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Abstract
Habitat loss and fragmentation affect species occurrence and distribution in rapidly 
changing ecosystems. These issues are especially relevant on the Island of Madagascar 
where modern deforestation has been widespread and is ongoing. We investigated 
the occurrence of the critically endangered Coquerel's sifaka (Propithecus coquereli) 
in an anthropogenically modified landscape: the Mariarano region of north- western 
Madagascar. We surveyed four large forest sites from 500 to 5,000 ha and 16 for-
est fragments ranging from 1.5 to 19.2 ha in size. We recorded various attributes 
of the visited sites such as area, distance to nearest large forest and anthropogenic 
disturbance. We encountered sifakas in 10 of 16 fragments and in all large forest 
sites, with the majority of encounters occurring in habitat edge zones. Furthermore, 
we encountered 19 sifakas in the matrix such as in villages and fields. We found that 
neither human disturbance, area nor distance to a large forest predicts the presence 
of sifakas in the Mariarano region. Our results suggest that Coquerel's sifakas are 
able to persist in highly degraded and small forests fragments, but further research is 
needed on their long- term viability in anthropogenically modified landscapes.
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Résumé
La perte et la fragmentation de l'habitat affectent la présence et la répartition des 
espèces dans les écosystèmes évoluant rapidement. Ces problèmes sont particu-
lièrement importants sur l'île de Madagascar où une déforestation moderne s’est 
produite de façon généralisée et continue. Nous avons étudié la présence du sifaka 
de Coquerel (Propithecus coquereli), espèce gravement menacée, au sein d’un envi-
ronnement modifié par des actions anthropiques : la région de Mariarano, située au 
nord- ouest de Madagascar. Nous avons étudié quatre grands sites forestiers d’une 
superficie située entre 500 à 5 000 ha et 16 parcelles de forêt d’une superficie allant 
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1  | INTRODUC TION

The Island of Madagascar is a globally important hotspot for bio-
diversity, containing high rates of endemism within its animal and 
plant communities (Mittermeier et al., 1999; Myers et al., 2000). 
This is especially true for the order Primates; Madagascar contains 
a high degree of primate diversity, comprising at least 115 species 
and subspecies of endemic lemurs (Hotaling et al., 2016; Mittermeier 
et al., 2010). However, the primates of Madagascar are also one of 
the most threatened mammalian clades in the world; 95% of the 
lemur species are threatened with extinction in the wild (Schwitzer 
et al., 2014). One of the main contributors to these declines is habitat 
loss and fragmentation due to agricultural development (both subsis-
tence and commercial, resource extraction and other anthropogenic 
activities (Schwitzer et al., 2013). Malagasy tropical dry forests are 
particularly vulnerable to habitat loss and fragmentation and have 
seen some of the highest rates of deforestation on the island (Harper 
et al., 2007). Between 1953 and 2014, Madagascar has lost approx-
imately 44% of its forest cover due to anthropogenic pressures, 
resulting in a patchwork of fragmented forests with increasing expo-
sure to anthropogenic edge effects (Vieilledent et al., 2018). The dry 
forests of Madagascar are particularly under threat and represent a 
unique ecosystem in the world (Waeber et al., 2015). Habitat loss in 
Madagascar is exacerbated by anthropogenic climate change, which 
will contribute to habitat loss in many lemur species and may lead to 
secondary impacts such as increased hunting due to food insecurity 
(Brown & Yoder, 2015).

Habitat loss can result in increased fragmentation and forest 
isolation, both of which can have a significant influence on patterns 
of species abundance, distribution and evolution (Harris, 1984; 
Laurence & Bierregaard, 1997; Pimm & Raven, 2000). In addi-
tion, fragmentation isolates remaining forest patches and brings 
wildlife into closer proximity to humans (Quéméré et al., 2010; 
Walker et al., 2008). In Madagascar, much of the literature sug-
gests that habitat loss and fragmentation have a negative impact 
on lemur distribution and population dynamics (Craul et al., 2009; 
Irwin et al., 2010; McGoogan, 2011; Schwitzer et al., 2013; Vargas 

et al., 2002). However, some lemur species, in particular folivores, 
may respond neutrally or even positively to edges and degraded 
anthropogenic habitat as a result of higher quality resources at the 
edges (Burke & Lehman, 2014; Irwin, 2008; Lehman et al., 2006a, 
2006b). For example, diademed sifaka (Propithecus diadema) prefer 
feeding in edge habitats on leaves that have higher nutritional qual-
ity due to increased light penetration (Irwin, 2008).

