First density estimates of the Endangered Claire's
mouse lemur Microcebus mamiratra and
recommendations for its conservation

Luke D. MARTIN*!

Abstract Mouse lemurs Microcebus spp. are small, noctur-
nal primates endemic to Madagascar. The genus is extraor-
dinarily diverse, with 25 extant species, several of which have
been described recently. The Endangered Claire’s mouse
lemur Microcebus mamiratra was first described in 2006,
but, similarly to other newly described mouse lemurs, re-
mains understudied, and estimates of its population size
are unavailable, hampering effective conservation manage-
ment. We conducted line transect distance sampling surveys
of M. mamiratra across several habitat types in and around
Lokobe National Park on the island of Nosy Be in north-
western Madagascar. Using a systematic random design
we surveyed 15 transects over a 6-week period in 2023, re-
cording 92 detections from a total survey effort of 46.5 km.
We estimate the density of M. mamiratra on Nosy Be
to be 125.1 individuals/km® which extrapolates to an esti-
mate of c. 4,700 individuals across the forested areas of its
range on the island. Our results indicate that Nosy Be har-
bours moderately high densities of M. mamiratra, with the
highest encounter rates in the unprotected secondary and
degraded forests around Lokobe National Park. Our popu-
lation estimate will inform future conservation status assess-
ments and conservation planning for this range-restricted
species and provide a baseline for monitoring population
changes over time. We present recommendations for the
conservation of M. mamiratra and highlight the potential
for lemur watching, sustained by the strong tourism indus-
try on Nosy Be, to help protect lemur habitat and generate
economic opportunities for local communities.

Fintina Ny tsitsidy Microcebus spp. dia biby kely, ary pri-
mata mandeha amin’ny alina izay tsy hita maso raha tsy ao
Madagasikara. Ity karazana ity dia miavaka ary mbola misy
25 karazana izay miaina ankehitriny, ny ankamaroan’ireo
dia vao nofaritana tato anatin’ny taona vitsivitsy izay. Ity
tsitsidy izay atahorana ho lany tamingana ity, izay mitondra
ny anarana hoe Microcebus mamiratra eo amin’ny sehatry
ny fikarohana (na fantatra ihany koa hoe Valovi) dia
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nofaritana voalohany tamin’ny taona 2006, saingy toy ny
tsisidy hafa vao nofaritana, dia mbola tsy voadinika tsara
izy io ary koa mbola tsy misy ny tombatombana raha ny ha-
maroan’ny mponina no lazaina, izany dia lasa sakana eo
amin’ny fitantanana mahomby amin’ny fiarovana. Ho fa-
mahana izany dia, nanao santionana fanadihadiana ‘tran-
sect line-distance’ amin’ny M. mamiratra teo anivon’ny
karazana toeram-ponenana maromaro, tao amin’ny valan-
javaboary Lokobe sy ny manodidina azy ao amin’ny nosy
antsoina hoe Nosy Be, izay any amin’ny faritra avaratr’an-
drefan’i Madagasikara izahay. Izany dia nampiasaina
endri-drafitra kisendrasendra, nanaramaso transekta 15 iza-
hay, izay nandritra ny 6-herinandro tamin’ny taona 2023,
tamin’ny fitambaran’ny fanadihadiana 46,5 km natao dia
92 no hita avy amin’izany. Tombanana ho 125,1 isam-bata-
na/km?® ny hakitroky M. mamiratra ao Nosy Be, izay naha-
zahoana antontan’isa 4.700 eo ny tombantomban’ny
hakitroka manerana ny faritra misy azy ao amin’ny ala-
fady ao amin’io nosy io. Ny vokatra azonay dia manondro
fa i Nosy Be dia manana salan’isa ambony raha ny habetsaky
ny M. mamiratra no jerena, ary ihany koa manana ny taha
ambony indrindra eo amin’ny fahitana io biby io any ive-
lan’ny ala-fady, na ivelan’ny faritra arovana Lokobe. Ny fa-
nombatombanana ny isan’ny mponina anananay dia
hampahafantatra tsaratsara kokoa ny sata mamehy ny fan-
dalinanana ny fiarovana izay mbola ho avy, sy ny drafitra ho
fikajiana an’io karazam-biby voaaro io, ary koa manome
tombatombana amin’ny fanaraha-maso ny fiovan’ny mpo-
nina rehefa mandeha ny fotoana. Izahay dia manolotra tolo-
kevitra ho amin’ny fiarovana an’i M. mamiratra ary koa
manasongadina ny mety hisian’ny fijerena maso ny gidro
(varika), izay tohanan’ny lafiny ara-pizahantany matanjaka
ao Nosy Be, mba hanampy ny fiarovana ny toeram-pone-
nan’ny varika ary koa mba hiteraka tombontsoa ara-toekar-
ena ho an’ny vondron’olona ifotony.

