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Understanding the capacity for humans to share resources (crops, wild foods, space) with large-bodied wildlife is vital for biodiversity conservation and human wellbeing, and requires comprehensive examination of their temporal interactions over fine spatial scales. We combined ecological (plant identification, wild fruit availability plots, animal fecal and trace sampling) and social science (free-listing, semi-structured interviews, participant observation) methods to systematically and simultaneously collect data on the availability and selection of fruits from wild plants by humans and critically endangered chimpanzees (Pan troglodytes verus), a national conservation flagship species at Cantanhez National Park, Guinea-Bissau. Within an area of 12.7 km2, we demonstrate that local people’s monthly use of wild fruits was driven by its overall availability in the habitat, whereas chimpanzees, as ripe fruit specialists, sought out fruits year-round. Humans and chimpanzees overlap in the selection of fruits from at least 27 wild plant species. The ranked use of fruits from species which were used by both chimpanzees and humans was significantly positively correlated, suggesting they preferentially target fruits of the same wild plant species. Each month, humans and chimpanzees selected three to six of the same wild fruit species. Chimpanzees fed significantly more on wild fruit species that were available for longer periods, with no effect of that plant species density. Neither plant density nor number of fruiting months impacted human selection of fruit from a plant species, suggesting people might seek out desired resources irrespective of a species’ abundance in the landscape. These findings are important for the development of a shared knowledge base to establish culturally relevant conservation management strategies. We recommend the active management of plant species that are exploited for their fruits by both humans and chimpanzees at Cantanhez National Park, including figs (Ficus spp.), oil-palm (Elaeis guineensis) and velvet tamarind (Dialium guineense). This can be achieved through supporting traditional resource management practices and the strategic replanting of shared plants in deforested areas and degraded corridors between forest fragments. This situation is representative of human-chimpanzee coexistence scenarios found across West Africa; the importance of shared resource use should be incorporated into local, national and regional conservation strategies.
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INTRODUCTION

Expanding human populations have meant that wildlife increasingly inhabit landscapes in proximity to people (Woodroffe et al., 2005; Karanth et al., 2010; Hockings et al., 2015; Angelici, 2016). Understanding the capacity and mechanisms for humans to coexist with large-bodied wildlife at fine spatial scales is vital for contemporary conservation (Carter et al., 2012) and can inform larger scale conservation efforts (Nyhus, 2016). Effective local conservation strategies should be based on an intricate knowledge of complex social-ecological systems.

Humans change wildlife habitats and ecological systems in numerous ways through highly conspicuous land-use changes, such as large-scale clearing of forests for cultivation, but also through smaller-scale resource exploitation, such as harvesting of wild plants (i.e., non-cultivated) for subsistence and medicinal purposes (Winterhalder, 2001). Agricultural and forager communities rely on access to wild foods as well as foods which they cultivate or actively manage, and these wild resources are highly valued for their medicinal, cultural and subsistence importance (Bharucha and Pretty, 2010). The use of wild plants by local people is part of traditional subsistence systems and often linked with financial security (Belcher et al., 2005), particularly for highly valuable fruiting species. Ethnobotanical studies have shown that people living in rural Africa place great emphasis on the importance of fruit trees, with fruits regularly incorporated into the diet (Campbell, 1987; Malaisse, 1997). If certain wild plant resources are exploited heavily or destructively by people and wildlife, and these resources show low temporal or spatial availability, this might lead to their decline over time. However, if access to plant resources is restricted, for example through government regulations preventing the harvest of rare plant species, this can create hostility between local user groups, and between local people and authorities, which equally might compromise wildlife conservation objectives (Sheil et al., 2012; Redpath et al., 2013). Furthermore, if animals exploit resources which people value it can lead to their retaliatory persecution (Hockings and Humle, 2009). Understanding which plant resources are selected and why, by humans and wildlife within and outside protected areas, is for the most-part lacking, yet is important for integrating the needs of local people with conservation objectives.

