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Relationships between supply and demand can reveal the use of recreational services

We assess supply and demand for the recreational service of wildlife tourism We test the influence of 13 mammal diversity measures on tourists' distributions Diversity and subsets of large mammal diversity affected tourists' distributions Effects of biodiversity measures on visitors were mostly context-specific We give management implications for reducing potential negative impacts on wildlife

Abstract

Relationships between biodiversity and cultural ecosystem services have been little studied compared to other ecosystem services, although fundamental for environmental management. Recreational ecosystem services like wildlife tourism are specific cultural ecosystem services that often involve relationships between the supply of opportunities to interact with biodiversity and the demand of wildlife tourists. Here, we first investigated whether different biodiversity measures based on three metrics applied to four components of large mammal diversity influenced the distribution of visitors within four Protected Areas (PAs) in Southern Africa. Second, we explored whether these effects were context-specific across the four PAs. We counted large mammals and visitor numbers along 196 road transects to test these relationships. All species-mammal diversity metrics related positively to visitor numbers. Subsets of mammal diversity were also positively associated with the distribution of visitors in all PAs. Relationships between supply and demand for the recreational service of wildlife tourism were mainly context-specific: the relationships between biodiversity measures and visitor numbers differed among PAs. Our results could help managers to optimize the use of recreational services within PAs, by diversifying viewing opportunities while reducing disturbance to wildlife. The supply-demand approach presented here offers promising avenues for further assessments of recreational ecosystem services.

Introduction

Biodiversity is assumed to provide multiple benefits to human societies through ecosystem services; yet little is known on the actual relationships between biodiversity and ecosystem services [START_REF] Balvanera | Linking biodiversity and ecosystem services: current uncertainties and the necessary next steps[END_REF][START_REF] Mace | Biodiversity and ecosystem services: a multilayered relationship[END_REF]. In particular, there is a lack of studies investigating the inter-linkages between cultural ecosystem services (CES) and biodiversity [START_REF] Cardinale | Biodiversity loss and its impact on humanity[END_REF]. Cultural ecosystem services are the "non-material benefits people obtain from ecosystems through spiritual enrichment, cognitive development, reflection, recreation and aesthetic experience" (Millennium Ecosystem Assessment 2005). These nonmaterial benefits provided by biodiversity contribute to shaping people's relation to nature [START_REF] Chan | Opinion: Why protect nature? Rethinking values and the environment[END_REF][START_REF] Cooper | Aesthetic and spiritual values of ecosystems: recognising the ontological and axiological plurality of cultural ecosystem 'services[END_REF][START_REF] Hausmann | The ecosystem service of sense of place: benefits for human well-being and biodiversity conservation[END_REF]) and can improve human wellbeing [START_REF] Hausmann | The ecosystem service of sense of place: benefits for human well-being and biodiversity conservation[END_REF][START_REF] Milner-Gulland | Accounting for the impact of conservation on human well-being[END_REF][START_REF] Naeem | Biodiversity and human well-being: an essential link for sustainable development[END_REF]. Investigating the relationships between biodiversity and CES is, however, problematic because these relationships are often indirect, difficult to measure and to manipulate experimentally (Balvanera et al. 2015;[START_REF] Cardinale | Biodiversity loss and its impact on humanity[END_REF]. Further, because CES are inherently coproduced by bio-cultural and social-ecological processes [START_REF] Díaz | The IPBES conceptual framework -connecting nature and people[END_REF][START_REF] Palomo | Disentangling the pathways and effects of ecosystem services co-production[END_REF], it is also difficult to ascertain to what extent biodiversity is contributing to CES [START_REF] Dallimer | Biodiversity and the feel-good factor: understanding associations between self-reported human well-being and species richness[END_REF]. Consequently, little is known on the quantitative relationships between biodiversity and CES [START_REF] Cardinale | Biodiversity loss and its impact on humanity[END_REF][START_REF] Hevia | Trait-based approaches to analyze links between the drivers of change and ecosystem services: Synthesizing existing evidence and future challenges[END_REF][START_REF] Mace | Biodiversity and ecosystem services: a multilayered relationship[END_REF], even though they are recognized as important in environmental management and conservation policies [START_REF] Laurila-Pant | How to value biodiversity in environmental management?[END_REF].

Recreational ecosystem services have been the most studied form of CES [START_REF] Milcu | Cultural ecosystem services: a literature review and prospects for future research[END_REF]. Recreational services represent the potential contribution of landscapes and biodiversity to specific recreation opportunities, involving people's physical, intellectual and representational interaction with ecosystems and biodiversity, as defined in the Common International Classification of Ecosystem Services (CICES, Haynes-Young & Potschin 2013).

