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Biological conservation projects conducted in inhabited areas are often based on the combination of ecological diagnostics and study of practices and use of the environment by local communities. They less frequently integrate the influence of the perception and representation of nature on these practices, while these should also be taken into account in the initiation of sustainable conservation actions. We carried out a long-term study combining biological and social science approaches in North-western Madagascar in the Antrema protected area (with dry forest/savannah/coastal ecosystems), including an analysis of the use and perception of nature by its inhabitants. Together with the study of tree diversity, forest structure and biomass in 7 forest fragments, we estimated population densities of whole communities of diurnal and nocturnal lemurs, one of which is considered sacred. We interviewed local resource users from several villages using classical methods of social anthropology supplemented with perception tests derived from sensory evaluation methods. The structure of forest fragments as well as their basal area and richness in tree species varied with human pressure on specific plants (timber extraction) or with historical changes in pasture management (forest regrowth). Lemurs were generally abundant, with a high total biomass compared to other dry forests. Although the inhabitants of Antrema (Sakalava, Tsimihety, and Betsileo) still strongly adhered to local use rights and shared deeply rooted knowledge about the forest, the use and perception of nature (e.g., regarding the sacred lemur Propithecus coronatus) have changed since the Antrema protection project in 2000. The results suggest that local communities tend to integrate traditional rules about nature with international environmental regulation, perhaps a sign of a new ecological awareness. However, in the new management mode accompanying this transition, it can also be a means of local empowerment that takes advantage of a program supporting pro-environmental management of the Antrema area.
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INTRODUCTION

In Madagascar, human activity related to logging, slash-and-burn agriculture, and intense harvest of forest products are important causes of deforestation (Vielledent et al., 2018). The impact can be all the stronger as the natural regeneration of forests in Madagascar appears slowed down by the slow growth rate of trees, the washing of soils due to erosion, and relatively inefficient pioneer plant species and secondary vegetation (Koechlin et al., 1974; Ganzhorn, 1988; Wright, 1999; Leigh et al., 2007). Together with illegal hunting and organized timber trade, deforestation and forest fragmentation have resulted in the loss of large mammals, including primates and less emblematic animals (Schwitzer et al., 2014; Eppley et al., 2020). However, more positive perspectives for maintaining biodiversity can be expected in some places (Cormier-Salem, 2006; Aubertin and Rodary, 2009; Méral et al., 2009), for instance where human conceptions about nature are favorable to biological conservation and deserve to be supported at national and international level beyond traditional representations. For example, in Antrema, a costal forest-savanna anthropo-ecosystem in the northwest of the island mainly populated by Sakalavas, ancestral community rules have been the central starting point for initiating consolidated protection operations. There, a consensus was achieved in 2000 between local communities, the University of Antananarivo and the National Museum of Natural History of Paris to promote sustainable management of the area through a formal contract. Traditional protection ranged from protection of the sacred elements of nature, whether individual trees or lemur species, to more complex ecological units such as forest patches and lakes (Harpet et al., 2008). Concretely, by its initial designation as the “multi-use forest station of Antrema,” the project aimed to promote further these rules to increase pro-environmental behaviors and ecological awareness with regard to agro-pastoral practices. The logging pressure should therefore be moderate and framed by rules enacted in the conservation plan to allow fishermen and other community members to run their way of life. Local communities in counterpart would receive financial support for the development of infrastructures (a school, wells, bridges,…) and for reducing local poverty (Gauthier et al., 2001). They would also receive assistance in terms of human resources and expertise for habitat restoration where natural disturbances occurred (like cyclones) and, more recently, for the development of ecotourism using qualified and trained local guides. The administrative status of the multi-use forest station changed in 2015 to that of a New Protected Area (category VI of IUCN) recognized by the Malagasy government, following the establishment of a development and management plan. Areas were delimited for conservation or for agriculture, and the mode of governance was defined with the objective of transferring management to local populations (Reniala, 2013).1 Inclusive governance was chosen to maximize chances of success (as per Andersson and Agrawal, 2011; Wright et al., 2016). It should be noted that forest policies developed since 1990 in Madagascar have considered local human communities and management transfer as a major component for successful project outcomes (Levrel, 2008; Razafindrabe, 2015).

However, in Antrema, not all villages and individuals may have perceived their role or benefit as equitable in these new principles of governance. The history of local communities indeed obeyed more or less different political and economic logics before the advent of this conservation-oriented development aid, and then followed their own dynamics (Harpet, in press). In addition, while these new rules have been established with the support of a representative council made up of the Sakalava (the major ethnic group in the area) village committees, they were placed under the spiritual power of the Prince, the guarantor of protection of symbolic and natural identity values over the area (Harpet et al., 2008; Gauthier, 2013). The question of sustainability arose in a context of varying benefit expectations depending on the villages, partly linked to their level of deference to the authority of the Prince and his privileged relationship with nature: would the co-management of the Antrema protected area with local communities resist increased economic and social pressures? These pressures concerned, and still concern, timber trade, coal mining, the commodification of other local natural resources, and the internal social dynamics including changes in intergenerational relationships and perception of nature. All these aspects were linked to a great extent to the geographical proximity of a large city (Mahajanga), facilitating economic and cultural evolution (in particular through the development of telecommunications and digital technology). Evaluating the efficiency of conservation plans based on management transfer is a difficult task as many criteria should be met to avoid opportunist behaviors in favor of collective, well-understood positive actions (e.g., Razafindrabe, 2015). In addition, as pointed by Blanc-Pamart and Ramiarantsoa (2008), the issue of a possible misunderstanding in the respective roles of the contracting stakeholders may arise in the formalization of these partnerships. There are many reasons why criteria are not fully met, but one is that the meaning of the objects and planned actions described in contractual documents may refer to different perceptions of nature, interpretations and ultimately distinct ontologies (in our case, animistic vs. naturalistic sensu Descola, 2005).

The aim of this paper is to analyze the current situation from a biological and anthropological perspective in some forest areas of the reserve. In particular, we sought to understand whether conservation actions can still be based on the representation of nature including lemurs, an emblematic fauna in conservation ecology.

We undertook a biological characterization of dry semi-deciduous forest fragments and forest/savanna ecotone, analyzing the structure of primate communities within these fragments, and examining the use and representation of the nature by villages within the protected area. With regard to the animal taxa chosen for our investigation, we focused on lemurs which are all threatened, though to a different extent according to IUCN. The respectful relation between humans and a species of lemur (Propithecus coronatus) in the Sakalava society of Antrema has been a crucial anchor in the decision to start a sustainable management plan (Gauthier, 2013). Indeed, in Antrema, ten villages are under the traditional Sakalava authority, embodied by the Prince, who has the power to heal with plants, a knowledge that he received from the Sifaka (i.e., Propithecus coronatus). This representation has traditionally motivated conservation activities by community members not only for ensuring the well-being of the sifaka, but also to promote the ecological health of its forest habitat. It is therefore probable that all the lemurs present in Antrema and the other creatures living there have benefited from the privileged relationship of village inhabitants with this species.