Human and non-human primates (hereafter primates) are sympatric across much of the latter’s range (Fuentes and Wolfe, 2002; Estrada et al., 2017) and often exploit the same plant resources, including agricultural crops (Riley, 2007; McLennan et al., 2017). The degree to which humans and primates overlap in their selection of wild plant species is likely underestimated by wildlife researchers, with an assumption that farming communities, as opposed to hunter-gatherers, infrequently use a broad array of forest plants for various reasons (Bharucha and Pretty, 2010). Up to now, detailed examination of the co-utilization of wild plant resources by sympatric humans and primates has received limited attention, and approaches vary for several reasons. Firstly, obtaining data on plant selection by both humans and primates mostly requires different methodological approaches (Sugiyama and Koman, 1992; Koné et al., 2008: Parathian et al., 2018). However, for habituated primates, resource selection can be quantified through direct behavioral observations, with similar participatory observational methods possible for people if few resources are targeted by specific user groups. Secondly, data on plant selection by humans and primates are often collected over different time periods and geographical areas, making it difficult to assess the extent of shared resource use across space and time, and potential ecological drivers (e.g., plant availability) (Chepstow-Lusty et al., 2006; Riley, 2007). Thirdly, investigation can focus on a single plant species that is confirmed as important to humans and primates (Kinnaird, 1992; Reynolds et al., 2012; Sheil et al., 2012; Waller and Pruetz, 2016). Although this approach can yield important information on spatial and temporal overlap in the use of a single resource that is heavily exploited by both, it provides an incomplete picture where humans and primates select numerous plants and plant parts across different seasons. As an alternative, a first step to understand the extent of resource partitioning in sympatric humans and primates is to focus on use of the main food group consumed by the focal primate species (e.g., fruits to frugivores, leaves to foliovores, etc.). However, taking this broader approach to understanding plant selection makes quantifying precise spatial and temporal overlap in plant species selection (i.e., human and primate use of the same zones or plants at the same times) challenging. This applies in particular to sites where little research has been conducted and primates are unhabituated to researchers, precluding direct observations of feeding behavior. In such cases, human and primate plant selection and overlap can be examined over a predetermined spatial scale, for example the ranging area of the focal primate group. To examine co-utilization of multiple wild plant resources by humans and primates in shared landscapes is methodologically challenging, requiring knowledge of plants available in a habitat, and the systematic and simultaneous collection of empirical data on both humans and primates.

Here, we bridge this inter-disciplinary research gap by examining the selection of wild fruits by chimpanzees and local people that coexist in Caiquene-Cadique, Cantanhez National Park, Guinea-Bissau. Chimpanzees occur extensively in areas of anthropogenic influence throughout Africa (Hockings and McLennan, 2012; Hockings et al., 2015). Their diets can consist of several hundred different plant species (e.g., Nishida and Uehara, 1983; Sugiyama and Koman, 1992). However, chimpanzees are not generalist feeders and seek out ripe fleshy fruits which can be seasonal and patchily distributed (Goodall, 1986; Tutin et al., 1997; Hockings et al., 2009). We examine the wild fruit species that are selected by chimpanzees and humans at Caiquene-Cadique, and determine the effects of their density and temporal availability on selection. We directly compare temporal overlap in human and chimpanzee selection of wild fruits as ripe fruits form a large part of chimpanzee diets; humans living in agroforestry environments use fruits for food and medicine; using fecal sampling to examine the importance of items eaten by chimpanzees is biased toward fruits (McLennan, 2013); and the ingestion of fruits and dispersal of seeds has important implications for forest health and the sustainability of shared resource use.

We test the following null hypotheses:


1.the selection of wild fruits by chimpanzees and humans is not determined by the overall temporal availability of wild fruits in the habitat;

2.the selection of wild fruits from individual plant species by chimpanzees and humans do not overlap, including on a monthly basis;

3.the selection of wild fruits from individual plant species by humans and chimpanzees is not affected by the density of the plant species nor duration of fruiting.





MATERIALS AND METHODS


Study Area

The Cantanhez National Park (CNP) is approximately 1,067 km2 and is a mosaic of subhumid forest, secondary forest, mangrove, savanna, human settlements, and agricultural fields, located in the southern Tombali administrative region of Guinea-Bissau (Figure 1). CNP is managed following the IUCN Category V model for Protected Areas (IUCN 2016), including 14 formally protected forest patches as well as zones allocated to human development. There are two main seasons: the dry season from November to mid-May (with no rainfall) and the rainy season from mid-May to October (Bessa et al., 2015; Bersacola, 2019).
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FIGURE 1. Maps showing the location of Cantanhez NP in West Africa, and the Caiquene-Cadique chimpanzees’ home range (also see Supplementary Figures S1, S2), different habitat types, rivers, roads, and the village locations of the three human communities involved in this study (the Nalú villages of Cadique, Caiquene, and the Balanta village of Cabdaia). Eight randomized phenology plots are shown as circles (see section “Data Collection”).