Novel approaches have emerged to estimate the recreation potential associated with biodiversity, involving the collection of local field data [START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF][START_REF] Grünewald | Biodiversity, scenery and infrastructure: factors driving wildlife tourism in an African savannah national park[END_REF][START_REF] Winterbach | Wildlife abundance and diversity as indicators of tourism potential in Northern Botswana[END_REF], social-media data (Hausmann et al. 2017a,b;[START_REF] Martínez Pastur | Spatial patterns of cultural ecosystem services in Southern Patagonia[END_REF][START_REF] Willemen | Using social media to measure the contribution of Red List species to the nature-based tourism potential of African protected areas[END_REF], or economic methods such as choice experiments [START_REF] Veríssimo | Birds as tourism flagship species: a case study of tropical islands[END_REF] or social-ecological approaches to assess wildlife tourists' preferences [START_REF] Maciejewski | Understanding tourists' preference for mammal species in private protected areas: is there a case for extralimital species for ecotourism?[END_REF]. These novel approaches offer promising evidence that biodiversity can support recreational services in different places, particularly in Protected Areas (e.g. Hausmann et al. 2017a;[START_REF] Martínez Pastur | Spatial patterns of cultural ecosystem services in Southern Patagonia[END_REF].

Protected Areas (PAs) are prime conservation units expected to achieve several objectives such as the conservation of biodiversity and ecosystem services [START_REF] Watson | The performance and potential of protected areas[END_REF]. PAs play a prominent role in providing recreational services, particularly for naturebased tourism, as they receive worldwide approximately 8 billion visitors per year [START_REF] Balmford | Walk on the wild side: estimating the global magnitude of visits to protected areas[END_REF]. Nature-based tourism, and in particular wildlife tourism (defined here as a form of nature-based tourism involving encounters with non-domesticated animals), represents a unique opportunity to study the capacity of biodiversity to provide recreational services [START_REF] Daniel | Contributions of cultural services to the ecosystem services agenda[END_REF][START_REF] Wood | Using social media to quantify nature-based tourism and recreation[END_REF]. Despite this, only few recent studies have demonstrated positive relationships between biodiversity and wildlife tourism in PAs. For example, [START_REF] Siikamäki | Biodiversity attracts visitors to national parks[END_REF] showed that PAs with high biodiversity were most attractive for visitors in Finland. Similarly, [START_REF] Booth | The value of species rarity in biodiversity recreation: a birdwatching example[END_REF] highlighted the importance of rare bird species in attracting visitors to PAs in the United Kingdom. Therefore, a comprehensive assessment of how various components of biodiversity actually affect the recreational service of wildlife tourism is currently lacking.

This study seeks to contribute to this assessment of the recreational service of wildlife-tourism by exploring the role of different components of biodiversity in the actual use of this service. Biodiversity metrics, such as species richness, phylogenetic diversity and abundance, can be relevant measures of biodiversity that are essential for the recreational service of wildlife tourism. People may be interested in interacting with many species (high species richness), with dissimilar species (high phylogenetic diversity) or with many individuals (high abundance) [START_REF] Winterbach | Wildlife abundance and diversity as indicators of tourism potential in Northern Botswana[END_REF]. However, these metrics can also be applied to specific subsets of biodiversity in the assessment of the service of wildlife tourism, since people may also be attracted to specific groups of species. In particular, they may prefer charismatic [START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF][START_REF] Di Minin | Understanding heterogeneous preference of tourists for big game species: implications for conservation and management[END_REF][START_REF] Di Minin | Improving the surrogacy effectiveness of charismatic megafauna with well-surveyed taxonomic groups and habitat types[END_REF], rare [START_REF] Angulo | Rare species are valued big time[END_REF][START_REF] Booth | The value of species rarity in biodiversity recreation: a birdwatching example[END_REF] or threatened species [START_REF] Siikamäki | Biodiversity attracts visitors to national parks[END_REF]. Assessments of the recreational service of wildlife tourism should therefore cover different components of biodiversity that reflect different recreational opportunities (see Fig. 1), not only considering all species present in an area, but also subsets of charismatic, rare and threatened species (see [START_REF] Dallimer | Biodiversity and the feel-good factor: understanding associations between self-reported human well-being and species richness[END_REF][START_REF] Siikamäki | Biodiversity attracts visitors to national parks[END_REF].