MATERIALS AND METHODS


Study Area and Study Site

The Antrema peninsula is located in the Boeny region, on the west bank of the Betsiboka river near the town of Mahajunga. The NPA (New Protected Area; S 15°42′–15° 50′, E 46° 00′–46° 15′) covers 12,270 ha including 1,000 ha of marine area (Reniala, 2013). Annual rainfall averages around 1,500 mm and a clear dry season of 6–7 months is observed from April to October (Pichon, 2012; Rasoamanantenaniaina, 2016). Twelve villages and hamlets are established, making about 1,000 inhabitants (vs. 806 in 2006; Navarro, 2008), mainly Sakalava fishermen and their family but also Tsimihety and Betsileo who settled in Antrema. The Sakalava people indeed constitute the most frequently encountered “ethnic” group on the northwest coast of Madagascar, from Diego Suarez (North) to Tulear (South). Originally nomads and zebu breeders, they gradually settled down during their transhumance in the nineteenth and twentieth centuries to become farmers and fishermen depending on the environmental resources available in the area (Fauroux, 1997). From an eco-geographic point of view, the NPA of Antrema belongs to the Western region (Hochreutiner, 1955). It is included in the western low altitude eco-floristic zone (Koechlin et al., 1974; Faramalala and Rajeriarison, 1999). Forest vegetation cover is strongly determined by soil conditions. Thus, 5 plant formations occur within the NPA, depending on the peculiarities of the soil. Dense dry deciduous and semi-deciduous forests are found on ferruginous or sandy soils. Shrub thickets are found on sandy soils while mangroves are found on halomorphic coastal soils, the characteristic species of which is the mangrove tree [Ceriops tagal (Perr.) C.B.Rob., Rhizophora mucronata Lam.]. Savannas are made up of grasses and woody plants with the Bismarkia nobilis palm (Arecaceae). Finally, swamp formations are characterized by the following dominant species: Raphia farinifera (Gaertn.) Hyl. (Arecaceae) and Ravenala madagascariensis Sonn. (Strelitziaceae). According to the most recent inventory used to confirm the Site Bioculturel d’Antrema as a NPA (Goodman et al., 2019), the NPA includes 220 plant species divided into 170 genera and 72 families. The study site is therefore characterized by a very high plant diversity at different taxonomic levels.



Data Collection

The global design of the study was as follows: The selection of sites was made on the basis of a preliminary localization by satellite images (Google earth images), combined with an on-site exploration of the fragments, and taking into account the proximity of the villages to the forests of interest. After GPS positioning of the areas to be studied, the counting of nocturnal and diurnal lemurs along transects was coupled with an analysis of the diversity, biomass and structure of the vegetation, with standing taxonomic identification and herbaria sampling. This standardized design applied to the plant analysis offered a global overview of the specific richness and diversity of the various fragments.

The study took place during two wet seasons in 2012 and 2014, with different sampling effort according to objectives, human resources available, and methods applied. During these two study periods, a cumulative sampling effort of 10 months was carried out for the forest inventory and the structural analysis of the vegetation. A shorter period of about 4 months was devoted to assessing lemur densities, and 6 months analyzing human activities linked to nature and representation of nature by members of the Antrema community. Although our article brings together ethnographic data from 2012 and 2014 (3 months in 2012 and 2014, respectively), it follows more intermittent research that we have conducted since 2008 and which, together, has allowed us to deepen our understanding of the human situation in Antrema.

•Human perception and use of nature: In 2012, 49 semi-structured interviews (Sauvayre, 2013; Abric, 2016) were carried in several villages and hamlets (Antrema andafiroa, Antrema aranta, Mangararabo, Ankoririka, Ambalarano, Masokoamena, Kapahazo, Ampapamena, Beankama, Bevoravo, Bako; Figure 1). The sample included, in terms of profession/activity, housewives, fishermen, farmers, cattle breeders, students, committee members. All the interviews were individual interviews conducted in the local dialect (Sakalava) with simultaneous translation provided either by the reserve guides or by Malagasy students who participated in the research. In parallel we implemented a specific methodological tool on 26 individuals out of this panel, balanced between men and women, to draw up an inventory of the perceptions and uses of some plants and animals representative of the territory studied. This methodological tool is derived from biophysical studies aimed at objectifying the individual sensory preferences associated with the perception of a stimulus (e.g., likes and dislikes; Simmen et al., 2004). Briefly, it consists of presenting each person tested (in a single, individualized session) a set of photos of the flora and the fauna, which he or she then arranges along a scale marked by a series of labels read aloud in vernacular language. The 7-point scale allows the participant to position the animals or plants from those who are least appreciated, or that he may even wish to disappear, to those he likes the most (Supplementary Table 3). Unknown species have a separate label (even though, in general, plants and animals used for testing were common). Note that the translation was carried out by carefully taking into account the difficulties of the language and the heterogeneity of the audience questioned. Seventeen animal species (including insects, lizards, fossa, lemurs,…) and 31 plant species (trees, palms, lianas, aquatic plants, monocotyledone) were tested. Pictures of plants and animals—a list of which is provided in Supplementary Table 4—were taken and printed in situ by CMH, the designer of the method. In a few cases (the aye aye, Daubentonia madagascariensis, and the fossa, Cryptoprocta ferox) the photos were taken from naturalist books. Although fun for participants whatever their age (15–87-year old), sex, place of residence, or profession, the experiment was designed to avoid too long a test period. The test was always combined with simultaneous interviews to make the perception scores intelligible. This broad taxonomic approach of plants and animals (Harpet et al., 2014) was preferred over a specific focus on a few plant or animal taxa (like lemurs) to broaden our analysis of the overall perception and representation of living beings by community members.
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FIGURE 1. Location of villages, lemur surveys and forest sites prospected in Antrema. The inset map shows Madagascar and the study area (open circle). Note that the following forest sites (identified and located by their number) are sometimes named after the nearest village: 1, Badrala; 2, Beankama/Bako; 3, Ankoririka/Mangararabo; 4, Matsaboriandolo 1–2; 5, Matsaboriandolo 3; 6, Antrema doany; 7a, Antrema aranta; 7b, Antrema aranta (dune/mangrove); 8, Ambanjabe. Map data: Google, CNES/Airbus, Maxar Technologies, Data SIO, NOAA, U.S. Navy, NGA, GEBCO.


In 2014, we carried out a more in-depth ethnographic analysis of 5 villages (or hamlets) around the forest of Badrala and Beankama/Bako, chosen in relation to their increasing daily exploitation. The villages were those of Antrema (Antrema andafiroa, Antrema aranta), Bevoravo, Beankama, and Bako. Antrema doany, the prince’s isolated residence (the Ampanjaka), was also included in these investigations. Fifty semi-structured interviews focusing on knowledge and uses of the forest were carried out while we accompanied the participants in the forest (participant observation; Blanchet et al., 2013). The sample, partly overlapping that of 2012 which included these villages, consisted in women and men of all ages, including the younger generations (Supplementary Table 2). Its purpose was to highlight the possible evolutions in the knowledge and use of the territory. In addition to this sample, we interviewed a few key informants (open-ended interviews), namely persons who have developed a particular connection to their natural environment. These were the Ampanjaka (the Prince), traditional birth attendants or local forest guards (Vômieran’ala) hired by the NPA to monitor the forest. A cartographic work was also carried out by recording GPS data representing the remarkable places (cemeteries, places of ritual at the foot of a tree) spotted during walks in the forest with the inhabitants, and to delimit portions of forests possibly associated with privileged uses.