Keywords Claire’s mouse lemur, density estimate, distance
sampling, lemur conservation, line transect survey, Lokobe
National Park, Madagascar, Microcebus mamiratra

Introduction

D 1 olecular genetic and morphological techniques have
revealed the extraordinary species diversity of the
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endemic mouse lemurs of Madagascar (Cheirogaleidae:
Microcebus; Louis et al., 2008; Groves, 2016; Schiifiler
et al., 2020). The genus was long considered to comprise
just two species, one from the dry forests of the west and
south and one from the rainforests of the east (Groves,
2005), but today 25 species are recognized. One consequence
of these taxonomic revisions is that the geographical distri-
butions and conservation status of new species, and those
from which they are distinguished, must be reassessed
(Louis et al., 2006; Rasoloarison et al., 2013), as splitting
species often results in proportionately more threatened
species with reduced ranges (Agapow et al., 2004). Several
newly described mouse lemur species, however, have not
been surveyed and population data are incomplete or absent
(Setash et al., 2017; Hending, 2021). Population estimates are
needed to support IUCN Red List assessments, to allow
conservation managers to identify, prioritize and monitor
vulnerable species and populations, and to help evaluate
conservation programmes (Plumptre & Cox, 2006; Kiihl
et al., 2008; Rylands et al., 2008, 2020).

Claire’s mouse lemur Microcebus mamiratra was first
described in 2006 (Andriantompohavana et al., 2006) and
has been the subject of limited field research (Hasiniaina
et al., 2018; Webber et al., 2020; Tinsman et al., 2022). Its
geographical range is confined to the humid primary and
secondary forests of the Lokobe National Park region on
the island of Nosy Be in north-west Madagascar, as well
as some small, isolated humid forest fragments on the
Malagasy mainland near Manehoka and Ambakirano,
east of Nosy Be (Olivieri et al., 2007; Sgarlata et al., 2019;
Blanco et al, 2020). Threatened mainly by habitat loss
and degradation, it is categorized as Endangered on the
TUCN Red List (Blanco et al., 2020). Lemurs have been ex-
tirpated from small islands elsewhere in Madagascar, and
the population of M. mamiratra on Nosy Be is at risk
(Goodman, 1993; Hyde Roberts & Daly, 2014). No system-
atic surveys have been carried out anywhere across its re-
stricted and severely fragmented range, and there are no
population size or density estimates (Blanco et al., 2020).
Although encounter rates have been reported for M. ma-
miratra (Tinsman et al., 2022), these provide only a relative
abundance index and could be affected by differences in
detection probability, such as those between observers
or environmental variables (Anderson, 2001; Buckland
et al., 2008; Campbell et al., 2016).

Distance sampling is a powerful method for estimating
absolute population density (number of individuals per
unit area) and population size (density multiplied by
area). It comprises a set of standardized survey techniques,
principally line transects and point transects, in which ob-
servers record distances to detected objects whilst traversing
lines or standing at points that are placed randomly within a
survey area (Buckland et al., 1993, 2001, 2004). The detected
objects are usually animals of the target species but might be

