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Abstract The Critically Endangered blue-eyed black lemur
Eulemur flavifrons of north-western Madagascar is one of
the most threatened primates. The majority of research
and conservation efforts for the species have been restricted
to the Sahamalaza Peninsula but there are unstudied and
unprotected populations farther inland. The dearth of
information regarding the transition between E. flavifrons
and its parapatric sister species, the Vulnerable black lemur
Eulemur macaco, and the possibility of a hybrid population
complicates conservation planning for both species. We
surveyed  forest fragments across both species’ ranges to
investigate the boundary between the taxa, whether hybrids
persist, and the threats to lemurs in the region. We found
E. flavifrons in six fragments and E. macaco in . We never
observed E. flavifrons and E. macaco in the same location
and we found no conclusive evidence of hybrids. Three
fragments in which E. flavifrons was present were north of
the Andranomalaza River, which had previously been con-
sidered the barrier between the two species. Based on these
observations and a literature review, we provide updated
ranges, increasing the extent of occurrence (EOO) of E.
flavifrons by .% and reducing the EOO of E. macaco by
.%. We also evaluate the capacity of protected areas to
conserve these lemurs. We recommend additional surveys
and the implementation of an education programme in
this region to help conserve both species.
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Introduction

Madagascar, a biodiversity hotspot (Myers et al., ),
is home to .  endemic species of lemurs, ac-

counting for . % of global primate diversity; however,
% of lemur species are threatened by hunting and defor-
estation (Schwitzer et al., ). One of the species most af-
fected is the Critically Endangered blue-eyed black lemur
Eulemur flavifrons, which is subject to poaching and habitat
loss as a result of slash-and-burn rice cultivation (tavy), log-
ging and livestock rearing (Andrianjakarivelo, ; Seiler
et al., ; Andriaholinirina et al., a). The population
of the blue-eyed black lemur declined by . % during
– (Andriaholinirina et al., a).

Estimates of E. flavifrons numbers have focused mainly
on the protected population in the Ankarafa Forest of
Sahamalaza–Iles Radama National Park, where there are
estimated to be – individuals/km (Schwitzer et al.,
; Volampeno et al., ). Surveys of the isolated frag-
ments where E. flavifrons occurs farther inland found
much lower densities, with a mean of  individuals/km

(Andrianjakarivelo, ). Based on these surveys there
are only an estimated ,–, individuals remaining
(Schwitzer et al., ). A population viability analysis con-
cluded that the Ankarafa population, which is the largest
remaining, could be extirpated by  (Volampeno et al.,
). The vulnerability of E. flavifrons is partially attribut-
able to its unique habitat; the species occurs only in the tran-
sitional, subtropical forest between Madagascar’s western
dry deciduous forests and the humid evergreen rainforests
of the east (Schwitzer et al., ). The plant, amphibian,
reptile and mammal communities of the Sahamalaza
Peninsula include endemic species that occur nowhere
else on Madagascar (Birkinshaw, ; Schwitzer et al.,
; Penny et al., ).

Although not confined to the Sahamalaza Peninsula, E.
flavifrons has one of the smallest geographical ranges of
the genus Eulemur (Volampeno et al., ). Its estimated
extent of occurrence (EOO; i.e. the smallest, continuous
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area encompassing all known or projected occurrences of
a species; IUCN, ) is , , km (Andriaholinirina
et al., a). Its area of occupancy (AOO; i.e. the area of
suitable habitat that is actually occupied within a species’
EOO; IUCN, ) must be even smaller, although it had
not been estimated previously.

The EOO of E. flavifrons is bounded by the Mozambique
Channel to the west and the Maevarano River to the south
(Koenders et al., ; Petter & Andriatsarafara, ;
Randriatahina & Rabarivola, ; Schwitzer & Lork,
; Andriaholinirina et al., a; Fig. ). It extends east
to the Sandrakota River and Manongarivo Special Reserve,
which comprises , ha of protected Sambirano rainfor-
est (MEF &MNP, ). Previous studies have identified the
Andranomalaza River, also called the Maitsomalaza in the
local Sakalava dialect, as the boundary between E. flavifrons
and its parapatric sister species, the black lemur Eulemur
macaco (Koenders et al., ; Andriaholinirina et al.,
a). However, there is conflicting evidence regarding
whether the lemurs between the Andranomalaza River
and the more northern Manongarivo River are hybrids,
intermediate-appearing forms on a phenotypic cline, or
typical members of either species (Meyers et al., ;
Rabarivola et al., ; Andrianjakarivelo, ; Randriatahina
& Rabarivola, ).

