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New and Known Species of Litomosoides (Nematoda: Filarioidea):
Important Adult and Larval Characters and Taxonomic Changes

RICARDO GUERRERO,1 CORALIE MARTIN,2 SCOTT L. GARDNER,3 AND ODILE BAIN2,4

1 Faculdad de Ciencias, Instituto de Zoologia Tropical, Universidad Central de Venezuela, P.O. Box 47058,
1041A Caracas, Venezuela,
2 Parasitologie Compare´e et Modèles Expérimentaux, Associe´e à l’INSERM (U445), Institut de Syste´matique,
CNRS FR 1541, Muse´um National d’Histoire Naturelle et Ecole Pratique des Hautes Etudes, 61 Rue Buffon,
75231 Paris Cedex O5, France, and
3 Harold W. Manter Laboratory of Parasitology, W-529 Nebraska Hall, University of Nebraska–Lincoln,
Lincoln, Nebraska 68588-0514, U.S.A. (e-mail: slg@unl.edu)

ABSTRACT: During field surveys in Venezuela, Peru, and French Guiana, species ofLitomosoides were recovered
from bats and from a didelphid marsupial. Their morphology was studied, giving particular attention to the head
and caudal papillae, the spicules (used to distinguish thecarinii and sigmodontis groups ofLitomosoides), and
the microfilariae.Litomosoides wilsoni sp. n. from the short-tailed opossumMonodelphis emiliae is described
from Peru;Litomosoides brasiliensis, Litomosoides chandleri, and Litomosoides guiterasi from bats are rede-
scribed, and new hosts are recorded. For the first time, larval stages were recovered from bats (1 male and 1
female fourth-stage larvae ofLitomos. brasiliensis). Litomosoides solarii sp. n. from the fringe-lipped batTrach-
ops cirrhosus (Phyllostomidae) in Peru is distinguished from the other species by its peculiar microfilaria (the
male is unknown).Filaria serpicula from Phyllostomus sp. in Brazil is renamedLitomosoides serpicula (Molin,
1858) comb. n. This study confirms the close morphological resemblance between the species ofLitomosoides
from flying and terrestrial mammals and reinforces the hypothesis of host-switching in the evolution of this
genus. The 2 North American species ofLitomosoides from the Geomyidae were reexamined and are peculiar
in several adult and microfilarial characters that resemble those ofLitomosa, parasitic in Old World bats. The
following new combinations are proposed:Litomosa westi (Gardner and Schmidt, 1986) comb. n. andLitomosa
thomomydis (Gardner and Schmidt, 1986) comb. n. However,Litomosa and Litomosoides have in common a
thick buccal capsule embedded posteriorly in the esophagus, which suggests that they are closely related.Lito-
mosoides andersoni, a parasite of a caviomorph rodent, likely results from conflation of a species ofLitomosoides
and one ofAckertia.

KEY WORDS: Litomosoides wilsoni sp. n.,Litomosoides solarii sp. n.,Litomosa, Ackertia, bats, rodents, mar-
supials, host-switching, phylogeny.

Species ofLitomosoides Chandler, 1931, are
filarioid nematodes occurring in the Nearctic and
Neotropical regions. They exhibit an interesting
host-spectrum that is ‘‘non-coherent’’ (sensu
Chabaud, 1982) in that they occur in phyloge-
netically distinct groups of both flying and ter-
restrial mammals. Two species ofLitomosoides
are parasitic in marsupials, about 12 in bats
(mainly the phyllostomids), and approximately
17 in rodents. The latter are found mainly in
sigmodontine murids, but a few species are also
known in sciurids, echimyids, and ctenomyids
(Notarnicola et al., 2000). Two species are also
found in geomyids, but they are considered very
specialized (Gardner and Schmidt, 1986).

Interest inLitomosoides has increased recent-
ly becauseLitomosoides sigmodontis Chandler,
1931, unlike other filarioid nematodes, com-

4 Corresponding author (e-mail: bain@mnhn.fr).

pletes its development in laboratory mice (Petit
et al., 1992) and is thus a useful model for study-
ing human filariases (Allen et al., 2000; Martin
et al., 2000).

Bain and Philipp (1991) suggested that this
exceptional capacity to develop in mice is a re-
sult of the phylogenetic history ofLitomosoides.
They hypothesized thatLitomosoides originated
in Neotropical bats and subsequently diversified
in Neotropical terrestrial mammals when sig-
modontine murids, migrating from North Amer-
ica at the time of the Great American Inter-
change during the Pleistocene, began a rapid and
extreme burst of speciation in South America
(Marshall, 1979). The importance of host-
switching in the evolution ofLitomosoides is
also emphasized in the recent phylogenetic anal-
ysis of Brant and Gardner (2000), who found
that there is essentially no phylogenetic host
specificity among these nematodes.
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However, important characters such as the ce-
phalic sensory organs and the male caudal or-
namentation (area rugosa) are often insufficient-
ly known. Moreover, it is necessary to verify by
the study of the spicules if the 2 morphological
types,carinii and sigmodontis, identified in Li-
tomosoides by Bain et al. (1989) from terrestrial
mammals also exist in bats (Bain et al., 1989).

To understand the evolution of the genusLi-
tomosoides, additional and more detailed mor-
phological data is necessary. We studied 14 sam-
ples of specimens derived from field surveys in
Venezuela, Peru, and French Guiana. From
these, 5 species ofLitomosoides were identified.
A new species was recovered from a didelphid
marsupial, and 3 known species and 1 new spe-
cies were recovered from different bats. We also
examined the original material ofFilaria serpi-
cula Molin, 1858, parasitic in a bat in Brazil,
and the 2 species parasitic in geomyids (pocket
gophers).

During the course of the study, we sometimes
observed slight morphological differences in a
species between samples from diverse hosts or
geographic origins; this suggests the possibility
of greater diversity than is usually accepted for
the genus, but this is not our present concern.
More samples fixed under similar conditions
will be necessary to address this question ade-
quately. The 2 larval stages recovered for the
first time from a bat are particularly interesting
and have phylogenetic significance.

MATERIALS AND METHODS

Hosts

Hosts of the newly studied materials were captured
in different stations, in northern Venezuela, Parque Na-
cional Guatopo (Agua Fria), Miranda state, during
1981, as part of a study of ectoparasites of bats (Guer-
rero, 1993); in eastern Peru, Parque Nacional Manu
(Pakitza), Madre de Dios state, during 1992, and the
lower Urubamba region (San Martin 3-well site and
Camisea), Cuzco state, during 1997, in both cases
within a field research program directed by the Smith-
sonian Institution; in French Guiana, in the central
(Nouragues) and northwest (St. Elie) regions during
the long-term program of Tropical Ecology (Ecotrop)
performed by several institutions, Centre National de
la Recherche Scientifique (CNRS), Muse´um National
d’Histoire Naturelle (MNHN), Institut sur la Recher-
che et le De´veloppement (IRD), and Centre de Coop-
ération Internationale en Recherche Agronomique pour
le Développement (CIRAD). Environmental character-
istics of these stations are presented in a document on
national parks dated from 1992 for Venezuela, in Wil-
son and Sandoval (1996) and Dallmeier and Alonso

(1997) for Peru, and in Brosset et al. (1996) for French
Guiana. Hosts were dissected just after their capture
(Peru, Venezuela) or after fixation in alcohol or for-
malin (Venezuela, French Guiana). Host names used
are consistent with those used in Wilson and Reeder
(1993). Host field numbers are presented in parenthe-
ses.