animal cues (e.g. calls) or signs (e.g. nests). Intuitively, we
expect that objects become more difficult to detect with in-
creasing distance from the line or point and that some ob-
jects might be missed. A key strength of distance sampling is
that it accounts for imperfect detection: the distribution of
observed distances is used to model a detection function
that describes the probability that an object is detected as
a function of distance from the line or point, thereby allow-
ing estimation of the proportion of objects missed during
the surveys (Buckland et al., 1993, 2001, 2004). This can be
particularly advantageous for animals that are otherwise dif-
ficult to detect, such as small-bodied and nocturnal mouse
lemurs (Meyler et al.,, 2012; Schiffler & Kappeler, 2014). In
primatology, line transects are the most popular form of dis-
tance sampling (Plumptre, 2000; Ross & Reeve, 2003;
Plumptre et al., 2013). Proper inference in line transect dis-
tance sampling relies on the following key assumptions:
(1) objects directly on the line are detected with certainty,
(2) objects are detected at their initial location, prior to
any movement in response to the observer, and (3) distances
to detected objects are measured accurately (Buckland et al.,
1993, 2001, 2004; Buckland, 2006; Plumptre et al., 2013). A
further assumption, relevant for group-living primates, is
(4) group sizes (or clusters) are accurately recorded
(Buckland et al., 2010). Mouse lemurs are amenable to line
transect surveys for several reasons: (1) their tapetum luci-
dum (reflective eye tissue) and preference for the under-
storey aid detection on the centreline (Lahann, 2008;
Rakotondravony & Radespiel, 2009), (2) they move relative-
ly slowly and often become stationary when observed
(Meyler et al., 2012), (3) they are mostly solitary, generally
removing the need to estimate cluster size and spread
(Buckland et al., 2010; Bessone et al., 2023), and (4) they
are generally abundant, so adequate samples sizes can be ob-
tained (Kappeler & Rasoloarison, 2003). Line transect dis-
tance sampling also relies on two underlying principles of
survey design: (1) randomization (i.e. the lines should be
placed randomly, and not subjectively, in the survey area;
e.g. systematically spaced parallel lines with a random
start point; Marques et al., 2010; Thomas et al., 2010;
Hilario et al., 2012), and (2) replication (i.e. an adequate
number of lines (at least 10-20) should be placed;
Buckland et al., 1993, 2001, 2004; Thomas et al., 2010). In
practice, however, surveys are often compromised by time
and resource constraints (e.g. rapid assessments), and the
key assumptions are routinely violated or cannot be met
(Buckland et al., 2010; de Andrade et al., 2019). Recent
meta-analyses of published density estimates of mouse le-
murs have highlighted that non-standardized designs (e.g.
using non-random established trails as transects) and ana-
lysis methods (e.g. not accounting for detection probability)
are prevalent (Setash et al., 2017; Hending, 2021). Poor sur-
vey practices can bias results and inhibit rigorous inference;
at worst, they can lead to incorrect conservation status
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assessments, inappropriate conservation management deci-
sions or the misallocation of limited conservation funds
(Elphick, 2008).

Here we provide the first reliable estimates of density and
abundance for M. mamiratra using line transects, a system-
atic random survey design and best-practice field protocols.
Population estimates will inform future status assessments
and conservation actions for this threatened primate. We pre-
dict that density estimates for M. mamiratra are similar to
those reported for other mouse lemur species from the dry
and transitional forests of north-west Madagascar, consistent
with large-scale regional patterns in mouse lemur densities
(Setash et al., 2017). We also predict that encounter rates at
Nosy Be are higher in unprotected, anthropogenic habitats
than in protected, primary forests, consistent with general
patterns in mouse lemur abundance (Hending, 2021).

Study area

Nosy Be is a 321 km”* island in the Mozambique channel to
the north-west of Madagascar, c. 12 km from the mainland.
It is part of the Sambirano Domain, a transitional area be-
tween the eastern wet and western dry forests (Sawyer et al.,
2015). The climate is tropical with a hot, wet season during
October-April and a cooler, dry season during May-
September (Cutler, 1965; Andreone et al, 2005). Mean
daily temperatures range from 23 °C during July-August
to 28 °C during January-February (Birkinshaw, 1995), and
mean annual rainfall is 2,250 mm (Andreone et al., 2005).
Most of the original forest cover on Nosy Be has been con-
verted to agricultural land, including rice and ylang-ylang
crops (Andreone et al, 2005). The 7.4 km* Lokobe
National Park protects most of the remaining primary for-
est, which is classified as low-altitude humid evergreen for-
est (Hasiniaina et al., 2018). The Park is surrounded by a
mosaic of secondary and degraded forest, crop plantations
and small villages (Birkinshaw, 1995; Tinsman et al., 2022).
Elevation across Nosy Be is 0-430 m, with the primary for-
ests of Lokobe National Park occupying some of the highest
slopes (Tinsman et al., 2022). The black lemur Eulemur
macaco and the Nosy Be or Hawks sportive lemur
Lepilemur tymerlachsoni are the only lemurs sympatric
with M. mamiratra on the island. Nosy Be has been
identified as a priority area for lemur conservation
(Schwitzer et al., 2013, 2014) and is also one of the most
popular tourist destinations in Madagascar (Jedrusik, 2019).

