
to a reduction in body length), compaction of the pharynx and
contraction and � exure of the male tail region.
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Fig. 4. Rhigonema tribonophorum Hunt, 1995. A: Female pharynx; B: Optical section through female stoma showing arrangement of
teeth and ridged scrapers on the jaw plates, apical view; C: Optical section immediately above teeth showing � nely ridged, scalloped
plates, apical view; D: Female cephalic cap and collar; E: Female tail region; F: Female tail; G: Tip of female tail; H: Male, left
spicule, outer face; I, J: Male tail region; K: Tip of left spicule; L: Rugosities on male tail; M, N: Female vaginal region (Scale bar: A,
F, I, M = 170 µ m; D, E, H, J, N = 85 µ m; B, C, G, K, L = 35 µ m).
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Fig. 5. Rhigonema tribonophorumHunt, 1995, SEM observations. A: Male cephalic region; B: Female en face; C, D: Rugose area on
male tail; E: Male, close-up view of rugosities.
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equal development, each bearing six curved teeth and a
fan-shaped medial rasp comprising eight minute cuticu-
lar ridges. Overlying the toothed plates are three � nely
ridged plates with scalloped luminal margins, the undula-
tions of which coincide with the positions of the teeth be-
low. Finely ridged plates located 3-4 µ m anterior to teeth.
Pharynx typical of genus. Anterior half or so of corpus
with � ne transverse striations in region of lumen; poste-
rior half with faint, even � ner striae. Nerve ring encircling
corpus at about midpoint and excretory pore just anterior
to corpus/basal bulb junction. Arcade cells not observed.
Intestine polycytous with numerous irregular hexagonal
cells and � lled with an amorphous brownish mass with
occasional plant fragments and fungal spores.

Female: Vulval opening in form of a broad, transverse
slit. Vulval lips slightly raised; � ap absent. Vagina long,
often containingmasses of sperm, initiallydirected anteri-
orly and then re� exing posteriorly before turning anteriad
once again before eventually joining uteri; vaginal diver-
ticulum absent (modi� ed Type 2 genital tract of Adamson,
1987). Genital tracts opposed, re� exed; each with promi-
nent spermatheca and sperm. Genital tracts of specimens
studied containing relatively numerous (30 to more than
50), ovoid eggs with smooth, thick-walled, shells. Uterine
eggs (n = 10) 90 ± 2.5 (86-93) ´ 67 ± 2.1 (65-70) µ m
in size, their contents showing signs of differentiation into
two or four cells in vicinity of uteri. Tail initially conoid
with a long, attenuated subulate, terminal portion.Rectum
about two anal body diam. long with prominent depressor
ani muscles extending to subdorsal body walls. Phasmids
about an anal body diam. behind anus and just before sub-
ulate portion of tail.

Male: Developing spermatozoa small and rounded-
ovoid in form. Spicules of medium length and relatively
broad; more or less isometric and isomorphic; ventrally
arcuate to hook-shaped, precise form depending on tail
curvature and degree of spicular protrusion; prominent
longitudinal rib running for most of shaft. Cuticular pat-
terning in form of minute punctations or � ne striae de-
pending on angle of view. Each blade carrying a low
velum-like ventral � ange in distal half. Finely pointed
spicule tips apparently formed from solid cuticle. About
nine pairs of oblique copulatory muscles. Copulatory
papillae totalling 21: arranged as six subventral precloa-
cal pairs (very dif� cult to see on some of the � xed material
because of body curvature and cuticular shrinkage) plus a
single midventral papilla on anterior cloacal lip and four
subventral postcloacal pairs. Postcloacal pairs arranged
more or less equidistant between posterior cloacal lip and

commencement of subulate portion of tail. Bursa and gu-
bernaculum absent. Posterior cloacal lip, subventral to
subdorsal body cuticle along tail and cuticle around bases
of caudal papillae covered with minute, contiguous, irreg-
ularly shaped rugosities, apparentlydevelopedfrom trans-
verse striae and not previously reported for Rhigonema.
Tail long, initially dorsally convex-conoid and then with
a long, offset, often dorsally directed, subulate portion.
Phasmids located near base of tail spike.