•Forest structure. The choice of plot locations was determined according to the types of substrates (e.g., white sand forest, lateritic forest, anthropogenic cultivated), the shape of the formations (tree density, height, etc.), the occurrence of lemurs, and proximity to the villages surveyed. Seven sites were selected, of which 6 were fragmented semi-deciduous forest environments and 1 was the anthropogenic cultivated area of the Prince’s residence (Antrema doany) bordering a raffia-swamp forest (Figure 1). Forest fragments, corresponded to areas of lowland dry forest and shrub. These fragments, varying between 3 and 210 ha, were natural forests with low-level selective logging or secondary forest, all delimited by a savannah matrix or by the sandy coastal fringe.

In these sites, 1–10 0.1-ha plots 20 m by 50 m and 1 0.25-ha plot 50 mby 50 m (Ankoririka) were established to inventory tree species greater than 10 cm in diameter at breast height (dbh; total 24 plots). The plots allowed an evaluation of the tree species richness and floristic composition, as well as of tree basal area and distribution in diameter classes. In parallel, we measured at ground level the incident sunlight intercepted by foliage along a transect line (64–1,024 m long), with measurements spaced every 1 m, to calculate a leaf area index (LAI) for each site (measurements period during the wet months; Cournac et al., 2002). Light measurements were made using a “LAIL” laimeter (Cournac et al., 2002) between noon and 2 p.m. to ensure that the sun was closest to the zenith. Measurements were taken twice every meter under the forest canopy. In parallel, light measurements were made once in direct sunlight in the adjacent open space to allow for the calculation of the LAI (see below). The vegetation surveys were immediately adjacent to the transects used for lemurs counts.

•Lemur communities: The population densities of nocturnal and diurnal lemur species were assessed using line-transect censuses in eight sites including the seven sites studied for vegetation). The eighth site was located along the coastal fringe between mangrove and dry forest on dunes (called 7b in Figure 1). We could not document forest structure there because the mangrove was extremely degraded at the time of the study (with many dead mangroves standing) and the forest strip included a sacred area preventing the quantitative study of the flora. Despite this, the mangrove and its periphery were still heavily used by groups of Propithecus coronatus and nocturnal lemur species (Gauthier et al., 1999, pers. obs.) and it offered the opportunity to count lemurs in good visibility conditions. In addition, we briefly assessed the presence of diurnal lemurs west of the reserve where illegal human activities had been reported. This site (called 8 in Figure 1) was not included in the quantitative analysis of the transects.

Typically, transects were walked during the day or at night by a single trained observer, usually accompanied by a local ranger (especially at night). Given the small size of the forest fragments as well as their variable topography and shape, the transects were placed in such a way that they crossed a large portion of the forest fragments (Beankama, Badrala, Matsaboriandolo, Antrema aranta, Antrema doany), or that they were perpendicular to the forest/dune edge (3 parallel transects 700 and 900 m apart at Ankoririka/Mangararabo; transect location in Supplementary Table 1). For the mangrove census, the transect was parallel to the coastline. For each sighting, we recorded the distance of the first individual seen perpendicular to the transect. Distances were measured with a telemeter, and, for social species, were corrected by adding to the individual seen (usually the closest to the observer) an estimate of group radius (half the mean group spread; Fashing and Cords, 2000; Marshall et al., 2008). The center of the group was positioned visually and its distance from the initial individual seen measured with a telemeter or approximated if the group was far away from the observer. During several close encounters with the observers, we spent some time locating as many individuals as possible in a group. It is sometimes recommended to walk at a constant speed during a census walk to avoid meeting a same group twice. However, there was little risk of redundancy here as the animals generally did not flee away, being relatively accustomed to the presence of non-threatening humans. Transects formed a total of 79 and 50 km, respectively, for daytime and night-time observation. Surveys of the nocturnal, solitary lemurs were made with the help of a frontal beam, taking advantage of the reflective power of the tapetum lucidum of these species. Given the uncertain identification of small nocturnal mouse lemurs at the species level, we will retain the Microcebus sp. nomenclature throughout the paper.



Data Analysis

From the plant surveys, we calculated various diversity indices. Species richness was calculated as the number of species recorded per plot. Species diversity was calculated as the Shannon-Wiener index H’ as follows (Marcon and Morneau, 2010):

[image: image]

where pi is the proportion of species i relative to the total number of species and S is the number of species. From the tree dbh measurements, we calculated the basal area of each plot or set of plots as the sum of the basal area of individual trees. We established the Importance Value Index (IVI; Rasingam and Parthasarathy, 2009; Lü et al., 2010) for each plot, a measure that combines the relative dominance (basal area) with the relative density of each species in a given site. The IVI was calculated as follows:

[image: image]

where ni is the number of stems of species i relative to the total number (N) of stems and gi is the basal area of species i relative to total basal area (G).

In order to calculate the LAI per plot, light measurements made along transects in a given plot were averaged. The LAI was calculated as the average ratio of the light under the canopy to the light in the adjacent open space multiplied by an extinction coefficient that takes into account the angle and orientation of the foliage and the zenith angle of the sun. Measurements are also corrected for attenuation of light in cloudy conditions (Cournac et al., 2002). In order to compare LAI profiles between forest sites, the LAI values were organized by decreasing values in each plot rather than by successive measurements along the transect.

To estimate lemur density (ind. km–2), we used the Kelker method in which the cut-off visibility distance was established for each lemur species in each forest site (Charles-Dominique and Hladik, 1971; Robinette et al., 1974; Marshall et al., 2008). It allowed comparison of lemur densities across all sites surveyed taking into account species and habitat differences in lemur detectability. We did not use the criterion of 50% drop in detection (Kun-Rodrigues et al., 2014), but rather examined the distribution of the histograms (Marshall et al., 2008) and drew a cumulative curve of observations to define the cut-off distance (i.e., the strip width). Specifically, we fitted a linear regression on the data using a stepwise ascending procedure, from the shortest distance to the farthest ones. The distance beyond which the regression adjusted less well to the data is considered the cut-off distance (Supplementary Figure 1). We then calculated population density using only observations inside the strip width as determined above for each species and forest site. Since the shape of the detection curve follows more complex models, we used a second method, where applicable, that more accurately models the distance between the observer and lemurs according to the whole structure of the sighting data (distance sampling software with a half normal/cosine detection function; Buckland et al., 2001; Thomas et al., 2010). As the latter method is not suitable where the number of contacts is excessively low, we limited its use to species and sites for which > 20 independent detection events were obtained, following Peres (1999). However, even with a large number of observations, the standard deviation can be large, so estimates derived from a small number of contacts should be considered the least reliable. We calculated the average encounter rate per kilometer of transect to account for this uncertainty. Lemur biomass (kg. km–2) was estimated from density estimates using published body mass of wild animals (Rasoloarison et al., 2000; Andriaholinirina et al., 2006; Pichon and Simmen, 2015; Gordon et al., 2016).