Methods

Survey design and transect placement

We used the survey design function in Distance 7.5 Release 2
(Thomas et al., 2010) to superimpose a grid of points with a

Claire’s mouse lemur

random starting position across a map of the extent of occur-
rence of M. mamiratra on Nosy Be, obtained from the most
recent IUCN Red List assessment (Blanco et al., 2020). We
then used the coordinates of these grid points to place a sys-
tematic set of segmented parallel transect lines in and around
Lokobe National Park. We placed 16 transects in the survey
area (Table 1), but only surveyed 15 of these because of safety
concerns at one location (small flooded areas considered
unsafe for nocturnal work; Tg, Fig. 1). The mean transect
length was 815 m (range: 633-1,125 m), which we measured
in the field with an open reel tape measure. Some transects
were shorter because they crossed impassable terrain such
as ravines. Transects covered areas of primary, secondary
and degraded forest, and plantations both within and out-
side the National Park boundaries. We cut the transects in
straight lines in a north-south direction, only deviating to
avoid dangerous (e.g. boulders) or inaccessible areas (e.g.
paddy rice plantations) where necessary. We marked the
transects with fluorescent flagging tape so that observers
could identify the centreline during surveys. We then waited
at least 72 h before surveying, to minimize the effects of dis-
turbance from cutting the transects (Bessone et al., 2023).

Line transect surveys

Author LDM provided training to all observers on distance
sampling theory (e.g. survey design, key assumptions) and
field protocols (e.g. equipment use, searching behaviour)
at the start of the field season. We conducted nocturnal sur-
veys in the wet season during 17 February-4 April 2023.
Beginning at sunset (c. 19.00), teams of 2—3 observers walked
a transect in single file at a mean speed of 1-2 km/h, pausing
during heavy rainfall. Observers stopped to scan the survey
area at regular intervals, concentrating search effort on and
near the line. We used headlamps to locate mouse lemurs by
reflective eye shine and binoculars to distinguish M. mamir-
atra from other wildlife. Observers would temporarily leave
the transect line to confirm the identification of detections
as required. For each mouse lemur detected, we recorded
cluster size and perpendicular distance from the transect
line on a standardized datasheet. We measured perpendicu-
lar distances with a laser rangefinder and paced distances
<4 m (the minimum range of the rangefinder). We re-
corded detections of each mouse lemur individually (i.e.
cluster size of 1), including where we detected mouse lemurs
in groups of 2-3 (Buckland et al., 2001, 2010). We recorded
only visual detections. We surveyed each transect 2—5 times.
We regularly changed team composition to minimize
between-team observer variability. We stored field data elec-
tronically and verified the data daily. Although M. mamira-
tra is not believed to undergo prolonged periods of torpor
(Tinsman et al., 2022), we conducted our surveys outside
the dry season, when mouse lemurs typically exhibit this
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TasLE 1 Summary of transects surveyed, including predominant habitat type, whether the transect was within the boundaries of Lokobe
National Park (Nosy Be, north-western Madagascar; Fig. 1), transect length, number of times the transect was surveyed, total survey effort
(L), total number of Microcebus mamiratra detected (n) and encounter rate (n/L).

