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a b s t r a c t
Earlier studies have shown that the epitensoric position of the chorda tympani is a systematically useful
apomorphic character in some mammalian orders (primates, carnivores, rodents). Newly made histological serial sections of a fetal stage now reveal that Laonastes aenigmamus (Diatomyidae), a rodent
species ﬁrst described in 2005, is epitensoric as well. Because Ctenodactylus gundi is the only other
taxon within the Ctenohystrica having this derived character state, we conclude that this is an additional
synapomorphy substantiating a sister group relationship between Diatomyidae and Ctenodactylidae.
© 2015 Deutsche Gesellschaft für Säugetierkunde. Published by Elsevier GmbH. All rights reserved.

Laonastes aenigmamus, the Laotian rock rat, an enigmatic rodent
from karstiﬁed limestone mountains of Laos and Vietnam, was ﬁrst
described by Jenkins et al. (2005) and immediately gained interest
from the scientiﬁc community. The original describers placed the
new and monotypic taxon in its own family Laonastidae belonging
to the Hystricognathi. However, Dawson et al. (2006) concluded
that Laonastes aenigmamus belongs to the otherwise extinct Asian
family Diatomyidae; they also recognized that the masseter muscle
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is hystricomorphous but the lower jaw is sciurognathous (see also
Hautier et al., 2011). Therefore, they classiﬁed the new taxon in the
Ctenohystrica clade (see also Hautier and Saksiri, 2009; Hautier,
2010; Hautier et al., 2011; Hautier et al., 2012; Herrel et al., 2012;
Huchon et al., 2007; Churakov et al., 2010). Available systematic
conclusions were based on both morphological and molecular evidence – but it was admitted by all cited authors that the database
is still unsatisfactory.
Histological serial sections provide superior insight into vertebrate’s soft tissue morphology to any other available technique like
micro computed tomography (CT), magnetic resonance imaging
(MRI) or macroscopic preparation. Here we provide a report on a
sectional series of a late fetal Laonastes aenigmamus (CRL = 72 mm,
HL = 28.5 mm), allowing a reﬁned understanding of the head morphology. In the present paper we point out that in the fetal Laonastes
the chorda tympani crosses above the insertion of the musculus
tensor tympani and therefore it is epitensoric (Fig. 1a).
The chorda tympani is a posttrematic branch of the facial nerve
that leads we would prefer to use british english from taste buds
and to salivary glands of the lower jaw. Its very peculiar course has
raised the interest of comparative anatomists for a long time, and
Goodrich (1915) convincingly put it into an evolutionary context by
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Fig. 1. (a) Histological section of the left ear region of the fetal specimen of Laonastes aenigmamus (Section no. 1040; Slice thickness 20 m; staining: Azan after Heidenhain,
cf. Romeis et al., 1989, frontal view). The asterisk and arrow indicate the position of the chorda tympani nerve; because it is situated dorsal to the insertion of the tensor
tympani muscle, it is epitensoric. (b) Semi-schematic drawing of structures of the left middle ear seen from the medial side (modiﬁed after Voit, 1909 and Maier, 2008). The
solid line shows the plesiomorphic condition of the chorda tympani nerve passing underneath the tensor tympani muscle (hypotensoric state); the stippled line shows the
derived epitensoric state that is found in Laonastes aenigmamus and Ctenodactylus gundi. The arrow indicates the crossing point of the epitensoric chorda tympani with the
transversal section plane shown in Fig. 1a.

spotting the neomorphic nature of the outer ear duct of amniotes
(Fig. 1b).
Bondy (1907) studied the middle ear region of about 50 species
of mammals, and he showed that in the overwhelming majority
of these species, the chorda tympani passes below the insertion of
the m. tensor tympani (Fig. 1b, the solid line represents this state).
Many subsequent studies of skull development in various mammal species made more or less explicit remarks on the course of
the chorda tympani, but only Maier (2008) established its systematic relevance: He showed that in all strepsirrhine primates and
in tarsiers the chorda passes underneath the m. tensor tympani,
whereas in all anthropoids it passes above; he called the former
plesiomorphic state “hypotensoric” and the latter apomorphic state
“epitensoric”. Further studies conﬁrmed the notion of Bondy (1907)
that the overwhelming number of mammal species have retained
the hypotensoric situation, whereas the epitensoric state had been
acquired only by a few well deﬁned taxonomic groups. For instance,
in carnivores, Ruf and Maier (2010) demonstrated that the epitensoric chorda occurs only in the family Herpestidae, thus conﬁrming
them as a monophyletic unit.
Ruf et al. (2009) studied a great number of rodents by means
of histological serial sections and found the apomorphic state
only in seven monophyletic groups: Aplodontidae, Gliridae, Castoridae, Ctenodactylidae, Anomaluridae, and Pedetidae; it is also
found in the Sciuridae, but this is the only family for which we
have good evidence that epitensoric conditions developed within
the group (Fig. 2). Considering that Anomaluridae and Pedetidae
are sister groups, as indicated by a number of molecular studies (Huchon et al., 2007; Churakov et al., 2010), their epitensoric
chorda may be considered as a synapomorphy. As far as known,
all of the speciose hystricognaths and myodonts are hypotensoric. Because lagomorphs as sister group are hypotensoric as well,
we have to conclude that the ancestral morphotype (“Grundplan”
sensu Hennig, 1982) of rodents and all the suprafamilial units is
hypotensoric – and that the apomorphic epitensoric states developed independently in several rodent clades (Fig. 2).
Within this framework, the discovery of an epitensoric chorda
tympani in Laonastes aenigmamus (Diatomyidae) gains speciﬁc relevance: the only other member of Ctenohystrica that shows an
epitensoric chorda tympani is Ctenodactylus gundi (Ctenodactylidae)
from Northern Africa (Ruf et al., 2009; Schrenk, 1989; Fig. 2), and