HOST AND LOCALITY

Midgut and posterior intestine of an unidenti� ed spiro-
bolid diplopod collected by Dr D. Moore in Kerevat, New
Britain, Papua New Guinea in 1996. The host was about
10 cm long, slender and brownish-grey in colour. Other
rhigonematidspresent included Heth spp., Carnoya spp.,
Ichthyocephaloides sp. and Ransomnema sp.

DISCUSSION

R. tribonophorum was originally described from the
neighbouring island of New Guinea (Hunt, 1995) from a
populationof ten females and eleven males. SEM views of
the anterior region were provided,but the male tail region
was not studied with this technique. This second popula-
tion provides some valuable additional information on the
morphological variability of the species, of particular im-
portance being the presence of extensive � elds of minute
rugosities in the postcloacal region, these being visibleun-
der light microscopy and con� rmed by SEM. No other
nominal species in the genus, including the type popula-
tion of R. tribonophorum, has previouslybeen recorded as
having such caudal rugosities. Re-examinationof the type
material of R. tribonophorum, however, revealed that sim-
ilar rugosities were de� nitely visible on the tail region of
several male specimens, although in others their presence
could not be con� rmed, the thicknessof the mount in such
cases precluding the use of an oil immersion objective.
The New Britain population of R. tribonophorum is con-
siderably smaller than that of the type (female: 3.08 (2.68-
3.32) vs 4.81 (3.72-5.65) mm; male: 2.45 (2.04-2.84) vs
4.16 (3.12-5.16) mm), although the tail lengths in both
sexes are comparable (female = 0.51 (0.45-0.60) vs 0.54
(0.48-0.58) mm; male = 0.37 (0.27-0.42) vs 0.34 (0.25-
0.41) mm respectively). It shouldbe borne in mind that the
present material is somewhat distressed by poor � xation
and this undoubtedly accounts for a large proportion of
the apparent morphometric discrepancies in body length,
pharynx length, body diam. and associated ratios between
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the two species. The particular morphological characters
shared by both populationsare the unusual form of the fe-
male ovejector with its double � exure before diverging to
the two uteri, the presenceof rugose � elds on the male tail,
size and form of the spicules, disposition of the 21 copu-
latory papillae and extent and form of the pilose region.
Against this concordancemust be weighed the more ante-
rior vulva in the present population(V = 44.8 (40.2-48.9)
vs 53.2 (50.6-58.4)). In view of the overall morphological
similarities, and bearing in mind the somewhat shrunken
conditionof the alcohol � xed New Britain population,this
apparent difference (possibly due to differential shrinkage
of the pre- and post-vulvalbody) is not considered reliable
enough to warrant separate speci� c status for the present.

Zalophora deinostoma* sp. n.
(Figs 6, 7)

MEASUREMENTS

Holotype female: L = 4.40 mm; diam. = 294 µ m;
pharynx = 298 µ m; tail = 414 µ m; anal body diam. =
139 µ m; a = 15.0; b = 14.8; c = 10.6; c¢ = 3.0; V =
51.2; V¢ = 56.5.

Paratype females (n = 3): L = 4.65, 4.91, 3.38 mm;
diam. = 380, 420, 215 µ m; pharynx = 305, 327, 264
µ m; tail = 483, 444, 417 µ m; anal body diam. = 122,
123, 113; a = 12.2, 11.7, 15.7; b = 15.2, 15.0, 12.8; c =
9.6, 11.1, 8.1; c¢ = 4.0, 3.6, 3.7; V = 52.0, 53.6, 50.3; V¢

= 58.0, 59.0, 57.4; (another paratype female was in the
process of moulting and is therefore not included in the
measurements).