The first report of phenotypic variation was by Meyers
et al. (), who observed two distinct groups of lemurs un-
like typical E. flavifrons or E. macaco. The first group was at
Beraty: individuals had light brown eyes and short ruffs of
hair around their ears, characteristics that are intermediate
between E. flavifrons and E. macaco. The second group was
at Ambodivoahangy: individuals had darker eyes and redder
coats than is typical of Sahamalaza E. flavifrons. However,
when Andrianjakarivelo () visited Ambodivoahangy
he found animals that ‘greatly resembled’ E. flavifrons.
Goodman and Schütz () surveyed the eastern slopes of
Manongarivo Special Reserve, north of Ambodivoahangy,
and identified groups containing both E. macaco and ‘hy-
brid’ individuals but did not detail their criteria for these
distinctions. Their assessment was complicated by the
presence of E. fulvus in that area, which may be perceived
as having a reddish coat (Goodman & Schütz, ).

Updated assessments of the lemurs in this region are ne-
cessary to establish effective conservation initiatives for these
two species (Rakotonirina et al., , ). They could
also improve estimates of the species’ ranges, especially
considering the area has not been assessed since 

(Schwitzer et al., ). We investigated the presence and
phenotypes of Eulemur species from Sahamalaza–Iles
Radama National Park to Manongarivo Special Reserve,

FIG. 1 Previous extent of occurrence polygons for Eulemur macaco and Eulemur flavifrons, from IUCN (used with permission). All
known occurrence records for E. flavifrons, E. macaco and putative hybrids, and for Eulemur fulvus, in the area are noted.
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and the threats to their survival, to () establish the contin-
ued existence of E. flavifrons outside protected habitat,
() locate the purported contact zone between E. flavifrons
and E. macaco, and () understand anthropogenic pressures
in and around the protected areas in this region.We provide
updated EOOs and new AOOs for both species, and report
on the status of the lemurs between the Manongarivo and
Andranomalaza Rivers.

Methods

Weconducted surveys during June–September andNovember–
December , June  and April–June . To evaluate
possible barriers between E. flavifrons and E. macaco we
worked eastwards from the coast near Maromandia
(° ′ .″S, ° ′ .″E) to the north-eastern slopes
of Manongarivo Special Reserve (° ′ .″S, ° ′
.″E), focusing our efforts around the Andranomalaza
and Manongarivo rivers. We visited eight sites within and
 outside the Reserve (Fig. ) and  other sites throughout
the region to record threats to lemur survival and to observe
typical members of both species (Figs  & ). We searched
for lemurs for up to  days at each site, recording an absence
if we could not find lemurs after a week of diurnal surveys
led by a local person who worked in the forest. We walked
the interior of each fragment, relying on paths when
possible, until we heard lemur vocalizations or movement.

We followed the lemurs until they settled down to sleep,
which enabled us to observe them more closely. We re-
corded locations of all observed Eulemur spp. with a GPS
and noted key morphological features (eye colour, presence
of ruffs) to distinguish between E. flavifrons and E. macaco.
Evidence of tavy, livestock incursions, traps and hunting
was also noted.

In addition to field surveys we reviewed the literature
for occurrence records of E. flavifrons and E. macaco. We
searched four online databases (ReBioMa, Manis, VertNet
and GBIF) for Eulemur spp. records. All relevant articles
published in Lemur News, Madagascar Conservation and
Development, Primate Conservation and Malagasy Nature
were scanned visually for geographical coordinates. We also
conducted several searches in Google Scholar using combi-
nations of the following terms: Eulemur macaco, Eulemur
flavifrons, GPS, occurrence, coordinates, and range. These
articles, databases and our field efforts yielded  unique re-
cords for E. flavifrons and  for E. macaco (Supplementary
Table ). New EOOs were determined by comparing these
records to the river catchments in this region. River data
were downloaded from WWF’s HydroSHEDS project
(Lehner et al., ).

