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Preface

This book is a truly international collaboration, with editors based on four conti-
nents and first authors from Canada, France, Japan, Madagascar, the United
Kingdom, and the United States. Clearly, there is something attractive about
studying Lemur catta, the ringtailed lemur. Perhaps it is the lemurs themselves!

Why study ringtailed lemurs? Because lemurs are a separate radiation of pri-
mates from the monkeys, apes, and humans. Because ringtails live in the largest
social groups of any known lemur and therefore offer the closest comparison with
other social primates, including ourselves. And also because ringtails have
become the flagship species of Madagascar. Some 70 species or subspecies of
lemurs inhabit Madagascar. Each kind has its own fascinating story, but ringtails
are the ones that everyone thinks they know. That black-and-white tail adorns
tourist brochures and school notebooks and banknotes. All the same, after 40
years of field study, we don’t know nearly enough. In this book, we make a first
estimate on how many might be alive today, but we do not know how many ring-
tailed lemurs and how many southern forests will survive.

This book explores part of what we do know. Its four sections are (I)
Distribution: Ringtailed Lemurs in Madagascar, (II) Ringtails and Their Forests:
Feeding and Ranging Behavior, (III) Social Behavior Within and Between
Troops, and finally (IV) Health and Disease. Of course, all these issues are inter-
related. We would like to point out some cross-cutting themes that emerge from
the chapters if read as a whole.

The first is that the southern area of Madagascar, where the ringtails live, spans
a huge variety of habitats and a huge variation of year-to-year fluctuations in cli-
mate. The range of ringtails lies mainly in very dry spiny forests and marginal
scrub, but they also flourish in rich, tamarind-dominated gallery forests, in the
fortress canyons of the Isalo, and even above the tree-line on the Andringitra
Massif (Goodman et al. and Sussman et al. on range). Beza Mahafaly Reserve
and Berenty Reserve, the only two long-term study sites, Both lie in gallery forest
and thus represent the homes of lemur plutocrats rather than more widespread and
more challenging habitats (Sussman et al. on Beza, Jolly et al. on Berenty). Even
within such favored areas though, the effect of recurrent drought can be
catastrophic. It shapes everything — from population size to life history to
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microevolution (Jolly et al. on territoriality as bet hedging; Cuozzo and Sauther
on tooth microevolution). Furthermore, the small patches of gallery forest have
always been discontinuous, and they have shifted in space over a timescale of
decades or centuries even before people began to clear them (Blumenfeld-Jones
et al. on tamarind recruitment). Thus, any overview of the species needs the
widest possible spread in space and time, because no one year, and not even any
one forest, can be called “typical.”

In fact, ringtailed lemurs as a species are adapted to difference and challenge.
This is one reason why they are so well known. Zoos love to exhibit them, not
only as striking animals but also because they are semiterrestrial, diurnal, at home
in discontinuous habitat, and individually as tough as old boots.

The second theme is the importance of tamarind trees, Tamarindus indica. This
keystone resource provides food year round, whether green pods in the dry, cold
winter season when females are gestating, ripe fruit as the young are born and lac-
tation begins, or fruit and leaves when the young are weaned. Years when the fruit
fails are disastrous for the lemurs. Long-term patterns of tamarind growth and
regeneration determine lemur use of the richest of their forest habitats If the ring-
tails” access to the tamarinds is limited by competing brown lemurs, this is also
likely to have a major impact on their populations and distribution. (Simmen
et al., plant food species; Blumenfeld-Jones, tamarind recruitment; Koyama et al.,
tamarinds and home range; Mertl-Millhollen et al., tamarind quality; Simmen
et al., taste thresholds; Cuozzo and Sauther, tooth microevolution; Pinkus et al.,
brown lemur competition).

The third theme is the extreme role played by females in troop coherence, troop
rivalry, and resource defense. Female dominance over males does not reflect dif-
ferential energy expenditure (Rasamimanana et al., energetic strategy). However,
it is clear that intertroop female resource defense is crucial in gallery forest (Pride
et al., group size and defense). Within a troop, females vie directly for status
(Pereira, agonistic power). Status in turn is fundamental to continued troop mem-
bership. Subordinates exiled by targeted aggression may roam as all-female
nomadic groups for many months before they succeed in establising defended
ranges (Ichino et al., social changes). Even then the ranges are usually inferior to
those held by former dominants: inequality may be perpetuated over generations
(Jolly et al., territory as bet hedging). Immigrant males as postulants for troop
membership seem secondary to the troop structure, though crucial for the mixing
of genes (Gould et al., male migration). But males are still an unsolved riddle:
why do such combative, polygamous animals not evolve dominance over
females?