The Coquerel's sifaka (Propithecus coquereli) is a critically endan-
gered (Louis et al., 2020), medium- sized diurnal lemur and is con-
sidered one of the flagship species of conservation in Madagascar 
(Kun- Rodrigues et al., 2014). Coquerel's sifakas inhabit the dry low-
land (<300 m above sea level) forests north and east of the Betsiboka 
River (Rakotonirina et al., 2014), but its eastern limits are unclear 
(Salmona et al., 2014). Group size ranges from 3 to 10 individuals 
that occupy home ranges of 4– 9 ha (Alibignac, 1981; Richard, 1974), 
although in Ankarafantsika National Park (ANP) some groups can in-
habit ranges of about 20 ha or larger (McGoogan, 2011). Coquerel's 
sifakas are primarily folivorous in diet, but this can vary between 
seasons (Richard, 2003). This species is most commonly found in 
mixed deciduous dry forests, and often in brush, scrub and second-
ary formations, and was observed even in a mosaic of fragmented 
dry forests (Salmona et al., 2014; Steffens & Lehman, 2018). Despite 
their folivorous diet, previous research suggests Coquerel's si-
fakas avoid edge habitats in large forests. In ANP, their density was 
lower in edge habitats (<400 m from forest edges, Kun- Rodrigues 
et al., 2014) than in interior habitats, and McGoogan (2011) recorded 
95% of sifaka encounters >625 m away from the forest edge. This 
edge avoidance was hypothesised to be a result of active hunting of 
Coquerel's sifaka in ANP (Garcia & Goodman, 2003).

Overall, very little research has investigated the distribution of 
this species outside of continuous forests and national parks. It is 
presumed that the largest remaining population of Coquerel's si-
fakas exists within ANP (Kun- Rodrigues et al., 2014). However, 
outside of the core continuous forest of ANP there are less sifakas 
(Steffens & Lehman, 2018). Within forest fragments in ANP, Steffens 
and Lehman (2018) found sifakas only in the largest remaining forest 
fragments of Ambanjabe, a fragmented forest landscape in the West 

de 1,5 à 19,2 ha. Nous avons enregistré divers attributs des sites visités, tels que la 
superficie, la distance par rapport à la grande forêt la plus proche et les perturba-
tions anthropiques. Nous avons rencontré des sifakas dans 10 des 16 parcelles et 
dans tous les grands sites forestiers, la majorité des rencontres se produisant dans 
les zones riveraines de l'habitat. De plus, nous avons rencontré 19 sifakas dans les 
zones habitées, comme dans les villages et les champs. Nous avons constaté que ni les 
perturbations humaines, ni la superficie, ni la distance par rapport à une grande forêt 
ne présageaient de la présence de sifakas dans la région de Mariarano. Nos résultats 
suggèrent que les sifakas de Coquerel sont capables de survivre au sein de parcelles 
de forêts de petite taille et très dégradées, mais des recherches supplémentaires por-
tant sur leur viabilité à long terme au sein de paysages modifiés par des actions an-
thropiques sont nécessaires.
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of ANP. Similarly, Vargas et al. (2002) found that the golden- crowned 
sifaka (Propithecus tattersalli) was more likely to be found in large for-
est fragments in close proximity to continuous forests. In contrast, 
Salmona et al. (2014) conducted a broad survey of Coquerel's sifaka 
throughout north- western Madagascar and found that their distri-
bution was widespread, and unlike other studies in ANP, they were 
often found at forest edges, in close proximity to human settlements 
and in anthropogenic habitats.