Within Lokobe Number

Transect National Length of times

ID Predominant habitat type Park boundaries? (m) surveyed L (km) n n/L
T1 Secondary/degraded forest and plantation No 961 2 1.92 0 0.00
T2 Secondary/degraded forest and plantation No 773 5 3.87 26 6.73
T3 Plantation No 855 3 2.57 3 1.17
T4 Plantation No 845 2 1.69 0 0.00
T5 Secondary/degraded forest and plantation No 792 5 3.96 3 076
T6 Secondary/degraded forest and plantation No 805 5 4.03 19 472
T7 Secondary/degraded forest and plantation No 925 4 3.70 17 459
T8 Secondary/degraded forest No 775 4 3.10 0 0.0
9! Secondary/degraded forest No 780 NA NA NA NA
T10 Secondary/degraded forest and plantation No 812 5 4.06 1 0.25
T11 Primary forest, secondary/degraded forest and No 1,125 4 4.50 7 1.56

plantation

T12 Primary forest and secondary/degraded forest ~ Yes 717 3 2.15 3 1.39
T13 Primary forest Yes 633 3 1.90 2 1.05
T14 Primary forest No 684 3 2.05 3 1.46
T15 Primary forest and secondary/degraded forest No 838 5 4.19 7 1.67
T16 Secondary/degraded forest and plantation No 713 4 2.85 1 0.35
Total 46.53 92 1.98

"Not surveyed after placement because of safety concerns.

behaviour (Dausmann & Warnecke, 2016), hence there
should be no torpor-related availability bias (Hending
et al., 2023).

Data analysis: distance software

We used the conventional distance sampling engine in
Distance to estimate M. mamiratra density and abundance.
We pooled individual surveys and detections for each transect
line, and recorded effort as line length multiplied by the num-
ber of times the line was surveyed (Buckland et al., 2008). We
plotted histograms of the perpendicular distances as part of an
exploratory data analysis phase. We then grouped distance
data into suitable distance cut points for analysis and right-
truncated 10% to remove outliers and facilitate modelling
(Buckland et al., 2001; Thomas et al.,, 2010). We then fitted
the following model and adjustment combinations: uniform
key function with cosine series expansion, half-normal key
function with cosine and Hermite polynomial series expan-
sion, and hazard-rate key function with simple polynomial
series expansion. We visually assessed the candidate models
and compared them using y* goodness-of-fit tests and the
Akaike information criterion (Akaike, 1973).

Analysis of habitat on Nosy Be

The geographical range maps in the IUCN Red Lists are
minimum convex polygons of the extent of occurrence of

a species and not necessarily its area of occupancy, and as
a result could include areas of unsuitable habitat (e.g. non-
forest, villages; Schwitzer et al., 2014). We therefore esti-
mated forest cover within the extent of occurrence of M. ma-
miratra on Nosy Be using Global Forest Watch (2023), and
we used this forested area as a proxy for suitable mouse
lemur habitat in our abundance extrapolation. Forest
cover was calculated as the tree cover extent in 2000 (> 30%
canopy density; Hansen et al., 2013; see also Estrada et al.,
2018; Mekonnen et al., 2020; Markolf et al., 2022) within
the range data shapefile obtained from the IUCN Red List
(Blanco et al., 2020) plus or minus net tree cover change
during 2000-2022 (Potapov et al., 2022).

Results

We recorded 92 M. mamiratra detections in a total survey
effort of 46.5 km (Table 1). This exceeds the recommended
minimum sample size of 60-80 detections (Buckland et al.,
2001).

Since 2000, c. 14.5 km® (28%) of forest cover has been
lost within the range of M. mamiratra on Nosy Be. We
estimate that 37.3 km® of forest cover remains, an area
similar to the maximum area of occupancy of the species
on the island.

Our distance analyses generated a mean density estimate
of 125.1 individuals/km?* (95% CI 65.3-239.5, coefficient of
variation 0.32). The half-normal key function with cosine
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adjustment provided the best fit to the data (y* = 2.06, df = 3,
P = 0.56; detection probability = 0.23; effective strip width =
7.05; Fig. 2). Extrapolating this density estimate across the
forested area within the extent of occurrence of M. mamir-
atra on Nosy Be yields a population of c. 4,700 individuals.
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Fic. 2 Histogram showing the detection probability of
Microcebus mamiratra as a function of perpendicular distance
from the transect line on Nosy Be, north-west Madagascar

(Fig. 1). The columns represent grouped detections of M.
mamiratra and the curve represents the detection function. Data
were right-truncated by 10%.

