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Abstract: The ring-tailed lemur (Lemur catta) was once widely distributed throughout the south-central, far south, and southwest
regions of Madagascar. This species is known for its marked ecological plasticity and ability to survive in a variety of habitats.
Over the past decade, however, habitat destruction, forest fragmentation, hunting for subsistence or the illegal bushmeat trade,
and live capture for the illegal pet trade have increased, resulting in extirpation or drastic reduction of populations throughout
its geographic range. Recent mining activities in one region have resulted in further serious threats to remaining populations. In
this paper, we discuss (1) population numbers and information on population extirpations, gathered over approximately the past
six years, to illustrate the alarming decline of this well-known lemur, and (2) how the formerly accepted geographic range of L.
catta now requires considerable revision. Population information was collected via on-the-ground surveys and censuses, or from
reports by researchers at 34 sites where L. catta is or was recently present. Only three sites are known to contain populations
of more than 200 animals. At 12 sites, populations number 30 or fewer individuals, and at 15 sites, L. catta has been recently
extirpated, or populations are highly precarious and may become extinct in the very near future. Populations at three previously
designated range limits have been extirpated. Many populations are surviving in small, isolated forest fragments, allowing for no
male dispersal. With an estimate of just 2,000-2,400 individuals remaining in Madagascar, this iconic lemur may well become
extinct in the wild in the near future, or at the very least, exist at only two or three widely dispersed sites.
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Introduction with little available water (Sauther ef al. 1999; Gould et al.
2011; Kelley 2011; LaFleur 2012), severe droughts (Gould

Populations of the iconic ring-tailed lemur (Lemur catta) et al. 1999), and cyclones (LaFleur and Gould 2009). How-
were once widespread throughout varied habitats in south- ever, anthropogenic habitat loss in the geographic range of L.
ern, southwest and south-central Madagascar, largely due catta is steadily increasing (Sussman et al. 2003; Harper et
to this species' considerable ecological plasticity (Sauther et al. 2007; La Fleur 2013), and in 2003, Sussman ef al. noted
al. 1999; Sussman et al. 2003, 2006; Goodman 2006; Gould that remaining populations were unevenly distributed with
2006; Gould and Gabriel 2015; Gould et al. 2015; Sauther very low densities. Since then, loss of forest cover through-
et al. 2015). Lemur catta inhabits at least seven distinct out southern Madagascar has only increased, largely due to
habitats (Goodman et al. 2006; Gould 2006; Cameron and anthropogenic deforestation (Sussman et al. 2006; Bodin
Gould 2013), and is able to adapt to local environmental et al. 2006; Harper et al. 2007; Kelley et al. 2007; ONE et
extremes and natural disasters, for example, arid open spiny al. 2013a, 2013b), with little regeneration due to the xero-
bush, with temperatures reaching or exceeding 45°C and phytic nature of much of the flora in the region (Seddon et

al. 2000; Fenn 2003). Average rates of annual forest loss
in protected areas (national parks and special reserves)
in L. catta's geographic range were reported as 0.28% per

+ This paper is dedicated to the memory of Robert W. Sussman (1941 year from 20002005, and 0.22% per year from 2005-2010
2016), highly respected scholar and pioneer of lemur studies. (ONE et al. 2013a, 2013b); however, these data do not take
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into account the considerable amount of unprotected area in
which L. catta has been reported. Furthermore, an increase
in serious droughts in the south over the past decade has also
exacerbated habitat loss (Elmqvist ef al. 2007; Tengo and von
Heland 2014). Sussman et al. (2006) estimated that L. catta
habitat loss totaled 10% between 1985 and 2000, with a 20%
reduction in the total population.

In 2001, Sussman et al. (2003) conducted a broad survey

of L. catta in the south-western and far southern portions of
its geographic range. At that time, forest fragmentation was
noted as a marked threat to L. catta population survival. Since
then, further and significant forest loss and increased frag-
mentation throughout southern Madagascar has been docu-
mented (Bodin et al. 2006; Harper et al. 2007; Cameron and
Gould 2013). Fortunately, due to their ecological flexibil-
ity, ring-tailed lemurs in some regions are able to live, and
in some cases, even thrive, in small fragments, particularly
“sacred forests”—small patches containing Malagasy ances-
tral graves and tombs. Such forests range in size from <1 to
142 ha in the far southern Androy region (Tengo et al. 2007,
Kelley 2011) and 2 to 53 ha in the south central area of L.
catta's geographic range (Gould and Andrianomena 2015;
see Table 1). Sacred forests are normally undisturbed and can
contain sufficient food and water resources to allow L. catta
population persistence, reproduction and survival (Bodin et
al. 2006; Gould and Gabriel 2014; Gould and Andrianomena
2015). However, the increasing fragmentation throughout
southern Madagascar in the past decade, as well as heavy
hunting for the illegal bushmeat trade and capture for the ille-
gal pet trade, have resulted in the extirpation or drastic reduc-
tion of ring-tailed lemur populations at many sites where
they are or were found (Sussman et al. 2006; Kelley et al.
2007; Cameron and Gould 2013; Sauther et al. 2015; Gould
and Andrianomena 2015; LaFleur et al. 2015; Actman 2016;
Reuter et al. 2016). As a result, the [UCN Red List status for
L. catta was upgraded from Near Threatened to Endangered
in 2012 (Andriaholinirina et al. 2014).

