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ABSTRACT

Approximately 3,000 base pairs of mitochondrial DNA sequence data (control region or
D-loop, along with a fragment including a partial segment of cytochrome oxidase subunit I1I gene
to Leucine-tRNA gene), morphological and phenotypic characters were used to investigate the
phylogenetic relationships among the recognized woolly lemurs (genus Avahi) and to other lemur
genera of Madagascar. The molecular data support the previously recognized Avahi species, but
it has also revealed additional unique biodiversity. Here, we present further taxonomic revisions
of the genus Avahi, by elevating the two recently described subspecies, 4. m. meridionalis and
A. m. ramanantsoavana, to species level, along with a description of one new species. We also
conducted the first phylogenetic analysis of all recognized species of woolly lemurs, all repre-
sentatives of the family Indriidae, and present the relationships between the recognized species
of the genus Avahi and this newly described species. These results underscore the urgency to
initiate further detailed studies in previously unstudied sites throughout Madagascar in order to

better define lemur species.
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INTRODUCTION

Due to its unique species biodiversity and the con-
tinued pressure from human encroachment in the form
of habitat destruction and fauna and flora utilization,
Madagascar has been placed at the top of conservation
priority lists, or hotspots (Myers 2000). Distributed
throughout the island, the prosimians of Madagascar
are particularly susceptible to extinction risks due to
their relatively small, fragmented geographic ranges,
and the potential loss through edge effects and constant
habitat loss (Jernvall and Wright 1998; Reed 2004;
Ezard and Travis 2006). Since 2000, multiple molecu-
lar genetic and morphological studies within the genera
Avahi, Cheirogaleus, Lepileniur; Microcebus, and Mirza
have led to a significant increase in the number of
recognized species (Zimmermann et al. 1998; Groves
2000; Rasoloarison et al. 2000; Kappeler et al. 2005;
Thalmann and Geissmann 2005; Andriaholinirina et
al. 2006; Andriantompohavana et al. 2006; Louis et
al. 2006a, 2006b; Zaramody et al. 2006). With the

addition of newly described species, the once broad
ranges of the previously recognized nocturnal species
have dramatically decreased and concurrently made
the risk of extinction of both recognized and newly
described lemurs much greater (a smaller distribution
and a diminished number of represented subpopula-
tions). Currently, all lemurs are protected under the
Convention of International Trade of Endangered Spe-
cies (CITES) and are designated by the [IUCN/SSC Red
List Categories from critically endangered to threatened
(IUCN 2004). Recentrevisions underscore the need to
resolve the taxonomy and phylogeny of lemurs so that
a scientifically rational approach to their conservation
and management can be developed and implemented.
Furthermore, the numerous taxonomic revisions of
lemurs have led to subsequent modifications of histori-
cal distributions and population estimates that require
a persistent re-evaluation of conservation protection
status (Martin 2000; Louis et al. 2006b).
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The woolly lemurs (genus Avahi), a group of
strictly nocturnal primates that are regarded as pheno-
typically indistinct with varying degrees of brown, red,
white, and gray pelage, are a prime example of species
whose taxonomic/evolutionary diversity until now has
been largely unrecognized and underrepresented. Tra-
ditionally, two species of 4vahi have been recognized,
one from eastern Madagascar, Avahi laniger, and one
from western Madagascar, Avahi occidentalis (Fig.
1). Initially, both species were considered subspecies
of Avahi laniger, but morphological, molecular, and
cytogenetic differences between the eastern woolly
lemur, Avahi laniger, and the western woolly lemur,
Avahi occidentalis, have conclusively established spe-
cies level variance (Rumpler et al. 1990; Thalmann and
Geissmann 2000; Zaramody et al. 2006; Figs. 2-4).

The potential for additional species within the
genus Avahi was predictable, given the discrete and
often fragmented distributions, the scattered or spotty
occurrence within these fragments, and the widespread
area that the genus Avahi i1s found especially on the
eastern coast of Madagascar (Martin 2000; Thalmann
and Geissmann 2000). A comprehensive study to
define these populations is critical above and beyond
the threat of habitat loss because the highly foli-
vorous dietary requirements of the woolly lemur can
bring about a selective liability that can potentially
limit habitat suitability. Consequently, Thalmann and
Geissmann (2000, 2005) based on morphological and
vocalization data described two additional woolly
lemurs from western Madagascar, 4. unicolor and A.
cleesei, from the Ampasindava region and Tsingy de
Bemaraha, respectively (Figs. 1, 5-7). Furthermore,
Zaramody et al. (2006) described two new species
from the southeastern coast, A. peyrierasi (south of
the Mangoro/Onive Rivers to Ranomafana National
Park) and A. meridionalis (Manombo Special Reserve

to Andohahela National Park; Fig. 1). Avahi meridi-
onalis was further subdivided into two subspecies, A. m.
meridionalis and A. m. ramanantsoavana, from Sainte
Luce/Andohahela National Park and Manombo Special
Reserve, respectively (Fig. 1). Here, we present further
taxonomic revisions of the genus Avahi, along with a
description of one new species. We also conducted
the first phylogenetic analysis of all recognized spe-
cies of woolly lemurs, all representatives of the family
Indriidae, and present the relationships between the
recognized species of the genus Avahi and this newly
described species.

As previously discussed in Andriantompohavana
etal. (2006), Louis et al. (2006a, 2006b), and Thalmann
and Geissmann (2005), the utilization of whole vouch-
ers as the designated holotype for a new species is not
a prerequisite, but that opportunistic collections can
later supplement morphological, vocalization, and/or
molecular data in combination with curated blood
and/or tissue samples. The woolly lemurs are a prime
candidate for this methodology because the highly foli-
vorous dietary requirements of'this group of lemurs cur-
rently precludes any attempts to curate “live vouchers”
(Thalmann and Geissmann 2005). Total genomic DNA
for the three paratype specimens are currently curated
at the Museum of Texas Tech University (TK 125757,
TK125758; TK125759). Additionally, an electronic
database that includes all Avahi field data and photo-
graphs, including data for the paratype specimens, is
curated at the Museum of Texas Tech University. The
database 1s stored in the Type Specimen Collection in
multiple media formats. This collection of field data
and photographs, as well as additional tables and fig-
ures, also are available online at the website of Omaha’s
Henry Doorly Zoo. See Appendix I for a directory of
appropriate website addresses.

(text continued on page 10)
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Figure 1. Sample distribution map of the woolly lemurs of Madagascar.
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Figure 2. Avahi occidentalis, western woolly lemur, at Mariarano Classified Forest. Photo by Edward E.
Louis, Jr.



ANDRIANTOMPOHAVANA ET AL— WOOLLY LEMURS OF MADAGASCAR

Figure 3. Avahi occidentalis, western woolly lemur, at Mariarano Classified Forest. Photo by Edward E.
Louis, Jr.








































































































































