Collection centers
Types and studied material are deposited in 3 col-

lection centers: Coleccio´n de Parasitologı´a, Museo de
Biologı́a (CP-MBUC), Universidad Central de Vene-
zuela, Caracas, Venezuela (accession numbers are
those of the field collection); Laboratorio de Helmin-
tologı́a, Museo de Historia Natural (MUSM), Univer-
sidad Nacional Mayor de San Marcos, Lima, Peru;
Muséum National d’Histoire Naturelle (MNHN), Paris,
France (numbers followed by letters are of this collec-
tion). Filaria serpicula was examined in the Collection
of Evertebrata-Varia, numbers 6322–6324, at the Na-
turhistorisches Museum Wien (NMW), Vienna, Aus-
tria.

Definitions of the morphological characters
studied

The morphological study was performed with fixed
specimens cleared in lactophenol and examined under
a light microscope. All the specimens of each sample
were observed. Drawings were made using a drawing
tube. Sensory organs of the head were studied and il-
lustrated in median, lateral, and apical views from sev-
eral specimens of both sexes. Amphids, lateral cutic-
ular thickenings of the body, and the lumens of the
esophagus were used to orient the head, as described
in Notarnicola et al. (2000). The structure of the buccal
capsule is defined by its length, its width (maximum
external diameter), the ratio of length to width, and the
shape of its walls (which can be thin or thick or have
well-defined and thick rings). The overall shape of the
buccal cavity was studied and considered separately.
Microfilariae were removed from the uteri near the
vulva of females for study in a fully developed state.
Spicules were dissected from 1 or 2 male specimens
to observe the membranous parts more completely; the
arrangement of caudal papillae was studied in ventral
view; the structure of the area rugosa was studied and
its length measured (anterior and posterior extremities
from the cloacal aperture).

Measurements are given as follows: from adults,
mean followed by minimum–maximum values in pa-
rentheses; in microfilariae, mean length� standard de-
viation and extreme values of width. For a new spe-
cies, holotype and allotype measurements are given
first. When necessary, measurements of samples from
different host species are presented separately. Length
of adults is given in millimeters, all other measure-
ments are in micrometers.

Names of known species ofLitomosoides are con-
sistent with those in Bain et al. (1989) and Notarnicola
et al. (2000).

RESULTS
The characters common to the species studied

are as follows. Body attenuated in anterior re-
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gion. Head attenuated in lateral view but often
round in median view. Mouth minute, slightly
depressed. Long channel of amphids conspicu-
ous. Buccal capsule always composed of a main
strongly cuticularized part and an anterior less
cuticularized segment corresponding to invagi-
nation of the body cuticle. Posterior part of buc-
cal capsule always within the apex of the esoph-
agus. Lateral thickening of body cuticle begin-
ning posterior to buccal capsule.

Area rugosa beginning anterior to cloacal ap-
erture and extending beyond the coiled region of
the tail, always composed of transversal bands
of short longitudinal cuticular crests. Right spic-
ule strongly cuticularized through its distal ex-
tremity with a subterminal dorsal hook or a cap,
and a conspicuous dorsal heel, as defined in the
carinii group of Litomosoides (Bain et al.,
1989), except in the 2 species from Geomyidae.
Microfilariae: body straight; head attenuated and
terminated in a salient hook, except in the 2 spe-
cies from Geomyidae.

Litomosoides wilsoni sp. n.
(Figs. 1–16)

Description

General: Anterior end conical. Head with 4 ex-
terno-labial papillae arranged in a rectangle
stretched dorso-ventrally and 2 ventral cephalic
papillae close to the amphids. Buccal cavity tu-
bular; buccal capsule longer than broad; external
and often internal edges of walls irregularly cre-
nated.

Male: Three or 4 pairs of well-developed caudal
papillae arranged in 2 almost symmetric lines.
Left spicule with large handle; proximal part of
lamina devoid of longitudinally folded membra-
nous alae, distal part a membranous flap. Mea-
surements (holotype, 1 paratype, and posterior
fragment of another paratype) are as follows.
Length 23.6 and 23.0. Maximum width 108
(108–109). Buccal capsule 19 and 16 long, 12
and 9 wide; ratio of length to width 1.58 and
1.78. Nerve ring 278 and 285 from apex. Esoph-
agus 522 and 474 long. Tail 150 (113–150) long,
width at cloaca 61 (59–59). Area rugosa from
450 and 452 to 1,590 and 1,800, ridges 2–3
high, distance between ridges 9–12. Left spicule
281 (278–282) long, handle 178 (166–188) long.
Right spicule 118 (126–137) long. Spicular ratio
2.33 (2.03–2.24).

Female: Postesophageal vulva, subspherical va-
gina; tail attenuated, curved ventrad; posterior
extremity, which may be dorsoventrally de-
pressed, lined with thick cuticle; phasmids dis-
persed. Measurements (allotype) are as follows.
Length 105. Maximum width 294. Buccal cap-
sule 21 long and 11 wide; ratio of length to
width 1.91. Esophagus 546 long. Nerve ring 294
from anterior end. Vulva 1,110 to apex. Vagina
74 long by 78 wide. Tail 400 long; width at anus
89.

Microfilariae: Posterior extremity attenuated
and terminal anucleate, pointed tail. Length
(from allotype) 61.8� 2.5, width 4.0–4.5 (n �
10).

Taxonomic summary

Type host: Monodelphis emiliae (Thomas, 1912)
(Didelphidae).

Type locality/collection date: San Martin 3-well
site, Lower Urubamba Region, Cuzco, Peru
(11�47�S; 72�42�W) 474 m, field number (58-
010597), 8 May 1997.

Infection site: Abdominal cavity.

Prevalence and intensity of infection: 1/1.

Specimens deposited: Male holotype MUSM
1739, female allotype (in 2 parts) MUSM 1740,
a male paratype CP-MBUC 58-010597, a pos-
terior part of another male paratype, and a fe-
male paratype MNHN 228 HS.

Etymology: Named after Don E. Wilson, who
directed the mission in Lower Urubamba and
collected many hosts, in recognition of his con-
tribution to Neotropical mammalogy.

Remarks

The 9 previously described species of thecar-
inii group of Litomosoides all differ from our
material, as discussed subsequently.

Species in bats: Litomosoides brasiliensis Lins
de Almeida, 1936, first described fromMyotis
sp. in Brazil, has a buccal capsule with 2 rings,
huge spicules, caudal papillae in tandem, and
greater reduction of the head papillae.