Historically, the geographic range of Lemur catta was
broad, covering the southwestern, south-central, and southern
portion of the island (Hill 1953; Tattersall 1982; Goodman
et al. 2006). Its wide-ranging dispersal is due to its ability to
survive and reproduce in areas that can be considered eco-
logically marginal, such as spiny bush and spiny thicket, high
altitude ericoid bush, small rocky outcrop fragments, and
mangroves (Goodman et al. 2006; Gould et al. 2006; Sauther
et al. 2013). Ring-tailed lemurs are not restricted by river sys-
tems, and can survive in areas without a ground water source
(Goodman et al. 2006). Goodman et al. (2006) also noted that
since many river systems in southern Madagascar are without
water for some months during the dry season, and since L.
catta have been noted at gallery forest sites to cross these dry
riverbeds, such ranging ability may have promoted wide geo-
graphic dispersal. However, continual anthropogenic habitat
disturbance, habitat loss, and population extirpations have
resulted in a much smaller geographic range than that out-
lined by Goodman et al. in 2006.
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In this paper, we present L. catta population numbers
and densities, or presence/absence information, mostly gath-
ered over the past six years, covering 34 sites throughout this
species' geographic range: south-central Madagascar, the far
south, and the southwest. These sites include protected areas
such as national parks, special reserves, and private reserves,
as well as unprotected areas. We note the decline, and, in
some cases, extirpation or likely extirpation, of the L. catta
populations inhabiting some of these sites, and we also sug-
gest a revision of the former boundaries of the geographic
distribution of the ring-tailed lemur.

Methods

Population information was collected either via census
counts by research teams, or census/survey and presence/
absence reports in the literature, covering 34 sites where L.
catta is or was recently present (Fig. 1). For the majority
of sites, information was obtained within the past six years
(Table 1).

South-central Madagascar

Censuses were conducted by Lisa Gould and team in
2013 in nine small (between 2 and 53 ha) forest fragments in
south-central Madagascar, as part of a larger study of ecologi-
cal factors driving population persistence or extinction (Gould
and Cowen, in prep.; Fig. 2). The sites are situated in a 370-
km? mountainous area and are, according to local guides with
whom Gould worked, the only forest fragments containing
L. catta in the region, outside of Andringitra National Park.
Seven of the nine sites are protected by community-level

Figure 1. Known sites in the geographic range of Lemur catta where popula-
tions are extant, likely extirpated, or recently extinct. Red pins = extirpated
or near extirpated populations, yellow pins = extant populations, green pins =
national parks, where some populations are extant, others unknown and may
be extinct, and blue pins = unknown, reported locally within the past 15 years
but not seen during surveys.



Figure 2. Sites in the south-central region of Madagascar where Lemur catta
was surveyed and censused in 2013 by L. Gould and team.

Figure 3. Sites in the far southern region where Lemur catta was surveyed and
censused in 2015 by Foulon et al. (2015).

conservation associations (Gould and Andrianomena 2015).
Two of these, Anja Private Reserve and Tsaranoro Valley
forest, are well-known tourist destinations. The two unpro-
tected fragments have been seriously affected by firewood
collection and forest degradation.

Census collection teams were composed of LG, as well
as primary guide P. Andrianomena, and assistants J. Weir, and
S. Rasoanomenjanahary. We were assisted by local guides
from the above mentioned community-based conservation
groups at the seven community-run sites. At each site, the
census team counted all resident adult and juvenile (yearling)
lemurs. Juveniles are easily determined as they are roughly
half the size of adults. Animals were counted by each team
member at least twice, and all counts fell within a two-animal
margin of error. In smaller fragments (20 ha or fewer in size,
see Table 1) all L. catta groups were located and members
were counted over a period of one to three days. At the larger
Anja and Tsaranoro forests, censuses took place over four to
five days.

Andringitra and Isalo national parks are situated in south-
central Madagascar. Gould and team counted two L. catta
groups in Andringitra National Park in 2009. Lemur catta
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is also found at Isalo (Goodman et al., 2006; LaFleur, pers.
comm. 2016; Madagascar, MNP 2015).

Southern Madagascar

In Madagascar's far south, census data were collected
on L. catta residing in nine forest fragments by Foulon et al.
(2015). These fragments included the larger and well-known
Berenty Reserve, 80 km from Taolagnaro (Fort-Dauphin), as
well as a number of much smaller gallery forest fragments
along the Mandrare River (Fig. 3). All lemurs were counted
by the census team at least twice. The numbers of extant L.
catta groups at Ifotaka-North (approximately 50 km north of
Berenty), and Vohipary, a remote spiny forest fragment 55
km NW of Ifotaka, were noted in 2012, but individuals were
not counted (Sterman 2012; Semel and Ferguson 2013). At
Ambatotsirongorongo (approximately 25 km west of Taolagn-
aro), L. catta was censused by Razafindramanana in 2009,
and at Petriky, the southeasternmost site in which L. catta has
been recorded (Goodman 2006), individuals were counted by
Malone et al. (2013) in 2012 (Fig. 4). Cap Sainte-Marie is
the southernmost point at which L. catta has been recorded
(Goodman et al. 2006). Animals were counted by Kelley
(2011) during a year-long dissertation study in 2007-2008.
The last census of L. catta at Andohahela National Park was
conducted in 2003 (Rasoarimanana 2005).