A fourth theme is the role of health and disease, particularly in human-altered
habitats. At Berenty Reserve, the lemurs have adopted introduced species as
foods, which have benefited them, allowing massive population growth (Soma
et al., introduced trees; Simmen et al., food plants). However, Leucaena, a legu-
minous tree originating from Central America that has been planted worldwide
by foresters for fuel wood and livestock forage, actually poisons some Berenty
lemurs (Crawford et al., bald lemur syndrome; Soma et al., introduced trees) Even
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in the more natural forest of Beza Mahafaly, lemurs put on weight when they have
access to campsite foods, though they pay a price in tooth decay (Sauther et al.,
health and disease). Tooth wear reflects interactions between the lemurs, their
society, the impact of drought, and their keystone tamarind resources (Cuozzo
and Sauther, tooth microevolution). The interaction between health and habitat
change will be an ever-increasing concern of the emerging field of conservation
medicine.

Finally, there is the overarching question of ringtailed lemur conservation.
Sussman et al. estimate that between 1985 and 2000, 9.5% of forest habitat suit-
able for ringtailed lemurs has been lost. In this period, the population may have
fallen from a possible 930,000 ringtailed lemurs down to 750,000, a 20% reduc-
tion, even under the unlikely assumption that all suitable habitat is occupied by
lemurs. Add to this the pressures from natural changes (Blumenfeld-Jones et al.,
Koyama et al., Cuozzo et al., Jolly et al.) and the pressures brought by even well-
meaning human intervention, let alone hunting and forest fragmentation (Sauther
et al.; Crawford et al.; Pinkus et al.), many forests that look suitable to an orbit-
ing satellite will not in fact hold any lemurs. Still, the species is both widespread
and adaptable, classified as vulnerable, not endangered.

The future of ringtailed lemurs is not a story of their own biology. It is a story
of how people value their habitat and their survival. Long may they remain a
flagship species for Madagascar!

The Editors
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Part 1

Distribution: Ringtailed Lemurs in
Madagascar



1

The Distribution and Biogeography of
the Ringtailed Lemur (Lemur catta) in
Madagascar

STEVEN M. GOODMAN, SOAVA V. RAKOTOARISOA, AND LUCIENNE WILME

1.1. Introduction

Although Lemur catta has been the subject of detailed behavioral and ecological
field studies at a few localities in the southern portion of Madagascar and is cer-
tainly one of the best known of the island’s primates, little has been published
about its distribution and the range of habitats it uses. The major exception to this
point is a recent assessment of the geographical extent of this species overlaid on
anthropogenic habitat degradation (Sussman et al., 2003; see also Sussman et al.,
Chapter 2, this volume). L. catta is often associated with being a denizen of
gallery forests of the southern spiny bush. This is natural as the vast majority of
information on the life history of this taxon comes from long-term studies at
Berenty and the Réserve Spéciale (RS) de Beza Mahafaly and concerns mostly
troops living in this forest type. However, as discussed below, this species is the
least forest-dwelling of the extant species of lemurs and occurs in a wide range
of habitats in the southern third of the island, and the current categorization of
certain life-history parameters may be slightly exaggerated given the intensive
focus on gallery forest zones.
In this contribution, we address four principal points concerning L. catta:

1. Its current distribution.

2. Geographic range associated with limitation of freshwater sources.
3. Aspects of the ecology of the Andringitra high mountain population.
4. A biogeographic scenario to explain its current distribution.

1.2.  Sources of Information

During the course of more than a decade, we have been gathering data on the
distribution of Malagasy mammals based on our own field excursions, published
literature, and specimens held in natural history museum around the world. This
database is the principal source of the distributional information presented herein.
The paper of Sussman (1977) thoroughly reviewed earlier literature on the
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geographical range of this species, and these details are not presented here. For
information on botanical species, we have used the database of TROPICOS (http://
mobot.mobot.org/W3T/Search/vast.html).