Litomosoides guiterasi (Pérez, 1934), first de-
scribed from Artibeus jamaicensis parvipes
Renn, 1902, in Cuba, has a shorter body and
spicules compared with our specimens, a longer
and thinner buccal capsule, fewer caudal papil-
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Figures 1–16. Litomosoides wilsoni sp. n. fromMonodelphis emiliae in Peru.1–4. Female (paratype MNHN
228HS). 1. Anterior region, lateral view.2, 3. Buccal capsule.4. Head, apical view.5–7. Female (allotype
MUSM 1740). 5. Tail. 6, 7. Posterior extremity, ventral and right view, respectively.8, 9. Female (paratype
MNHN 228HS).8. Tail, lateral view.9. Posterior extremity, ventral view.10, 11. Male (holotype MUSM 1739),
head, ventral and lateral view, respectively.12–15. Male (paratype MNHN 228HS).12. Area rugosa, ventral
view. 13. Tail, ventral view.14. Tail with right spicule, lateral view.15. Left spicule, lateral view.16. Microfilaria
from allotype.
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lae, and a short tail, and the vulva is at the level
of the esophagus. (Note: the correct author’s
name of this species is not Vigueras, as is usu-
ally given following Sandground [1934], but
Pérez.) Litomosoides chandleri Esslinger, 1973,
a parasite ofArtibeus jamaicensis Leach, 1821,
in Colombia, is much shorter than our speci-
mens, with a bottle-shaped buccal cavity, shorter
spicules, and a right spicule that is shaped dif-
ferently, and the lateral lines of the adult are
ornamented with a row of tiny bosses; the mi-
crofilariae have a thick rounded tail (for these
first 3 species, see also the redescriptions in this
study). Litomosoides molossi Esslinger, 1973,
from Molossus molossus (Pallas, 1766) in Co-
lombia, has similar cuticular ornamentation to
Litomoso. chandleri, with a very small body and
spicules, and a long thin buccal capsule.

Species in rodents: Litomosoides scotti Forrester
and Kinsella, 1973, fromOryzomys palustris
(Harlan, 1837) in the United States (Florida), has
salient amphids and an exceptionally thickened
peribuccal cuticle (Bain et al., 1989), a short
buccal capsule with a prominent ring, and short
spicules (left 185–261�m and right 77–109�m
long). Litomosoides silvai Padilha and Faria,
1977, a parasite of the ratBolomys lasiurus
(Lund, 1841) (�Akodon arviculoides Wagner,
1842) in Brazil (Rio de Janeiro), has a buccal
cavity with 2 short rings, a tail with a subter-
minal constriction in the female, and adanal first
pairs of caudal papillae in the male (see rede-
scriptions by Moraes Neto et al. [1996] and No-
tarnicola et al. [2000]; fromAkodon cursor
[Winge, 1887], also from Brazil).Litomosoides
bonaerensis Notarnicola et al., 2000, fromOli-
goryzomys delticola (Thomas, 1917) in Argen-
tina (La Plata), has a buccal capsule with a ring,
labial papillae jointed in the median line, the
third pair of caudal papillae situated in tandem
in the male, and longer microfilariae, which are
66–76 �m instead of 58–65�m. Litomosoides
carinii (Travassos, 1919), described fromSciu-
rus sp. in Brazil, has a smaller body and a short,
not crenated, buccal capsule, and the left spicule
has a long handle.

Species in marsupials: Litomosoides petteri
Bain, Petit, and Berteaux, 1980, fromMicoureus
demararae (Thomas, 1905) (�Marmosa cinerea
[Temminck, 1824]) in Brazil (Rio de Janeiro),
has the 8-head papillae symmetrically arranged,
a buccal capsule with a ring, the vulva at the

level of the esophagus, and longer microfilariae
(78–83�m compared with 58–65�m).

A few species ofLitomosoides, the males of
which are unknown and cannot be placed in a
defined group ofLitomosoides, carinii or sig-
modontis as defined by Bain et al. (1989), are
also distinct from our material. They are para-
sitic in bats. Litomosoides artibei Esslinger,
1973, a parasite ofArtibeus cinereus (Gervais,
1856) from Colombia (Valle), has a long narrow
buccal cavity (30�m long, buccal capsule ratio
6.8 compared with 1.9) with straight walls,
thickened only at the anterior extremity, and mi-
crofilariae with a thick, long flexed tail.Lito-
mosoides colombiensis Esslinger, 1973, from
Platyrrhinus dorsalis (Thomas, 1900) (previous-
ly Vampyrops dorsalis Thomas, 1900) in Co-
lombia (Valle), has a microfilaria that tapers pos-
teriorly to form a long, narrow tail. TheLito-
mosoides sp. of Chitwood (1938), fromArtibeus
jamaicensis yucatanicus (Allen, 1904) in Yuca-
tan, is smaller (female 15 mm long), with a
shorter buccal cavity (12�m) and a long tail
(583 �m). Litomosoides caliensis Esslinger,
1973, fromSturnira lilium (E. Geoffroy, 1810)
in Colombia (Valle), has a microfilaria of length
similar to that of our material (mean 60�m) but
a thicker posterior extremity and no anucleate
point.

Including the species described here, 3 spe-
cies of Litomosoides are now known from di-
delphid marsupials. They do not represent a
monophyletic group: Litomosoides barretti
Muller, 1980, fromMi. demararae (�Mar. ci-
nerea), belongs to thesigmodontis group (Bain
et al., 1989), and the 2 species of thecarinni
type are either primitive, with 8-head papillae
symmetrically arranged (Litomoso. petteri, also
from Mi. demararae), or derived, with reduction
of the cephalic papillae (Litomoso. wilsoni from
Mon. emiliae).

Litomosoides brasiliensis
Lins de Almeida, 1936

(Figs. 17–31, 43–54)

Material studied

Six samples, from 2 countries and 4 species
of bats. From Peru: Camisea, Cuzco (11�52�S;
72�47�W) 579 m, host Carollia perspicillata
(Linnaeus, 1758) MUSM 1751, 12 May 1997,
several males and several females, MNHN 341
SE; from (289-010597), 23 May 1997, 2 males,
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Figures 17–31. Litomosoides brasiliensis from Carollia perspicillata in Peru (MNHN 341 SE).17–25. Female.
17. Anterior region (anterior-most coil of uteri indicated).18. Anterior extremity, right lateral view.19. Head, ventral
view. 20, 21. Buccal capsules of 2 other specimens.22. Head, apical view.23. Tail, lateral view.24. Vagina, lateral
view. 25. Microfilaria. 26–31. Male. 26, 27. Tail of 2 males, ventral view.28. Area rugosa, ventral view.29. Lamina
of left spicule.30, 31. Right spicule, ventral and lateral view, respectively.
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3 females, CP-MBUC 289-010597; from (311-
010597), 25 May 1997, 1 female, CP-MBUC
311-010597; hostSt. lilium (86-010597), 10
May 1997, 8 males, 6 females, MUSM 1752;
Paquitza, Parque Nacional Manu, hostAnoura
caudifer (E. Geoffroy, 1818) (159-100292), 21
February 1992, 1 mature female and 2 late larval
stages, CP-MBUC 159-100292; from French
Guiana: Piste de St. Elie (5�18�N; 53�04�W) 200
m, host Lionycteris spurrelli Thomas, 1913,
(179), 8 February 1984, 1 male (without anterior
end), MNHN 387 SE.

Redescription

General: Characters established with the speci-
mens recovered fromCa. perspicillata. Set of
head papillae: 1 dorsal and 2 joint ventral exter-
nal labial papillae at the level of the mouth; am-
phids slightly posterior; 2 large latero-ventral ce-
phalic papillae at midlength of the buccal cap-
sule. Bottle-shaped buccal cavity; cuticular walls
of the buccal capsule usually with 2 rings, one
thick, triangular in longitudinal section, lying on
the apex of the esophagus, the other anterior,
smaller, rarely inconspicuous; both rings some-
times with anterior external aspect protruding
backwards. Abnormal capsules rather frequent,
irregular, and asymmetric. Some variations were
observed in the specimens from other bat spe-
cies: the buccal capsule inSt. lilium is often lon-
ger and the rings more separated; in 2 speci-
mens, a male and a female, the rings are absent,
and the buccal cavity is tubular. The single fe-
male fromAn. caudifer has an asymmetric buc-
cal capsule and a cavity that is slightly wider.