Southwestern Madagascar

Individual animals have been counted at Beza Maha-
faly Reserve (Sauther and Cuozzo 2008; Sauther, 2014) and
Tsinjoriake (Ravelohasindrazana 2013; Ravoavy 2013; 1. A.
J. Youssouf, pers. comm. 2016). Presence/absence of L. catta
only was noted at Ifaty (I. A. J. Youssouf, pers. comm. 2016),
as well as at Fiheranana-Manombo and Ranobe (Gardner et
al. 2009), Makay forest (Dolch et al. 2012; Wendenbaum et
al. 2014) and Antsirananomby (Kelley ez al. 2007). Histori-
cally, L. catta were recorded at three national parks in the
southwest: Kirindy-Mitea, Tsimanampesotse, and Zombitse-
Vohipary. Presence/absence, but not population counts have
been reported at Kirindy-Mitea (R. J. Lewis, pers. comm.
2015) and Zombitse-Vohipary (M. Sauther, pers. obs.) and
a partial population count is available for Tsimanampesotse
(Sauther et al. 2014; M. LaFleur pers. comm.) (Fig. 5).

Area measurements of 17 fragments were calculated
(1) using the polygon tool in Google Earth, and (2) polygon
location points were entered into the Earthpoint tools KML
Shapes program (<http://www.earthpoint.us/Shapes.aspx>)
to determine actual fragment size in hectares. Areas of other
sites were gathered from the literature.

Results

Table 1 lists all the sites discussed here, geographic
locations, L. catta population counts or presence/absence
estimates, population densities where possible, and forest
sizes in hectares. At eight sites (Petriky, Ranobe, Kirindy-
Mitea National Park, Antsirananomby, Vohipary, Makay,
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Table 1. Site names, locations, population counts or estimates, forest sizes, and population densities (where applicable) for the 34 known sites where Lemur catta are
or were recently extant. Total population estimates are listed at the bottom of each larger region: south-central, southern, and southwestern Madagascar. n/d = no data.

Site and Location Year of count or estimate and number of L. catta counted or  Forest size and population
Total N = 34 sites estimated density (where applicable)

South-central Madagascar (N=12)

Anja Community Reserve
South-central

21°51'S, 46°50'E
Sakaviro Community Reserve
21°48S, 46°52'E
Samisorany

21°47'S, 46°49'E
Andranobe

21°57'S, 46°55'E
Beanana

21°57'S, 46°56'E

Tsaranoro Valley forest
22°05'S, 46°46'E
Chameleon

22°05'S, 46°46'E
Marody

22°05'S, 46°47T'E

Tkomby
21°48'S, 46°51'E

Bedita
22°02'S, 46°43'E

Andringitra National Park (Western edge)

22°12'S, 46°53'E
Isalo National Park
22°22'S,45°11'E

Estimate of L. catta at known sites the south-central

region

2013: ¢. 210
(Gould and Andrianomena 2015)

2013: ¢. 30

(Gould and Andrianomena 2015)
2013: 21

(Gould and Andrianomena 2015)
2013: 30

(Gould and Andrianomena 2015)
2013:¢. 6

(Gould and team, census)

Likely extirpated in 2016

2013: 78

(Gould and Andrianomena 2015)
2013:28

(Gould and Andrianomena 2015)
2013: 15

(Gould and Andrianomena 2015)
Precarious

2013: 8

(L. Gould and team, census)
Likely extirpated in 2016

2013: ¢. 15-20

(L. Gould and team, census)
Precarious

2009: Estimate ¢. 100 (WWF guide, 2009) but likely fewer: 12
counted in 2009 (L. Gould, D. N. Gabriel and A. Cameron)
Extant but number unknown

¢. 600-700 individuals

34 ha (6.2/ha)

7.7 ha (3.8/ha)
20.3 ha (1.03/ha)
17.4 (1.7/ha)

20.7 ha (0.28/ha)

53 ha (1.47/ha)
8.1 ha (3.4/ha)

2.8 ha (5.3/ha)

2 ha (4/ha)

Forest fragment not measured

31,160 km?

81,500 ha

Southern Madagascar (N=13)

Berenty Reserve (all parcels and environs, including gal-
lery, scrub, spiny forests + tourist and factory areas)

25°34'S,46°18'E
Bealoka
24°57'S,46°16'E
Tsileha
24°57'S,46°14'E
Bekobo

24°56'S, 46°13'E
Analalava
24°56'S, 46°12'E
Anjapolo
24°55'S, 46°13'E
Ambinany
24°59'S, 46°18'E
Ambatorongorongo
25°04'S, 46°46'E
Petriky

25°03'S, 46°52'E
Vohipary
24°36'S, 45°33'E

Ifotaka-North-Protected Area
24°45'S, 26°04'E

Cap Sante-Marie
25°27'S, 45°06'E

2015: 562 (Foulon et al. 2015)

2015: 163 (Foulon et al. 2016)
2015: 39 (Foulon et al. 2016)
2015: 21 (Foulon et al. 2016)
2015: 21 (Foulon et al. 2016)
2015: 70 (Foulon et al. 2016)
2015: 65 (Foulon et al. 2016)

2010: ¢. 50 in 30ha

(Razafindramanana 2011)

2012: 4 animals in 920 ha.