In order to fill gaps of knowledge of Coquerel's sifakas population 
status outside of protected areas, we investigated the geographical 
distribution of P. coquereli in the Mariarano region of north- western 
Madagascar. While Salmona et al. (2014) and earlier studies (e.g. 
Olivieri et al., 2005) have confirmed the presence of the Coquerel's 
sifaka in this area during brief field studies, we studied the sifakas 
distribution across a large number of forest sites of varying size 
within the Mariarano region. Additionally, recent research suggests 
that this population of P. coquereli utilises unique habitat zones such 
as mangroves (Chell et al., 2020) and engages in potentially maladap-
tive behaviours such as infanticide (Ramsay et al., 2020). Specifically, 
we investigated whether Coquerel's sifakas in the Mariarano region 
can be found in increasingly small forest fragments with varying 

degrees of anthropogenic influence and how sifakas utilise this 
highly anthropogenically modified landscape.

2  | METHODS

2.1 | Study site

This study was carried out between June and July 2017 and be-
tween May and August 2018 in the Mariarano region, approximately 
40 km east of the city of Mahajanga (Figure 1). The Mariarano re-
gion consists of several semi- deciduous forest fragments (preferred 
habitat of P. coquereli), gallery forest along the Mariarano river, man-
grove forest in the North and various villages, agricultural land and 
savannah grassland with interspersed trees (Andriantompohavana 
et al., 2006; Andriatsitohaina et al., 2020; Moat & Smith, 2007; 
Washington et al., 2009). This site is highly seasonal with a range 
of temperature from 25.5°C (in August) to 28.9°C (in October) 
and a total annual precipitation of 1,120.3 mm with most rain fall-
ing in January (565.2 mm of precipitation, Direction Générale de la 
Météorologie, 2016).

F I G U R E  1   Map of the Mariarano region with sampled forest fragments labelled and map of Mariarano region within Madagascar (inset). 
Green lines represent habitat edge which was used for distance to edge analyses. Map was created using LandSat images from 2013
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We surveyed four large forest sites, 16 small forest frag-
ments and one gallery forest along the Mariarano River (Table 1). 
Additionally, we opportunistically recorded sifakas in various 
‘nonhabitat’ landscape features, such as in riverine forest, on 
trees within villages or even within the matrix between forest 
fragments.

2.2 | Surveys and opportunistic sampling

We surveyed forest fragments in teams of two to four observ-
ers along transects that ran perpendicular to forest edge into 
the centroid of fragments (up to 300 m in length). In large for-
est sites (CF- MAR, CF- MAT), we utilised existing trails that were 
not perpendicular to the edge, but went up to 2 km into the for-
est and represented both edge and interior habitat. We recorded 
all encounters with sifakas during systematic nocturnal surveys 
(distance sampling) and during diurnal visits (opportunistic sam-
pling). All sites were systematically surveyed a minimum of three 
times at night (sifakas have a visible eye shine and are thus detect-
able on nocturnal surveys) and visited at least ten times during 

the day for opportunistic sampling. We considered the sifaka as 
semi- habituated to human presence as they did not flee from ob-
servers most likely because they live in close proximity to human 
settlements. Additionally, the perimeter of each fragmented site 
was circled during the day at least once to check for the presence 
of sifakas. In the two larger forest tracts (CF- MAR and CF- MAT), 
we utilised pre- existing survey trails and conducted multiple sur-
veys and visits within the forest to examine sifaka distribution 
(Figure 1). Altogether, ten routes were sampled across these two 
sites in order to understand how sifakas were distributed within 
larger tracts of forest.

Whenever a sifaka was encountered, we recorded its location 
using a GPS device and we took note of the number of individuals 
seen within a group and age/sex classes of all individuals if it was 
daytime. In addition, we opportunistically noted all sifakas in the ma-
trix between fragments. During sampling of two of the large forest 
sites (CF- MAR and CF- MAT) we also identified the tree species on 
which sifakas were spotted with the assistance of botanists and local 
guides using local Malagasy names and phenotypic features.