There are approximately 110 villages within CNP with an estimated human population of 22,000 individuals that are comprised of several ethnic groups (Temudo, 2009). The human communities involved in this study (two Nalú villages and one Balanta village; n = 3) were chosen because of their locations in the study chimpanzee community’s core ranging area and the areas where humans harvest wild plant resources (Figure 1). Aside from these villages, there are some individual houses along the roadside that were not included in this study. The Nalú are a farming and foraging society who exhibit guardianship over the forest. The Nalú régulo (“ruler”) traditionally implements certain rules and regulations which act to regulate plant use during periods where the availability of certain plant species are scarce. The régulo is also in charge of making decisions (with the support of the council) over land distribution and land use. Therefore any person wishing to clear a patch of forest to build a house or cultivate an agricultural area must first be granted permission (Frazão-Moreira, 2016; Parathian et al., 2018). The Balanta have been migrating to this region since the 1950s and are traditionally rice paddy farmers, but more recently farm cashew (Frazão-Moreira, 2009). The Balanta and Nalú consider the chimpanzee as similar to humans and view this species as a non-edible animal (Casanova et al., 2014; Casanova, 2016). The Nalú people’s traditional tolerance toward chimpanzees, which are not hunted, is said to stem from a belief that chimpanzees were previously humans that were punished by God (Sousa and Frazão-Moreira, 2010; Sousa et al., 2014). However, chimpanzees are sometimes killed in retaliation for foraging on crops, especially orange fruits. Increased conversion of forest to other land uses, such as cashew plantations, is putting pressure on dwindling natural resources (Parathian et al., 2018). For additional information on human-chimpanzee coexistence at this site see Parathian et al. (2018).

The western chimpanzee (Pan troglodytes verus) is classified as critically endangered by the IUCN (Humle et al., 2016), with only 17% of western chimpanzees occurring in protected areas (Heinicke et al., 2019a). Guinea-Bissau represents the westernmost limit for chimpanzees, where they are threatened by habitat loss and increasing interactions with local people including disease. Recent models estimate 1,908 chimpanzees (CI: 923–6,121) in Guinea-Bissau (Heinicke et al., 2019a). In CNP and the surrounding areas, chimpanzee population size was estimated at 376–2,632 individuals (Torres et al., 2010); although updated population surveys across Guinea-Bissau are urgently required for more accurate assessments (see Supplementary Figure S1 for map showing the location of CNP). Several chimpanzee communities reside in the central-southern forests of CNP (Hockings and Sousa, 2013; Bersacola, 2019). The Caiquene-Cadique chimpanzee community comprises at least 48 individuals as confirmed through opportunistic observations and camera trap footage (chimpanzee communities across West Africa range in size from 11 to 63 individuals; Herbinger et al., 2001) and range over an area of approximately 12.7 km2 (see Supplementary Figure S2 for analyses of chimpanzee ranging). Moreover, humans and chimpanzees at this site show extensive overlap in habitat selection, with both using areas inside and outside the main forest blocks (Hockings and Sousa, 2012; Bersacola, 2019).



Data Collection


Plant Identification and Food Availability

We collected cross-disciplinary data from 4th February to 14th November 2013, with data collection carried out during wet and dry months (see Supplementary Table S1 for an overview of methods). We collected phenology data in eight 50 m × 50 m plots (Figure 1) selected randomly across the study site. Plots incorporated different habitat types, including primary subhumid forest, secondary forest and palm groves. Plots were accessible to humans and chimpanzees and did not cross sacred areas of forest (Frazão-Moreira, 2009). Although not planted, people protect some wild tree species that are deemed useful, for example by not cutting them down and protecting young saplings. This is a feature of an anthropogenic landscape in which the human population has an intricate relationship with the environment. In order to minimize habitat disturbance and reduce the risk of creating paths for hunters, transects were not cut for this research.

