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Abstract — Madagascar’s high rates of endemism, paired with its escalating deforestation rates, has made it one
of the most important conservation priorities on the planet. In southeastern Madagascar, the Corridor Forestier
d’ Ambositra Vondrozo (COFAV) is an unprotected rainforest corridor that sustains ~15 species of lemurs, most
of which are endangered. The COFAV connects many protected areas and is therefore essential for gene flow,
dispersal, and the long-term sustainability of animal populations in the area. The corridor has not been surveyed
extensively since the 1990s, and even so, only a fraction of the sites have been sampled multiple times. The
goal of our study was to survey the COFAYV, from Ranomafana National Park to the Mananara River, to provide
updated species occurrences and ranges. Combining data across multiple teams using different inventorying
methods, we surveyed a total area of 227 km? throughout an eight-month period. We recorded every lemur
occurrence (sighting or vocalization) and noted the species, date, time, group size, and GPS coordinates. We
found 11 lemur species and one putative hybrid species. The geographic ranges for three species (Hapalemur
aureus, H. griseus, Propithecus edwardsi) were larger than previously thought. The range of Varecia variegata
should be shortened and adjusted accordingly, as the species appears transient (at best) in the northern parts
of Ranomafana National Park and was not found south of the Ambohimahamasina/Ikongo region. This study
provides updated geographic ranges for lemur species in the COFAV, important information for future censuses,
species assessments, and conservation measures for future implementation.

Keywords — Eulemur, Hapalemur, Propithecus, rapid survey, species distribution, Varecia.

Introduction ter understand the status of primate popula-
tions and their habitats, which in turn helps

As deforestation and climate change rapidly ~ US to develop and prioritize effective conser-

and devastatingly alter primate habitats world- vation strategies. Whilst simplistic, rapid sur-
wide, maintaining up-to-date occurrence data  Vey assessments and inventories provide valu-
is critical. Filling gaps in primate occurrence  able data that can inform updated species dis-
data is important because it allows us to bet-  tributions and occurrences. This is particularly
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important in Madagascar, where high rates of
endemism and an escalating deforestation rate
have made it one of the most important bio-
diversity conservation priority areas (Myers et
al., 2000; Mittermeier et al., 2010; Schwitzer
et al., 2014). Madagascar’s enigmatic lemurs
are now the most endangered mammals in the
world (90% of the 120 species are threatened;
Mittermeier et al., 2010; Rakotomanana et al.,
2016; Herrera, 2017). Comprehensive biodiver-
sity surveys are therefore critical for lemur con-
servation, especially outside of protected areas,
within the fragmented forests where many pop-
ulations of these endangered lemurs live (Irwin
et al., 2005; Mittermeier et al., 2010; Schwitzer
et al., 2014). These surveys provide crucial
information used to update species’ range maps,
determine their conservation statuses (e.g., via
the JTUCN Red List), and assess the viability of
different populations across fragments and sites
(Irwin et al., 2005; Rabearivony et al., 2015).
The Corridor Forestier d’Ambositra Von-
drozo (COFAV) is a humid-forest corridor in
southeastern Madagascar that is home to ~15
species of endangered lemurs (Goodman et
al., 2001; Irwin et al., 2005; Delmore et al.,
2009). The COFAV is approximately 300 km
long, stretching from Ambositra in the north
to Vondrozo in the south. It is a relatively
narrow tract, ranging from 2-50 km in width,
although the majority of the COFAV between
Ranomafana National Park (RNP) & Andringi-
tra National Park (ANP) is ~10 km wide (200-
1900 m elevation; Conservation International,
2016; Goodman et al., 2001). Previous surveys
have recorded this part of the corridor to be
between 15-20 km wide, demonstrating that the
corridor is continuing to diminish (Goodman
et al., 2001). Deforestation is being driven by
illegal mining, illicit logging, and tavy (slash-
and-burn agriculture), all of which are increas-
ing at alarming rates (Goodman et al., 2001;
Irwin et al., 2005; Deppe et al., 2007; Conser-
vation International, 2016). Hunting/poaching
is also a grave concern for lemur species, as
many lemurs are hunted for bushmeat or trapped
to be sold into the illegal pet trade (Goodman
et al., 2001; Deppe et al., 2007; Borgerson et
al., 2022). Forest fragmentation in the COFAV
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is escalating; the remaining continuous forest
tract is limited to the high-elevation peaks, as
the lowland areas are/have been converted into
cropland (Goodman et al., 2001; Deppe et al.,
2007; Ramiadantsoa et al., 2015).