We considered a fragment occupied if at least one group (i.e. 
two or more individuals) was observed within the fragment at least 

TA B L E  1   Summary of occurrence for P. coquereli groups in the Mariarano region

Forest ID
Area 
(ha)

Distance to large 
forest (m)

Presence of 
Sifaka

Average group 
size

Minimum # of 
groups

Human 
disturbance score

SF1 8.9 75 Present ? 1 12

SF2a  n/a 0 Present 5 1 n/a

SF3 5.97 500 Absent n/a 0 8

SF4 1.47 150 Absent n/a 0 12

SF5 3.2 2,100 Present 5 2 8

SF6 7.5 2,000 Present 4 5 14

SF7b  2.8 1,500 Absent n/a 0 n/a

SF8c  5.9 1,400 Absent? 1 0 10

SF9 6.3 800 Present 4 2 10

SF10 3.7 750 Present 3.5 1 11

SF11 3.3 500 Absent n/a 0 9

SF12 19.2 100 Present 3.8 2 12

SF13 4.7 350 Present 3 1 7

SF14 2.5 300 Present ? 2 9

SF15 15.8 400 Absent n/a 0 13

SF16 10.5 1,100 Absent n/a 0 15

River n/a 100– 1,600 Present 5 4 n/a

Village n/a 0– 100 Present 3 3 n/a

CF- MAR 4,000 n/a Present 3 40+ 7

CF- MAT 500 n/a Present 4.9 20+ 7

CF- ANW 800 n/a Present 3 2+ 10

CF- ANE 3,000 n/a Present 3 4+ 4

aSF2 was an extension of continuous forest. 
bSF7 was nearly completely cleared of forest when it was surveyed. 
cSF8 contained a single individual. 
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once. We calculated average group size for all fragments based on 
all observations where the group size could be estimated (i.e. obser-
vations during the daytime and if the group did not immediately flee 
before a count was taken). We additionally calculated the minimum 
number of groups per site based on groups seen during the same 
survey or groups with distinguishing features. Groups were consid-
ered distinct if they were encountered >100 m apart from other si-
faka groups.

We quantified human impact at each site by measuring signs 
of human disturbance along each transect (or series of transects 
in larger forest sites). We walked transects in the daytime and 
counted the number of (a) cut trees, (b) maciba (wild yam) holes, 
(c) old or new paths, and (d) zebu scats. We calculated a value for 
each of these four metrics by dividing the total number of obser-
vations by the length of the survey (in metres) to control for sur-
vey effort. We then divided the values for each metric into four 
categories (1– 4) based on quartiles within each metric to give each 
survey location a score from one to four per metric. We summed 
the scores for the four metrics for each site in order to calculate 
a single human disturbance score for each location which could 
range from four to 16, with lower scores representing a lower level 
of human disturbance.

In order to determine whether sampling effort impacted our 
results, we took two large forest sites with uneven sampling pat-
terns (CF- MAR and CF- MAT) and divided survey effort into 100 m 
increments from the edge (i.e. amount of transect surveyed within 
100, 200, … m of forest edge). We then calculated the number 
of sifaka present per kilometre of survey effort in each distance 
class to determine whether the uneven layout of surveys biased 
our results.

We calculated the area of each fragment using a combination of 
satellite photographs for the larger forest sites and walking around 
the perimeter of all smaller fragments with a GPS device which 
was then compared with satellite data. We calculated the follow-
ing parameters using QGIS 3.12 software (QGIS Development 
team, 2019): size of forest (in ha), distance of forest fragment to the 
nearest large forest site (in m) and distance of each observed sifaka 
to nearest forest edge (in m). We used Mann– Whitney U tests to 
test for significant differences in fragment area, distance to nearest 
continuous forest, and human disturbance between occupied and 
unoccupied fragments with an alpha value of 0.05. All tests were 
performed in SPSS v24.