Likely extirpated (M. Malone, pers. comm.)

2012: 1 small group (individuals not counted) (Sterman 2012)
Precarious or possibly extirpated in 2016

2012: 3 groups (individuals not counted)
(B. P. Semel, pers. comm.)
Precarious

2007: 4-5 groups in 2007
(Kelley 2011, 2013)
Status in 2016 unknown
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285 ha (2.0/ha)

100 ha (1.63/ha)
48 ha (0.81/ha)
52 ha (0.40/ha)
95 ha (0.22/ha)
104 ha (0.67/ha)
60 ha (1.08/ha)
30 ha (1.5/ha)
920 ha (0.004/ha)

1250 ha

22,256 ha (Mahamaro 2012)

¢. 0.017/ha
(Kelley 2013)

table continued on next page
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Site and Location
Total N = 34 sites

Year of count or estimate and number of L. catta counted or
estimated

Forest size and population
density (where applicable)

Andohahela National Park
24°59'S, 46°40'E

Estimate of L. catta at known sites in the far southern
region

2003: 118

(Rasoarimanana 2005)

Status unknown 2016, hunting reported (Raharivololona and
Ranaivosoa 2000; Madagascar Biodiversity Fund, undated)

c. 1000 individuals

76,000 ha

Southwestern Madagascar (N =9)

Beza Mahafaly Reserve
All parcels
23°41'S, 44°22'E

Tsinjoriake
23°26'S, 43°45'E

Fiheranana-Manombo complex and Ranobe
23°14'S, 43°52'E

22°48'S, 43°44'E

Ifaty forest

22°48'S, 43°28'E

Antsirananomby
21°428S, 44°8'E

Makay Massif
21°41'S, 45°04'E

Kirindy Mitea National Park
Southwest

20°03'S, 44°39'E
Tsimanampesotse National Park
24°03'S, 43°46'E

Zombitse-Vohibasia National Park
22°45'S, 44°37'E

Estimate of L. catta at known sites in the southwestern
region

Total population estimate based on populations at
known sites

2014: c. 200
(Sauther 2014)

2016: 27

(I. A. J. Youssouf, pers. comm.)

Precarious

2009: (3) data deficient

Likely extirpated

(Gardner et al. 2009)

2016: Precarious or possibly extirpated Hunting and live
capture threat

(I. A. J. Youssouf, pers. comm.)

2004: observed 10 times, 5 were of a lone individual (Kelley et
al.,2007)

Status unknown likely extirpated 2016

2012: 2 surveys, none observed

Possibly extirpated

Dolch et al. (2012), Wendenbaum et al. (2014)

2012: 2 seen at Ankoatsifaka in 2012, none since. Likely extir-
pated in 2016

(R.J. Lewis, pers. comm. 2015).

2006-2014: ¢. 80-100. 11 groups counted between 20062014
(Sauther ez al. 2013; M. LaFleur, pers. comm.)

Live capture threat (La Fleur et al. 2015)

Status unknown

Likely extirpated

(M. Sauther, pers. obs.)

¢. 350 individuals

¢. 2000-2400 individuals

Parcel 1: 80 ha (124 animals

— 1.5/ha)

All parcels: 900 ha

25,000 ha (0.01/ha)

n/d

n/d

Forest fragmented and degraded

n/d

152,000 ha (0/ha)

456 km? (0.18/ha)

36,308 ha (density likely 0/ha)

Figure 4. Sites at the far southeastern limit of the range of Lemur catta. Note that at Petriky, formerly the southeastern-most site where L. catta was found (Goodman

et al. 2006), the population is likely now extirpated.
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Fiheranana-Manombo, and Zombitse-Vohibasia National
Park), ring-tailed lemurs were reported present until recently,
but population sizes were very low (for example, at Petriky,
only four lemurs were present in 2011, Table 1). Some of these
populations are now likely extirpated. At five sites (Bedita,
Beanana, Ifotaka North, Ifaty, and Tsinjoriake) populations

Figure 5. Sites in the southwestern region of the range of Lemur catta where
populations are extant or recently extinct.

are low and threatened by forest disturbance and/or heavy
hunting pressure/live capture for the illegal pet trade. These
are listed as “Precarious” or “Likely extirpated” in Table 1.

The former geographic distribution, proposed by Good-
man et al. in 2006, is no longer accurate, due to recent popula-
tion extirpations. Sites that were considered the northwestern
(Kirindy-Mitea National Park and Belo sur Mer), northeastern
(Ankafina), and southeastern (Petriky) limits of the range of
L. catta (Goodman et al. 2006) no longer contain populations
of ring-tailed lemurs. At Cap Sainte-Marie, the southernmost
point of the geographic range of L. catta, four to five groups
were present in 2007 (Kelley 2011), but no surveys have been
conducted at this site since then.