The COFAV connects with the Fandriana-
Marolambo corridor to the north, part of a net-
work of corridors that provide vital linkage
among many national parks and reserves along
the eastern region (Irwin et al., 2000). These
corridors are considered essential for gene flow,
dispersal/animal movement, and the long-term
sustainability of animal populations in the area
(Goodman et al., 2001; Irwin et al., 2005; Rami-
adantsoa et al., 2015). Furthermore, the corri-
dor contains an important Eulemur hybrid zone;
these brown lemur hybrids, which may consti-
tute a separate species, dominate an area around
and within ANP, out-competing their parent
species (Eulemur rufifrons from the north, E.
cinereiceps from the the south; Johnson and
Overdorff, 1999; Johnson, 2002). In the south-
ern part of the COFAV, rivers (i.e., the Manam-
patrana river, Mananara river) have been sug-
gested to play an important role in both the
aforementioned hybrid zone and other lemur
species’ range limits (Goodman and Ganzhorn,
2004; Irwin et al., 2005).

Monitoring efforts in the corridor have been
sporadic (see table 1 for summary), so the distri-
bution of the different lemur species is unclear
(Sterling and Ramaroson, 1996; Rasoloarison
and Rasolonandrasana, 1999; Goodman et al.,
2001; Irwin et al., 2005; Delmore et al., 2009).
Furthermore, almost all of the previous sur-
veys in the corridor were conducted during the
1990s, so we do not have up-to-date infor-
mation on lemur ranges within the COFAV
(Sterling and Ramaroson, 1996; Rasoloari-
son and Rasolonandrasana, 1999; Goodman et
al., 2001; Irwin et al., 2005). ANP (eastern
slopes) and RNP, historically, have shown sim-
ilar species assemblages; species described in
both parks during early studies include Pro-
pithecus edwardsi, Prolemur simus, Hapale-
mur griseus, H. aureus, E. rubriventer, E.
rufifrons, Microcebus rufus, Varecia variegata
and Daubentonia madagascariensis (table 1;
Goodman et al., 2001). However, V. variegata
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has not been found in or around ANP during
more recent surveys, suggesting they may now
be locally extinct in this area (table 1; Irwin
et al., 2005; Delmore et al., 2009). Varecia are
considered an effective indicator species for for-
est health, as they rarely live in degraded for-
est due to their reliance on large fruiting trees
(Balko, 1998). Further, only one P. simus indi-
vidual remains in RNP and the species has
only been sporadically documented in the rest
of the COFAV, seemingly due to low density
and fragmented populations (table 1; Wright
et al., 2008). Species within nocturnal genera
such as Cheirogaleus, Avahi and Lepilemur are
also found in both parks, but there has been
debate over whether these represent the same
species or different ones (e.g., L. mustelinus
vs. L. microdon, C. major vs. C. crossleyi vs.
C. grovesi, A. laniger vs. A. peyrierasi; Ster-
ling and Ramaroson, 1996; Rasoloarison and
Rasolonandrasana, 1999; Goodman et al., 2001;
Wright et al., 2012).