The recreational service of wildlife tourism can be assessed from the perspective of the relationship between supply and demand (Fig. 1). The supply-side refers to the biophysical components and properties, often in combination with human capitals (e.g. infrastructure, machines or knowledge), that are required to provide an ecosystem service in a particular area over a period of time [START_REF] Burkhard | Mapping ecosystem service supply, demand and budgets[END_REF][START_REF] Geijzendorffer | Improving the identification of mismatches in ecosystem services assessments[END_REF][START_REF] Palomo | Disentangling the pathways and effects of ecosystem services co-production[END_REF][START_REF] Wei | Integrating supply and social demand in ecosystem services assessment: A review[END_REF]. The demand-side refers to the consumption, use or desire to enjoy a particular ecosystem service by stakeholders to fulfil their needs in a particular area over a period of time [START_REF] Geijzendorffer | Improving the identification of mismatches in ecosystem services assessments[END_REF][START_REF] Wei | Integrating supply and social demand in ecosystem services assessment: A review[END_REF][START_REF] Wolff | Mapping ecosystem services demand: A review of current research and future perspectives[END_REF]. In the context of the recreational service of wildlife tourism, the supply-side refers to the different biodiversity components (i.e. all species, subsets of charismatic, rare and threatened species) and metrics (i.e. richness, phylogenetic diversity, abundance) that offer opportunities of recreational experiences (Fig. 1). The demand of wildlife tourism can be expressed by the number of visitors [START_REF] Balmford | Walk on the wild side: estimating the global magnitude of visits to protected areas[END_REF][START_REF] Schägner | Mapping recreational visits and values of European National Parks by combining statistical modelling and unit value transfer[END_REF], their preferences and desires to encounter or see particular species (Ament et al. 2016;[START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF] or their actual costs and willingness to pay for seeing particular species [START_REF] Di Minin | Understanding heterogeneous preference of tourists for big game species: implications for conservation and management[END_REF][START_REF] Naidoo | Complementary benefits of tourism and hunting to communal conservancies in Namibia[END_REF]. This demand can be also influenced by human infrastructure, such as tourism facilities, development of roads or available tourist information (Fig. 1).

The supply-and demand-sides of wildlife tourism can vary across space because of variation in ecosystem capacity, such as habitat structure, and variation in infrastructures, such as tourism facilities [START_REF] De Vos | The relevance of spatial variation in ecotourism attributes for the economic sustainability of protected areas[END_REF][START_REF] Lacitignola | Modelling socio-ecological tourism-based systems for sustainability[END_REF][START_REF] Martínez Pastur | Spatial patterns of cultural ecosystem services in Southern Patagonia[END_REF][START_REF] Torres-Sovero | Social-ecological factors influencing tourist satisfaction in three ecotourism lodges in the southeastern Peruvian Amazon[END_REF]. The spatial heterogeneity of the supply-and demand-sides of recreational services is difficult to jointly assess, and few studies have shed light on this (see [START_REF] Crouzat | Assessing bundles of ecosystem services from regional to landscape scale: insights from the French Alps[END_REF]. However, understanding the spatial variation in supply and demand can inform management decisions in PAs [START_REF] Palomo | Incorporating the social-ecological approach in protected areas in the Anthropocene[END_REF]. For example, the distribution of wildlife tourists can reveal spatial patterns of potential disturbances to wildlife [START_REF] Lunde | Assessing the effect of roads on impala (Aepyceros melampus) stress levels using faecal glucocorticoid metabolites[END_REF][START_REF] Mulero-Pázmány | Ungulate behavioral responses to the heterogeneous road-network of a touristic protected area in Africa[END_REF]. Therefore, analysing the spatial variation of the supply and demand of the recreational service of wildlife tourism might provide useful guidance for management within and across PAs.

The main objective of this research was to test the spatial relationship between different biodiversity measures and wildlife tourism in order to understand the supply and demand dimensions of this recreational service within and across four PAs in in three countries (Namibia, Botswana, South Africa). We specifically aimed to: (1) test the influence of biodiversity metrics (species richness, phylogenetic diversity, abundance) applied to four components of biodiversity (all species, and subsets of charismatic, rare and threatened species) on visitor numbers along road transects within the four PAs, while testing whether factors related to infrastructure affected the spatial distribution of visitors in the PAs; and

(2) to test whether the effects of biodiversity measures on visitor numbers were consistent across the four PAs. In doing so, we conducted transect counts of mammal diversity and abundance (i.e. supply) as well as visitor numbers (i.e. demand) along road transects in the four PAs. This study offers a novel approach to assess the recreational service of wildlife tourism by considering different biodiversity metrics and components relevant for its supply and by taking into account the spatial variation of its supply and demand.