DESCRIPTION

Female: Rhigonematidae. Medium length, robust ne-
matodes. Cervical region swollen and subglobular in form
in both living and � xed specimens. Oral aperture triangu-
lar with dorsal sector reduced. Cephalic cap bilobed; dor-
sal lobe broader and shallower than longer, narrower, ven-
tral lobe. Cephalic cap bearing two, dorsoventrally orien-
tated, broad cuticular crests about 40 µ m high, one on ei-
ther side of oral aperture, and four peg-like cephalic papil-
lae, two subdorsal and two dorsosublateral with amphids
located dorsolaterallyat margin of cap and cephalic collar.
Papillae and amphids shifted dorsad and SEM observa-
tions indicating the possible presence of six labial papil-
lae located on crests. Cuticle with � ne transverse striae

* Derived from the Greek deino = terrible, and stoma = mouth.

about 3.8 µ m apart in midbody region; striae smooth and
spineless in both cervical region and further down body
(con� rmed by SEM observations).Lateral � eld marked by
irregular breaks in striae; lateral alae absent. Oral opening
subtriangular and elongate in dorsoventral plane; dorsal
sector being markedly less developed than subventral sec-
tors. Three cuticularized jawlike structures at anterior end
of pharynx; dorsal sector considerably shorter than two
subventrals. All three jaws bearing cuticularized, sharply
pointed teeth. Arrangement of teeth is broadly similar
to that recorded for the type species by Hunt (1994c).
On the basis of the single specimen available for SEM
study, the dorsal sector is armed with two large teeth at
each angle and a single large median tooth with a row of
smaller, equally sized, closely adpressed teeth on either
side. These two rows comprise about twelve to fourteen
teeth in each row. Left subventral sector with two larger
teeth at angle with dorsal sector, a series of � ve small
teeth followed by a longer tooth, another seven smaller
teeth, a longer tooth, fourteen smaller teeth and then a
massive tooth with a broad base. (It is not possible with
the SEM to observe if there are any more teeth ventrad
to this point as the cephalic crests obscure the view, but
under light microscopy one specimen showed an addi-
tional three small teeth.) The right subventral sector also
has two large teeth at its junction with dorsal sector, but
is then followed by a series of eleven small teeth, a longer
tooth, eleven smaller teeth, a larger, broad based tooth and
then a massive tooth, the latter two teeth engaging either
side of the massive tooth on the opposite subventral sec-
tor. A further row of four small teeth can be seen under
the light microscope ventrad to the massive tooth. An ad-
ditional small tooth appears to be set at a slightly more
distal location in the stoma than the massive tooth. Mas-
sive tooth on the left subventral sector appearing to en-
gage with two large teeth on right subventral sector to
produce a shearing action as do the larger teeth at the
angles of dorsal and subventral sectors. Small teeth on
right subventral sector broader, slightly longer and with
more separated bases than corresponding small teeth on
left subventral sector. It is not clear why the arrangement
and size of teeth on the subventral plates should be asym-
metric, but similar asymmetry exists in the type species
(see Hunt, 1994c). Pharynx comprising a powerful, mus-
cular, subglobular corpus amalgamated with a powerful
basal bulb considerably wider than high. Lumen of cor-
pus thickened and ridged, presumably being adapted to a
grinding/macerating function.Excretory pore locatednear
posterior margin of corpus. Vulva located slightly post-
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Fig. 6. Zalophora deinostoma sp. n. Female. A: Pharynx, ventral view; B: Buccal region; C: Tail region, lateral view; D: Tail region,
ventral view; E: En face (drawn from SEM); F: Vulval region. Zalophora ? deinostoma sp. n. juvenile (J1). G: Anterior region, ventral
view; H: Cephalic region, ventral view; I: Tail region posterior to anus — Zalophora nemophila sp. n. J: Pharynx, lateral view; K:
Breaks in striae in lateral region near anus; L: Tail region; M: Vulval region (Scale bar: A, C, D, F, J, L, M = 170 µ m; B, K = 85 µ m;
G, H, I = 35 µ m).