Male: Four pairs of postcloacal papillae, almost
aligned on the median line, the anterior pair
more or less far from the cloacal aperture. Lam-
ina of left spicule with long membranous ter-
minal flap. Measurements of 2–4 specimens
from Ca. perspicillata from 341 SE are as fol-
lows. Length 42.8, 49.3. Maximum width 121,
132; at nerve ring 42, 48; at esophageal–intes-
tinal junction 55, 66. Buccal capsule 15 (13–16)
long, 10.3 (10–11) wide; buccal capsule ratio
1.45 (1.3–1.6). Nerve ring 420 (378–480) from
apex. Esophagus 660 (624–717) long. Tail 272.2
(257–297) long and width at cloaca 69 (60–77).
Area rugosa from 457 (380–522) to 1,955
(1,755–2,075), transversal ridges 1–1.5 high,
distance between bands 8–12. Left spicule 478
(464–491) long, handle 207 (199–217) long.

Right spicule 160 (154–167) long. Spicular ratio
2.99 (2.89–3.08). Measurement of 7 specimens
from St. lilium from (86-010597) are as follows.
Length 54.6, 58.4. Maximum width 120 (105–
127); at nerve ring 46 (42–48); at esophageal–
intestinal junction 59 (55–66). Buccal capsule
20 (18–24) long, 10 (8–12) wide; buccal capsule
ratio 2.1 (1.0–3.0). Nerve ring 215 (195–230)
from apex. Esophagus 643 (636–655) long. Tail
266 (242–297) long and width at cloaca 67 (60–
77). Area rugosa from 532 (504–540) to 1,760
(1,655–1,860), transversal ridge 1–1.5 high, dis-
tance between bands 8–12. Left spicule 485
(464–510) long, handle 215 (199–247) long.
Right spicule 163 (157–168) long. Spicular ratio
2.97 (2.82–3.06). Measurements of 1 specimen
from Lio. spurrelli from 387 SE: tail 360 long;
left spicule 555 long, handle 225 long; right
spicule 195 long.

Female: Vagina usually subspherical inCa. per-
spicillata, elongated in half of the females from
St. lilium; in An. caudifer, elongated vagina and
vulva located particularly far behind the esoph-
agus. Tail usually straight, except in the female
from An. caudifer. Measurements of 2 speci-
mens from Ca. perspicillata from 341 SE, 1
from (311-010597) are as follows. Length 106.5
(95.2–118.2). Maximum width 239 (228–255);
at nerve ring 65 (52–96); at esophageal–intesti-
nal junction 106 (92–112); at vulva 114 (98–
140). Buccal capsule 20.3 (18–23) long and 12
(11–13) wide; buccal capsule ratio 1.70 (1.54–
1.92). Esophagus 853 (824–876) long. Nerve
ring 421 (393–441) from anterior end. Vulva
2,199 (2,052–2,315) to apex. Vagina 105 (90–
116) long by 55 (47–56) wide. Tail 365 (318–
448) long; width at anus 70 (66–77). Measure-
ments of 3 specimens fromSt. lilium from (86-
010597) are as follows. Length 157 (142.9–
162). Maximum width 241 (230–250); at nerve
ring 65 (52–96); at esophageal–intestinal junc-
tion 106 (92–122). Buccal capsule 21 (17–25)
long and 11 (10–12) wide; buccal capsule ratio
1.9 (1.7–2.5). Esophagus 858 (830–885) long.
Nerve ring 284 (258–320) from anterior end.
Vulva 2,728 (2,525–2,800) to apex. Vagina 105
(90–116) long by 55 (47–56) wide. Tail 412
(355–445) long; width at anus 75 (70–78). Mea-
surements of 1 specimen fromAn. caudifer from
(159-100292) are as follows. Length 171.1.
Maximum width 280; at nerve ring 105; at
esophageal–intestinal junction 120; at vulva 230.
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Buccal capsule 18 long and 13 wide; buccal cap-
sule ratio 1.38. Esophagus 915 long and 35
wide. Nerve ring 480 from anterior end. Vulva
3,420 from apex. Vagina 130 long by 50 wide.
Tail 385 long; width at anus 95.

Microfilariae: Body greatly attenuated posteri-
orly. From Ca. perspicillata from 341 SE: 94.5
� 4.2 (n � 9); from 2 females from (289-
010597): length 79.7� 4.9 (n � 6) and 74.9�
7.5 (n � 7), global mean length 84.2� 10.5,
width 3.5–4. FromSt. lilium from (86-010597):
mean length from 5 females 71.8� 0.9 (n �
30); from the female with capsule devoid of
ring: length 72� 3.2. FromAn. caudifer from
(159-100292): 103, 108 (n � 2).

Remarks

The specimens fromCa. perspicillata in Peru
are identified toLitomoso. brasiliensis, a well-
characterized species with several distinguishing
male morphological features: large spicules, dis-
tal part of the right spicule with a terminal cap
and a pronounced dorsal heel, which have been
constantly described by the authors (Lins de Al-
meida [1936], with the unique male representing
the type material recovered fromMyotis sp. in
Brazil (Matto Grosso); Rego [1961], with spec-
imens recovered fromCa. perspicillata, Glos-
sophaga soricina (Pallas, 1766),Glossophaga
sp., and unidentified Phyllostomidae in Brazil;
Diaz-Ungria [1963], fromCa. perspicillata,
Phyllostomus sp., andMyotis sp. in Venezuela;
Esslinger [1973], fromCa. perspicillata in Co-
lombia). The buccal capsule with 2 rings is also
diagnostic; these rings were observed in the
original description (Lins de Almeida, 1936) and
have been regularly noted or drawn in later de-
scriptions of the female. The male papillae stud-
ied in ventral view by Diaz-Ungria (1963) are
aligned on the median line as in our specimens.
In the female the vulva is far behind the esoph-
agus, the vagina is subspherical, and the tail is
long and cylindrical, as described by Rego
(1961) and Esslinger (1973). The microfilariae
described only by Esslinger (1973) have a size
and shape (mean 92, extremes 80–104) similar
to those of our specimens.

Based on the shape and size of the spicules,
the specimens fromSt. lilium are also identified
as Litomoso. brasiliensis; however, some mor-
phological particularities were noted. These
specimens show more variation in the buccal

capsule and vagina; the mean length of micro-
filariae is less than the smallest length given by
Esslinger (1973) and observed in our material
from Ca. perspicillata. In An. caudifer the single
adult female has the vulva far behind the esoph-
agus but close to the longest distance given by
Esslinger (1973), and the microfilaria is as long
as the maximum length given by this author; the
unique male recovered is at the fourth molt, and
the newly formed right spicule showed the typ-
ical shape ofLitomoso. brasiliensis (Fig. 41–
42); however, the caudal papillae differ slightly
(their number is reduced and the last posterior
papillae are jointed medially [Fig. 39]).