Figures 6 and 7 reflect the old and newly proposed distri-
butions. Population estimates of L. catta for each region are
as follows: south-central Madagascar ¢. 600—700; southern
Madagascar: ¢. 1000; and southwestern Madagascar: ¢. 350.
The estimated total population of L. catta at known sites in
the wild is ¢. 2000-2400 (Table 1).

Discussion

While this is not an exhaustive survey or census of every
site inhabited by Lemur catta, the information in Table 1 rep-
resents all known populations and population extirpations
as of 2016. Recent local extinctions, the known number of
very small populations (c. 30 individuals or fewer) inhabiting
small and isolated forest fragments, lack of continuous forest
throughout the known range of L. catta, and the shrinking geo-
graphic range limits (Fig. 7) demonstrate that this well-known
lemur is in rapid and alarming decline. In 2012, the [UCN Red
List status of L. catta was upgraded from Near Threatened
to Endangered, an increase of two categories. This designa-
tion was based partially on some of the data included in this
paper (Andriaholinirina et al. 2014). Considering population

Figure 6. The former geographic distribution of Lemur catta (based on Good-
man et al. 2006).
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Figure 7. The current geographic distribution of Lemur catta based on informa-
tion contained in this paper.



assessments over the past six years, and current threats to this
species, it is clear that more local extinctions are on the hori-
zon, and in August 2016, L. catta was placed on the list of
the ITUCN SSC Primate Specialist Group's “World's 25 Most
Endangered Primates” (Schwitzer et al. in prep.).

Habitat fragmentation has been noted as a severe threat to
this species since 2003 (Sussman et al. 2003). Since then, sig-
nificant forest loss in most areas of the geographic range of L.
catta means that more and more populations are now residing
in small, isolated habitat remnants. Recent serious increases
in illegal hunting for food for the black market bushmeat
trade, and live capture for the illegal pet trade (Sauther et al.
2013; LaFleur et al. 2015; Reuter et al. 2016; 1. A. J. Youssouf,
pers. comm.) have decimated populations; local extinctions
have occurred where L. catta was formerly abundant, and
many remaining populations persist at extremely low num-
bers. These populations will likely be extirpated in the near
future if they have not been already (for example, Zinner ef al.
2001; Kelley et al. 2007; Gardner et al. 2009; Wendenbaum
et al. 2013; Lemur Conservation Network 2015; Madagascar
Biodiversity Fund, undated).

South-central Madagascar

The south-central plateau region contains no large, con-
tinuous tracts of forest, only scarce, small forest fragments
dispersed throughout the landscape (Cameron and Gould
2013; Gould and Andrianomena 2015). This area contained
far more forest cover just a few decades ago (J. N. Rabial-
ahy, pers. comm.), but deforestation and fragmentation has
reduced L. catta populations in this region to very low num-
bers, living in isolated patches surrounded by agriculture and
villages. A survey by L. Gould and team in 2013 revealed
only nine fragments within a 370-km? region that contained L.
catta populations. The Anja Private Reserve and the Tsaranoro
Valley forest are well-protected community operated, tourist
destinations, where L. catta populations are the most numer-
ous in the region (Table 1). Anja exhibits the highest popula-
tion density of L. catta of any forest sampled; however, the
13 groups of lemurs inhabiting the reserve are crowded into
a small area of 34 ha, with highly overlapping home ranges.
Three smaller forests, Sakaviro, Samisorany, and Andranobe,
are also community protected but without the tourism poten-
tial of the two larger sites. These smaller fragments contained
small but seemingly healthy populations of ring-tailed lemurs
in 2013, relative to fragment size, and in all of the above for-
ests, food and water resources were sufficient for population
survival (Gould and Cowen, in prep.). Other small fragments
in the region were also surveyed. Two of these, Chameleon
and Marody, were protected by villagers and each contained
a very small population of L. catta, while the others (Ikomby,
Bedita, Beanana) were unprotected, with regular tree-cutting
and firewood collection. The latter three fragments contained
very low numbers of lemurs in 2013, and population extirpa-
tion has likely occurred or is imminent. Six of the nine frag-
ments surveyed in this region are too isolated to allow for
male dispersal and gene flow, as they are either spaced too
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far from one another (for example, 7 to 18 km in the cases
of Anja Reserve and Andranobe), or the landscape between
fragments consists of roads, a major highway, numerous vil-
lages, agriculture, and large tracts of open savannah with no
trees to allow for foraging, sleeping, or protection from preda-
tors. Such isolation is likely to result in dangerous losses of
genetic variation (Davies and Schwitzer 2013; Clarke et al.
2015) if these populations survive. The remaining three sites,
the Tsaranoro, Chameleon and Marody forests, are situated in
the Tsaranoro Valley, and allow for some male dispersal, but
the total L. catta population of the valley numbered only 121
individuals in 2013, and fires set for cattle grazing very near
these small forests often burn out of control.