To approximate AOOs for these species we used these
occurrence records to construct ecological niche models.
Points were thinned to no closer than . km apart, to
reduce spatial autocorrelation (Kramer-Schadt et al., ).
We downloaded environmental data related to an arboreal

FIG. 2 Updated extent of occurrence polygons for E. flavifrons and E. macaco based on field work conducted in this study (triangles)
and previous published studies (circles). Numbers correspond to numbering of forest fragments in Table .
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life history fromWorldClim, CliMond, SoilGrids,WorldGrids,
and CIRCAD (see Supplementary Table  for data types and
sources). Only variables with relatively low correlation to
each other (|R|, .; mean |R| = .) were included in
analyses to reduce model overfitting (Dormann et al., ;
Pearson et al., ). We constructed niche models with
MaxEnt .. (Phillips et al., ) using parameters identified
with ENMeval (Muscarella et al., ).

We used a % training threshold to turn models into a
binary prediction of  (suitable habitat) or  (unsuitable).
The model for each species was then limited to its EOO and
the most recent forest cover estimate available (Vieilledent
et al., ). They were resampled to  km resolution, which
is the IUCN standard for AOO, before the area was calculated.

Results

We observed E. flavifrons in six of the  forest fragments
surveyed (% of sites; Table ), and E. macaco in  frag-
ments (%). We observed E. fulvus at four sites, twice on
its own and twice co-occurring with E. macaco. At four of
the sites (%) we found no individuals of any Eulemur
species, and we never observed E. flavifrons and E. macaco
in the same forest fragment. The lemurs we observed in
previously unstudied areas near Antsahabilahy and along the
Maherivaratra mountain range had pale eyes and no ruffs
and appeared to be E. flavifrons, despite occurring north of

the Andranomalaza River, within the IUCN-identified EOO
for E. macaco (Plate , Fig. ; Andriaholinirina et al., b).

The only lemurs we observed that did not resemble
typical members of either species were a few male lemurs
at Beraty in Manongarivo Special Reserve (Plate ). These
males had shorter ruffs than other male E. macaco we had
seen previously. Given that the females all resembled typical
E.macaco and these individuals occurred at the southern end
of their range, they could simply be clinal variants. Thus, we
tentatively identify them as E. macaco. On the north-eastern
slopes of the Reserve, at another possible hybrid site we
visited, we saw only typical E. macaco and E. fulvus. We
were unable to locate any lemurs at Ambodivoahangy, the
last possible hybrid site, despite extensive searching.

Although we observed E. flavifrons north of the Andra-
nomalaza River, we never observed the species north of
the Manongarivo River, nor did we observe E. macaco
south of the Manongarivo. We therefore propose that the
Manongarivo and its tributary, the Antsahakolana River,
form the boundary between the two species (Fig. ). We
generated a new EOO polygon for E. flavifrons based on
these findings, increasing its EOO by %, from , to
, km (Andriaholinirina et al., a; Fig. ).

In addition to changing the southern boundary of E. ma-
caco to the Manongarivo River, we concluded the species is
bounded in the east by the Ifasy River, as our literature
search revealed no records east of the river (Figs  & ). In

FIG. 3 Extent of remaining suitable habitat for E. flavifrons and E. macaco, and threats observed throughout the study area. Numbers
correspond to numbering of forest fragments in Table .
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the south-east E. macaco was bounded by the Tsaratanana
Reserve for similar reasons, although such limited surveys
have been conducted in this region that this should be con-
sidered a low-confidence boundary. This revision reduces
the EOO for E. macaco to , km, only % of the previ-
ous estimate of , km (Andriaholinirina et al., b).
When these EOOs are limited to suitable habitat and re-
maining forest cover, E. macaco has an AOO of # , km

and E. flavifrons of #  km.
Throughout their ranges these lemurs endure extensive

habitat disturbance and other anthropogenic threats. Sub-
sistence hunting and tavy were present in a majority of
the  surveyed locations (%, n = ; Table ), including
% of the E. flavifrons locations we visited. Only nine sites
had no evidence of hunting or tavy. Eight were within pro-
tected areas managed by Madagascar National Parks and
one was a heavily trafficked site on Nosy Komba where
local people procure lemurs to entertain tourists. There was
evidence of hunting, tavy or both in all four protected areas
managed by an NGO, whereas there were threats present in
only three of the  sites managed by Madagascar National
Parks (Table ).

Discussion

Although these changes in EOO do not warrant immediate
adjustments to the species’ IUCN Red List status, the range
contraction for E. macaco is of concern and suggests the

need for updated population estimates (Volampeno et al.,
, ). A census of the newly identified population of
E. flavifrons at Maherivaratra and Antsahabilahy is also
needed urgently. The area it occupies south of Manon-
garivo Special Reserve is part of the largest continuous
forest in this species’ AOO (Fig. ), and this population
may be the largest remaining without any protection.