236 Nematology



Rhigonematida from New Britain diplopods

Fig. 7. Zalophora deinostoma sp. n., SEM observations. Female. A: Apical view; B: View of cephalic crests and papillae; C, D: View of
the numerous teeth guarding the stoma entrance.
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median and leading to a short, anteriorly directed, mus-
cular vagina joining divergent uteri (Type 1 genital tract
of Adamson, 1987). Two genital tracts, each with own
uterus. Genital tracts containing numerous, smooth, thick
shelled eggs about 75 (72-78) ´ 60 (57-63) µ m in size.
No sperm seen in either tract. Anus a broad, crescentic
slit; rectum about an anal body diam. long. Tail medium
to long, conoid, tapering evenly for � rst third or so, then
clearly narrowing at point where the transverse striae van-
ish just before the long subulate terminal spike. Tail ter-
minus � nely rounded. Phasmids located just posterior to
termination of striae and prior to subulate portion of tail.

Male: Not found.
Juveniles: A number of juvenileZalophora were recov-

ered from both species of diplopod and these are provi-
sionally attributed to Z. deinostoma sp. n. mainly on the
basis of relative size and form and length of tail. The
stages are tentativelyallocated on the basis of relative size
and development of the cephalic crests, stoma and phar-
ynx. It is possible that: i) the actual J1 was not found (the
eggs measure about 75 µ m long and even allowing for
the juvenile being coiled several times within the egg, the
size differential to the putative J1 is rather large) and ii)
that the supposed J3 and J4 are in fact both J4 (tail length,
and to a lesser degree pharynx length, are similar).

J1 (n = 2): Small nematodes, 0.84 to 0.96 mm long.
Cephalic cap smooth, bearing two, laterally positioned,
curved mandible-likestructures arching over the oral aper-
ture with their � ne distal tips intersecting. Mandible-
like structure apparently mobile and capable of scis-
soring action. Cephalic crests absent. Body � nely stri-
ated, striae bearing well developed, heavily cuticular-
ized retrorse spinelets continuing down body to beyond
anus before becoming much smaller and � nally disap-
pearing on subulate portion of tail. Pharynx robust, 76-80
µ m long; comprising muscular corpus and spheroid basal
bulb. Excretory pore located about halfway along corpus.
Tail 281-297 µ m long; initially conoid, then long subu-
late.

J2 (n = 2): Body 1.52 to 1.76 mm long. Cephalic cap
smooth, bearing two, lateral, cephalic crests. Body � nely
striated, striae bearing transverse rows of minute spinelets
continuing down body to beyond anus before becoming
much smaller and � nally disappearingon subulate portion
of tail. Stoma funnel shaped; lined by two grooved plates.
Pharynx 118-121µ m long; more robust than J1, compris-
ing heavily muscled corpus and spheroid basal bulb. Tail
396-480 µ m long; initially conoid, then long subulate.

J3 (n = 1): Body 2.06 mm long and � nely striated,
striae bearing transverse rows of minute spinelets. Similar
to J2 in general respects, but cephalic crests more highly
developed and rows of small teeth visible in stoma. Phar-
ynx 174 µ m long. Tail conoid, then long subulate; 444
µ m long.

J4 (n = 1): Body 2.72 mm long and � nely striated,
striae bearing transverse rows of minute spinelets. Similar
to J3 in general respects, but cephalic crests, pharynx (216
µ m long) and stoma larger. Tail conoid, long subulate;
relatively shorter, being 446 µ m long.

TYPE HOST AND LOCALITIES

Type populationfrom intestineof unidenti� ed brownish-
grey diplopod collected at Balima, New Britain, Papua
New Guinea. The type host also contained Ichthyocephalo-
ides sp., Carnoya sp., Heth sp. and Desmicola sp.

Also found in the larger black and yellow banded spiro-
bolid at Kimbé in association with Ichthyocephaloides sp.,
Rhigonema sp., Carnoya sp., Heth spp. and Coronostoma
sp.

TYPE MATERIAL

Holotype female and three paratype females (T513/02)
at Biosystematics and Molecular Biology, CABI Bio-
science, UK Centre (Egham), UK and one paratype fe-
male in the Collection nationale des nématodes du sol et
parasites de plantes, Orstom, Montpellier, France.