Studying lemur populations in regions of the
COFAV that have not been sampled in decades
is essential for updating species ranges and bet-
ter understanding their conservation status. Our
goal for this study was to survey a portion of the
COFAV, from the northern limit of Ranomafana
National Park to the Mananara River, to provide
updated occurrence data and ranges for lemur
species in the region. The corridors between
ANP and Ivohibe as well as ANP and Von-
drozo/Vevembe have been sampled even less
than the corridor between ANP and RNP, so
our results from the latter area will be partic-
ularly important for establishing southern range
limits of lemur species. We conducted rapid sur-
vey assessments, which have proven effective
in determining lemur presence and species rich-
ness (Sterling and Ramaroson, 1996; Deppe et
al., 2007; Delmore et al., 2009). We combined
data from multiple teams to get as complete of
a picture as possible of lemur occurrences in the
COFAV. While this heterogeneous data collec-
tion approach does introduce caveats and lim-
its the analyses possible, our goal was to max-
imize the quantity of inventory data we had.
By comparing our results to those of previous
studies, we can evaluate how lemur ranges may
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have changed in the COFAV over the past few
decades.

Methods

OPPORTUNISTIC SAMPLING TEAMS (OPP1
AND OPP2)

OPP1 surveyed 27 sites from the north of
Ranomafana National Park up to Andringitra
National Park from December 2021-May 2022
(fig. 1, supplementary table S1). OPP2 sur-
veyed 14 sites spaced approximately 15-20 km
apart from Sandranata (near Fianarantsoa) to
Vevembe (near Vondrozo) from January-August
2022 (fig. 1, supplementary table S1). Our
lemur sighting data was collected opportunisti-
cally while doing fieldwork for larger projects.
OPP1 was focused on using passive acoustic
monitoring to record lemur calls (to be ana-
lyzed using machine learning detection mod-
els). OPP2 was focused on collecting fecal sam-
ples for a Eulemur population genomics study
across the hybrid zone and peripheral parental
species ranges (E. rufifrons to the north and E.
cinereiceps to the south).

OPP teams recorded every time lemurs were
seen or heard while hiking through the forest.
For each of these events, we noted: day and
time, lemur species, a GPS point (Garmin eTrex
20), group size (if possible) and group com-
position (age and sex classes, if possible). We
also noted anecdotal information we received
from local villagers at some sites about lemur
species’ presence in the area. Both teams visited
each site twice.

TRANSECT TEAM (TRN)

TRN traveled to two areas within the COFAV
to conduct transect-based surveys. The two
arecas were Ankarimbelo (Beizi and Sahahita)
and Bemahala (fig. 1, supplementary table S1).
TRN conducted transects at Ankarimbleo in
May and Bemahala in June. TRN surveyed two
locations within the Ankarimbelo region. The
first location at Beizi was ~1 km outside of
the forest periphery and the second location at
Sahahita was ~4 km outside the forest bound-
ary towards the interior (fig 1). TRN established

Folia Primatologica
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Ranomafana
National Park

Andringitra
National Park

N

A

051020
m—m Kilometers

Legend
O Study Sites
Protected Areas
COFAV Corridor

Figure 1. Map of the COFAV corridor (white outline) and connected protected areas (green outline). In the inset
map (top left corner), the white box outlines the total study area. Numbered points indicate the location of each
study site. 1) Namahoaka; 2) Maharira; 3) Ambalavero; 4) Mandriandry; 5) Malazamasina; 6) Antanivelona;
7) Sahafoza; 8) Andranomiditra; 9) Vinanitelo Sud; 10) Sandranata; 11) Itoalana/Lovasoa; 12) Lomaka; 13)
Ankarimbelo; 14) Vohembe; 15) Ankona; 16) Ambarongy; 17) Ampasy; 18) Marandrano; 19) Emma; 20)
Manasara; 21) Vevembe; 22) Bemahala. Basemap data from UNEP-WCMC & ITUCN (2023) and Esri ef al.

(2023).

the transects’ placements, directions and team
starting points randomly.