We were unable to confirm the ongoing presence of
hybrid lemurs, despite visiting three of the four sites
where they had been reported previously (Supplementary
Table ). Surveys between the headwaters of the Antsa-
hakolana and Sandrakota Rivers are needed to deter-
mine a more accurate boundary between E. flavifrons and
E. macaco and to collect genetic samples to examine any
potential hybridization.

During our surveys we encountered traps, hunters, live-
stock, and/or tavy in  of the  study sites (Table ), indi-
cating that disturbance is an ongoing concern both inside
and outside protected areas. The recent pressures on these
lemur populations were described by our local guide for
the Bemabaza fragment, where we observed fewer than a
dozen E. macaco in . He informed us that there had
been nearly  lemurs  years previously but most of
these had been wiped out by hunting. This increased pres-
sure may be partly a result of cultural shifts. This region was
traditionally home to the Sakalava people, for whom lemur
consumption is taboo (Ramanantsoa, ; Harpet et al.,
); however, there has been a recent influx of

PLATE 1 Typical Eulemur flavifrons (left: (a) male and (d) female) and E. macaco (right: (c) male and (f) female), with a possible
intermediate form from Beraty (centre: (b) male), with similar eye colour but a shorter ruff compared to E. macaco. (e) Putative
E. flavifrons (female) from Antsahabilahy A (Table ), with pale eyes and no ruff.
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Tsimihety people (Wilson, ; Feeley-Harnik, ), who
consume primates (Golden & Comaroff, ).

Given the level of habitat exploitation and hunting we
observed in this region we suggest a multifaceted approach
to conserving both species, as well as protecting the remain-
ing forest fragments. In the near term additional surveys
are needed to estimate population numbers accurately
(Salmona et al., ), evaluate habitat quality in these frag-
ments (Irwin et al., ) and assess the impact the various
threats reported here have had on E. flavifrons and E. macaco
(Rakotonirina et al., ; Ravaloharimanitra et al., ).

In general, we observed fewer threats to lemurs in areas
managed by Madagascar National Parks than in those
managed by NGOs (Table ); however, this dichotomy is
confounded by a few factors. Well-protected sites within
Manongarivo Special Reserve had one of two factors in their
favour: frequent park staff presence or steep terrain unsuitable
for rice cultivation or cattle ranching. All NGO-managed

protected areas we visited were closer to human settlements,
arable, and unpatrolled by enforcement authorities.

The newly reported population of E. flavifrons is in
relatively accessible forest, but park patrols or on-site staff
would help protect these animals. These options would be
a possibility if the previously proposed expansion of
Manongarivo Special Reserve happens (MEFT & MEM,
). This expansion would include the newly identified
populations of E. flavifrons reported here and the largest
block of suitable forest remaining for this species (Fig. ).

However, increasing the size of the Reserve will not
achieve protection for these lemurs until the ongoing pro-
blems at its current borders are addressed (Gardner et al.,
). The remote, low-lying areas in and south of the
Reserve, including Ambodivoahangy and the proposed
area of expansion, are experiencing ongoing forest loss, and
the tavy and poaching we report here have been a problem
for the Reserve since at least  (MEF & MNP, ).

TABLE 1 Presence/absence of lemurs and threats to their survival recorded in surveys of forest fragments in Madagascar (Figs  & )
conducted during –.

Forest fragment Year Location
Protected
area1

Eulemur
species

Traps or evi-
dence of hunting Tavy

1 Ambavanambahatra 2016 13°58′1.74″S, 48°26′3.16″E MNP E. fulvus No No
2 Ambodimanga 2015 14°14′21.12″S, 48°2′15.36″E E. flavifrons Yes Yes
3 Ambodivoahangy 2015 14°8′22.56″S, 48°22′57.00″E MNP Yes Yes
4 Ambohitsara 2016 14°3′36.70″S, 48°18′7.00″E MNP E. fulvus No No
5 Ampapanabe 2015 14°5′28.68″S, 48°10′40.08″E Yes Yes
6 Analafady 2015 14°6′5.76″S, 48°8′39.48″E E. macaco No Yes
7 Andokobe 2015 14°3′57.24″S, 48°12′1.02″E E. macaco Yes Yes
8 Andranomatavy 2015 13°39′59.37″S, 47°59′15.87″E NGO E. macaco Yes Yes
9 Angodrahely 2017 14°16′14.88″S, 48°2′47.40″E E. flavifrons Yes Yes
10 Ankazomena 2016 13°55′20.86″S, 48°27′21.13″E MNP E. macaco No No
11 Antsahabilahy A 2015 14°8′24.00″S, 48°15′25.56″E E. flavifrons Yes Yes
12 Antsahabilahy B 2015 14°7′53.40″S, 48°14′41.50″E Yes Yes
13 Befalafa 2015 13°56′9.24″S, 48°27′10.80″E MNP E. macaco No No
14 Bekiritsana 2015 13°55′45.37″S, 48°27′35.71″E MNP E. macaco No Yes
15 Bemabaza 2015 14°5′42.72″S, 48°10′59.16″E E. macaco Yes Yes
16 Beraty 2015 14°1′57.72″S, 48°16′42.24″E MNP E. macaco,