Methods

Study area

We conducted fieldwork in four PAs (Fig. 2), namely Etosha National Park (Namibia), Chobe National Park (Botswana), Kruger National Park and Hluhluwe-Imfolozi Park (South Africa).

The four PAs were selected because they cover a wide gradient in environmental conditions, in particular in rainfall (mean annual rainfall was obtained from the WorldClim database (http://www.worldclim.org)), and represent a variety of savannah landscapes (Methods S1 in Supporting Information, see also Table 1 in [START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF]. Savannah ecosystems harbour a unique diversity of large mammals, such as large ungulates and predators, and are prime destinations for wildlife tourists [START_REF] Akama | Measuring tourist satisfaction with Kenya's wildlife safari: a case study of Tsavo West National Park[END_REF][START_REF] Boshoff | Profiles, views and observations of visitors to the Addo Elephant National Park, Eastern Cape, South Africa[END_REF][START_REF] Di Minin | Understanding heterogeneous preference of tourists for big game species: implications for conservation and management[END_REF][START_REF] Okello | The relative importance of large mammal species for tourism in Amboseli National Park, Kenya[END_REF]. The four PAs were also selected because they contain predator and especially lion populations (the most abundant species of predators and the most sought after by tourists, see [START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF], and offer the possibility for visitors to use own vehicles or tour-operators (i.e. guided drives). All data were collected during the dry season, which is the recommended period for visiting these PAs. The study was conducted in Etosha in October 2014, in Chobe in June/July 2014, in Kruger from June to August 2012, and in Hluhluwe in May 2014. Description and maps of the four PAs can be found in the Supporting Information (Methods S1, Fig. S1).

Transect counts

We distributed 50, 40, 78 and 28 road transects along the public road and track network of Etosha, Chobe, Kruger and Hluhluwe, respectively (see Fig. S1 in Supporting Information), covering the vegetation gradient in each PA. Transects were 5 km long with a minimum distance of 1 km between transects and to the next main camp or gate. Our approach using road transects consequently allows us to directly link the distribution of large mammals (i.e. supply-side) with the one of wildlife tourists (i.e. demand-side) within PAs (Fig. 1). Along each road transect, we simultaneously counted large mammals and visitors and replicated transect counts three times (at different times of day, i.e. morning, mid-day and afternoon), with at least three days between temporal replicates.

We conducted animal and visitor counts by driving along each transect at a constant speed (ca. 15 km/h) in a four-wheel drive truck with two observers, each scanning one side of the road. We counted all large ungulates and predators (see Table S1 for species list in Supporting Information). When an animal or a group of animals was spotted, each species was identified and individuals were counted. Among the predators, we only considered lion (Panthera leo), leopard (Panthera pardus), spotted hyena (Crocuta crocuta), cheetah (Acinonyx jubatus) and wild dog (Lycaon pictus) because they are the largest and most regularly observed predators in the region. Because of the elusive nature of predators, we estimated predator occurrences using two methods: own predator sightings and data from a social survey based on visitor questionnaires (Section III of the questionnaire in Methods S2 in Supporting Information). For own predator sightings, we noted species and number of individuals and recorded the sighting location using a GPS-device, whenever we sighted one of the five predator species either when conducting the regular transect counts or while commuting. The questionnaires were conducted at lunch time and in the evenings, resulting in 153, 158, 204 and 136 questionnaires in Etosha, Chobe, Kruger and Hluhluwe, respectively. We asked the visitors about sightings of any of the five predator species on the respective day and noted species and number of individuals. We further asked the visitors to mark the sighting location on the map provided at the entrance of the PA. If respondents were unsure about the sighting location, we excluded these sightings from the analysis.

Own and visitors' predator sightings were pooled, digitized (using ARCGIS v. 10.1) and only those located within our road transects were retained for the analyses. To correct predator sightings for sampling effort, we recorded the total number of times we drove each transect during the study period. We also asked visitors to mark the routes they had driven on the interview day to assess which transects they had passed. We combined these data to determine the total number of times each transect was driven by us and the visitors.