We identified and marked trees and lianas with a diameter at breast height (DBH) ≥10 cm (Chapman et al., 2005) with metal numbered tags; these totaled 1,994 trees/lianas from 124 species (65 known by their scientific name, 27 by their local name only, and 32 unknown). We compiled species lists and counted the number of each plant species per hectare (Serckx et al., 2014). We monitored each tree and liana every first and third week per month for a total of 9 months (i.e., 18 phenology surveys) and collected data on the percentage cover of ripe fruits within the plots (n = 35,892 data points). The DBH provides an accurate indicator of a tree’s size and hence its ability to produce fruit, with high inter-observer reliability (Chapman et al., 1994). We used the following scores to record the presence of fruit: 0 (absent), 1 (1–25% of canopy coverage), 2 (26–50% coverage), 3 (51–75% coverage), 4 (76–100% coverage). We calculated a twice-monthly ripe fruit availability index (FAI) for plant species present in plots using the following formula, where Pi is the basal area of the tree (cm2) and Fi is the fruit score of the tree (0–4) (Hockings et al., 2009): FAI=[S(Pi × Fi)]/[S(Pi × 4)] × 100. We calculated the FAI using the availability of fruits from all species found in the plots. Our data showed that the twice-monthly availability of ripe fruits from plant species consumed by chimpanzees (n = 834 trees and lianas from 37 species) was positively correlated with availability of ripe fruits from all plant species in the plots (Spearman’s rank: Rs = 0.983, n = 18, p < 0.001).

At the start of the research period we carried out free-listing (Albuquerque et al., 2014) with 12 adult male informants to identify plant species that were potentially used by local people thus allowing us to compile a plant list for the semi-structured interviews (see section “Mixed-Methods to Examine Human Resource Use” below). This method assumes that informants list what they perceive as the most salient items. Informants included the chief from each of the three villages and men who were locally recognized for their extensive knowledge of plants for food and medicine and selected by the chief to assist. This method was carried out by the two social science researchers who spoke with informants explaining what information was required, why it was needed and how it would be used. To identify unknown plant species, we conducted botanical sampling in the phenology plots and through participating in activities with local people, such as gathering wild foods and medicinal plants. To obtain local names of unknown plants we showed them to local botanical experts. To identify them scientifically we used the botanical guides of Guinea-Bissau (Catarino et al., 2006), and were assisted by a specialist team at the Herbário LISC, Instituto de Investigação Científica Tropical in Lisbon. Voucher specimens are kept in the herbarium of the Centre for Research in Anthropology in Lisbon.



Chimpanzee Resource Use

To examine wild plant utilization by chimpanzees, we collected data on feeding behavior through indirect recordings (from fecal samples and feeding traces) and direct opportunistic observations (where chimpanzees were seen eating plants). Chimpanzees were unhabituated to human observers which precluded systematic observations of feeding behavior. The decision was made not to habituate chimpanzees at this site as humans and chimpanzees encounter each other on a daily basis, and habituation for research might be a contributing factor driving aggressive interactions (McLennan and Hockings, 2016).

Chimpanzee fecal sampling, processing and analysis followed well established methods by Tutin and Fernandez (1993), McGrew et al. (2009) and McLennan (2013) to quantify seasonal variation in the relative amount of fruit and foliage in the diet. All fecal samples (n = 377; monthly mean = 41.9 ± 7.5; n = 9 months) were less than 2 days old. Chimpanzee feces were easily distinguishable from feces of other sympatric primate species including Temminck’s red colobus (Piliocolobus badius temminckii), western black and white colobus (Colobus polykomos), Green monkey (Chlorocebus sabaeus), Guinea baboon (Papio papio), and Campbell’s monkey (Cercopithecus campbelli). To ensure independence of data, only one sample was collected if nearby fecal matter looked like it was from the same individual. We washed fecal samples through a fine-meshed sieve and laid the undigested content out on newspaper sheets for immediate analysis. We scored fecal content using volume percentage values for fruit (“fruit score” is the overall percentage of pulp and seeds), and other parts (leaves, pith, flower, and bark, and other foods), according to the total mass of the fecal sample (Kuroda et al., 1996). Fruit pulp is easily distinguishable from other non-fruit parts. Where possible we identified fruit to species level based on the seeds and undigested fruit parts, and counted the numbers of fruit species in each fecal sample. Quantitative data on fruit ingestion were only available for chimpanzees if the fruit was identified in feces via presence of seeds or pulp. We recorded chimpanzee feeding traces that were less than three days old. We attributed a trace to chimpanzees if a feeding group had been previously observed at the site, or according to the presence of species-specific signs such as knuckle prints, nests, bark stripping, or fruit wadges (chimpanzees place several fruits in the mouth and extract the juices, discarding a wadge). We collected a botanical sample for identification. Bessa et al. (2015) provided an in-depth analysis of chimpanzee feeding behavior at Caiquene-Cadique including use of agricultural crops and flowers, leaves, and pith in the diet. This paper focuses on use of wild fruits by chimpanzees and we exclude their use of other plant parts and cultivated plants from our analyses. Research with chimpanzees was reviewed and approved by the Centre for Research in Anthropology (CRIA – NOVA FCSH), Lisbon, Portugal. This research was also reviewed and approved by the Instituto da Biodiversidade e das Áreas Protegidas (IBAP) in Guinea-Bissau. All research involving wild chimpanzees was non-invasive and strictly adhered to ethics guidelines detailed by the Association for the Study of Animal Behaviour (United Kingdom).