Statistical tests were performed with R version 4.0.3 (R Core Team, 2020) and RStudio version 1.3.1056 (RStudio Team, 2020), using basic packages and FactoMineR, facto extra, and corrplot packages. A principal component analysis (PCA) was performed on habitat characteristics (forest sites, tree density, leaf area index, …) to look at their relationship with lemur abundance. A hierarchical cluster analysis (with Wards’ method) was performed to reveal clusters among forest sites. We established the relationship between the average appreciation score of the plants tested and the diversity of uses of these same plants by the inhabitants of Antrema interviewed using the Spearman coefficient.




RESULTS


Forest and Shrub Areas

The study sites varied greatly in tree density, species diversity and structure (Table 1). Total tree basal area varied between 8.9 m2. ha–1 (minimum 6.6 m2. ha–1 in a subplot) and 16.2 m2. ha–1 (maximum 24.1 m2. ha–1 in a subplot) in the different forest fragments with the expectedly lowest values in the most bushy area (Antrema aranta “village”; Table 1 and Supplementary Table 5). The sand forests and laterite forests had a comparable tree basal area. Only the bushy area had a much lower basal area, as expected. Disturbances were observed in the plots and took the form of zebu grazing combined with an increasing trunk harvest for domestic use. Wood harvesting was observed near areas with a denser human population. In parallel, the number of trees was highest in plots where many trees had been cut down for local use (Ankoririka, Beankama). There, we observed few large trees but a large number of small ones instead (Supplementary Table 6). The mean LAI was also highest in the sites with greatest tree abundance.


TABLE 1. Forest plot characteristics.

[image: Table 1]
The Prince area, Antrema doany, where large mango trees alternate with clear forest regrowth in old crops (e.g., cashew tree plantations) and open areas (fields and gaps for pasture) was, in terms of basal area and species diversity, comparable to the dry forests studied, reflecting a very heterogeneous habitat The LAI profiles of each area (Figure 2) showed that the forests of Ankoririka and Beankama were the most homogenous, with a relative continuity of the forest cover (as evidenced by the slightly decreasing slope before the inflection point and a low proportion of points after the inflection). In contrast, the shrub area of Antrema aranta was much more open, reflecting a very heterogeneous habitat. The LAI profile of Antrema doany (Figure 2) showed a steadily decreasing slope over the entire range of values, reflecting more punctual, relatively weak disturbances but a strong modification of the forest structure in which forest patches are not maintained. In this comparison, the sample size was uneven across sites (due to varying sizes of forest fragments), but even if we adjust the length of all LAI transects to that of the shortest, the differences in profiles between these sites remain unchanged.
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FIGURE 2. LAI profile in different forest sites. For each profile, LAI values measured every 1 m along a transect are arranged by decreasing values (the x-axis shows the cumulative distance walked in each transect). The steepness and inflexion of the slope indicate the gradient from discontinuous to continuous canopy or disturb vs. undisturbed forest area. For instance, the steep slope of the Antrema doany profile reflects transitions from patches of old mango trees and cultivated fruit tree plots to relatively open fields and gaps while Ankoririka forest shows a more homogenous forest cover.


The diversity of tree species was high in the white sand forest plots compared to the lateritic forest (Table 1).

Forest expansion over the savannah was evidenced in Matsaboriandolo 1–2 where Bismarckia palms, usually growing in savannahs, were found inside the forest (but near the edge; Table 2). Tamarind (Tamarindus) trees, a witness of past human activity, also occurred in this forest recruit. The hierarchical classification performed on the forest structural variables revealed 5 clusters among the 7 sites studied (Supplementary Figure 2). This indicated that these areas can be distinguished by their own structural specificity despite the recurrent association of some major plant species (e.g., Strychnos decussata and Operculicarya gummifera; Table 2 and Supplementary Table 7). As expected, Antrema aranta dry thicket differed the most from other sites.


TABLE 2. Major tree plant species (listed in descending order of the IVI) in each forest site.

[image: Table 2]


Lemurs and Forest Characteristics

Results of counts and estimates of lemurs sighted during transect walks are presented in Table 3. Mouse lemurs (Microcebus sp.) were very abundant in most sites. The density of predominantly folivorous species, i.e., Lepilemur aeeclis and Propithecus coronatus, was above 100 ind.km–2 in high canopy forests, whether growing on white sand or on a lateritic soil. The density of Lepilemur aeeclis was low in shrub areas, dune forest, and in the wooded agricultural area of the Prince residence (Antrema doany) where it was marginally detected. Propithecus coronatus and Eulemur fulvus on the contrary were disproportionately sighted in the vicinity of the Prince’s residence.


TABLE 3. Strip censuses characteristics and lemur densities.

[image: Table 3]
Propithecus coronatus was also regularly seen feeding on green mangoes in Antrema andafiroa village and other anthropogenic areas in Antrema. In Ankoririka, sightings of P. coronatus were concentrated near the edge of the forest where large trees are protected (some are sacred, like baobabs), while others provided these lemurs with sleeping sites.

All lemur species were present in the dry forest regrowth of Matsaboriandolo 1–2, although L. aeeclis, P. coronatus, and Microcebus sp. were only in intermediate densities compared to the other high-canopy forest areas studied. Eulemur mongoz, was rarely observed throughout the study, but was sighted there during the day. The presence of a 6th lemur species could not be ascertained but a solitary animal with slow movements and a morphology close to that of a Cheirogaleus medius was observed twice by NA and BS in two distant closed-canopy forest sites (Matsaboriandolo 3 and Badrala). Interestingly, Sakalava community members use two close vernacular names to describe what they identify as two forms of a small nocturnal lemur-like species (Tsiditsidika and Tsidy).

If we exclude the highly anthropogenic Prince area where densities of Propithecus coronatus and Eulemur fulvus as high as 632 and 1,862 ind.km–2 were recorded, respectively, a PCA performed on site characteristics with population densities of each lemur species as supplementary variables (Figure 3) revealed the following associations: Propithecus coronatus abundance was associated with the closed canopy forests characterized by large total basal area, generally tall trees. The other predominantly folivorous species, Lepilemur aeeclis, was abundant where tree density was high and formed a closed canopy, as indicated by a high LAI, whether they grew on white sand or on lateritic soils. Eulemur fulvus, the most frugivorous species, ranged preferentially in habitats with high plant species diversity. Eulemur mongoz exhibited a pattern similar to that of E. fulvus, but unfortunately the low number of sightings makes this result less certain. We note that pairs of E. mongoz have been repeatedly sighted near villages independently of transect counts, suggesting that this species is able to move away from the forest to come closer to domestic food sources.


[image: image]

FIGURE 3. Principal components of forest characteristics (6 sites), with lemur densities as supplementary variables (blue arrows). N, number of trees ≥10 cm dbh per ha; G, total basal area per ha; SV, Shannon-Wiener index; LAI, leaf area index. Forest sites follow the same code as in Table 1 (note that Antrema doany, i.e., the Prince’s area of residence, was not included in this analysis; see Text). Dimension 1 loads positively on LAI, N, and G. Dimension 2 loads positively on SV.