Both the Isalo and Andringitra national parks in this
region have L. catta populations, but their sizes are unknown.
Goodman and Langrand (1996) reported a potentially isolated
group of eight high-altitude-dwelling L. catta at the upper
elevations of the Andringitra Massif, near Pic Ivangomena
(2,520 m elevation), but noted that these animals were threat-
ened by frequent fires in the low density ericoid bush that they
inhabited. In 2009, Gould and her team located two groups in
the same region of the park, and counted 12 animals. Good-
man and Langrand (1996) suggested, and we concur, that the
number and density of this population is very low, as L. catta
here are restricted to a small area of high-altitude ericoid
bush at the western edge of the park. During observations in
2009, local people harassed the lemurs, despite the presence
of WWF guides and the research team. It is unknown whether
this population is still extant.

Lemur catta is also stated as present at Pic d'Ivohibe
Special Reserve, 20 km south of Andringitra National Park
(Travel Madagascar, undated), but again, no surveys or cen-
suses have been conducted. No trails or tourism infrastructure
exist at this site, thus it is unclear if L. catta are extant or
protected there.

There are ring-tailed lemurs at Isalo National Park (M.
LaFleur, pers. comm. 2016), but the total population number
is unknown. The park is vast (81,000 ha), and there is at least
one small population in one area of the park, which tourists
visit and photograph.

Southern Madagascar

Madagascar's far south, stretching from Petriky and Ando-
hahela National Park through Cap Sainte-Marie and inland, is
characterized by spiny bush, occasional gallery forest, and a
semi-arid climate with little annual rainfall (Bodin ef al. 2006;
Kelley 2011). In 2006, Bodin et al. noted that much of the far
southern spiny forest ecoregion was severely fragmented and
had been so for several decades, if not hundreds of years, but
that many of the fragments were protected by local taboos
(sacred forests). At the time of the Bodin et al. study, how-
ever, such traditional taboos were eroding, and the authors
predicted a successive loss of forest patches in this area. Ring-
tailed lemurs were found in a number of these small fragments
throughout the far south, and, as seed dispersers, are or were,



Gould and Sauther

an essential aspect of the health of these small forests (Bodin
et al. 2006; Tengo and von Heland 2014).

The best known of the southern sites is Berenty Reserve,
a gallery forest managed by the de Heaulme family since 1936
(Jolly et al. 2006). The L. catta population there has remained
relatively stable for decades (Jolly et al. 2006). The popula-
tion of the reserve itself and surrounding environs is the larg-
est currently known, at ¢. 560 animals (Foulon et al. 2015).
Lemur catta populations of varying sizes are also found in
six smaller gallery forests north of Berenty, following the
course of the Mandrare River (Foulon ef al. 2015). These for-
ests are relatively isolated from one another, and separated
by sisal plantations and agriculture (Fig. 3), but some male
dispersal may be possible. The Ifotaka Community Forest is
24 km north of these fragments, and in 2012 three unprotected
groups of L. catta were recorded there (Semel and Ferguson
2013), but were often chased by village dogs (B. P. Semel,
pers. comm.). Lemur research at Ifotaka North was halted in
2013 due to the proliferation of small firearms used by, and
the increased activity of, cattle thieves (dahalo), who burn
villages and displace local people inhabiting the area; people
who might otherwise protect the sacred forest patches (B. P.
Semel and B. Ferguson, pers. comm.).

In 2007, two ring-tailed lemur groups, totaling only 24
individuals, were followed by Kelley at Cap Sainte-Marie
(Kelley 2011), but the population fell to 17 during the year-
long study. Both groups ranged outside of the Cap Sainte-
Marie Special Reserve, in spiny thicket habitat, and were two
of only four to five groups found in the region at that time.

Goodman et al. (2006) noted that the most easterly record
of L. catta was at Petriky, a transitional zone between wet and
dry forest, 32 km southwest of Taolagnaro (Fort-Dauphin)
(Malone et al. 2013). During a survey of this forest, Malone
et al. observed L. catta only twice, and only four lemurs were
counted (M. Malone, pers. comm. 2012). The easternmost
site where L. catta has been counted recently is Ambatorong-
orongo, 25 km west of Taolagnaro (Fort-Dauphin), where 50
animals were seen in 2009 (Razafindramanana 2011).

An extensive survey and census of L. catta was con-
ducted at Andohahela National Park, north of Taolagnaro,
between 1999 and 2003 (Raharivololona and Ranaivosoa,
2000; Rasoarimanana 2005). In 2003, only 118 individuals
were counted. There have been no more recent surveys in the
park, and hunting pressure in the area has been high for some
time (Rasoarimanana 2005; Bucht 2011). Lemur catta was
also reported to inhabit gallery forests west of Kalambatri-
tra Massif in the southeast in the early 2000s, but informa-
tion was anecdotal, and no ring-tailed lemurs were actually
observed (Irwin 2001). Again, no recent surveys have been
reported in this area, although a survey and action plan for
the Kalambatritra Special Reserve was being planned in 2013
(Rasolofoharivelo et al. 2013).