Discussion

We report the first population estimates for M. mamiratra,
an Endangered and little-known mouse lemur of north-west
Madagascar. We applied randomization and replication in
our survey design and employed survey protocols that en-
sured we met the key assumptions of distance sampling, al-
lowing valid inference and extrapolation from our results.
Our population data will inform future conservation status
assessments and management decisions and provide a start-
ing point for monitoring local population changes over
time. More broadly, our study also helps to address the
need for baseline population data for newly described
mouse lemurs, and our use of standardized survey methods
facilitates meaningful inter-site and interspecific compari-
sons (Setash et al., 2017; Hending, 2021).

Our density estimates for M. mamiratra (125.1 individ-
uals/km?) are intermediate compared to those of other
mouse lemurs (see Setash et al., 2017, Hending, 2021 and
Hending et al, 2022b for summaries of published
Microcebus spp. population densities). Mouse lemur dens-
ities are generally higher for western dry forest species and
lower for eastern humid forest species, probably driven by
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regional differences in habitat (e.g. increased fragmentation
and seasonality in western dry forests), species richness and
mouse lemur physiology, amongst other factors (Setash
et al., 2017). Consistent with these large-scale regional pat-
terns, and as predicted, M. mamiratra densities were broad-
ly similar to those reported for other species from the dry
and transitional forests of north-west Madagascar. For ex-
ample, densities of 30 individuals/km® have been reported
for what is probably the Sambirano mouse lemur
Microcebus cf. sambiranensis at Sahamalaza-Iles Radama
National Park (Hending et al., 2022b), 378 individuals/km®
for Danfoss’ mouse lemur Microcebus danfossi in the Sofia
region (Randrianambinina et al, 2010; Hending et al,
2022b) and 8o and 265 individuals/km® for the northern
rufous mouse lemur Microcebus tavaratra at various sites
in the Daraina region (Meyler et al., 2012). Although
M. mamiratra has been described, at least anecdotally, as
rare within its range (Mittermeier et al., 2010; Blanco
et al., 2020; see also McKelvey et al., 2008), our results indi-
cate this is not the case, at least for the Nosy Be population,
insofar as rarity relates to low abundance (Drever et al.,
2012). The misconception that M. mamiratra is rare could
relate to its low detectability; mouse lemurs are small, most-
ly solitary, inconspicuous and can be difficult to detect at
distance, particularly in dense forest and wet weather
(Fig. 2; Schaffler & Kappeler, 2014; Deppe, 2020). This serves
to highlight the value of distance sampling methods that
model and incorporate detectability and only require perfect
detection on the transect centre line or point.

Our survey area included protected and unprotected
areas and several habitat types, covering much of the extent
of occurrence of M. mamiratra on Nosy Be. As predicted,
the transects with the highest encounter rates were in un-
protected secondary and degraded forests in the north-west
of our survey area, outside the Lokobe National Park bound-
aries and proximate to areas of human activity (Table 1;
Fig. 1). This suggests that M. mamiratra, similarly to other
mouse lemurs, may prefer disturbed forests and anthro-
pogenic habitats. Mouse lemurs are generally highly adapt-
able and can be common in such habitats, including
agricultural crops (Hending et al., 2018; Knoop et al., 2018;
Andriambeloson et al, 2021). Unlike other cheiro-
galeids, mouse lemur density generally has a positive rela-
tionship with anthropogenic disturbance and a negative
relationship with forest cover, and densities are generally
higher in unprotected than protected areas (Hending,
2021). Moreover, some mouse lemurs show tolerance to
forest edges, a common microhabitat feature of the frag-
mented secondary and degraded forests in our study site
(Lehman et al., 2006; Burke & Lehman, 2015). We also ob-
served that the transects with high encounter rates were ad-
jacent to transects where M. mamiratra was never or seldom
observed (Table 1; Fig. 1). It has also been found that en-
counter rates of M. mamiratra are highly variable

(Tinsman et al., 2022). This uneven spatial distribution
may be explained by variation in forest microhabitat struc-
tures that are important to mouse lemur survival (Rendigs
et al., 2003; Fredsted et al., 2004).