1.3. The Distribution of Lemur catta

In most general accounts, the range of Lemur catta is considered as the spiny
bush of the south and southwest and the dry deciduous forest of the lowland cen-
tral west, and with populations ranging into the distinctly more mesic interior
highlands, particularly mountainous areas (e.g., Petter et al., 1977; Tattersall,
1982; Mittermeier et al., 1994; Jolly, 2003). In the southern portion of its range,
this lemur tends to be more common in gallery forest. Tattersall (1982, p. 46)
noted that the northern limit of this species’ distribution is a line connecting Belo
sur Mer to Fianarantsoa and then to Tolagnaro.

We are now in a position to add some precision to the known distribution of
L. catta (Figure 1.1) and to examine some of the parameters potentially associ-
ated with these range limits. The northwestern boundary of this species is con-
siderably north of the Mangoky River at Belo sur Mer or Mahababoky (20 °44°S)
(Sussman, 1977) and slightly more inland within the Parc National (PN) de
Kirindy-Mitea—both sites are in the southern portion of the Menabe region.
This is a zone of dry deciduous forest with transitional vegetation elements
characteristic of the more southern spiny bush. Central Menabe sites, such as
Kirindy (CFPF), which lack the prevalence of spiny bush elements found at
Kirindy-Mitea and have been extensively researched—this lemur is unknown to
occur in this region (Ganzhorn et al., 1999; Zinner et al., 2001). Little fieldwork
has been conducted in the southern portion of the Menabe, between the PN de
Kirindy-Mitea and the Morondava River, and it is possible that the limit of this
species’ range is a bit further north than described here. We propose that this
boundary is correlated with some ecological links that are associated with the
transition between the southern spiny bush and typical central west dry deciduous
forest. An excellent example of this type of correlation in geographical distribu-
tion is with members of the endemic plant family Didiereaceae (Figure 1.1). The
known northern limit of this family in northwestern Madagascar largely coincides
with that of L. catta, and we presume that these aspects are closely tied to biocli-
matic parameters as described by Cornet (1974), specifically his Subarid Stage,
and elaborated on by Schatz (2000).

The southeastern limit of L. catta’s distribution ends at the divide between
western (here including southern) and eastern watersheds (Figure 1.1). This line
(except as noted below in the extreme southeast) is aligned with the division
between western dry and eastern humid vegetation formations. From at least the
Betroka region southwards, this ecotone is notably abrupt. We are unaware of
records of this species at sites within eastern humid forest vegetational forma-
tions. In the region of the Ivohibe Massif, dry forest and open anthropogenic
savanna occur to the western foot of the mountain, and the shift to more mesic
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FIGURE 1.1. Map showing the geographical distribution of Lemur catta and members of
the plant family Didiereaceae in the southern third of Madagascar. Most site names men-
tioned in the text and large rivers are also shown.
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forests abruptly occurs with a slight rise in elevation. Here groups of L. catta can
be found in the lower, dry formations. The same pattern exists on the
Kalambatritra Massif (M. Irwin, pers. comm.), with this species occurring in the
lower western gallery forests and zones with more xerophytic vegetation. All
records of wild L. catta that we are aware of from parcel 1 of the PN
d’ Andohahela, which is the humid forest zone of the three parcels of this park,
are from the extreme western portion, at the ecotone between humid and dry
forests. The Nahampoana private reserve, 7 km north of Tolagnaro and in the
humid forest sector, has within its animalier L. catta that have escaped on occa-
sion over the past few years (J. Ganzhorn, pers. comm.). In the extreme south-
eastern coastal region, in forest formations largely resting on sand, there is an
extension of western vegetation formations, such as Didiereaceae, into zones of
eastern watersheds, and several dry forest faunal elements (Goodman et al.,
1997a), including L. catta, extend their range more easterly. In this portion of
Madagascar, the most easterly record we are aware of for this species is at Petriky.

The northeastern limit of L. catta’s distribution is notably more complex than
in other portions of its range. In the highland regions of the upper Mangoky River
and associated tributaries (Figure 1.1), the habitat is a mixture of granite domes,
open savanna, and relict natural vegetation formations in valleys, which in some
cases contain gallery forest. This is a region of Madagascar where members of the
Didiereaceae cross over in highland areas from western to eastern watersheds.
This lemur shows the same pattern and can be found in different open habitats of
this region from 920 to 2600 m (Goodman and Langrand, 1996), but, once again,
it is unrecorded from eastern humid forests. The record from Ankafina, the most
northeastern site where it is known to occur, is an animal collected in 1881
(Jenkins, 1987). An individual was found dead in 1993 along Route National
No. 7, near the forest of Ankazomivady, south of Ambositra (A. Raselimanana,
pers. comm.). This forest has been surveyed, and no evidence of this primate was
found (Goodman et al., 1998). This section of Route National No. 7 is the zone
where the Direction des Eaux et Foréts has at times released confiscated animals
(C. Ravaoarinoromanga, pers. comm.). Further, the possibility exists that this
individual was transported in a vehicle from the southern portion of Madagascar
and was either released, escaped, or died en route. Given the uncertainties con-
cerning this animal, we do not accept this as a valid locality record.