Mixed-Methods to Examine Human Resource Use

There was a total of 490 people and 49 households in the three study villages based on our own census (Cadique, n = 311 people, n = 29 households; Caiquene, n = 145, n = 15; Cabdaia, n = 34, n = 5). We were given permission by the chief from each village to repeatedly visit families and request that someone from each household complete the survey on plant use for that household. With the help of a local Nalú guide we tried to speak to the same person each week, preferably the female head of each household deemed to be the person with the most knowledge about plant food utilization, to ensure consistency. However, on occasions where the person was out or otherwise occupied, we interviewed another family member instead.

Concurrently with chimpanzee research we carried out weekly semi-structured interviews (Bernard, 1995; Cunningham, 2001), visiting all 49 households for 36 weeks to record plant use by local people (n = 8,380 reports of plant use). The use of a plant part (e.g., fruit, flower, leaf, bark, seed, etc.) from a particular plant species was recorded once per household per week to ensure independence of data. Each household used multiple plant species per week. As data becomes increasingly unreliable when recall takes place over longer periods (Godoy et al., 1993), we asked people to recall which plants their household had used, collected and consumed in the previous seven days only. Participants were asked to provide the local name of the plant species their household used that week, which plant part they had used (i.e., fruit, flower, leaf, bark, seed, etc.) and for what purpose. Following Frazão-Moreira (2009), we recorded plant-use under five categories: consumables (i.e., food), medicine, fuel (i.e., firewood), artifacts (including tools), and construction. From data collected during these semi-structured interviews, we calculated Use Value (UV) integers for fruits of each plant species using the following calculation: UV = ∑Ui/n, where Ui = the number of times fruit of a given species is used, n = the total number of informants at the family level (Phillips and Gentry, 1993). To examine which plant species were most used by local people, we ranked the total UV fruit scores for each plant species. A plant’s relative importance is low if it is used infrequently by all informants (as it functions as a “general use” plant harvested in small amounts). While we are aware that some rarely used fruiting plant species can fill highly specialized roles for people living in forest communities (Kristensen and Balslev, 2003), we decided that assessing plant importance according to overall frequency of human use would allow us to make more accurate comparisons with chimpanzees. We obtained additional information on fruit selection by local people, such as extraction methods and the potential commercial value of different fruit species, through participant observation of fruit harvesting, processing practices and subsistence or commercial use (Spradley, 1980; Bernard, 1995). When fruit extraction was either directly observed or traces identified, we recorded the plant species and harvesting technique (Cunningham, 2001). Research with local people was reviewed and approved by the Centre for Research in Anthropology (CRIA – NOVA FCSH), Lisbon, Portugal. Research followed Ethical Guidelines for Good Research Practice set by the Association of Social Anthropologists of the United Kingdom and Commonwealth. Oral consent was obtained from people, but written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



RESULTS


Wild Plants

We took samples of 193 wild plant species of which 143 were identified by their scientific and local names, 16 were identified by local name only, and 34 remain unidentified. Ripe fruit availability was highly seasonal, and was approximately four times higher during the dry season than the rainy season (mean ripe fruit FAI: dry season 4.14 ± SD 2.16, N = 8 phenology surveys, versus rainy season 1.14 ± SD 1.65, N = 10).