Fig. 2. Simpliﬁed cladogram of extant rodents into which the two different character
states of the chorda tympani are mapped (modiﬁed from Ruf et al., 2009). A sister
group relationship of Diatomyidae and Ctenodactylidae (Dawson et al., 2006), as
supported by a synapomorphic epitensoric chorda tympani, is indicated.

ctenodactylids have been found on quite different evidence to be
the sister group of diatomyids (Dawson et al., 2006; Hautier et al.,
2011, Huchon et al., 2007). Therefore, it is likely that an epitensoric
chorda tympani can be considered as a synapomorphy in the sense
of Hennig (1982) further supporting a sister group relationship
between the two taxa.
Acknowledgements
We thank the Muséum National d’Histoire Naturelle (Paris) for
the loan of fetal material, K. Foerster for access to the facilities of
the Department of Comparative Zoology at the University of Tübingen, C. Nitzsche (Comparative Zoology, Tübingen) for preparing the

98

A. Tröscher et al. / Mammalian Biology 80 (2015) 96–98

histological serial sections and J. Prochel for many helpful comments and general support. Also we wish to thank L. Marivaux
(Montpellier) and an unknown reviewer for their helpful suggestions and criticisms on the manuscript.
References
Bondy, G., 1907. Beiträge zur vergleichenden Anatomie des Gehörorgans der
Säugetiere (Tympanicum, Membrana Shrapnelli und Chordaverlauf). Anat. Hefte
35, 293–408.
Churakov, G., Sadasivuni, M.K., Rosenbloom, K.R., Huchon, D., Brosius, J., Schmitz, J.,
2010. Rodent evolution: back to the root. Mol. Biol. Evol. 27 (6), 1315–1326.
Dawson, M.R., Marivaux, L., Chuan-kui, L., Beard, K.C., Metais, G., 2006. Laonastes
and the ‘Lazarus Effect’ in recent mammals. Science 311, 1456–1458.
Goodrich, E.S., 1915. The chorda tympani and middle ear in reptiles, birds, and
mammals. Q. J. Microsc. Sci. 61, 137–160.
Hautier, L., Saksiri, S., 2009. Masticatory muscle architecture in the Laotian rock rat
Laonastes aenigmamus (Mammalia, Rodentia): new insights into the evolution
of hystricognathy. J. Anat. 215, 401–410.
Hautier, L., 2010. Masticatory muscle architecture in the gundi Ctenodactylus vali
(Mammalia, Rodentia). Mammalia 74, 153–162.
Hautier, L., Lebrun, R., Saksiri, S., Michaux, J., Vianey-Liaud, M., Marivaux, L., 2011.
Hystricognathy vs sciurognathy in the rodent jaw: A new morphometric assessment of hystricognathy applied to the living fossil Laonastes (Diatomomyidae).
PloS One 6 (4), 1–11.
Hautier, L., Lebrun, R., Cox, P.G., 2012. Patterns of covariation in the masticatory
apparatus of hystricognathous rodents: implications for evolution and diversiﬁcation. J. Morph. 273, 1319–1337.

Hennig, W., 1982. Phylogenetische Systematik, 34. Pareys Studientexte, Parey, Hamburg.
Herrel, A., Fabre, A.-C., Hugot, J.-P., Keovichit, K., Adriaens, D., Brabant, L., van
Hoorebeke, L., Cornette, R., 2012. Ontogeny of the cranial system in Laonastes
aenigmamus. J. Anat. 221, 128–137.
Huchon, D., Chevret, P., Jordan, U., Kilpatrick, C.W., Ranwez, V., Jenkins, P.D., Brosius,
J., Schmitz, J., 2007. Multiple molecular evidences for a living mammalian fossil.
PNAS 104 (18), 7495–7499.
Jenkins, P.D., Kilpatrick, C.W., Robinson, M.F., Timmins, R.J., 2005. Morphological
and molecular investigations of a new family, genus and species of rodent
(Mammalia: Rodentia: Hystrocognatha) from Lao PDR. Systemat. Biodivers. 2,
419–454.
Maier, W., 2008. Epitensoric position of the chorda tympani in Anthropoidea: a new
synapomorphic character with remarks on the Fissura Glaseri in Primates. In:
Sargis, E.J., Dagosto, M. (Eds.), Mammalian Evolutionary Morphology: A Tribute
to Frederick S. Szalay. Springer, Berlin, pp. 347–360.
Romeis, B., Böck, P., Denk H., 1989. Romeis mikroskopische Technik, 17. Neubearb.
Auﬂ. Urban und Schwarzenberg, München.
Ruf, I., Frahnert, S., Maier, W., 2009. The chorda tympani and its signiﬁcance for
rodent phylogeny. Mamm. Biol. 74, 100–113.
Ruf, I., Maier, W., 2010. Topography of the chorda tympani nerve and tensor tympani
muscle provides a new synapomorphy for Herpestidae (Carnivora, Mammalia).
J. Morph. 271, 612–620.
Schrenk, F., 1989. Zur Schädelentwicklung von Ctenodactylus gundi (Rothmann
1776) (Mammalia: Rodentia). Cour. Forsch.-Inst. Senckenberg 108, 1–124.
Voit, M., 1909. Das Primordialcranium des Kaninchens unter Berücksichtigung der
Deckknochen. Anat. Hefte 38, 425–616, Fig. 9.