South-western Madagascar
Lemur catta was once widely distributed along the west
coast of Madagascar, from the Kirindy-Mitea region near
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Morondava, south through Tsimanampesotse National Park
and Cap Sainte-Marie in the far south (Tattersall 1982; Suss-
man et al. 2003). These western forests have become severely
fragmented over the past five decades, with a 10% overall
loss between 1950 and the 1990s (Zinner ef al. 2001), and the
landscape has fragmented even further in the 15 years since
the Zinner et al. study (Google Earth 2016). Much forest in
this region was destroyed for maize production in the 1990s
(Zinner et al. 2001; Kelley et al. 2007; Blanc-Pamard 2009),
and Sussman et al. (2003) noted that significant deforesta-
tion had occurred in the southwest between 1985 and 2000
for grazing, small-scale farming, and charcoal production.
Recent additional and significant threats to west-coast for-
ests are the Toliara Sands mining project and oil exploration
(Gardner 2009; Blanc-Pamard 2009; Huff 2016; Lemur Con-
servation Network 2015).

Kirindy-Mitea National Park and Belo-sur Mer were
considered the north-western limits of L. catta's distribution
(Goodman et al. 2006); however, the population in this area
is now considered extirpated—the last observation of L. catta
in Kirindy-Mitea occurred in 2012, and consisted of just two
individuals (R. J. Lewis, pers. comm. 2015). As far back as
1999, local people in the region outside of the national park
reported that L. catta had not been seen in the area for years
(Zinner et al. 2001). Similarly, Kelley et al. (2007) noted that
the formerly lush forest of Antserananomby, east of Morombe,
had, by 2004, been largely destroyed by slash-and-burn agri-
culture for maize crops. Only a few small fragments remained,
and the gallery forest no longer existed. Heavy hunting of
the remaining lemurs was apparent. In the 1960s and 1970s,
Antserananomby was considered to have the highest primate
density and diversity of any forest in western Madagascar
(Sussman 1972; Sussman et al. 2006). This is the site where
pioneer L. catta researcher Robert Sussman conducted his
Ph.D. research in the early 1970s. In the 2004 survey, Kelley
et al. observed L. catta only 10 times, and five of these obser-
vations were of just one individual. Furthermore, at least four
lemur traps were observed during this survey.

Dolch et al. (2012) and Wendenbaum et al. (2013) found
no L. catta in the Makay Massif, west of Morondava, even
though ring-tailed lemurs had previously been reported there.
Wendenbaum ef al. (2013) suggested that heavy hunting,
particularly in temporary hunting/fishing camps, as well as
large-scale forest clearing for cattle grazing, will likely have
reduced or extirpated any populations in the area.

Recent serious increases in hunting for the illegal bush-
meat trade and live capture for the purposes of selling infant
L. catta to hotels along the coast has severely affected ring-
tailed lemur populations (Sauther ef al. 2013; 1. A. J. Yous-
souf, pers. comm.)—some are now extirpated and others
persist at extremely low densities and are markedly threat-
ened (Gardner et al. 2009; Sauther et al. 2013; Lemur Con-
servation Network, 2015). The Toliara Sands mining project
seriously affects the Mikea forest, the Fiherenan-Manombo
complex and the Ranobe forest. This project will have major
negative impacts on local people and wildlife, including the



potential destruction of sacred forests, heightened exposure
to radiation from mine tailings, and the destruction of vast
areas of forest (Gardner ef al. 2009; Huff 2016; Environmen-
tal Justice Atlas 2015, Lemur Conservation Network 2015).
With the addition of hunting pressure, several populations of
L. catta in this region along the coast have been extirpated
and others are now found in extremely low numbers (Gardner
et al. 2009; Gardner and Davies 2014). Oil exploration is also
occurring on the west coast and southwestern inland (Blanc-
Pamard 2009; Caravel Energy Limited 2013; Environmental
Justice Atlas 2015).

South of Toliara, significant deforestation occurred in
2013 to make way for new hotels (M. Sauther, pers. obs.).
The Sept Lacs Region near Toliara along the Onilahy River
contained key areas of gallery forest and wetland that in 2003
included numerous vulnerable species, including L. catta,
although only presence/absence data are currently available
(Emmett et al. 2003). The area was originally slated for eco-
tourism development and even as a national protected area as
part of “The Durban Vision” (Tilghman et al. 2005). In 2004,
however, an artisanal sapphire rush around the area of the vil-
lage of Ifanato, near one of the lakes, brought in miners from
other areas who hunted the local wildlife, including lemurs, to
feed themselves (Tilghman et al. 2005). A 2014 report stated
that while some of the habitat and lakes had been destroyed,
WWF and the local community had recently worked to pro-
tect the remaining forest (Madonline 2014). Tourist circuits
were developed, and local guides were trained to lead visi-
tors through the area. It is currently unknown if or how many
lemurs remain at this site.

The recently protected Tsinjoriake site is found between
15 km and 25 km south of Toliara. This site is composed of
approximately 25,000 ha of limestone cliffs, southwestern
dry spiny bush and coastal mangroves (Sauther et al. 2013).
Eight ring-tailed lemur groups were reported at two locations
during a survey in April, 2012, including groups using the
local mangrove forests to obtain fresh water (Ravelohasin-
drazana 2013; Ravoavy 2013). In one area surveyed in 2016,
however, just 27 individuals were counted (I. A. J. Youssouf,
pers. comm. 2016), and the groups no longer used areas of the
mangrove forest due to the large number of dogs in the area.