Chimpanzee Plant Use

Chimpanzees consumed a minimum of 57 wild plant species, from at least 25 families, including six plant parts (fruit, leaf, pith, bark, flower, sap). Numerically, fruit dominated the chimpanzees’ diet, with at least 46 wild fruit species consumed. Wild fruit was present in 97.6% of fecal samples, with a mean monthly wild fruit score of 79% (SD ± 10.4). Fluctuations in the availability of ripe fruit (FAI) was not a predictor of chimpanzee wild fruit score and explained only 2.5% of variance (Linear regression: b ± SE: −0.742 ± 1.288, df = 1,14, t = −0.576, p = 0.575; Figure 2A), thus indicating that, chimpanzees maintained a diet dominated by wild fruit irrespective of availability.
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FIGURE 2. Mean monthly values for wild fruit availability (FAI) plotted against (A) chimpanzee fruit scores (scores for November are not available), and (B) human UV scores.




Human Plant Use

Local people used a minimum of 142 plant species (129 confirmed by their local and scientific name, 13 by their local name only). Households utilized the different parts of wild plants in multiple ways (Supplementary Table S2), with the fruits of at least 47 plant species used as consumables and medicine. Wild fruit availability strongly predicted human fruit use values (Linear regression: b ± SE: 0.567 ± 0.108, df = 1,17, t = 5.269, p < 0.001; Figure 2B), explaining 63.4% of variation, thus indicating that human use was influenced by availability.



Wild Fruit Selection by Chimpanzees and Humans

Humans and chimpanzees overlap in the selection of fruits from at least 27 wild plant species (Supplementary Table S3). Humans use the fruits of all 27 species for food and three species for medicine, with crossovers in what people consider food and medicine. The overall ranked use of fruits from species which were used by both chimpanzees (percentage of total fecal samples containing that fruit species) and humans (UV scores) was significantly positively correlated (Rs = 0.568, n = 19 wild fruit species with fruit scores confirmed through fecal samples, p = 0.011), suggesting that humans and chimpanzees preferentially target fruits of the same plant species (also see Figure 3). Some fruit species have relatively low use by both humans and chimpanzees, and others are more heavily used including figs (Ficus spp.), oil-palm (Elaeis guineensis) and the velvet tamarind (Dialium guineense), albeit with monthly variation in overlap (Figure 3). Each month, humans and chimpanzees overlapped in their use of three to six fruit species (mean ± SD: 4.33 ± 1.22), but also each fed on certain fruit species exclusively (Figure 4 and Supplementary Figure S3).
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FIGURE 3. Monthly selection of fruits from 19 plant species used by both humans and chimpanzees (with chimpanzee selection confirmed through fecal analysis and human selection confirmed through weekly semi-structured interviews). Plant species are ordered by importance in chimpanzee diet. Months are color coded by season: red for rainy season, blue for dry season. Dashed lines indicate the mean usage for that month/plant species, and the gray area shows the values that are above average for both species. Spearman’s rank correlation coefficient is shown for fruit usage for each plant species.
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FIGURE 4. The monthly selection of fruits from wild plant species (n = 19) by chimpanzees and humans (Overlap), humans only (Human), chimpanzees only (Chimpanzee), and not used by either (Neither), potentially because the fruits of some species are not available during that month, and monthly Fruit Availability Index (FAI).


For chimpanzees, the density of a plant species together with the number of months it fruited accounted for 44.2% of variation in fruit consumption. The number of months a plant species was fruiting significantly impacted chimpanzee fruit consumption (Linear Regression: b ± SE: 0.492 ± 0.220, df = 2,13, t = 2.235, p = 0.047), whereas the density of a plant species alone did not have a significant effect (b ± SE: 0.021 ± 0.037, df = 2,13, t = 0.563, p = 0.585). There was no significant effect of the density of a plant species (b ± SE: 0.019 ± 0.012, df = 2,17, t = 1.651, p = 0.120) nor number of fruiting months (b ± SE: 0.099 ± 0.056, df = 2,17, t = 1.769, p = 0.097) on human fruit use.