DIAGNOSIS AND RELATIONSHIPS

Zalophora deinostoma sp. n. is characterised by the
relatively small body (3.4-4.9 mm); general tail shape and
presence of a � nely rounded terminus; cuticular striae
smooth and lacking spinelets; arrangement of the stoma
armature and eggs 75 (72-78) ´ 60 (57-63) µ m in size.

It is readily distinguishedfrom Z. hepialumHunt, 1994,
apart from similar egg size (eggs in Z. hepialum types =
85 (81-90) ´ 65 (61-68) µ m) by the above combination
of characters (body length 5.6-6.0 mm; tail more evenly
tapering to a � nely pointed tip; cuticle with spinelets
arranged in transverse rows in Z. hepialum). It is distin-
guished from Z. nemophila sp. n. by much shorter body
length (3.4-4.9 vs 7.1-7.6 mm), longer tail (414-483 vs
228 µ m), tail shape, far less massive pharynx and lower,
less developed cephalic crests.

238 Nematology



Rhigonematida from New Britain diplopods

Zalophora nemophila* sp. n.
(Figs 6, 8)

MEASUREMENTS

Holotype female: L = 7.1 mm; L¢ = 6.87 mm; diam. =
587 µ m; pharynx = 563 µ m; tail = 228 µ m; anal body
diam. = 132 µ m; a = 12.1; b = 12.6; c = 31.1; c¢ = 1.7;
V = 59.8; V¢ = 61.7.

Paratype female (slightly squashed): L = 7.59 mm; L¢

= 7.38 mm; diam. = 667 µ m; pharynx = 594 µ m; tail
= 208 µ m (tip broken); anal body diam. = 192 µ m; a =
11.4; b = 12.8; c = 36.5; c¢ = 1.1; V = 54.0; V¢ = 55.5.

DESCRIPTION

Female: Rhigonematidae.Long, robust nematodes.Cer-
vical region swollen and subglobular in form in living
specimen and after � xation.Cephalic cap slightly laterally
compressed and bearing two very prominent, dorsoven-
trally orientated, broad cuticular crests about 70 µ m high,
one on either side of oral aperture, and four peg-like papil-
lae, two subdorsal and two dorsosublateral with amphids
located dorsolaterallyat margin of cap and cephalic collar.
Cuticle with transverse striae about 6.4 µ m apart in mid-
body region; striae smooth from cervical region to anal re-
gion and with irregular breaks laterally. Oral opening sub-
triangular and elongate in dorsoventral plane; dorsal sec-
tor markedly less developedthan subventralsectors. Three
cuticularized jawlike structures at anterior end of phar-
ynx; dorsal sector considerably shorter than two subven-
trals. All three jaws bearing cuticularized, sharply pointed
teeth, the exact disposition of which is not possible to
ascertain without an en face view, although apparently
broadly similar to Z. deinostoma sp. n. Pharynx com-
prising a powerful, heavily muscled, subglobular corpus
amalgamated with a powerful basal bulb. Lumen of cor-
pus thickened and ridged, presumably being adapted to a
grinding/macerating function. Excretory pore located an-
terior to base of corpus. Nerve ring encircling junctionbe-
tween corpus and basal bulb. Vulva located slightly post-
median at 54-60% and leading to anteriorly directed mus-
cular vagina joining divergent uteri (Type 1 genital tract
of Adamson, 1987). Two genital tracts, each with its own
uterus. No spermathecae or sperm observed. Genital tracts
relatively undeveloped for body size; containing about 50
eggs in the holotype, mostly orientated so that only their

* Derived from the Greek nematos = thread and philos = loving,
fond of. It refers to the predatory habit on other nematodes.

Fig. 8. Zalophora nemophila sp. n. Female holotype ingesting
juvenile of Ichthyocephaloidessp. (Scale bar = 110 µ m).

end-on view is visible in a lateral mounted worm and 89
(86-93)´ 65 (63-66)µ m in size with smooth, thick shells.
Intestine on lefthand side of body. Anus in form of a broad
crescentic slit; rectum just over an anal body diam. long
with prominent coelomocytes and dilatory muscles run-
ning to subdorsal body walls. Tail initially short, conoid;
tapering to a short, subulate terminus, the end of which
is missing in the paratype female. Phasmids minute, lo-
cated just posterior to last transverse striae at point where
subulate portion of tail commences.