Lemur catta still occurs at the Beza Mahafaly Reserve, a
gallery forest research site inland from Toliara on the Maha-
faly Plateau. The reserve, composed of two parcels, was estab-
lished in the mid-1980s, and the population has remained
stable since 1985, with a total of around 200 L. catta in both
parcels of the reserve (Sauther and Cuozzo 2008; Sussman et
al. 2012; Sauther 2014; Ranaivonasy et al. 2016). Due to 1)
the stability of this population, 2) the large relatively intact
gallery forest within the reserve, and 3) the degraded but hab-
itable forest fragments around the reserve, the Beza Maha-
faly L. catta is an important source population (as per Pulliam
1988). While the population within the reserve has remained
relatively constant over the years, a comparison of satellite
images from 1990 and 2010 revealed that the unprotected
forest surrounding the first reserve parcel had decreased by
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20%, the second parcel had experienced some forest loss, and
the forest contiguous to the second parcel had decreased by
50% in 20 years (Ranaivonasy et al. 2016). It is unknown if
L. catta populations exist in other forest patches on the Maha-
faly Plateau; during the 1990s very small, remnant, and iso-
lated populations were observed in a few places, but the status
of these in 2016 is not known. Thus, even there, there is cause
for concern.

Ring-tailed lemurs were observed at Zombitse-Vohibasia
National Park, north of Beza Mahafaly Reserve, in 2001, but
at a very low density, as they were heavily hunted (Sussman
et al. 2003). It is unknown whether any remain in the park in
2016. A population of L. catta can still be found at the Tsima-
nampesotse National Park (LaFleur 2012; Sauther et al. 2013;
LaFleur and Sauther 2015), although the total number of ani-
mals is unknown, as the park is large and, in places, inac-
cessible. Part of the population, containing around 80-100
animals, is continually monitored via long-term studies by M.
LaFleur, and by M. Sauther and F. P. Cuozzo (Sauther ef al.
2013; LaFleur ef al. 2014; LaFleur and Sauther 2015). There
are recent reports, however, of infants being taken for the ille-
gal pet trade (LaFleur et al. 2015).

Conclusion

The information in this paper summarizes the popula-
tion status at the majority of sites where L. catta are or have
been reported, and demonstrates that this well-known lemur
is in very serious and rapid decline, with a total estimation
from known sites throughout their geographic range of only

Figure 8. Lemur catta at Tsaranoro Valley rocky outcrop forest, south-central
Madagascar.
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¢. 2,000-2,400 animals. In most areas, populations of ring-
tailed lemurs are shrinking, and numerous local extinctions in
the past decade have been caused by deforestation for cattle
grazing, agriculture, and charcoal production. Such deforesta-
tion has led to severe habitat fragmentation and local extinc-
tions. Fires set in grassland areas to encourage re-growth for
cattle grazing can spread to nearby small forest fragments
inhabited by L. catta and rapidly destroy them. Hunting for
the illegal bushmeat trade and live capture for the pet trade
has taken its toll on many former populations, and in some
regions, traditional taboos against harming ring-tailed lemurs
have eroded. Additional pressures include long-term mining
and oil exploration concessions.

It would be extremely useful if thorough surveys and
censuses could be conducted in the national parks where L.
catta is still known to exist: Andringitra, Tsimanampesotse,
and Isalo. These parks contain large tracts of forest and shelter
L. catta populations, but much of the terrain in these parks
would be highly challenging to traverse. However, technol-
ogy such as drones outfitted with thermal imaging cameras
could be used to enter difficult-to-access areas. Such surveys
and censuses could take several months, but it would be most
beneficial to know the size of populations in these protected
areas. Surveys should also be undertaken at Andohahela
National Park, the Cap Sainte-Marie region, and Kalambatri-
tra and Pic d'Ivohibe special reserves to determine if L. catta
is still present or now extinct.

Only three known sites, relatively small reserves, con-
tain populations of over 200 animals: Berenty Reserve, Beza
Mahafaly Reserve, and Anja Private Reserve, but Anja is
a fragment with little to no possibility for male dispersal.
Berenty and Beza Mahafaly reserves do allow for male dis-
persal and, given the relative stability of these populations,
these areas can be seen as potential source populations, which
should receive conservation priority, and empirical studies
should focus on source-sink dynamics (Furrer and Pasinelli
2016) in such areas.

The outlook for Lemur catta seems grim, particularly
outside of the handful of truly protected areas in which they
live. The ring-tailed lemur is a remarkably ecologically flex-
ible species, capable of surviving and thriving even in harsh
habitats and through natural disasters (for example, Sauther
et al. 1999; Gould et al. 1999; Jolly 2006; Goodman et al.
2006; LaFleur and Gould 2009); however, populations cannot
survive in completely degraded habitats or under extreme
hunting pressure, the two main threats which have decimated
L. catta populations throughout its geographic range. Given
the current situation of ring-tailed lemurs in the wild, and the
enormity of threats that these populations face daily, the ques-
tion arises: Will we, in the next decade or two, lose the most
recognized and iconic of all the lemur species?
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