Sturnira lilium, An. caudifer, and Lio. spur-
relli are new hosts forLitomoso. brasiliensis, of
which the distribution is now extended to Peru
and French Guiana. However, it is probable that
what is thought of asLitomoso. brasiliensis ac-
tually represents a complex of species. If the
poorly describedLitomosoides caballeroi Gra-
cia, 1960, could be considered as a synonym of
Litomoso. brasiliensis, then Litomosoides car-
olliae Caballero, 1944, fromCarollia perspicil-
lata azteca (Hahn, 1907) in Mexico (Caballero,
1944) could be a close species (Diaz-Ungria,
1963); for a definitive interpretation a descrip-
tion of its microfilariae is necessary.

The same logic is applied toF. serpicula, a
parasite ofPhyllostoma spp. in Brazil (Molin,
1858). This species, reexamined, was found to
belong to the genusLitomosoides and to resem-
ble Litomoso. brasiliensis with its spicules.Fi-
laria serpicula is hereby recognized asLitomo-
so. serpicula n. comb. In the absence of data on
the microfilariae and with the arrangement of
caudal papillae in ventral view, we prefer not to
create a synonymy ofLitomoso. brasiliensis
with this oldest taxon.

Late Larval Stages of
Litomosoides brasiliensis

(Figs. 32–42)

Material studied

Part of the sample fromAn. caudifer (159-
100292): 1 female larva and 1 male larva, both
at the fourth molt, CP-MBUC 159-100292.

Description

In the 2 larvae the process of molting is iden-
tified because of the double cuticular lining of
the buccal capsule. Molting is beginning in the
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female larva, and the tissues surrounding the
buccal capsule are typically vacuolated. Molting
is almost finished in the male.

Fourth-stage female larva: Buccal cavity narrow
and cylindrical, wall of buccal capsule regularly
thin. Glandular esophagus slightly differentiated.
Vulva slightly posterior to the esophageal–intes-
tinal junction; vagina elongated (with tall juve-
nile epithelial cells lining the lumen). Tail cylin-
drical with round extremity; phasmids subter-
minal. Length 29.2, width 110, buccal capsule
24 long; esophagus 620 long with muscular part
230 long, nerve ring and vulva 250 and 980
from apex, tail 280 long.

Fourth-stage male larva: Buccal capsule with a
thick ring present; right spicule with the char-
acteristic dorsal heel and terminal cap ofLito-
moso. brasiliensis, although still weakly cuticu-
larized; left spicule with lamina simple in shape;
postcloacal papillae of the 2 first pairs in tandem
on the median line, except the last and the third
pairs with papillae jointed on the median line;
subterminal phasmids. Length 17.85, width 100,
buccal capsule 24 long; esophagus 620 long
with muscular part 230 long, nerve ring 280
from apex; tail 225, left spicule 370 (handle
200), right spicule 175.

Remarks

The larval stages recovered fromAn. caudifer
provide new and interesting information on the
ontogenesis of species ofLitomosoides from
bats. The buccal cavity of the fourth-stage larva
is long and tubular, and the buccal capsule is
regularly thin, with the ‘‘rings’’ appearing only
at the early adult stage. These larval morpholog-
ical characters resemble those described in the
other 2 species for which the development in the
definitive host is known,Litomoso. sigmodontis
(see Scott et al. [1951] and Mare´chal et al.
[1996]) andLitomosoides legerae (Bain, Petit,
and Berteaux, 1980), both parasites of sigmo-
dontine rodents (Bain et al., 1980). The species
from bats, however, presents an important dif-
ference: the fourth molt occurs when the larvae
are much longer than inLitomoso. legerae and
Litomoso. sigmodontis (17.8 and 29 mm long,
respectively, in the male and the female, instead
of about 5–8 mm long). This probably signifies
a long-lasting fourth-stage development inLi-
tomoso. brasiliensis, which is interpreted as a
highly derived character. This fits in with its

adult characters, such as the arrangement of the
male caudal papillae (in tandem on the median
line) and the head papillae (reduced number,
asymmetry, and joining on the median line of
the external labial papillae).

We also noted that during the development of
Litomoso. brasiliensis, there was the usual re-
duction of the alimentary tract with the disap-
pearance of the glandular part of the esophagus.
More interesting is the change of position of the
vulva: in the last larval stage the vulva is close
to the esophageal–intestinal junction, and in the
adult the vulva is situated far posterior to the
junction. We also observed a similar develop-
mental pathway inLitomoso. sigmodontis. The
amplitude of this posterior migration is impor-
tant because the genital primordium is at the an-
terior level of the glandular esophagus in the in-
fective stage, as in other members of the family
Onchocercidae (Bain and Chabaud, 1986).

Litomosoides chandleri Esslinger, 1973
(Figs. 55–70)

Material studied

Four samples from 3 countries and 2 host spe-
cies. From Venezuela: Agua Fria, Parque Na-
cional Guatopo, Miranda (10�03�N; 66�28�W)
470 m, hostAr. jamaicensis, (0103), 2 March
198, 2 males, 4 females, MNHN 420 SE; from
(1379), 28 October 1981, 1 male, 1 female,
MNHN 421 SE. From French Guiana: No-
uragues (4�05�N; 52�40�W) 85 m, hostAr. ja-
maicensis, (523), 12 April 1989, 3 males, 1 fe-
male, MNHN, 380 SE. From Peru: Pakitza,
Parque Nacional Manu, Madre de Dios
(11�56�S; 71�15�W) 400 m, hostAr. planirostris
(Spix, 1823), (292-100292), 14 February 1992,
1 female, MUSM 1753.

Redescription

General: Set of head papillae: 4 externo-labial
papillae forming a rectangle stretched dorso-
ventrally and posteriad, 2 large subventral ce-
phalic papillae; amphids at the level of labial
papillae. Buccal capsule thick, with 1 more or
less conspicuous ring at midlength. Buccal cav-
ity wider in the posterior half or with maximum
diameter at midlength. In both sexes the subter-
minal divergent phasmids are generally thick.

Male: No more than 2 pairs of papillae, gener-
ally asymmetrical and reduced to 1–3 papillae.
Lamina of left spicule composed of anterior part,
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←

Figures 32–54. Litomosoides brasiliensis from Anoura caudifer and Sturnira lilium in Peru.32–48. Speci-
mens fromAn. caudifer (CP-MBUC 159-100292).32–36. Female fourth-stage larva.32. Anterior region.33.
Head with molting buccal capsule.34, 35. Tail, lateral and ventral view.36. Posterior extremity, ventral view.
37–42. Male at the end of the fourth molt.37. Anterior region.38. Head, lateral view.39. Tail, ventral view.
40. Left spicule, ventral view.41, 42. Right spicule, lateral and dorsal view, respectively.43–48. Mature female.
43. Anterior region, lateral view.44. Tail, lateral view.45. Caudal extremity, ventral view.46. Vagina, lateral
view. 47. Head, ventral view.48. Microfilaria. 49–54. Specimens fromSt. lilium (CP-MBUC 86-010597).49.
Female, head, left lateral view.50. Female, tail lateral view.51. Microfilaria. 52. Buccal capsule of a male.53.
Buccal capsule of the unique male without ring.54. Distal extremity of the left spicule.

medium part with axis and membranous edge,
and of short membranous terminal flap. Right
spicule with terminal cap and pronounced heel.
Thick testicle beginning at the level of the mi-
desophagus or much farther posterior. Measure-
ments of 2 specimens from 420 SE and 1 spec-
imen from 421 SE, fromAr. jamaicensis are as
follows. Length 9.2 (8.6–10.2). Maximum width
110 (85–117); at nerve ring 45 (42–48); at
esophageal–intestinal junction 59 (55–66). Buc-
cal capsule 13.7 (12.4–14.4) long, 6.8 (5.6–8)
wide; buccal capsule ratio 2.08 (1.7–2.4). Nerve
ring 230 (200–280) from apex. Esophagus 480
(450–520) long and 21.5 (21–22) wide. Tail 100
(90–105) long, width at cloaca 30 (28–31). Area
rugosa from 302–460 to 1,600–1,608 and
1,150–1,300 long, transverse ridges 1–1.5 high,
distance between bands 8–12. Left spicule 215
(190–255) long, handle 117 (145–100) long, and
lamina 97 (90–110). Right spicule 62 (56–69)
long. Spicular ratio 3.6 (3–4).