TRN conducted surveys for a total of one
week at each location. They established four
I-km transects at each location and marked
every 50 m from start to finish. Two subsets
(two people) of TRN surveyed the transects at
~1 km/hour. For each lemur occurrence (seen
or heard) we recorded the following informa-
tion: date and time, lemur species, a GPS coor-
dinate (Garmin etrex10), elevation, distance of
the lemurs from the transect at 90 degrees,
group size and group composition (age-class
and sex). Each team performed two transects
on four continuous days (32 total diurnal sur-
veys), alternating the starting position (start or
end points) to randomize surveys. Alternating

Vol. 0(0), 2023

starting positions enabled TRN subsets to arrive
at the 50 m points along the transects at var-
ious times to account for diel variation. Both
TRN subsets also surveyed two transects on
alternating nights (16 total nocturnal surveys).
TRN surveyed one location within the Bema-
hala region. The original goal for this area was
to replicate the sampling design from Ankarim-
belo, but this was not possible due to security
concerns. However, they were able to perform
surveys at one location ~1.5 km inside the for-
est periphery for two days and one night. TRN
established two 1-km transects and conducted
8 total diurnal surveys and 4 total nocturnal
surveys using the same methods outlined for
Ankarimbelo.
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Prior to surveying at each site, TRN also con-
ducted informal interviews with community for-
est management groups (VOIs, Vondron’Olona
Ifotony), to determine which lemur species were
present before and after the 2022 cyclones (Bat-
sirai and Emnati). TRN asked the forest offi-
cials to describe the physical appearances of
lemurs without showing illustrations and veri-
fied these descriptions using field guides (Mit-
termeier et al., 2010). The Ankarimbelo VOIs
are especially prudent, conducting biweekly
patrols throughout the forest to monitor for ille-
gal activities and record lemur sightings. The
Bemahala VOI only monitors the forest semi-
annually due to security concerns.

DATA ANALYSIS

Data points were mapped using ArcGIS Pro
(v.3.1.1) onto a global imagery basemap (Esri
et al., 2023). With these data, we sought to
(1) describe each species distribution through-
out the COFAV and (2) identify their southern-
most extent. We also calculated demographic
summary statistics for each species, including
average group size and presence/absence of
juveniles and infants. Finally, we compared the
number of diurnal lemur species observed at
each site to identify sites with high species rich-
ness. However, we did not test for significant
differences in demography or species richness
because field methods and effort (i.e., number
of searching hours) varied considerably across
sites and teams.

Results

In total, we encountered lemurs 172 times
from December 2021 to August 2022 (fig. 2,
supplementary table S1). We encountered 11
species and one putative hybrid species: Avahi
spp. (25 detections, two sites), Cheirogaleus
spp. (two detections, two sites), D. madagas-
cariensis (one detection, one site), E. rubriven-
ter (23 detections, eight sites), H. aureus (12
detections, seven sites), H. griseus (11 detec-
tions, six sites), Microcebus spp., (one detec-
tion, one site), P. edwardsi (13 detections, seven
sites), V. variegata (36 detections, 10 sites).
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We note that only TRN team conducted noc-
turnal surveys; nocturnal lemur sightings by
the OPP teams were near campsites at dusk.
As such, fig. 1 contains observations from all
taxa identified to the species level. We also
encountered brown lemurs (E. cinereiceps, E.
rufifrons, hybrids) throughout the COFAYV, but
cannot delimit hybrid zone boundaries without
genomic data (in prep.). Amalgamated across
the species complex, brown lemurs were spot-
ted 48 times at 16 sites.

All diurnal species were detected at multiple
sites in the COFAV between Ranomafana and
Andringitra (fig. 2, supplementary table S1,). V.
variegata had the shortest distribution, with no
encounters south of the Lovasoa VOI (southern-
most sighting). Our southernmost P. edwardsi
sighting was Andrinigtra. Brown lemurs, E.
rubriventer, H. aureus, and H. griseus were all
detected south of Andringitra. H. aureus was
not detected south of Emma. E. rubriventer was
not detected south of Manasara. H. griseus was
not detected south of Vevembe. Brown lemurs
had the longest distribution and were detected
at every site, including Bemahala.