3  | RESULTS

We conducted 19.8 km of surveys at 20 locations (Table 1). The vis-
ited small forest fragments ranged in size from 1.5 to 19.2 ha, and 
the distance from each small fragment to the nearest larger forest 
ranged from 0 to 2,100 m. Larger forest sites ranged in size from 500 
to 4,000 ha. We encountered sifakas groups or individuals 153 times 
during the study period (Table 1). We encountered most sifakas op-
portunistically during daytime (124/153, 81%) as opposed to during 
nocturnal surveys (29/153, 19%). The majority of these encounters 
occurred in the largest forest sites (106/153, 69%), while the remain-
ing encounters took place in various small forest fragments smaller 
than 20 ha (28/153, 18%) or in nonhabitat sites (19/153, 12%). 
However, survey effort (i.e. total survey distance) was also greater 
in large forest sites (11.9 km of surveys, 60.1%) than in fragmented 
sites (7.9 km of surveys, 39.9%). Sifakas were found in all large forest 
sites (n = 4), but only in 69% (11/16) of the forest fragments (Table 1). 
The smallest occupied fragment was 2.5 ha in size, while the largest 
unoccupied fragment was 15.8 ha. There were no significant differ-
ences between occupied and unoccupied small fragments in terms 
of area or distance to the nearest large forest (Table 2).

The majority of sifaka observations (134/153, 87.6%) oc-
curred within forest habitat and the remaining 19 observations 
outside the forest. Observations of sifaka within forests occurred 
between 0 and 1,250 m from the forest edge, with the majority 
(72/134, 54%) being made within 100 m of the forest edge. Within 
the large forest sites with longer transects, a high proportion of 
observations (47/106, 44%) occurred within 100 m of the forest 
edge, and most encounters (87/106, 82%) took place within 400 m 
of the forest edge. When we controlled for sampling effort in the 
two large forest sites (CF- MAR and CF- MAT), the general pattern 
of more sifaka being present in the edge held. The highest encoun-
ter rate of sifaka (7.4 encounters/km) occurred within 100 m of 
the edge, although there were high encounter rates of 200– 300 m 
(6.4 encounters/km) and 500– 600 m (6.7 encounters/km) from 
the forest edge as well (Figure 2).

We observed 19 groups (n = 13) or individual (n = 6) sifakas in 
the matrix between forest habitat. This includes eight encounters 
within the villages of Mariarano and Antafiameva (a minimum of 
three groups were observed on trees near- daily on walks through 
Mariarano village, but were only recorded during initial sightings), 
six encounters took place in the grassland/savannah matrix between 

TA B L E  2   Results of Mann– Whitney U test for presence of Coquerel's sifaka in relation to area, distance to nearest large forest site and 
for disturbance in relation to large and small forest sites

Occupied forest Unoccupied forest Min/Max Mann– Whitney U

Mean area (ha) 7.9 ± 1.9 4.9 ± 1.3 2.5/19.2 U = 25, p = 0.77

Mean distance (m) 687 ± 242 858 ± 225 75/2100 U = 24, p = 0.67

Disturbance 10.1 ± 0.7 11.8 ± 1.1 4/15 U = 21.5, p = 0.09

Small forest Large forest

Disturbance 10.7 ± 0.6 6.75 ± 1.2 4/15 U = 15, p = 0.01
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fragments, and five encounters, in a narrow gallery forest along the 
Mariarano River (Figure 3). All of these encounters occurred within 
200 m of the edge of forest habitat. Six of these encounters were 
with groups containing more than two individuals (as opposed to in-
dividual or pairs), and three of the groups contained infants when 
they were observed (two in the village, one in the grassland matrix). 
Sifakas were not observed moving on the ground in the matrix; in-
stead, they moved along isolated trees or shrubs throughout the 
matrix.

We attempted to identify the tree species utilised in a subset 
of 73 sifakas encounters in two of the large forest sites (CF- MAR 
and CF- MAT). Fifty- five trees (73%) were identified to the species 
or genus level (Table S1). We encountered sifakas on 22 species 
of native Malagasy trees and on two introduced species (Croton 
macrocarpus and Mangifera indica). The most common tree we en-
countered sifakas on was introduced mango trees (Mangifera indica, 
n = 14).

We measured human disturbance in 14 forest fragments and 
in all four large sites (Table S2). Human disturbance scores ranged 
from four to 15. Small forest fragments had a significantly higher 
median human disturbance score than large forest sites (Table 2). 
Forest sites occupied by sifaka had a slightly lower median human 
disturbance score (median = 8, n = 12) than unoccupied sites (me-
dian = 11, n = 6). However, these differences were not significant 
(Table 2).