Male: Not found.

TYPE HOST AND LOCALITY

Intestine of an unidenti� ed, robust, yellow and black
banded spirobolid from Kimbé, New Britain, Papua New
Guinea.

This species was rather rare, only three specimens
being found in different diplopodspecimens,one of which
was sacri� ced in an unsuccessful attempt at molecular
characterization.This species was not found in the smaller
diplopod from New Britain. Associated nematodes in the
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type host included Ichthyocephaloides sp., Rhigonema
licinacanthumsp. n., Carnoya sp. and Heth spp.

TYPE MATERIAL

Holotype female and paratype female (T513/03) at
Biosystematicsand MolecularBiology,CABI Bioscience,
UK Centre (Egham), UK.

DIAGNOSIS AND RELATIONSHIPS

Zalophora nemophila sp. n. is characterised by: large
body size; hypertrophied cephalic crests; relatively short
tail which is initially short, conoid and then with a termi-
nal spike; and smooth transverse striae lacking spinelets.

Of the other nominal species, Z. hepialum has trans-
verse striae bearing spinelets over most of the body,
shorter body length (5.6-6.0 vs 7.1-7.6 mm), less devel-
oped cephalic crests and longer, differently shaped tail
and Z. deinostoma sp. n., a species also lacking cuticu-
lar spinelets in the adult, has smaller body size (3.4-4.9 vs
7.1-7.6 mm), longer and differently shaped tail (414-483
vs 228 µ m) and less developed cephalic crests.

Bionomics of Zalophora species

Zalophora species occur in the diplopod gut with a
mixture of other rhigonematids,often represented in large
numbers, such as Rhigonema spp., Ichthyocephaloides
spp., Heth spp. and Carnoya spp. Because of the swollen
cervical region the nematodes are highly distinctiveunder
even the lowest power of a dissecting microscope and are
therefore not likely to be overlooked,yet to date I (D.J.H.)
have only seen eighteen specimens, mostly adult females
with a few juveniles of various stages, representing a total
of four species.

The genus is unusual amongst rhigonematidsin a num-
ber of instances: i) populationsof the type species, the two
species described herein plus another undescribed species
from a Sulawesi polydesmid (known only from two fe-
males) all lack males and are of low prevalence,with only
an occasional adult specimen being isolated from individ-
ual diplopods; ii) co-infection of a diplopodby more than
one species of Zalophora has not yet been observed; iii)
the adult females invariably occur singly in the host, but
up to two younger juveniles (J1 and J3) have been found
cohabiting the gut and, on one occasion, an adult female
and a J1 were so found.

Why the genus should be so atypical of rhigonematids
in being rare, of low prevalence and in apparently lacking

males has been a mystery which may be explained by the
phenomenonof predation.During the course of this study,
one female of Z. nemophila sp. n. was dissected alive from
the diplopod gut with only the anteriormost region of an
Ichthyocephaloides juvenile partially protruding from the
mouth (Fig. 8). No identi� able remains of the prey could
be discerned beyond the anterior pharynx, an amorphous
mass of material just posterior to the cardia attesting to the
ef� cacy of the teeth and grinding surfaces. This new ev-
idence may help explain the earlier observation by Hunt
(1994c) who, when proposing the genus Zalophora, had
commented upon the occurrence of several intact, appar-
ently undigested rhigonematid eggs, probably belonging
to Heth, in the posterior intestine of two specimens of
Z. hepialum.

If indulgence in a little speculation is allowed, it seems
plausible that Zalophora has evolved from the parasite
niche to occupy the otherwisevacant predator niche within
the diplopod gut. The niche breadth, at least in smaller
diplopodspecies, may not be suf� cient to adequately sup-
port more than one predatory nematode of such substan-
tial size (with presumably a voraciousappetite to support),
and therefore competitive exclusion pressures could mil-
itate against establishment of potential competitors, such
as other individuals of Zalophora. Thus, an established
nematode could conceivably eliminate potential competi-
tion by detecting and being predatory upon newly arrived
Zalophora juveniles, thereby explaining the occurrence of
only one mature female per host, the observed absence of
males and the adaptation to parthenogeneticreproduction.