The insectivorous/frugivorous Microcebus sp. was associated with forest fragments characterized by a low plant diversity. This small nocturnal primate was most abundant in the dense forest vegetation composed of trees with moderate girth, like the lateritic forest of Ankoririka/Mangararabo. Microcebus sp., however, was by far the most abundant primate species in all forests studied (Table 3), especially in the bushy area with small trees or shrubs. Several of these preferred habitats provide a wide range of physical supports for moving and searching for invertebrates (the “fine branch” niche; Martin, 1972), or for sheltering from predators, especially aerial ones.

From our estimates of lemur biomass (Table 3), Propithecus coronatus accounted for two thirds (range: 51–86%) of the total lemur biomass on average (excluding the Prince area). As expected, the shrub area harbored less lemur biomass than other forest types. This was mainly due to the infrequent use of such habitats by the large lemurs, presumably in relation to a low canopy, low primary production, and discontinuity of forest cover (as proxied by the LAI profile). The forest on ferralitic soil (Ankoririka/Mangararabo) harbored less lemur biomass than the three white-sand forest sites (Badrala, Beankama, Matsaboriandolo3) despite comparable LAI and tree abundance. The total biomass of lemurs in forest areas showing clear signs of logging (Ankoririka, Beankama) or in forest recruit (Matsaboriandolo 1–2) was lower than in the other forest sites (e.g., Badrala, Matsaboriandolo 3–4).



Local Community: Perception of Animal and Plant Species and Forest Use

The results of the perception test revealed the individual appreciation of the faunistic and floristic elements of the environment (Figure 4). Animals were more frequently judged negatively or insignificant (median score at 30) compared to plants. Animals were disliked or feared because they hurt (caterpillar, millipede) or because they are detrimental to domestic animals (black kite, fossa). Few animals in the sample were highly valued by a majority of people beside Ambassis sp. (Karara) and other fishes, a major consensual food resource with trade interest. Propithecus coronatus was given a median score corresponding to a quite useful or slightly appreciated animal. Although it was “highly appreciated” by some people, this sacred (hasina) primate was considered “neutral or insignificant” by many others (40%), accounting for the large interval between quartiles of the distribution. A same pattern was shared by two other lemurs (Eulemur species) while these species are not founder animals in the tradition anchored around the crowned sifaka. We noted, however, that people rating Propithecus coronatus as neutral or insignificant often indicated that this animal is fady (prohibited). Primates active at night like mouse lemurs and lepilemurs were less appreciated than the previous species but still were positively valued or were eventually considered insignificant. Only two animals were unknown to most people tested: a butterfly species and the aye-aye. It should be noted here that the aye-aye, in the geographical areas where it is present, is considered in Malagasy mythology as an ominous and frightening animal (Harpet, 2011) but this lemur is absent in Antrema.
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FIGURE 4. Box plots of the appreciation score for a set of animals (A) and plants (B), assessed using a 7-point labeled scale. The scores vary between 0 (least appreciated, or that one may wish to disappear) and 60 (the most desired), with an intermediate label (30) attributed to insignificant animals or plants. The median is indicated as a red horizontal bar in each box. Other horizontal bars delineate the 25 and 75% quartiles. Means are represented by a cross and outliers by dots. Figures above bars indicate the number of persons in the sample for whom the tested animal or plant is unknown.


Plants were appreciated for various purposes including medicinal properties, construction, symbolic attributes or cosmetic use, with different palm species and ravenalas being most highly valued (Figure 4). Compared with animals, a larger number of plants (mainly forest plants) were unknown to a greater portion of the humans sampled, even when other individuals in the sample assigned a positive value to these species (e.g., the relatively frequent vanilla Vanilla madagascariensis or Turraea, a species with a synchronous spectacular flowering in the understorey).

Most plant parts were used for more than two purposes, but were mainly known in relation to health reasons and as a building material (Figure 5). Plants used as foods (fruits, tubers and roots, stipe of Bismarckia) were slightly less frequently reported and a few species had a magical-religious symbolic dimension. In a correlation analysis, we found that the more the uses reported by a large number of people, the more positive the average appreciation score (Spearman rho = 0.46, p< 0.05). This reflected the relationship between the collective symbolic and material knowledge of the plant, and its overall degree of appreciation. This correlation should not mask the fact that the assessment scores also reflect dimensions that are independent of use. For instance, the latex of the coralliform Euphorbia sp. (“samata”), a plant species with the lowest average rating, known to most people (Figure 4B), is useful for trapping birds and cauterizing wounds, but is also a dangerous cause of blindness according to interviewees. In our sample, however, few plants tested were associated with an ambivalent collective perception (e.g., the lesser-known Dalechampia, which is stinging for some people but medicinal for others).
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FIGURE 5. Spontaneous declarative responses with respect to plant use for each plant species presented as a picture in 26 Antrema inhabitants (same panel as in Figure 4). The various uses of the vegetative or reproductive plant parts have been grouped for easier presentation.


All the interviewed members of the community favored the forest area closest to their homes as a space of daily use (collecting dead wood and harvesting forest products), first of all for convenience but also to comply with a form of right of use. Interviews carried out in the villages close to the forests of Badrala and Beankama/Bako (Figure 1) for instance revealed the division of the forest of Beankama/Bako into two relatively equal parts despite the apparent forest cover homogeneity of the area. The use and frequentation of what thus appeared to be three portions of forests from an ethnological point of view, were not the same. It seems that since the creation of the Antrema protected area, a local rule has been established between the inhabitants of Bako and Beankama: each of them only goes beyond the limits of their own forest when necessary, for example when a very important plant species is present in the “Beankama” forest area and cannot be found in “Bako” forest. According to the inhabitants of these two villages, the purpose of forest delimitation, besides user right and convenience, is to facilitate the monitoring of the forest against loggers not belonging to the NPA. The inhabitants of Bako ensure the surveillance of the southern part of the forest and those of Beankama the northern sector against intruders. The inhabitants of more distant villages may sometimes have come to explore these forests, but at the risk of being sanctioned.

The inhabitants nevertheless report the gradual disappearance of several useful tree species in recent years, which can have consequences on the fitness of lemurs. Some large trees (Vitex beraviensis, Securinega seyrigii, Cedrelopsis greveii, Albizia,…) serve as shelter or staple food for lemurs but Vitex beraviensis is used for the construction of canoes while hard woods like Securinega seyrigii and Cedrelopsis greveii are used for building houses. Cedrelopsis grevei is also used for its properties in traditional medicine, two characteristics much appreciated by both the Antrema inhabitants and illegal logging protagonists. Due to the depletion of Cedrelopsis, a logging transfer is exerted toward other tree species, such as Vitex in Badrala and Securinega in Beankama beside other tree species.

Despite this, the Antrema inhabitants declare that “the forest has been present since the dawn of time and always will be, because if it disappears, life will also disappear” which is an unthinkable concept. The vision of an abundant and generous forest rich in natural resources is still present in the local representations, which can be reflected in the generally positive or beneficial perception of forest plants for most of the people interviewed. Even the rating of some plants or animals as “insignificant” on the scale of perception amounts to considering that each species holds a specific place in the order of the world of Antrema inhabitants.