DISCUSSION

In depth understanding of the co-utilization of wild resources by humans and wildlife can be incorporated into landscape, regional and national conservation policy that acknowledges the needs of both. Overall, local people and chimpanzees at CNP used fruits from a large range of wild plant species. People mostly targeted wild fruits during periods of seasonal abundance, relying on cultivated resources throughout the year, hence not supporting hypothesis one. Abundant fruits might be more visible and easier to collect, but local community leaders also control periods of extraction of certain resources to ensure their continued availability (Frazão-Moreira, 2009). Chimpanzees maintained a diet predominantly comprised of wild fruit year-round, seeking out wild fruits even when availability within the habitat was low. It is likely that chimpanzees use a greater diversity of wild fruiting plants than we identified, as the number of known plant species in chimpanzee diet increases with research duration (Matsuzawa et al., 2011). Furthermore, we relied on indirect methods to quantify chimpanzee fruit selection and some fruit species that were infrequently consumed were likely missed. Our study took place over a 9-month period and although we ensured equal sampling effort across the wet and dry seasons, future dietary studies should aim to collect longer-term data. As human selection of fruits strongly followed overall monthly fruit availability, overall resource partitioning between humans and chimpanzees over wild fruits at Caiquene-Cadique is probably higher when fewer fruits are available in the habitat.

Humans and chimpanzees overlapped extensively in their use of fruits from the same wild plant species and preferentially target some of the same wild fruits at the same times, hence we reject hypothesis two. We have identified specific plant species and periods of the year where attention needs to be taken to avoid over-exploitation of fruits, to ensure chimpanzees are not detrimentally impacted by human over-harvesting. Our scientific data show which plant species should be prioritized for replanting in corridors between forest fragments and which should be afforded additional protection to ensure their persistence and long-term sustainable use by humans and chimpanzees at CNP. However, many of the fruiting plant species identified as important in this study are present throughout West Africa. Even though chimpanzee and human communities across West Africa will exhibit variations in resource use, strategies for their conservation should be prioritized and incorporated into systematic and evidence-based conservation policy (e.g., Heinicke et al., 2019b; IUCN, 2020). This may offer a lifeline for chimpanzee populations throughout the region, especially as most live in unprotected areas that are undergoing extensive habitat change. For example, the most frequently used wild plant by local people at CNP was oil-palm (Elaeis guineensis), and the fruit was used especially for making cooking oil and soap. Oil-palm is found at high densities across the study site, it was available year-round, and its fruits were an important food for chimpanzees. Mature oil palms are fire resistant and survive slash-and-burn activities, and hence this species is found frequently in cultivated and fallow areas as well as forest edges. This situation is representative of that found in many other locales in West Africa (e.g., Humle and Matsuzawa, 2004; Garriga et al., 2019) and special attention should be given to the national and regional conservation of this shared resource.

Neither human nor chimpanzee selection of fruits from individual plant species was driven by their density. Unlike humans, chimpanzees fed more on fruits from plant species that had longer fruiting periods. If human use of fruits from these plant species increases or their occurrence within the habitat decreases, it is possible that in the short-term chimpanzees can switch to alternative wild foods (Reynolds et al., 2012) and crops (Hockings et al., 2009). In the long-term overlap in the use of certain fruits might increase, possibly reducing the density of chimpanzees that can persist in this type of mosaic landscape which characterizes much of West Africa. As the drive to convert more forest to other land uses continues (e.g., forest to cashew, Anacardium occidentale, plantations in CNP; Hockings and Sousa, 2012), and cultural practices and traditional land management techniques are changed or ignored, there will be increased pressure on shared fruit resources. Additionally, risks of zoonotic disease transmission are likely higher in shared landscapes such as CNP. Effective strategies to limit the transmission and spread of emerging infectious disease should be based on an intricate knowledge of overlapping resource utilization and use of space by humans and wildlife, as well as a better understanding of how environmental stressors impact susceptibility to infectious disease.