Rapid demographic assessments across
species showed variation in group size and
make-up (supplementary table S1). On aver-
age, E. rubriventer groups had 2.73 £ 0.98
(standard deviation) individuals, with a range
of one to five. H. aureus and H. griseus had
average group sizes of 3 £+ 1.87 (range: 1-5)
and 1.8 = 0.79 (range: 1-2), respectively. The
average P. edwardsi group size was 3.5 £ 0.85
(range: 2-5). The average V. variegata group
size was 1.5 & 0.58 (range: 1-2). Finally, across
all three species of brown lemur, the average
group size was 5.9 £ 3.55 (range: 1-18). Brown
lemurs were the only species observed with
infants. Infants were spotted from March to
April in two sites, Lomaka and Lovasoa. Juve-
niles were observed in groups of brown lemurs,
E. rubriventer, and H. aureus.

Diurnal lemur species richness varied across
sites. The site with the highest observed lemur
diversity was Sandranata, with eight species
total. Seven species were observed in Ankarim-
belo and Itoalana/Lovasoa, four species were
observed in Lomaka and Emma, three lemur
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Figure 2. Map of lemur records from previous studies (blue) and this study (orange) for each species
encountered in this study. A) Daubentonia madagascariensis; B) Brown lemurs; C) Eulemur rubriventer; D)
Hapalemur aureus; E) H. griseus; F) Propithecus edwardsi; G) Varecia variegata. Basemap data from UNEP-
WCMC & IUCN (2023) and Esri ez al. (2023).
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species were observed in Ambarongy, Manasara
and Vinanitelo Sud. Only two species were
observed in Andranomiditra, Antanivelona,
Vevembe, and Vohembe and just one species
was detected in Ambalavero, Ampasy, Ankona,
Bemahala, Mabharira, Malazamasina,
Mandriandry, Marandrano, Namahoaka, and
Sahafoza.

TRN’s interviews with local naturalists
revealed possible effects of Cyclone Batsirai
on lemur distribution in Ankarimbelo. Two
species, P. simus and V. variegata, were present
before the cyclone but had not been seen since.
Locals in Bemahala reported no change in
species presence/absence after the cyclone.

Discussion

To our knowledge, this study is the first to
survey Madagascar’s COFAV corridor in the
new millennium. We sought to revise known
and predicted lemur species distributions from
Ranomafana National Park to the Mananara
River (~227 km). We took advantage of transect
surveys, opportunistic sightings, and informal
interviews with local communities to infer as
comprehensive an understanding as possible of
lemur occurrence in the COFAV. We confirmed
the presence of 11 lemur species throughout this
region. We discovered four taxa — an unknown
Cheirogaleus species, H. aureus, H. griseus,
and P. edwardsi — further south than is cur-
rently listed on IUCN RedList (Irwin et al.,
2020; Wright et al., 2020a, b). We did not detect
V. variegata south of the Ambohimahamasina
and Ikongo region, suggesting a recent con-
traction in the range of this Critically Endan-
gered species. Further, we only heard one indi-
vidual north of RN25 (the highway bisecting
Ranomafana National Park) and VOI members
reported only rarely hearing lone individuals;
the species therefore appears to be only tran-
sient in this region. This study is one of the most
comprehensive surveys of the COFAV, as most
previous studies only focused on a few sites
(Sterling and Ramaroson, 1996; Rasoloarison
and Rasolonandrasana, 1999; Goodman et al.,
2001; Irwin et al., 2005; Delmore et al., 2009).
The most extensive survey beforehand was con-
ducted in the 1980s-1990 s (Goodman et al.,
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2001; Irwin et al., 2005). Given the considerable
changes in land-use, human population size and
forest cover during the past 30 years, our study
provides a much-needed update of lemur ranges
throughout the COFAV.