Adults of Zalophoraare well adapted to a predatory life
with well developed cephalic crests to assist in holding
the prey, a capacious stoma lined with fearsome arrays
of retrorse teeth, some capable of a scissoring action,
and a hypertrophied, extremely muscular pharynx to aid
consumptionof the hapless victim. The juvenile stages, at
least in one species, show a progressively more developed
pharynx from J1 to J3/4 with concomitant increase in
the the complexity of the buccal armature. The J1 lacks
buccal teeth and crests, the latter being replaced by two
curved, laterally located mandible-like structures which
project from the cephalic capsule and intersect above the
oral aperture. Each ‘mandible’ is mobile and operated by
muscles attached to a cuticular boss at its base. The J1
is presumably too small to comfortably swallow whole
prey in the manner of the later stages, the mandibulate
structures being used instead to grasp and penetrate the
prey, the contents of which may then be safely ingested.
The cuticle of the J1 is spined from just behind the
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cephalic cap to the base of the subulate portion of the tail,
the spines then being reduced to rings of spinelets which
terminate some distance from the tail tip. The J2 lacks the
‘mandibles’, but bears two low cephalic crests and has two
� nely grooved cuticular plates at the base of the stoma.
The cuticular spines present in the J1 are replaced by
transverse rows of minute spinelets in subsequent stages.
The J3 has higher crests and an array of teeth in the stoma
and this development is enhanced in the J4.

Although this is the � rst published record of preda-
tory behaviour within the Rhigonematida, it is not the
� rst record of predation by nematodes in the diplopodgut
as both Van Waerebeke (1986) and Van Waerebeke and
Adamson (1986) demonstrated such behaviour in African
diplopods by Coronostoma, an oxyurid genus. Corono-
stoma species are relatively small nematodes and only oc-
cur in low numbers in the gut, both sexes occurring to-
gether. Such nematodeswould not be capable of ingesting
large rhigonematids. A species of Coronostoma was also
found in the New Britain diplopods, but rarely and with
never more than a couple of specimens in each infected
diplopod.

It is generally assumed that all members of the Rhigone-
matida are detritophages and/or microbivores, a suppo-
sition supported by detailed examination of the gut con-
tents. In the smaller genera, such as Carnoya and Heth,
the gut contains a mixture of very � ne particulate mate-
rial and bacteria with only the occasional larger fungal
spore visible. In the Rhigonematidaeand Ichthyocephali-
dae, however, the gut material is much more varied and, in
addition to fungal spores and bacteria, also contains var-
iously sized fragments of plant material, including such
awkward items as large trichomes (sometimes actually
lodged in and penetrating the intestinal wall of the nema-
tode) and entire moss bracts. Rhigonematids and ichthy-
ocephalids are also known to use their jaw apparatus to
grip the gut lining of the host and, when detached, can of-
ten be seen with large pieces of this tissue trailing from
their jaws. Whether this material is also ingested is not
clear, but given the catholic diet of these nematodes such
is likely to be the case. I (DJH) have also seen a spec-
imen of Rhigonema acrulocanthum Hunt, 1995 in the
process of swallowing an entire eccrinid. This had pre-
sumably been forcibly detached from the cuticle of an-
other rhigonematid in the gut as the eccrinid holdfast had
yet to be ingested.

The ability of these nematodes to ingest large items of
potential food is clearly beyond dispute, but the extent
to which other gut dwelling nematodes contribute to the

diet of rhigonematids and ichthyocephalids remains un-
known. It is possible that, in addition to Zalophora, other
genera/species of Rhigonematoidea are also predatory, at
least facultatively or opportunistically and those nema-
todes with either laterally or dorso-ventrally compressed
jaws and/or abnormal development of the buccal arma-
ture should be regarded with particular suspicion in this
respect.
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