DISCUSSION

In this study, we sought to document the characteristics of forest patches, all subject to human activities, as well as the abundance and habitat preferences of the lemurs present in Antrema. Likewise, we investigated the representation of nature among the local human community, who included various ethnic groups alongside the predominant Sakalavas, to provide elements on the consistency of conservation actions. Beyond the sacred nature of the sifakas and the presence of other endangered lemurs reported during premiminary surveys in Antrema, the high total biomass and abundance of lemurs found in the present study retrospectively confirm the interest of creating a protected area in this region of Boeny (Gauthier, 2013). It seems that the ancestral and recent conservation rules coupled with international environmental regulations enacted to protect the fauna and flora, have been efficient for these coastal forests and forests fragments, at least those located in a large perimeter around the Prince’s residence. For instance, savannah fires are decreasing since the protection of the area in 2000, with one consequence being that grasses (Aristida rufescens, Heteropogon contortus, and Hyparrhenia rufa) consumed by zebus in the savannah gradually disappear and are replaced by the inedible grass Aristida barbicollisa and forest recruits. As a consequence, there is a shift from savannah to closed savannah and regrowth of the forest which provides new habitats for wildlife, including lemurs that were found in significant population densities and biomass in forest recruits.


Ecological Correlates of Lemur Abundance and Primate Biomass

The estimated total biomass of lemurs in the different fragments of medium to high canopy forest in Antrema was in the upper range of biomass recorded in other deciduous forests of Madagascar showing no or little sign of hunting (0.5–1.7 tons.km–2 in Antrema vs. 0.3–0.8 tons.km–2 in 6 western sites or 0.74–1.9 tons.km–2 in the more southern site of Berenty; Ganzhorn, 1992; Simmen et al., 2012). Even in the dry shrub thicket and forest recruit, total lemur biomass (0.3–0.5 tons.km–2) compared well with the biomass found for some tall forests in Madagascar, especially wet forests (e.g., <0.4 tons. km–2 in Analamazaotra and Ranomafana; Ganzhorn, 1992). One would be inclined to conclude that both the abundance of sifaka as well as the high densities found for other species of lemurs (with species variations depending on the habitat) testify to a good community dynamic in these sites. From an ecological perspective, the abundance of lemurs may result from the fact that the dry forests in Antrema are relatively productive. Except in the bushy area and forest regrowth, the mean LAI (a proxy for aboveground biomass) was above 4, a value which falls in the range of 3.6–6 reported for humid forests of Madagascar (Cournac et al., 2003). Similarly, the total tree basal area in these forest fragments was close to or greater than those found in other relatively undisturbed dry forest in Madagascar (e.g., 8–12 m2.ha–1 in Kirindy, unpublished data 2007)—but low compared to rainforests (e.g., 22.4 m2.ha–1 in Manongarivo; D’Amico and Gautier, 2000). In addition, the availability of leaves over a large part of the year (phenological data for Badrala in Pichon et al., 2015) is favorable to maintaining folivorous species. It buffers the effect of the dry season against a possible energy and nutrient imbalance, which may greatly contribute to the survival and reproductive efficiency of Propithecus coronatus, and possibly other seasonal breeding species feeding on leaves like Lepilemur aeeclis.

Along with this global analysis, we found local variations in the structure of the lemur communities in Antrema, the ecological causes of which can be briefly examined. For example, Lepilemur aeeclis, a folivorous primate with a small home range, seems to be sensitive to continuity of forest cover and high tree density. Unlike Propithecus coronatus, another leaf-eating primate common in most forest fragments studied, Lepilemur was not abundant in the wooded agricultural area of the Prince’s residence. This suggests an ecological need for thick forests in Lepilemur aeeclis, perhaps more than in Propithecus. Although the abundance of these two species in Antrema forest fragments was positively correlated (discarding the Prince data), Lepilemur biomass was 8 ±3 times lower than that of sifakas on average. The reasons are not clearly understood but a similar trend in the relative biomass of these species was found in the riverine forest of Anjamena, a moderately disturbed forest close to Antrema area (1995 data; Müller et al., 2000).

The smallest primate in Antrema, Microcebus sp., was abundant in most of the sites studied, suggesting an opportunistic ecological niche as already described for some mouse lemur species (e.g., Microcebus murinus; Andriatsitohaina et al., 2020). It was found in conspicuously high densities (217–700 inds. km–2) compared with other dry forests in Madagascar (with same or different mouse lemur species: <250 inds. km–2, Ganzhorn, 1992; Anjamena: 85 inds. km–2, Müller et al., 2000), but much higher densities of this insectivorous/frugivorous genus can be found elsewhere in Madagascar (Setash et al., 2017).

As for Eulemur fulvus and E. mongoz, both species seemed to be more abundant where plant species diversity was high. However, Eulemur fulvus was also disproportionately sighted in the vicinity of the Prince’s residence, foraging in large, relatively shy groups. Little is known of its ecology in Antrema and its surroundings, but studies of other Eulemur species living similarly in large social units report that they are not very territorial, feed opportunistically on high quality resources, and can travel very long distances in search of fruits (Overdorff, 1993). A similar foraging pattern is possible in Antrema: several groups of E. fulvus were attracted by the same large patches of fruit crop (mango and cashew trees) in the Prince area while being less frequently sighted elsewhere in the forest. Eulemur mongoz was rarely seen during the study, but the mongoose lemur is a pair-living species that exhibits both diurnal and nocturnal activity (Curtis et al., 1999). This behavior, combined with short distances traveled daily, decreases detectability and potentially leads to an underestimation of its density. In addition, we have seen this species marginally near villages, suggesting that it also forages outside forest fragments and probably uses anthropogenic food sources, like Eulemur fulvus.

Finally, a possible case of resistance of lemurs to natural disturbances deserves attention, that of sifakas living in the unusual habitat of the mangrove/coastal fringe facing the village of Antrema aranta (Figure 1). The density of sifakas was remarkable given the impressive destruction of most of the mangroves after the 2005 cyclone blocked the flow of fresh water by accumulating sand at the mouth of the river. The continued presence of groups as well as the fact that some of them had babies in 2012 and 2014 suggested that this population may be on the way of approaching a new demographic balance.



Lemurs and Forest Fragmentation

Lemurs appear presently well protected in areas investigated in our study, but we don’t know the extent to which fragmentation can have an impact in the long term, especially related to the risk of inbreeding. To date, a regional metapopulation study of Propithecus coronatus (Sgarlata et al., 2016) found a high genetic diversity in Antrema for such pattern of forest fragmentation, which reflected efficient gene flow. The absence of large predators like the Fossa (but the presence of the raptor Polyboroides is attested) presumably facilitates individual dispersal between forest fragments (Foltz, 2009). We observed similar movement patterns in several lemurs (Microcebus, Eulemur mongoz) which crossed areas with little or no tree cover. According to the meta-analysis of Andriatsitohaina et al. (2020), mouse lemur species like Microcebus murinus can maintain population connectivity by crossing roads or other open areas, but this requires forest habitats to be spatially close enough to allow individual dispersal. In modeling analyses, Eppley et al. (2020) found that E. fulvus and E. mongoz were little affected by forest fragmentation as long as the proportion of forest and forest cover remained high. However, the author showed that the area of habitats available affected the abundance of E. fulvus, suggesting a threshold of suitable habitats (Eppley et al., 2020) to which we add a criterion of high plant diversity (this study). These ecological requirements were not met throughout Antrema forest sites surveyed, which may partly explain the highly variable densities of E. fulvus, with no sightings in some areas. The forest fragments outside the anthropogenic zone were relatively small and distant one from each other (Figure 1), which could restrict the mobility of a species that depend on temporally and spatially dispersed food like fruits. Contrary to other lemurs, there is evidence that Lepilemur in dry forests are relatively intolerant of forest loss and fragmentation, especially when forest patches are small (Lepilemur edwardsi; Steffens and Lehman, 2018). Despite their small home ranges, small body size and folivorous diet, the minimum area requirements of Lepilemur may be quite high for their size. Finally, edge effects, which are known to influence forest vegetation, appear to have modest and sometimes positive effects on lemur densities in patches of humid forests in the southeast (Lehman et al., 2006). In the dry forests of Antrema, however, it cannot be ruled out that the small size of forest patches and the proximity to the sea have different effects.