Female: Four specimens from 420 SE and 1
specimen from 421 SE, fromAr. jamaicensis.
Length 22.7 (19.3–24). Maximum width 240
(170–280); at nerve ring 65 (52–96); at esoph-
ageal–intestinal junction 105 (90–120); at vulva
115 (100–140). Buccal capsule 15.8 (14.5–16.8)
long and 8.2 (7.1–8.8) wide; buccal capsule ratio
1.9 (1.6–2.4). Esophagus 570 (450–690) long
and 25 (24–26) wide. Nerve ring 280 (230–320)
from anterior end. Vulva 620 (540–710) to the
apex. Vagina 70 (60–75) long by 55 (47–55)
wide. Tail 230 (195–285) long; width at anus 40
(35–48).

Microfilariae: From Venezuela fromAr. jamai-
censis 421 SE: length 60.7� 3, width 3–3.5 (n
� 4); from French Guiana fromAr. jamaicensis
380 SE: length 68.4� 4, width 3.5–4 (n � 5);

from Peru fromAr. planirostris (292-010597):
length 52.2� 2.3, width 3.5–4 (n � 10).

Remarks

The adult specimens from the 3 collection lo-
calities (Venezuela, French Guiana, and Peru)
have similar dimensions and morphology. They
are identified asLitomoso. chandleri, described
from Ar. jamaicensis in Colombia because of the
following characters (Esslinger, 1973): small
body size, buccal capsule with a ring, bulbous
buccal cavity, a lateral row of tiny cuticular
bosses in the posterior region of the body, the
vulva located at the level of the esophageal–in-
testinal junction, the tail elongated in the female,
the few caudal papillae in the male, and the
shapes and sizes of both right and left spicules.

The microfilariae of our material have a cy-
lindrical body, attenuated at the anterior end,
with a rounded posterior extremity and a ter-
minal nucleus like those ofLitomoso. chandleri.
Microfilariae of this species are 58–78 long
(mean 69) and 2.4–3.8 (3.1) wide in the original
description (Esslinger, 1973), from specimens
from Ar. jamaicensis in Colombia. These mea-
surements match the characteristics of the mi-
crofilariae from Venezuela and French Guiana
parasitic in the same host, but the microfilariae
of the single female from a Peruvian specimen
of Ar. planirostris, a species closely related to
Ar. jamaicensis, are shorter. This sample could
represent another closely related species; be-
cause no male was recovered, we tentatively
consider these specimens to representLitomoso.
chandleri, of which the geographic distribution
is extended to Peru and French Guiana. Accord-
ing to Rutkowska (1980),Litomoso. chandleri
also occurs in Cuba, where it was recovered
from Phyllonycteris poeyi Gundlach, 1860, and
from a member of the family Molossidae,Nyc-
tinomops laticaudatus (E. Geoffroy, 1805).
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Figures 71–79. Litomosoides guiterasi from Glossophaga soricina in Venezuela (MNHN 419 SE).71–73.
Female, head, dorsal, left lateral, and apical views, respectively.74–77. Male. 74. Tail, ventral view.75. Area
rugosa, ventral view.76. Left spicule, lateral view.77. Lamina of left spicule.78. Right spicule.79. Microfilaria.

←

Figures 55–70. Litomosoides chandleri from Artibeus jamaicensis in Venezuela andAr. planirostris in Peru.
55–58. Female fromAr. jamaicensis (MNHN 420 SE).55. Anterior region, right lateral view.56, 57. Head,
dorsal and apical views, respectively.58. Lateral cuticular ornamentation.59–63. Female fromAr. planirostris
(MUSM 1753). 59. Buccal capsule.60. Anterior region, lateral view.61. Tail, lateral view.62. Posterior ex-
tremity, ventral view.63. Microfilaria. 64–70. Male from Ar. jamaicensis (MNHN 420 SE).64, 65. Two tails,
ventral view.66. Left spicule, lateral view.67, 68. Right spicule, dorsal and lateral view, respectively.69. Lateral
cuticular ornamentation.70. Area rugosa, at midlength, ventral view.

Litomosoides guiterasi
(Pérez, 1934)
(Figs. 71–79)

Material studied

Venezuela, Agua Fria, Parque Nacional Gua-
topo, Miranda (10�03�N; 66�28�W) 470 m, host
Gl. soricina (1472), 25 November 1981, 3
males, 2 females, MNHN 418 SE; from (1484),
same date, 14 males, 5 females, 10 anterior and
4 posterior regions of females, MNHN 419 SE.

Redescription

General: Set of head papillae: 4 externo-labial
papillae arranged in a rectangle slightly
stretched dorso-ventrally, and posteriad, single
large subventral cephalic papilla; amphids at the
level of labial papillae rarely salient, sometimes

slightly dorsal in position. Buccal cavity long
and narrow, thin and cylindrical, slightly atten-
uated anteriorly, with 1 tiny anterior ring.
Esophagus with or without well-defined glan-
dular part.

Male: Tail with 2 pairs of postcloacal papillae
situated slightly asymmetrically in 2 ventrolat-
eral lines; sometimes, third pair present but re-
duced to 1 papilla; tiny subterminal phasmids.
Lamina of left spicule composed of well-cutic-
ularized axis with membranous edges, and mem-
branous terminal flap. Right spicule with scler-
otized distal part, rearing subterminal dorsal
hook, and dorsal heel. Thick testicle, beginning
at the level of the nerve ring or far behind the
esophagus. Measurements (3 specimens from
418 SE and 3 from 419 SE) are as follows.
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Length 14.9 (13.4–16.0) and 16.1 (13.6–17.6)
mm. Maximum width 104 (98–112) and 108
(100–115); at nerve ring 46 (44–48); at esoph-
ageal–intestinal junction 66 (66–72). Buccal
capsule 19 (19–20) and 23.6 (22–26) long, 7 (7–
7.5) and 6.3 (6–7) wide; buccal capsule ratio
2.6–2.7. Nerve ring 219 (174–264) from apex.
Esophagus 598 (558–656) and 528 (450–625)
long and 23.3 (20–25) wide. Tail 64 (61–67) and
59 (48–68) long, width at cloaca 31 (29–34).
Area rugosa from 390 to 1,870 (1,480) and 400
to 1,500 (1,800), transversal ridges 2.5 and 2
high, interridges 9–12 and 5–8. Left spicule 209
(200–218) and 213 (195–245) long, handle 120
(116–122) and 128 (120–135) long. Right spic-
ule 77 (71–84) and 79 (75–85) long. Spicular
ratio 2.75 (2.73–2.82) and 2.70 (2.35–3.14).