In the southern portion of L. catta’s range, it is often associated with gallery
forest. There are considerable areas within this expansive region, away from river
margins, where it is unknown to occur, and in many cases faunal research teams
have not visited these zones. Thus, the lack of records from these areas is not
necessarily indicative of the absence of this species. In the driest and harshest
portions of the south, there is evidence of seasonal or erratic movements. For
example, in the RS de Cap Sainte Marie, the southern limit of the island, troops
have been observed on occasion exploiting available fruits, but they are not
permanent residents at this site (Sussman et al., 2003).

In the region between Sakaraha and Toliara is an isolated massif known as
Analavelona, rising to slightly more than 1300 m. The upper 300 m of the massif
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is a distinctly mesic forest with a mixture of eastern and western floristic
elements and massive trees and a relatively open understory. The lower portion of
the mountain is largely anthropogenic grassland with some remnant of mixed
deciduous forest—spiny bush. L. catta is relatively common in the upper portion
of the massif, which, once again, attests to its ability to adapt to a wide variety of
ecological conditions, and in this case those approaching eastern humid forest
habitat with regard to the flora and vegetational structure.

1.4. Ecology of High Mountain Population

As described in the previous section, Lemur catta is very flexible in its ecologi-
cal requirements, but one of the more extreme zones in which it can be found is
the high mountain area of the Andringitra Massif (Goodman and Langrand,
1996). Here its basic life-history traits are notably different from sites of lowland
gallery forest, dry deciduous forest, or spiny bush. At the upper portion of its ele-
vational range on Andringitra, this species occurs in a zone above forest line,
which is at about 1950 m and which experiences daily temperature amplitudes of
30-35 °C, with nightly lows reaching —16 °C, and in a vast expanse of exposed
vertical rock, with up to 400-m-tall talwegs, surrounded by ericoid savanna.
Recent research on L. catta conducted on the upper portions of this massif forms
the basis of information presented here and important insight into their ecology
(Rakotoarisoa, 1999).

The western side of the Andringitra Massif descends abruptly in altitude and
holds distinctly drier habitat than the eastern slopes. Within this western zone,
L. catta have been found within the elevational range from about 900 to 2600 m.
Individual troops have home ranges that span considerable elevational gradients.
One troop occurred across a zone from 1310 to 2360 m and another troop from
1250 to 2040 m.

The five most important dietary elements of animals living in the high-
elevation zone during the cold and dry season (May to September) include
(averaged percent based on data from two different troops): Vaccinium emirnense
(Ericaceae), 50.4%:; Ficus pyrifolia (Moraceae), 6.6%; V. secondiflorum, 6.4%;
Locusta migratoria (Insecta: Acrididae), 4.6%; and Asteropeia micraster
(Asteropeiaceae), 4.6%. In contrast, during the warm and wet season (October to
April), there is a notable change in diet, and the five most important dietary
elements include (averaged percent based on data from two different troops):
Aphloia theiformis (Aphloiaceae), 27.0%; Ficus spp., 14.0%; Maesa lanceolata
(Myrsinaceae), 13.4%; Buddleja madagascariensis (Loganiaceae), 7.0%; and
Solanum auriculatum (Solanaceae), 5.7%. Fruits make up about 75% of the foods
consumed, leaves between 8% and 12%, and twigs, stems, and insects another
6-12%.

The local flora of this zone of Madagascar and the associated diet of L. catta
are notably different from other regions on the island. These divergences are best
demonstrated by a comparison with the plants consumed by one troop at
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Andringitra and animals at the RS de Beza Mahafaly (Table 1.1). In this case,
there is not a single plant species, genus, and family, with the exception of
Fabaceae, shared in common within the diets of these two populations.