Perception of Nature and Social Transitions

The quantitative rating of the elements of flora and fauna documented in our experimental study necessarily offers partial insight into the representation of nature by Antrema inhabitants. The associated interviews nevertheless make it possible to specify the panel of human-nature representations. Despite the socio-economic disparities between community members and multi-ethnic composition of the villages in Antrema (which may affects knowledge and perception of nature), the Sakalava local authority, i.e., the Prince, associated with a representative council of village inhabitants, maintains a global feeling of belonging to the Antrema community. In particular, the Prince, who has the power to communicate with the ancestors thanks to its privileged relationship with the sacred (« hasina ») lemur Propithecus coronatus (Harpet et al., 2008), still federates many people around beliefs and representations of the world through an ontology corresponding globally to an animist vision (Descola, 2005). This animist conception of nature is shared by the entire Sakalava community, including the population converted to Islam.

Maintaining tradition, such as prohibitions and communication with the invisible world through the elements of the forest still contributes greatly to the maintenance of the social order. It gives meaning to life and allows people to find their place in the universe. If familial influences outside Antrema also contribute to the identities of the inhabitants, the forest is a divine creation and is still considered a “bountiful source of resources.” According to the members of the community, since humans do not own the forest, its use requires an attitude of respect toward the elements that compose it and is subject to rules, the transgression of which is likely to attract “misfortune.” This could be reflected in the fact that not only the sacred sifakas, but also other lemurs including nocturnal lemurs, were positively rated by most people in our experiments. However, as indicated by Fauroux (1997), the absolute trust placed in the divine can lead to the development of an attitude relatively close to indifference toward the visible evolutions affecting the forest, for instance due to increased anthropic activities. In our perception tests, an unexpected number of people regarded Propithecus coronatus and other lemurs as insignificant animals, which could reflect a change in the representations of nature, and lemurs in particular.

In fact, our observations suggest a gradual transition/integration of traditional rules with international environmental regulation. This may be a sign of a new ecological consciousness, facilitated by messages conveyed by the NPA management stakeholders on the degradation of forest cover. In particular, some people have acquired the status of guide or forest ranger, training has been given by a variety of conservation actors, including Malagasy researchers, with the aim of transmitting ecological knowledge about the natural environment. The Antrema inhabitants have noticed the disappearance of several tree species, and the demarcation of the Beankama/Bako forest in two parts supervised by two villages could be a sign of the integration of the implicit rules of the rights of use with the ecological awareness of the degradation of the forest and the need to protect it. While community members see illegal logging by intruders from outside Antrema as the cause of the increasing degradation of forest resources—and one of the reasons for forest surveillance—it is nonetheless important not to fall into the simplistic native/migrant opposition. The situation would require an in-depth study on the control of resources in the region, specifically on the power struggles that exist between the different actors of the territory, whether these are different villages, companies, or the forestry administration, traditional and state authorities included. According to this less optimistic vision, the integration of traditions of the local communities in the pro-environmental management of the Antrema NPA, as promoted by the development programs focused on conservation, can be a means of local empowerment, a factor of social tensions (Goedefroit and Revéret, 2007).

Future studies should focus on these new issues, especially in the context of the forthcoming transmission of the ancestral power of the Prince (Ampanjaka) to its successor.




CONCLUSION

This study highlighted the existence of an abundant lemur community in the forest areas studied. This characteristic could be linked to the high productivity of dry forests locally, but also to the forest structure of the different zones which allowed the specific ecological requirements of lemurs to be met. Lemur species also appear to be currently well protected by traditional rules and new environmental regulations applied to this protected area.

However, these conclusions remain fragile and should be reconsidered at different time scales. For instance the question arises as to whether the abundance of lemurs could result from a crowding effect due to the small size of the forest fragments. While a contraction of the forest could lead to overpopulation, on the contrary we found signs of forest expansion, such as the presence of savannah plant species in several forest plots. Current genetic data on Propithecus coronatus indicate that gene flow is maintained, possibly because this species crosses open areas between fragments. We observed at least two other species of lemurs crossing areas with little or no tree cover. In any case, the viability of lemur populations from density estimates would require ensuring that animal abundance does correspond to healthy populations (Irwin et al., 2010).

On the anthropological effects, the populations of lemurs there, like other forest-dwelling animals still depend heavily on social dynamics and agro-sylvo-pastoral practices. For example, the extraction of timber in the protected areas surveyed in this study could be seen as problematic for the fauna in the mid-term, especially for trees serving as shelter or staple food for lemurs. The Antrema inhabitants themselves reported the recent disappearance of some large tree species in the forests close to their village, indicating that they were increasingly aware of forest degradation. However, the attribution of excessive timber harvesting to intruders as well as the beliefs that the forest cannot disappear does not facilitate the questioning of certain rights of use and hamper the effectiveness of the action and management plan around conservation in Antrema. Moreover, perception tests and associated interviews have shown that even a species traditionally considered sacred (Propithecus coronatus), could now be considered neutral or insignificant by a substantial proportion of people. The potentially changing representation of the sacred (“hasina”) and the forbidden (“fady”) clearly need to be followed over time in relation to the evolution of customary rules developed around the Prince. In this dynamic where the pro-environmental management of the Antrema NPA is based on traditions, the risk of local empowerment and inequitable governance of the territory between villages is possible. In addition, some of the lemur populations were potentially at risk in several forest areas far from the Prince’s residence west of the reserve). These areas, that we could not investigate in details and where charcoal mining and illegal logging are less easy to control, contain the most important dry forest cover of Antrema. Community scientific research efforts should preferably focus on these areas without delay.
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#.ha=! m2 ha!

a. Ankoririka/Mangararabo (semi deciduous 786 1347 218 4.49

forest, laterite)

b. Matsaboriandolo 1-2 (semi deciduous 545 16.17  3.99 3.80

forest regrowth, white sand)

¢. Antrema aranta (shrub, white sand) 345 8.92 289 228

d. Matsaboriandolo 3 (semi deciduous forest 520 12.33 4.08 4.08

and shrub, white sand)

e. Beankama/Bako (semi deciduous forest, 753 1612 432 4.28

white sand)

f. Badrala (semi deciduous forest, white sand) 613 15.81 4.09 4.30

g. Antrema doany (Prince area: crop, old fruit 563 15666 3.98 3.51

trees, dry forest regrowth)

N is the number of stems = 10 cm dbh, G is the total basal area. H’, Shannon-
Wiener index; LAI, leaf area index. The number of plots per site is 2 for a, b, d, 3

forc, e, f, and 10 for g.
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Forest site

1 Badrala

2 Beankama/
Bako

3 Ankoririka/
Mangararabo

4
Matsaboriandolo
1-2

5
Matsaboriandolo
34

6 Antrema doany

7a Antrema
aranta

Tree species >10 cm dbh

Capurodendron pervillei, Strychnos decussata®*, Vitex
beraviensis, Abrahamia deflexa, Operculicaria gummifera®,
Securinega seyrigii, Abrahamia sp. nov., Strychnos
madagascariensis, Tanantsovaka (Indeterminae), Mimusops
occidentalis, Mascarenhasia lisianthiflora, Nesogordonia
stylosa, Deinbollia pervillei, Trilepisium madagascariense,
Xylopia sp., Eugenia sp., Terminalia sp.