E. fulvus
No No

17 Bevazimba 2016 14°4′21.36″S, 48°17′15.36″E No Yes
18 Bongomirahavavy 2015 13°45′48.06″S, 48°5′29.44″E NGO E. macaco Yes No
19 Galoko 2015 13°35′25.55″S, 48°43′0.45″E NGO E. macaco Yes Yes
20 Kalobinono 2015 13°40′53.70″S, 48°36′17.13″E NGO E. macaco Yes Yes
21 Kapany 2015 14°5′46.32″S, 48°3′17.28″E MNP E. macaco No No
22 Lokobe 2015 13°23′33.68″S, 48°20′29.13″E MNP E. macaco No No
23 Mahadera 2016 14°6′37.80″S, 48°3′6.12″E E. macaco No Yes
24 Maherivaratra A 2015 14°8′33.72″S, 48°16′23.52″E E. flavifrons Yes Yes
25 Maherivaratra B 2016 14°7′4.44″S, 48°15′58.32″E E. flavifrons No Yes
26 Mandriranabe 2015 14°5′42.00″S, 48°10′41.16″E E. macaco Yes Yes
27 Manongarivo2 2015 13°58′21.00″S, 48°25′46.92″E MNP E. macaco,

E. fulvus
No No

28 Nosy Komba 2015 13°26′38.70″S, 48°20′50.38″E E. macaco No No
29 Sahamalaza (Ankarafa) 2015 14°23′05.60″S, 47°45′56.90″E MNP E. flavifrons Yes Yes

MNP, protected area managed by Madagascar National Parks; NGO, protected area managed by the Missouri Botanical Garden.
E. macaco and E. fulvus were resting together in the same tree.
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These incursions are in part because of the lack of boundary
markers around the Reserve and the difficulty of patrolling
remote areas. Additional funding to address these concerns,
coupled with increased researcher presence in this region,
would help to deter deforestation (Seiler et al., ;
Campera et al., ). Poaching is probably driven by the
lack of readily available protein in this region; we saw chil-
dren with kwashiorkor in several of the towns we visited
south of the Reserve. In Madagascar domestic meats are
generally preferred to bushmeat, and therefore providing
chickens or fish stocks to these communities could reduce
the poaching pressure on lemurs (Jenkins et al., ).

We propose expanding the community-based conser-
vation education initiative of the Association Européenne
pour l’Étude et la Conservation des Lémuriens, which in-
creases local support for conservation by teaching . ,
students on the Sahamalaza Peninsula about E. flavifrons,
the Association’s flagship species (Randriatahina, ). We
suggest expanding the programme westwards to include
the communities near the newly discovered population of
E. flavifrons, as well as incorporating aspects of community-
based monitoring into the initiative. Community monitor-
ing schemes have been established elsewhere in Madagas-
car to engage local people in forest management and the
collection of species abundance and demographic data
(Rakotonirina et al., ; Ravaloharimanitra et al., ).
Such a programmewould promote conservation (Ratsimba-
zafy, ), foster positive attitudes towards the environ-
ment (Balestri et al., ), and reduce hunting in and
around the Reserve (Nadhurou et al., ).

Continued surveying of Critically Endangered species
such as E. flavifrons is vital for establishing range distribu-
tions and identifying anthropogenic pressures on taxa living
in increasingly fragmented forests. However, our research
and future work should serve as a foundation for urgent,
practical efforts to conserve these species. We hope that
the identification of new EOOs and AOOs for two priority
lemur species, and the threats facing them, will help the
Association Européenne pour l’Étude et la Conservation des
Lémuriens and community stakeholders as they collaborate
to protect the few remaining populations of E. flavifrons and
E. macaco.
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