Traditionally local people in this agroforest mosaic landscape live alongside wildlife and share with them the forest and resources (Parathian et al., 2018). During an intensive 1-year camera trap study, Bersacola (2019) found no evidence for overall site or habitat partitioning between chimpanzees and humans at Caiquene-Cadique. Due to the restricted ranging area of this chimpanzee community, it is very likely that they are targeting the same locales as local people to access fruits. To accurately quantify this spatial overlap in fruit selection would require different methods. This may not be possible for unhabituated chimpanzee populations as fecal samples (which are used to quantify the fruit species in the diet) are not reliably collected from a feeding site and camera traps will not capture all feeding events. As important shared fruit resources have now been identified, we recommend the longer-term quantification of extraction levels of fruits and other plant parts from these species, in particular oil-palm and velvet tamarind (Dialium guineense), by humans and chimpanzees at CNP and in the broader landscape. Although challenging, the goal would be to model the sustainability of human-wildlife interactions to test different resource exploitation scenarios, and to produce extraction maps to identify relative intensity of use across the landscape and region more generally, and determine how this overlaps with chimpanzee distribution inside and outside protected areas. As chimpanzees can access most places, complete separation of areas for human and wildlife use are unrealistic. However, these maps would reveal areas of shared resource use which have the potential to be over-exploited and thus where “competition” could be potentially greater, as well as identifying degraded areas for the replanting of important shared resources that encourages habitat regeneration. To answer landscape-level questions on resource overlap, there is a need to explore different methods to determine the importance of wild plants to humans and chimpanzees, for example through the use of molecular markers or isotopes in wildlife feces or hair (Loudon et al., 2016).

No research has been conducted on the ecological and spatial resilience of the shared landscape at CNP. Although we focus on the chimpanzee (a large-bodied fruit specialist that plays an important ecosystem function, especially in seed dispersal, and are a priority/flagship species for conservation in Guinea-Bissau), many other wildlife species also likely rely on these same plant resources. To guide habitat restoration efforts, data are urgently needed on the ecological role of the important plant species identified within the wider ecosystem and across habitat types (Catarino and Palminha, 2018; Catarino et al., 2020). To inform natural resource management action and maximize the likelihood of long-term conservation success, understanding of the broader ecosystem functioning in such forest-agricultural ecotones should be integrated with more local and direct information on human-wildlife interactions including resource overlap (Chambers et al., 2019).

Human population growth is a critical factor for the sustainability of human-wildlife interactions. It should also be recognized however, that the cultural beliefs and traditional land management practices of human communities play a crucial role in the resources available to wildlife, as well as forest longevity. The importance of wild fruits is recognized by local people as they too rely on these for their subsistence and medicinal needs. However, despite extensive local ecological knowledge on the properties of different wild plants, people may not be aware of specific patterns in chimpanzee foraging. Shared ecological knowledge bases that inform conservation strategy should be a priority in landscapes like CNP. The importance of low level extraction of forest resources by local communities is also an often overlooked component of human well-being. Guinea-Bissau is one of the most economically poor countries in the world, with 67% of the population living below the poverty line of $1.90 USD/day (World Bank, 2019). Most local people in CNP rely on traditional medicines extracted from local plants, and forest fruits are a crucial source of vitamins and minerals for young children. Unlike many other protected areas where resource use by local people is controlled, placing strict controls on the subsistence harvest of wild plants at CNP is neither feasible nor ethical. However, some of these same plant species used as a subsistence food by local people (e.g., the fruits of Saba senegalensis) are harvested at high levels and sold elsewhere in West Africa (Waller and Pruetz, 2016). If human exploitation of forest products changes from subsistence to commercial use, for example if infrastructural development allowed for improved access to markets, this would inherently change the dynamics of wild resource use (Belcher et al., 2005), and potentially human-chimpanzee interactions.

The “biocultural” conservation of traditional strategies to manage shared landscapes is an existing tool that supports the sustainability of valuable plant resources. However, we should also carefully monitor the impact of human activities especially if they are destructive or influence growth and fruiting of important shared plant species. With the growth of large-scale mono-crop agriculture, forest is cut down to grow cash crops and the wild plants that were once highly valued by previous generations can be devalued and replaced by new measures of prosperity such as economic wealth. This has already led to rapid land use cover change from shifting agriculture to planting permanent cashew orchards (Temudo and Abrantes, 2014). Instead of self-reliance through a complex mosaic of agricultural fields, fallows and forest patches, increased dependence on a homogenous landscape of cashew agroforests is high risk. It impacts both the natural environment and local livelihoods. For conservation efforts to succeed, we need to work with local people to support tolerance towards wildlife and merge traditional practice and knowledge with solutions to protect important plant species whilst maintaining forest cover, connectivity, and ecological resilience.
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