Securinega seyrigii, Vitex beraviensis, Operculicaria
gummifera®, Capurodendron pervillei, Strychnos decussata’,
Terminalia sp., Mimusops occidentalis, Prockiopsis calcicola,
Diospyros sp., Abrahamia deflexa, Albizia numidarum,
Helmiopsis boivinii, Abrahamia sp., Dalbergia greveana,
Boscia sp., Euclinia suavissima, Diospyros ferrea

Drypetes sp., Diospyros sp., Stereospermum euphorioides,
Pongamiopsis pervilleana, Pachypodium rutenbergianum,
Terminalia sp., Bismarckia nobilis, Grangeria porosa,
Astrotrichilia asterotricha, Rhopalocarpus similis, Vitex sp.,
Memecylon cf delphinense, Adenia, Boscia, Operculicaria
gummifera®, Grewia, Vitex perrieri

Pachypodium rutenbergianum, Grewia sp., Bismarckia
nobilis, Cordilla sp., Strychnos madagascariensis, Strychnos
decussata*, Dupuya madagascariensis, Rinorea cf
squamosa, Tamarindus indica?, Trilepisium
madagascariense, Operculicaria gummifera*, Vitex perrieri,
Boscia sp., Kindro, Tina isaloensis, Tanantsovaka
Operculicaria gummifera™, Securinega seyrigii,
Capurodendron pervillei, Abrahamia deflexa, Bismarckia
nobilis, Diospyros sp., Vitex beraviensis, Drypetes sp.,
Terminalia sp., Strychnos decussata*, Baudouinia
fluggeiformis, Diospyros sp., Tina isaloensis, Mundulea sp.,
Grewia sp., Xylopia bemarivensis

Pachypodium rutenbergianum, Bismarckia nobilis,
Mangifera indica, Anacardium occidentale,
Stereospermum euphorioides, Operculicaria gummifera’,
Majidea sp, Grangeria porosa, Abrahamia, Grewia sp
(Selingidro), Commifora arafy (Arofy), Trilepisium
madagascariense, Strychnos madagascariensis, Majidea
zanguebarica, Vitex leandrii (Mojoro), Securinega seyrigii,
Dupuya madagascariensis

Operculicaria gummifera®, Vitex beraviensis, Strychnos
decussata*, Abrahamia deflexa, Rhopalocarpus similis,
Majidea zanguebarica, Drypetes sp., Mimusops occidentalis,
Memecylon delphinense, Pachypodium rutenbergianum,
Stereospermum euphorioides, Strychnos madagascariensis,
Garcinia sp., Diospyros sp., Boscia sp., Diospyros
subfalciformis, Commifora arafy

Plant species that testify to past human activities are in bold. The common
presence of some of the abundant plants within different sites are indicated by

an*.

aTamarindus indica is present in the study area, with several trunks recorded, as
is Adansonia sp. (baobabs). Some important species are present and probably
introduced a long time ago, such as the mango tree (Mangifera). The cashew
tree Anacardium (like the Eucalyptus trees not recorded in the surveys) have been
introduced more recently.
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Sites: Ankoririka Matsabori-andolo Antrema Antrema Matsabori- Beankama/ Badrala Antrema
Mangararabo 12 (aranta) (dune) andolo Bako (doany)
3
Transect length (m) 1,213 635 685 1,065 576 2,754 864 236
Total length walked day (km) 14.56 4.45 7.54 15.98 3.63 19.28 10.65 2.83
Total length walked night (km) 9.70 191 6.85 10.65 1.73 11.45 6.76 2.36
Eulemur fulvus ind/km? 22 75 0 0 202 63 90 1,862
ind/km 0.9 45 0 0 13.2 2.6 5.4 8a.9
kg/km? 60 205 0 0 551 172 246 5,083
# contacts 3 4 0 0 6 7 11 12
# sightings 13 20 0 0 48 50 58 198
Eulemur mongoz ind/km? 0 22 0 0 0 0 74 0
ind/km 0 0.9 0 0 0 0 1.3 0
kg/km? 0 28 0 0 0 0 93 0
# contacts 0 2 0 0 0 0 4 0
# sightings 0 4 0 0 0 0 14 0
Lepilemur aeeclis ind/km? 125 44 42 56 16 87 181 18
119 177
(68-208) (115-274)
ind/km 1.6 1 0.6 1.4 0.6 2.7 3.8 0.4
kg/km? 111 39 37 50 14 77 161 16
# contacts 16 2 4 13 1 31 26 1
# sightings 16 2 4 15 1 31 26 1
Microcebus sp. ind/km? 700 328 554 453 217 390 555 510
857 633 470 512 700
(660-1,113) (468-855)  (344-608) (381-689) (520-944)
ind/km 12:2 2.6 10.5 8 41 10.8 1.5 6.4
kg/km? 43 20 34 28 13 24 34 32
# contacts 118 5 70 83 7 124 78 15
# sightings 118 5 (2 85 7 124 78 15
Propithecus coronatus ind/km? 136 56 66 134 172 187 306 632
243 207 355 676
(140-422) (123-350) (223-573)  (339-1,351)
ind/km 6 2.2 1.6 5.9 6.9 6.8 13.3 23
kg/km? 503 207 244 496 636 692 1,132 2,338
# contacts 26 7 3 28 g 40 41 20
# sightings 88 10 12 95 25 131 142 65
Total lemur biomass kg/km2 718 499 316 574 1,220 965 1,666 7,469

Results in italics (mean and 95% confidence interval) are generated by Distance Sampling (Distance 7), using a half normal/cosine detection function. Body mass used
for calculating lemur biomass (rounded numbers) is for Propithecus: 3.7 kg, Microcebus: 0.062 kg; Lepilemur: 0.89 kg, Eulemur fulvus: 2.73 kg; Eulemur mongoz: 1.25
kg (Rasoloarison et al., 2000; Andriaholinirina et al., 2006; Pichon and Simmen, 2015; Gordon et al., 2016). The estimate of Propithecus density in Badrala is close to a
previous complete enumeration of groups at 283 inds.km™2 (adults and juveniles from 16 groups over 24 ha; 321 inds.km™2 including infants; Pichon, 2012; see also
Salmona et al., 2014). Bold indicate density and biomass per km?.
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