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a b s t r a c t

The Viverridae (Mammalia, Carnivora), one of the least studied groups of carnivorans, include two sub-
families of Asian palm civets: Hemigalinae and Paradoxurinae. The relationships between and within
these two subfamilies have never been thoroughly tested using an extensive molecular sample set. In this
study, we gathered sequences of four genes (two mitochondrial: Cytochrome b and ND2 and two nuclear:
b-fibrinogen intron 7 and IRBP exon 1) for eight of the eleven extant species representing these two sub-
families. The results showed that: (1) the Asian palm civets (Hemigalinae and Paradoxurinae) have a sin-
gle origin and form the sister-group of the (Genettinae + Viverrinae) clade, (2) the Hemigalinae (including
the otter civet Cynogale bennettii) are monophyletic, (3) the Paradoxurinae are monophyletic and (4) the
small-toothed palm civet (Arctogalidia trivirgata) is an early offshoot within the Paradoxurinae. Using a
relaxed molecular clock analysis, the differentiation of the (Hemigalinae + Paradoxurinae) was inferred
to occur in the Late Oligocene/Early Miocene.

� 2008 Elsevier Inc. All rights reserved.

1. Introduction

The Viverridae are medium-sized, nocturnal, solitary carnivo-
rans (Nowak, 1999). They are elusive and poorly known, and until
recently, were long overlooked by researchers. Wozencraft (2005)
recognized four subfamilies: Hemigalinae, Paradoxurinae, Prio-
nodontinae and Viverrinae. However, recent studies have shown
that the Prionodontinae (Asian linsangs—Prionodon) are a sister-
group of the Felidae and should now be erected as a family, the
Prionodontidae (Gaubert and Veron, 2003; Gaubert et al., 2005).
Gaubert and Cordeiro-Estrela (2006) have argued that the Viverri-
nae should be split into two subfamilies: the Viverrinae (terrestrial
civets) and the Genettinae (Genetta and Poiana).

The Hemigalinae and Paradoxurinae—the Asian palm civets—
are two subfamilies confined to South and South-East Asia,

whereas the Viverrinae are distributed across Asia and Africa,
and the Genettinae across Africa and part of Europe. Although little
is known about the ecology of most of the palm civet species, they
are generally nocturnal, some are arboreal and frugivorous (Grass-
man, 1997; Nowak, 1999; Veron, 1999; Mudappa, 2001), and
others are omnivorous or invertebrate eaters (Kowalczyk, 1989;
Nowak, 1999). Some palm civets may play an important role in
seed dispersal (Corlett, 1998). These taxa are of important conser-
vation concern, with five species listed in the IUCN (2007) Red List
of Threatened Species as endangered or vulnerable (http://
www.iucnredlist.org), although this situation could be underesti-
mated given the scarcity of data about their current biological sta-
tus (Schreiber et al., 1989). The destruction of habitat by intensive
deforestation is the major threat to this group (Brooks et al., 1999;
Laurance, 1999; Brook et al., 2003; Sodhi et al., 2004).

To date, the systematics of the Hemigalinae and Paradoxurinae
has been mainly assessed by morphological data (Pocock, 1933;
Gregory and Hellman, 1939; Wozencraft, 1989; Veron, 1994,
1995). Molecular studies of feliform carnivorans have included very
few representatives of these subfamilies due to the difficulties in
obtaining biological material (see Veron and Heard, 2000; Gaubert
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