Conservation recommendations and future directions

Nosy Be is a priority area for lemur conservation, and our
results indicate that its population of M. mamiratra com-
prises c. 4,700 individuals at a moderately high density.
Importantly, the highest encounter rates occurred in the un-
protected secondary and degraded forests surrounding
Lokobe National Park, some of which are managed by
Vondron’Olona Ifotony (Fig. 1), a village-based association
for forest management. We encourage conservation man-
agers to continue to work with local communities and pri-
vate landowners to preserve all remaining forest habitats.
Several landowners and village presidents we spoke with
during informal discussions expressed an interest in lemur
conservation; for example, some landowners maintained
small forested areas on their plantations having observed le-
murs using them. Direct payments to households could
help incentivize forest management and ensure local people
are adequately compensated for the high opportunity costs
borne through conservation restrictions (Milne & Niesten,
2009; Wendland et al, 2010; Gross-Camp et al., 2012;
Schwitzer et al., 2013; Poudyal et al., 2018; Estrada et al.,
2022). However, this would require significant, long-term
investment, typically from international donors, and such
schemes have so far achieved only limited success in
Madagascar (Sommerville et al., 2010; Rasolofoson et al.,
2015). Because Nosy Be is a popular tourist destination,
there is also potential for nocturnal lemur watching ecotour-
ism to help protect lemur habitat, generate income for local
communities and foster residents’ appreciation of lemurs
(Ormsby & Mannle, 2006; Schwitzer et al.,, 2014; Wright
et al, 2014; Waters et al, 2023). Madagascar National
Parks has recently commenced nocturnal tours at Lokobe
National Park (G. Bakarizafy, pers. comm., 2023), and
with the support of local stakeholders this could be extended
to community-led initiatives outside the Park (Razanatsoa
et al., 2021). The conservation success stories of
community-run organizations elsewhere in Madagascar
(e.g. Association Mitsinjo in Andasibe and Anja Reserve
in the south-central highlands) could be emulated in Nosy
Be by integrating ecotourism with other initiatives, includ-
ing forest restoration, scientific training and capacity build-
ing, and environmental education (Schwitzer et al., 2013;
Dolch et al., 2015; Gould & Andrianomena, 2015).
Currently, Lokobe National Park is the only protected
area in which M. mamiratra occurs (Blanco et al., 2020).
Although the Park has good infrastructure and is well re-
sourced, it is small, and it is doubtful whether it alone can
ensure the long-term viability of the species (Olivieri et al.,
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2007). Future surveys of the isolated mainland populations
and their habitats, which are currently under no formal pro-
tection, could identify suitable locations for establishing
additional protected areas (Olivieri et al., 2007) and restor-
ing forest connectivity to maximize the capacity of the spe-
cies to respond to future climate change (Hannah et al,
2008; Hending et al., 2022a). Microcebus mamiratra is also
reported to occupy mangrove habitats (Gardner, 2016), and
although our surveys did not incorporate this habitat type,
future research could elucidate the relative importance of
mangroves to this species.

Lokobe National Park itself is difficult to survey. The ter-
rain is steep, and slippery underfoot in the wet season, with
several ravines and large boulders complicating access and
transect placement. Although we were able to place transects
in the northern parts of the Park, we abandoned attempts to
do so in the south as it was too difficult to cut straight transects
and potentially unsafe for nocturnal work. Future surveys in
Lokobe National Park could consider point transect surveys,
which would allow observers to use safe and accessible routes
when navigating between points (Axel & Maurer, 2011).

In conclusion, Nosy Be harbours significant numbers of
Claire’s mouse lemur, an Endangered primate with a re-
stricted and severely fragmented geographical range. To
safeguard its long-term survival, we recommend: (1) a
focus of conservation efforts in Nosy Be on the unprotected
secondary and degraded forests, with consideration given to
direct household payments for conservation and to ecotour-
ism initiatives, and (2) future surveys of the mainland popu-
lations and their habitats, with a view to establishing
additional protected areas and forest connectivity.
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