4  | DISCUSSION

Our results confirm the presence of sifakas throughout most of 
the Mariarano region in north- western Madagascar. Sifakas were 
not found in several small and highly degraded fragments, but they 
were also absent in some larger fragments of up to 15 ha. These 
findings are in contrast to Steffens and Lehman (2018) who found 
that Coquerel's sifakas were only found in the largest three sites 
surveyed in a fragmented landscape in ANP, while absent from all 
fragments smaller than 12 ha. Our results are more similar to those 
of Salmona et al. (2014) who found Coquerel's sifakas across a va-
riety of anthropogenic landscapes in NW Madagascar. We found 
sifakas in seven fragments under 10 ha, and even in a fragment as 
small as 2.5 ha. Additionally, fragment area did not differ signifi-
cantly between occupied and unoccupied fragments. This suggests 
that forest area might not be the key factor influencing sifaka distri-
bution in the Mariarano region. The size of many of the fragments 
containing sifakas was well below the home range sizes reported for 
Coquerel's sifaka in the literature (6.75– 8.5 ha: Richard, 1977; 5.11– 
23.34 ha: McGoogan, 2011). However, both published studies were 
conducted in continuous forest sites. It is possible that sifaka home 
ranges in the Mariarano region are contracted when living in smaller 
fragments, especially given that even small fragments sometimes 
contained multiple sifaka groups. In Propithecus verreauxi, Benadi 
et al. (2008) found that sifaka feeding behaviour and resource 

F I G U R E  2   Encounter rate of sifaka 
(km/hr) in relation to distance of 
observation from the forest edge

F I G U R E  3   Coquerel's sifaka with infant in palm tree matrix
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utilisation was not impacted by the presence of neighbouring 
groups. Thus, sifakas might be tolerant to multiple groups living in 
small areas. Alternatively, our multiple observations of sifakas in the 
matrix suggest that they may use the matrix not only for dispersal 
but also for regular movements within this fragmented landscape. 
If so, they may in fact have even enlarged home ranges that include 
parts of the matrix and maybe even several fragments in order to 
obtain access to their joint resources. Lastly, our study was con-
ducted over two dry seasons, which may have impacted our results. 
McGoogan (2011) found that P. coquereli ranged less during the dry 
season than the wet season due to differing dietary requirements. 
Thus, our results could be seen as a minimum seasonal distribution 
for sifaka in the region with the possibility of expansion in the wet 
season. Further research should attempt to clarify whether there is 
a seasonality in sifaka movement behaviours in the Mariarano region 
and whether that impacts the behaviours observed in the matrix, 
when they leave and re- enter the forest, and what proportion of 
time is actually spent outside the forest habitat.

Our observation of sifakas within the matrix between forests 
suggests a high degree of connectivity between populations in frag-
ments. This could explain why we found sifakas even in some very 
small fragments. Jimenez and Vargas (2000) found that connectivity 
between fragments predicted the presence of Propithecus tatter-
salli within fragments, in this landscape Quéméré et al. (2010) that 
connectivity between fragments across matrix impacted gene flow 
and genetic structure between subpopulations. The matrix between 
fragments in Ambanjabe is uniformly dry grassland which is subject 
to seasonal burning (Steffens & Lehman, 2018). In contrast, the ma-
trix between fragments in Mariarano contained many potentially fa-
vourable elements, such as palm trees and strips of riparian forests 
along rivers that may facilitate movement and dispersal between 
patches. The uniform grassland matrix could explain the lack of si-
fakas in smaller fragments in Ambanjabe, as populations in smaller 
fragments would eventually go extinct without immigration of new 
individuals (Steffens & Lehman, 2018). However, without genetic 
studies or long- term monitoring it is difficult to determine whether 
or not movement or dispersal is successfully occurring between 
these fragments and the large forest.