L. catta is remarkably dexterous in scaling vertical rock faces, in a very
baboon-like fashion. Two captured individuals had notably well-developed and
callous footpads. Night sleeping sites are generally in fissures or overhangs that
often can only be accessed by scaling vertical surfaces. These sites presumably
provide protection from Carnivora predators, such as Cryptoprocta ferox that is
known above forest line on this massif (Goodman et al., 1997b), and a means to
damper the extremely low nightly temperatures. This type of rock-climbing
behavior is not limited to the Andringitra animals but has been reported from sites
with dry deciduous forests such as Isoky-Vohimena in the PN de Zombitse-
Vohibasia complex (Goodman et al., 1997c¢).

On the basis of some preliminary field observations, it was suggested that the
pelage pattern and coloration of the Andringitra high-mountain population differed
from that of “typical” L. catta (Goodman and Langrand, 1996). The conclusion
of Groves (2001) that these differences represented a locally occurring subspecies

TABLE 1.1. Comparison of food elements of Lemur catta composing more than 80% of its
diet on the upper slopes of the Andringitra Massif (Rakotoarisoa, 1999) and in the gallery
forest of the Réserve Spéciale de Beza Mahafaly (Ratsirarson, 1987). Values are presented
as percentages.

Beza Mahafaly Andringitra

Species — family Hot season  Cold season ~ Hot season  Cold season
Tamarindus indica — Fabaceae 18.1 39.0 — —
Metaporana spp. — Convolvulaceae 52 324 — —
Azima tetracantha — Salvadoraceae 27.1 324 — —
Salvadora angustifolia — Salvadoraceae 23.1 — — —
Cedrelopsis grevei — Rutaceae 9.0 — — —
Maerua filiformis — Brassicaceae — 5.8 — —
Teramnus spp. — Fabaceae — 4.1 — —
Vaccinium emirnense — Ericaceae — — 2.6 49.3
Ficus pyrifolia — Moraceae — — — 74
Vaccinium secondiflorumi — Ericaceae — — — 6.2
Asteropeia micraster — Asteropeiaceae — — — 4.7
Syzygium spp. — Myrtaceae — — — 3.1
Homalium spp. — Salicaceae — — — 3.1
Canthium variistipula — Rubiaceae — — — 2.2
Erica spp. — Ericaceae — — — 1.7
Senecio spp. — Asteraceae — — — 1.6
Ficus spp. — Moraceae — — 12.2 1.6
Aphloia theiformis — Aphloiaceae — — 30.0 —
Maesa lanceolata — Myrsinaceae — — 13.6 —
Buddleja madagascariensis — Loganiaceae =~ — — 7.2 —
Solanum auriculatum — Solanaceae — — 6.1 —
Vitex spp. — Lamiaceae — — 5.5 —

Acacia spp. — Fabaceae — — 5.1 —




1. Distribution and Biogeography of Lemur catta 9

of L. catta is an incorrect extrapolation. Subsequent fieldwork of this species on
the Andringitra Massif verified that the tail-ring variation of the locally occurring
animals falls within the range of typical members of this species; the thicker coat
and lighter coloration may simply be an adaptation associated with the local
extreme low temperatures and fading caused by intensive solar radiation
(Rakotoarisoa, 1999; Goodman, unpubl. data). External measurements made of
two adults trapped above forest-line on the Andringitra Massif fall within the nor-
mal range of L. catta (Table 1.2). Further, genetic studies of these same individ-
uals indicate that they are typical of populations occurring elsewhere on the island
(Yoder et al., 2000).

TaBLE 1.2. External measurements of two adult Lemur catta from the Andringitra Massif
as compared with other populations of this species.

Range of values

(minimum-maximum)  Andringitra: adult Andringitra: adult
for typical Lemur catta male (Rakotoarisoa,  female (Rakotoarisoa,
Character (Tattersall, 1982) 1999) 1999)
Head and body length ~ 385-455 mm 455 mm 450 mm
Tail length 560-624 mm 619 mm 611 mm
Ear length 40-48 mm 42 mm 43 mm
Weight 2295-3488 g 3120 g 2920 g

1.5. Does Lemur catta Occur in Areas Where No
Freshwater Source Is Available?

Petter et al. (1977, p. 157) remarked that Lemur catta exists in the southern por-
tion of the island, in regions where the dry season is not too excessive. The con-
text here is that in certain areas, this species is absent due to water or food
limitations. Further, it has been suggested that L. catta needs to drink at least
occasionally (M. Pidgeon, in Harcourt and Thornback, 1990, p. 105). Thus, one
potential limiting factor in the distribution of L. catta in the dry portions of
Madagascar is the presence of water sources. During the course of the past
decade, inventories have been conducted in portions of southwestern Madagascar,
in zones of spiny bush, where no freshwater sources occur. We have field data to
address the issue of the role this resource plays as a limiting factor in the distri-
bution of this species.