Female: (Mean of 2 specimens 418 SE and of
2 specimens 419 SE.) Length 40.3 and 51.3 mm.
Maximum width 162 and 180; at nerve ring 57
and 58; at esophageal–intestinal junction 84 and
89; at vulva 81 and 88. Buccal capsule 23 and
28.5 long, 5.7 and 5.8 wide; buccal capsule ratio
4.0 and 4.5. Esophagus 600 and 700 long, 25
and 26 wide. Nerve ring 225 and 195 from an-
terior end. Vulva 509.5 and 507.5 from apex.
Vagina spherical, 56 and 54 long by 45 and 43
wide. Tail 134.5 and 135 long, cylindrical with
rounded end; width at anus 56 and 50. Thin
phasmids, almost joined at their bases or paral-
lel; no salient notch at extremity.

Microfilariae: (From 3 females 419 SE.) Both
extremities attenuated, posterior end often
flexed, its extremity rather sharp. Sheath slightly
longer than body. Length 47.8� 1.1 (n � 5),
50.3 � 2.1 (n � 13), 54 � 2.5 (n � 11), re-
spectively. Total mean 51.5� 3.4; width 2.5–
4.5.

Remarks

Litomosoides guiterasi (Pérez, 1934) has been
described fromAr. jamaicensis parvipes from
Cuba and then redescribed by Rego (1961) and
Esslinger (1973) fromGl. soricina in Brazil and
Colombia, respectively. Some discrepancies ex-
ist among these descriptions in that the type
specimens are shorter, and the buccal cavity is
not drawn as a narrow tube (Pe´rez, 1934; Fig.
2). Our specimens fromGl. soricina in Vene-
zuela are similar to those described from the
same host. The dimensions of the adults are sim-
ilar, the buccal cavity is long and narrow with

thin walls and a tiny anterior ring, the tail is
short and slightly attenuated, the caudal papillae
are reduced to only 2 or 3 pairs, the vulva is at
the level of the esophagus, and the vagina is
small and spherical. Up to the present, the mi-
crofilaria of Litomoso. guiterasi has been de-
scribed only from Colombia in stained blood
smears by Esslinger (1973). Microfilariae of our
material are also small and are attenuated at both
extremities; however, the body is generally less
fusiform, and the posterior extremity is often
flexed.

Litomosoides solarii sp. n.
(Figs. 80–86)

Description

Buccal capsule markedly longer than broad,
walls straight, with slight ring at midlength; buc-
cal cavity cylindrical (mouth of the only speci-
men artificially invaginated). Vulva anterior to
esophageal–intestinal junction, vagina elongat-
ed. Tail thin, attenuated, with round bent end,
phasmids divergent.

Female (holotype): Length 52.9. Maximum
width 150, width at nerve ring 81, at esopha-
geal–intestinal junction 96, at vulva 98. Buccal
capsule 21 long and 7 wide, ratio of length to
width 3.0. Esophagus 935 long and 26 wide.
Nerve ring 290 from anterior end. Vulva 910 to
apex. Vagina 105 long by 40 wide. Tail 250
long, width at anus 48.

Microfilariae: Body almost cylindrical, with
posterior extremity abruptly attenuated to a
sharp point. Measurements (9 specimens):
length 53.7� 3.5, width 3.8–4.3.

Taxonomic summary

Type host: Trachops cirrhosus (Spix, 1823)
(fringe-lipped bat) (Chiroptera: Phyllostomidae).

Type locality/collection date: Pakitza, Manu Na-
tional Park, Madre de Dios Peru (11�56�S;
71�15�W) 400 m, field number (09-100292), 14
February 1992.

Infection site: Body cavity.

Prevalence and intensity of infection: 1/1.

Specimens deposited: Female holotype, MUSM
1738.

Etymology: Named after Sergio Solari, who col-
lected and identified the host and many other
bats.
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Figures 80–86. Litomosoides solarii sp. n. from
Trachops cirrhosus in Peru. 80. Holotype (MUSM
1738), anterior region.81. Head.82, 83. Tail, lateral
and ventral view, respectively.84. Microfilaria. 85, 86.
Posterior extremity, lateral and ventral view, respec-
tively.

Remarks

The female ofLitomoso. solarii most closely
resembles that ofLitomoso. guiterasi, having a
similar body size, a long narrow buccal cavity
with thin walls, and the vulva in the region of
the esophagus. However, the tail is longer and
thinner, and the microfilariae are different, hav-
ing a unique shape. This feature of the microfi-
lariae serves to separateLitomoso. solarii from
all other species ofLitomosoides from which the

microfilariae are known (see Mazza [1928], Es-
slinger [1973], Muller [1980], Bain et al. [1980,
1989], Gardner and Schmidt [1986], Brant and
Gardner [1997], Moraes-Neto et al. [1996,
1997], Notarnicola et al. [2000], and the present
study).

Among those species for which the microfi-
lariae are unknown,Litomoso. solarii can be dis-
tinguished as follows. TheLitomosoides sp. of
Chitwood (1938), from bats, has a shorter and
wider buccal cavity, a longer tail, and a post-
esophageal vulva;Litomosoides hamletti Sand-
ground, 1934, fromGl. soricina in Brazil (Mato
Grosso), has a short and robust tail (ratio 1.8
compared with 5.2);Litomosoides leonilavaz-
quezae Caballero, 1939, fromMacrotus water-
housii (Gray, 1843) in Mexico, has a shorter
buccal capsule (16 long) with a thick wall, and
a vulva very distant from the esophageal–intes-
tinal junction, as inLitomosoides fosteri Cabal-
lero, 1947, described fromGl. soricina; in ad-
dition, this last species has a buccal capsule with
2 rings.Litomosoides circularis (Linstow, 1899),
from rodents, has a wider buccal cavity and a
tail 3 times longer than that ofLitomoso. solarii.

Until now, no Litomosoides species had been
recorded from anyTrachops species.

Litomosa westi
(Gardner and Schmidt, 1986) comb. n.

Litomosa thomomydis
(Gardner and Schmidt, 1986) comb. n.

(Figs. 87–93)

Material studied

Litomosa westi: Three males and 1 female from
Geomys bursarius (Shaw, 1800), MNHN 10 HS.
Litomosa thomomydis: 1 male and 1 female,
MNHN 11 HS; 1 male and 1 female, MNHN 4
HS; 1 male, MNHN 9 HS, all fromThomomys
talpoides (Richardson, 1828). The host speci-
mens were collected in Colorado, U.S.A., main-
ly by Wilson in 1960, and deposited by S.L.G.
in the MNHN, Paris.

Redescription

General: Posterior part of buccal capsule em-
bedded in esophagus. Organization of area ru-
gosa as in other congeners. Microfilariae with
body regularly widening from posterior extrem-
ity to anterior part and folded inside the shorter
sheath; cephalic hook very small and not pro-
truding on apex. Other characters follow the
original descriptions of Gardner and Schmidt
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Figures 87–93. Litomosa westi and Litomosa
thomomydis from Geomyidae.87–89. Female ofLi-
tomosa westi (MNHN 10 HS).87, 88. Buccal capsule,
median and lateral view, respectively.89. Microfilaria.
90–92. Litomosa thomomydis (MNHN 11 HS). 90.
Buccal capsule of male, lateral view.91. Buccal cap-
sule of female, median view.92. Area rugosa, ventral
view. 93. Microfilaria.