These findings highlight the need for con-
servation action and research in under-studied,
unprotected, yet incredibly biodiverse regions
of the COFAV. The high species richness found
at some sites underscores the importance of for-
est corridors as refuges for fragmented lemur
populations (Rabearivony et al., 2015; Rami-
adantsoa et al., 2015; Herrera, 2017); the same
almost certainly holds true for other endangered
Malagasy species as well (e.g., fossa, tenrecs,
Mantella frogs, etc.). The importance of the
COFAV in connecting existing national parks
and sustaining lemur populations throughout
the region warrants the inclusion of corridors
into Madagascar’s protected area system (Del-
more et al., 2009; Herrera, 2017; Coldrey and
Turpie, 2021). While some sites in the COFAV
are home to many lemur species, many sites vis-
ited during this study were highly degraded. We
ourselves witnessed extensive tavy (slash-and-
burn agriculture), mining, logging, and areas of
deforestation within the corridor. Deforestation
in this region, as in many parts of Madagascar,
is largely driven by the need to convert land
into rice paddies and livestock grazing fields
(Goodman et al., 2001; Irwin et al., 2005; Con-
servation International, 2016). Without formal
protection at multiple administrative levels, the
COFAV is at severe risk of disappearing in the
very near future. This would isolate lemur popu-
lations into protected parks and refugia, limiting
dispersal and genetic variation.

With climate change and global warming
increasing, cyclones in the Indian Ocean basin
are becoming stronger, more frequent, and mak-
ing landfall in Madagascar further south than
ever before (Weiskopf et al., 2021). Just dur-
ing the span of this study, two of the strongest
cyclones to ever hit Madagascar (Batsirai and
Emnati) made landfall along the coast that
parallels the COFAV. The cyclones caused
widespread destruction within communities and
forests, with extensive tree-falls, landslides, and
floods. As cyclones increase in frequency and
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strength, the COFAV will be at risk of fur-
ther deforestation, fragmentation and decreased
food availability for animals.

The methods used to complete these rapid
assessments of COFAV lemur biodiversity var-
ied across time, space, and field teams. OPP1
and OPP2 teams were not systematically
searching for lemurs; rather, they were record-
ing sightings and vocalizations opportunis-
tically. Conversely, TRN conducted deliber-
ate searches for lemurs, devising transects to
optimize sightings and accurately depict the
sampling population. Additionally, while TRN
explicitly conducted nocturnal surveys, OPP1
and OPP2 did not, creating a significant bias
favoring the detection of diurnal species at all
but the two field sites visited by TRN. Further,
OPP1 and OPP2 conducted research throughout
the entire eight-month project duration, whereas
TRN team only surveyed during the peak of the
cold/dry season (June-July), when many noctur-
nal species undergo hibernation or torpor. Nev-
ertheless, data collected using different methods
can still be useful for certain use cases, such as
inventories. While it is ideal to start from the
beginning of a collaboration and use standard-
ized methods, this may not be feasible if pri-
matologists are looking to use existing datasets.
By combining datasets, such as we have done
in this study, more comprehensive sampling is
possible.

Although this collaborative study contains
some preliminary limitations, systematic sur-
veys are essential for monitoring lemur (and
all primate) populations over time and space.
In the future, conducting standardized transect-
based surveys (similar to the methods used by
TRN team) during day and night will be crit-
ical for comprehensively sampling diurnal and
nocturnal lemur assemblages. Furthermore, sur-
veys should be conducted throughout the year
to account for seasonal variations within and
across species. Finally, combining these survey
data with site-specific environmental informa-
tion (e.g., phenology, floristic species richness)
would allow researchers to better understand
the ecological factors affecting lemur popula-
tion dynamics in the COFAV. These prelimi-
nary surveys will hopefully serve as a catalyst
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for further research in the COFAV. This corri-
dor, despite increasingly high rates of deforesta-
tion, still harbors a rich assemblage of endemic
species and should be prioritized for future con-
servation efforts and initiatives.
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