Our frequent observations of sifakas close to habitat edges 
are in contrast to studies from ANP, which showed lower densities 
near edges and edge avoidance in Coquerel's sifaka (Kun- Rodrigues 
et al., 2014; McGoogan, 2011), but are in concordance with Salmona 
et al. (2014). While we did not measure the depth of edge influence 
in Mariarano, the vast majority of our sifaka encounters in the large 
forest sites took place within 400 m of the forest edge (the reported 
depth of edge influence in ANP) and many were within 100 m of the 
edge. Additionally, within small fragments the sifakas experienced 
additive edge effects from multiple directions due to small patch size 
(Malcolm et al., 2017). Our results therefore suggest that the sifakas 
in Mariarano are rather edge tolerant or even show edge preference. 
These results are more similar to those for Propithecus edwardsi 
(Lehman et al., 2006b) and Propithecus diadema (Irwin, 2008), sug-
gesting that the described edge avoidance observed in ANP may 

in fact have been caused by an additional disturbance, for example 
by hunting. We observed many sifaka in areas with anthropogenic 
disturbance and between habitat patches in the ‘nonhabitat’ matrix 
of the Mariarano region. Several groups were found to use trees 
within the village of Mariarano and one group was found within 
the village of Antafiamaeva. To the best of our knowledge, these 
groups were not provisioned or kept as pets but simply utilised in-
troduced mango trees within the village for feeding and movement. 
Additionally, human disturbance scores differed significantly across 
the Mariarano region, but did not have a direct impact on presence 
of sifaka. It is possible the metrics we chose do not reflect the an-
thropogenic activities that impact sifaka distribution but it is also 
plausible that human presence is ubiquitous in the Mariarano region 
and thus sifaka are generally unaffected by human presence. One 
possible explanation for the use of anthropogenic habitat and close 
proximity to humans in our study may be some protection from hunt-
ing. Amongst the Sakalava people of north- west Madagascar, hunt-
ing of sifakas is considered fady or taboo (Garcia & Goodman, 2003; 
Nicoll & Langrand, 1989). However, while some other Malagasy 
groups share this fady, in regions such as Ankarafantsika, there are 
large groups of economic migrants, some of which are known to 
have different fadys and thus hunt sifakas (Borgerson et al., 2019; 
Garcia & Goodman, 2003). If so, the coastal Sakalava villages may 
even offer sifakas some form of protection, as hunting cannot occur 
in plain sight of the villagers, but it may still occur in more remote 
areas of the forest, where we also found fewer sifakas. Another 
explanation for the considerable use of nonforest features is that 
the sifakas were attracted to the villages to feed on the introduced 
mango trees, which are common in Malagasy villages. These trees 
produce young buds and leaves with high energy content during the 
dry season (Arrigo- Nelson, 2006). This is also supported by our re-
sults, as the introduced mango tree (Mangifera indica) was the tree 
that was most frequented by the sifakas.

4.1 | Conservation implications

We caution that our results do not predict long- term population 
viability of sifakas within the Mariarano region. Long- term demo-
graphic monitoring and studies on genetic health would help elu-
cidate the ability of sifaka to persist in this region. Irwin (2008) 
suggested that populations living in fragments might be less vi-
able in the long term and thus our results may thus be a snap-
shot in time before sifaka populations decline. Additionally, Brown 
and Yoder (2015) show that many lemur populations, even ones 
considered more flexible, will be at an increasing risk due to fu-
ture climate changes and forest fragmentation will act synergisti-
cally with climate change to decrease dispersal ability of lemurs 
between habitats. However, our results suggest a remarkable 
ecological flexibility and tolerance to human disturbance for a crit-
ically endangered primate. Mariarano is an intriguing example of 
the location- specific nature of conservation. Even within the same 
species in similar ecological conditions, we have found remarkably 
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different patterns in biogeographic distribution when comparing 
Mariarano to the Ankarafantsika National Park. While our current 
study does not address this question specifically, these differ-
ences may be at least partly due to cultural and socio- economic 
differences between the areas. The local fady may allow sifaka to 
live in areas near villages in the Mariarano region, use forest edges 
and use matrix elements more freely. We suggest further research 
should investigate the cultural and social factors that have led to 
this strict adherence to fady in Mariarano and if there is a causal 
link between adherence to fady and presence of sifaka at a smaller 
scale since in some regions of Madagascar fady do not seem 
enough to protect lemurs from hunting (Borgerson et al., 2019). 
Given the majority of the Coquerel's sifaka range lies outside of 
national parks and other protected areas, we encourage further 
research on these questions specifically as they may be the key to 
the long- term survival of this critically endangered species.
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