(1986); general measurements of females and
males are according to these authors.

Male: Area rugosa from 735–805 to 2,925–
3,395 (2,120–2,660 long), transverse ridges 2–4
high, distance between bands 11–15 inLitomosa
westi, and area rugosa from 450–530 to 2,260–
2,300 (1,810–1,770 long), transverse ridges 2,
distance between bands 10 inLitomosa thomo-
mydis.

Microfilariae: Those of Litomosa westi 105–
106 long, 3.5–4 wide; those ofLitomosa thom-
omydis 87–98 long, 4–4.5 wide.

Remarks

Both Litomosa westi andLitomosa thomomy-
dis have extremely derived characters, illustrated
by the reduction of the head and caudal sensory
organs, thus their generic position is difficult to
establish. The small buccal cavity of these 2 spe-
cies appeared unique amongLitomosoides spe-
cies. The new feature observed was that their
microfilariae have a unique shape. In general,
the first larval stage of filarioid nematodes can-

not be used to define a genus. However, in spe-
cies ofLitomosoides, microfilariae have a shape
that is easy to recognize, with a relatively vo-
luminous and salient cephalic hook, and a
straight body attenuated at both extremities in-
side a longer sheath. Thus, the particular mor-
phology of the microfilariae in the 2 species
from Geomyidae is an important character,
which when added to the peculiarities of the
adults (spicules, vagina, caudal lappets, as em-
phasized by Gardner and Schmidt [1986] and
Bain et al. [1989]), does not permit their reten-
tion in the genusLitomosoides.

The microfilariae ofLitomosa westi and Li-
tomosa thomomydis, in contrast, closely match
those of 2 other genera,Josefilaria Moorhouse,
Bain, and Wolf, 1979 andLitomosa Yorke et
Maplestone, 1926, both parasites of Old World
bats. They have a very minute hook, a body ta-
pering from the head to the posterior extremity,
and the posterior third of the body reflected back
in a shorter sheath (Moorhouse et al., 1979; Ti-
bayrenc et al., 1979; Petit, 1980). This last char-
acter is not a sign of nonmaturation because it
is maintained when microfilariae are recovered
from subcutaneous tissue (Moorhouse et al.,
1979) or the host’s blood (Bain, personal obser-
vation of Litomosa filaria van Beneden, 1870).

However, Josefilaria mackerrasae Moor-
house, Bain, and Wolf, 1979, the only species in
the genus, differs from the parasites of geomyids
because the buccal capsule is not embedded pos-
teriorly in the esophagus. In contrast, species of
Litomosa have a thick buccal capsule partially
embedded in the esophagus, very similar to that
in both Litomosa westi andLitomosa thomomy-
dis.

The resemblance ofLitomosa westi andLito-
mosa thomomydis to someLitomosa spp. has
been noted before (Bain et al., 1989), e.g., the
elongated vagina constricted at midlength, the
tiny buccal cavity widening posteriorly, and the
right spicule without a heel and widening at
midlength (as inLitomosa maki Tibayrenc, Bain,
and Ramachandran, 1979, andLitomosa aelleni
Tibayrenc, Bain, and Ramachandran, 1979), the
caudal papillae grouped near the cloaca (as in
Litomosa aelleni) and in Litomosa westi, the
well-developed caudal lappets (as inLitomosa
vaucheri Petit, 1980). The area rugosa, com-
posed of transverse ridges of longitudinal crests,
is also found in some species ofLitomosa, such
as Litomosa dogieli Bogdanov and Vladimirov,
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1956, (�Litomosa desportesi Bain, 1966), al-
though generally in this genus, the area rugosa
comprises irregularly distributed cuticular boss-
es (Bain, 1966; Petit, 1980). Consequently, the
2 species parasitic in the Geomyidae are hereby
transferred to the genusLitomosa.

A parasite of the caviomorph rodentCteno-
mys opimus Wagner, 1848, in Bolivia,Litomoso.
andersoni Brant and Gardner, 1997, has been
placed in the original description close toLito-
mosa westi and Litomosa thomomydis, but the
morphological data available are not convincing.
The variation of the length of the left spicule is
unusually great (286 to 654�m), the buccal cap-
sule is shown either embedded in the esophagus
or not, and these 2 features suggest a conflation
of species in the description of Brant and Gard-
ner (1997). The very short buccal capsule (4–7
in the female) and the right spicule with a distal
triangular complex region resemble those found
in species included in the genusAckertia (cf.
Bain and Hocquet, 1968), which is a common
parasite of caviomorph rodents. In addition, the
microfilariae resemble those ofLitomosoides
ctenomyos Brant and Gardner, 1997. Additional
material would help to solve the taxonomic
questions.

DISCUSSION

This examination of 3 known species ofLi-
tomosoides from bats,Litomoso. brasiliensis, Li-
tomoso. chandleri, andLitomoso. guiterasi, con-
firms that thecarinii group occurs in bats. It
remains to determine whether those species from
bats placed in thesigmodontis group also fit into
its definition or constitute another distinct group
in these hosts. This second hypothesis seems un-
likely because our study provides new data sup-
porting the arguments for the similarities be-
tween theLitomosoides species of bats, marsu-
pials, and rodents. The plane of organization of
the head papillae is very constant in the genus:
the external labial papillae are placed on a rect-
angle stretched medially and the cephalic ones
on a rectangle stretched laterally (Bain et al.,
1980, 1989; Moraes-Neto et al., 1996, 1997; No-
tarnicola et al., 2000). In addition, the same evo-
lutionary trends of the sensory system are noted
in all host groups: the disappearance of 2 ce-
phalic papillae, very likely the dorsal ones, and
the migration toward the median line of the la-
bial papillae, which may fuse. Similarly a mi-

gration of the caudal papillae toward the median
line is observed.

The hypothesis of captures is thus reinforced.
However, it is no longer possible to consider that
bats are the ancestral hosts, as first suggested
(Bain et al., 1980; Bain and Philipp, 1991), be-
cause the adult and larval characters of these
Litomosoides species are not particularly primi-
tive. The diversification ofLitomosoides in the
diverse groups of terrestrial and flying mammals
seems to have occurred simultaneously and re-
cently. A very similar conclusion was drawn
with the cladistic analysis of Brant and Gardner
(2000). No life cycle of bat filariae is known.
The Macronyssidae mites transmit species from
rodents as well as from marsupials, at least ex-
perimentally. These mites have a large distri-
bution and host range (Micherdzinski, 1980) and
they might be at the root of the host-switching,
which has been unusually common in this group.

The 2 parasites of the Nearctic subterranean
Geomyidae appear more closely related toLi-
tomosa in which they are transferred. However,
the 2 generaLitomosoides andLitomosa have in
common some particular morphological fea-
tures, such as the strongly cuticularized buccal
capsule posteriorly embedded in the esophagus,
and only the microfilarial morphology distin-
guishes them clearly. The phylogenetic origin of
Litomosoides remains unknown, but it appears
difficult to dissociate its history from that ofLi-
tomosa.
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