At the western foot of the Mahafaly Plateau, there is a narrow fault zone where
subterranean water sources percolate up from the ground (Guyot, 2001). In the
section along this fault between the PN de Tsimanampetsotsa and Itampolo, these
water sources are slightly saline, after passing through a limestone aquifer. For
example, at Mitoho, a site where L. catta is common and can be easily observed
drinking at the cave entrance, salt-mineral content of the water reaches 1900
mg/L (Domergue, 1974). Other sources in the region reach a salt-mineral content
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of up 2600 mg/L. Thus, water quality, at least at this level of mineralization, is
not a limiting factor in their distribution.

The western portion of the Mahafaly Plateau is a vast expanse of spiny bush,
and certain large zones are without water sources, except during the short wet sea-
son when temporary rain pools form. For example, the Bemananteza Forest,
about 21.5 km northwest of Efoetse and in the eastern portion of the PN de
Tsimanampetsotsa, is without a freshwater source. While camped in this area in
early March 2002, we obtained water for the field crew from a well 40 km to the
north. During this period, there was relatively heavy nightly dew that evaporated
before 7:00 a.m. the following morning. A group of travelers from the village of
our water supply passed by the camp, laden with an assortment of filled water
gourds, and mentioned that to their knowledge there was no source for a consid-
erable distance. While in the Bemananteza Forest for more than a week, no evi-
dence of L. catta was found, and local people stated that it does not occur in the
immediate area (Goodman et al., 2002).

In another case, we conducted an inventory of forests within the PN de
Kirindy-Mitea, 13 km west of Marofihitsa, during the month of November 2002
and before the start of the local rainy season. As in the Bemananteza Forest, there
was no known freshwater source in a vast area of slightly degraded deciduous
forest surrounding our research site, but the zone experienced notable nightly
dew. On several occasions, we encountered troops of L. catta at this site and heard
them calling. Given the regularity of vocalizing individuals, both in the sense of
the time of day and localization in the forest, during the course of the week that
we were at this site, it was our impression that they were residents rather than dis-
persing or migrating individuals. If this assumption is correct, this would be evi-
dence that this species is able to exist in a forested zone without a permanent
water source. Presumably they are able to fill their water requirements from early
morning dew and from moisture in different foods. Given this extrapolation and
the fact that seemingly comparable levels of dew fell each night at the
Bemananteza Forest and the site within the PN de Kirindy-Mitea, the absence of
this species from the former site may be associated with food resources.

In a study of the home-range patterns of L. catta troops in the Berenty area, it was
found that certain “land-locked” troops did not have access to river margins, as they
would not cross the territories of several neighboring groups (O’Connor, 1987), at
least during certain periods of the year. Further, the population in these closed
canopy forests is twice that of sites with open canopy and bush and scrub (O’Connor,
1987). Given these points, it is clear that these troops were able to prosper in spite of
the fact that they did not have access to freshwater, and they obtain their needed
water sustenance from dew or food sources (Randramboavonjy, 2003). As typified
by spiny bush dominated by Didiereaceae, water-rich plants in this habitat are dis-
tinctly more common in the local flora than in more northerly dry deciduous forest.
Hence, the means for L. catta to derive their daily water needs simply through their
diet may be more plausible in the spiny bush than in dry deciduous forest.

These sorts of data have interesting implications for understanding certain life-
history traits of L. catta. On the basis of a long-term field study in the RS de Beza
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Mabhafaly, the local population of L. catta was stable during a 15-year period,
with the exception of a 2-year drought, when there was a notable decline (Gould
et al., 2003). Given the above information from the Kirindy-Mitea Forest and that
water sources at Beza Mahafaly are very seasonal, it can be extrapolated that the
population decline during the drought was associated with depletion of food
sources rather than limited drinking water (Gould et al., 1999; Jolly et al., 2002).

1.6. A Biogeographic Scenario to Explain the Distribution
of Lemur catta

A considerable amount