As a proxy for the demand of the recreational service of wildlife tourism, we estimated the number of visitor vehicles (professional guided tours and private vehicles) passing us in opposite direction during each mammal transect count along the road transects. Therefore, we did not count vehicles twice. When a vehicle was parked on the side of the road with no specific travelling direction, we did not count it. The demand of wildlife tourism can be influenced by factors related to infrastructure and habitat structure within PAs [START_REF] De Vos | The relevance of spatial variation in ecotourism attributes for the economic sustainability of protected areas[END_REF]). Thus, we accounted for PA infrastructure, road conditions and visibility as factors potentially affecting spatial distribution of visitors in the PAs. To assess effects of PA infrastructure, we measured the minimum distance from the centre of each transect to the nearest PA entry gate, camp or lodge, and stretch-point (defined here as places where visitors are allowed to get off their vehicles) using ARCGIS (v. 10.1). We classified roads into three categories (i.e., main tar road, main secondary road, and sandy tracks or small loops) to account for accessibility of different areas within each PA. To account for varying habitat attributes, we quantified visibility at the start of each transect, after every kilometre and at the end of it (i.e. kilometre 0, 1, 2, 3, 4 and 5). We recorded visibility only once, as little changes were observed over the time spent in the four PAs. To assess visibility, we estimated the perpendicular distance at which we would be able to identify an adult warthog (Phacochoerus africanus; see [START_REF] Caro | Abundance and distribution of mammals in Katavi National Park, Tanzania[END_REF], to the left and to the right side of the road, using a laser range finder. We calculated the average of the resulting 12 values for each transect (i.e. kilometre 0, 1, 2, 3, 4 and 5 at the right and left sides). Finally, we recorded the time spent passing each transect, since the number of vehicles is directly related to the sampling time.

Our final dataset included 196 replicated transects and 33 mammal species over the four PAs, which enabled us to link mammal diversity and visitor distributions at the fine scale of 5 km transects within the PAs, while considering tourism infrastructure.

Biodiversity measures definition and calculations

To test the influence of mammal diversity on vehicle distribution and numbers, we assessed four components of large mammal diversity (all large mammals, subsets of charismatic, rare and threatened species) and used three biodiversity metrics (species richness, phylogenetic diversity, abundance) (Fig. 1), all reflecting different potential supply of the recreational service of wildlife tourism. The diversity of large mammals was assessed by recording all ungulate species encountered along the road transects, the five species of large predators described above, and excluded other species (like small predators and primates), thus reflecting the species for which tourists' stated demand is highest (see [START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF]).

We also classified species according to their charisma, rarity and threat. We defined charisma in two ways. First, the large predator species were considered to be charismatic species [START_REF] Ripple | Status and ecological effects of the world's largest carnivores[END_REF][START_REF] Willemen | Using social media to measure the contribution of Red List species to the nature-based tourism potential of African protected areas[END_REF]. Second, the Big Five -lion, leopard, African elephant (Loxodonta africana), black (Diceros bicornis) and white rhinoceros (Ceratotherium simum), and African buffalo (Syncerus caffer) -were considered charismatic [START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF][START_REF] Okello | The relative importance of large mammal species for tourism in Amboseli National Park, Kenya[END_REF]. We defined the rarity of ungulate species in two ways, avoiding redundancy to predator species, which are also rare (Table S2 in Supporting Information). First, we defined regionally rare species based on range sizes of ungulate species within Africa (IUCN database; http://www.iucnredlist.org/technicaldocuments/spatial-data). A species was categorized as regionally rare if it belonged to the 50% of the species with the smallest range sizes in Africa. Second, we defined locally rare species based on our own counts within each PA. Here, a species was categorized as locally rare if it belonged to the 50% of the species with the lowest probabilities to be encountered within each PA. Finally, all species classified as near threatened, vulnerable, endangered or critically endangered (following IUCN's Red List of Threatened Species) were categorized as threatened species.

Three biodiversity metrics were applied to the four components of large mammal diversity. These biodiversity metrics defined hereafter reflect the perceived species richness and abundance observed by us and by the wildlife tourists, but do not quantify true species richness and abundance. While such measures could be criticised in studies on mammal populations and communities, they are suitable in CES studies because they quantify the actual visitors' experience of mammal communities while driving within PAs [START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF]. Species richness reflected the sum of sighting probabilities of individual mammal species in each transect. Phylogenetic diversity reflecting the dissimilarity of mammal species in the road transects was calculated using an abundance-weighted phylogenetic diversity index. Abundance was the average total number of animals recorded in the road transects, regardless of species identity. Calculation details of these metrics can be found in the Supporting Information (Methods S3).

We calculated richness and abundance for all biodiversity components (i.e. all species, charismatic, rare and threatened species) (see Supporting Information Methods S3).

We calculated the phylogenetic diversity only for the biodiversity component including all species because the metric is not meaningful for the subset components. Consequently, we tested effects of 13 measures of biodiversity on vehicle numbers along transects: richness, phylogenetic diversity and abundance of all species, and richness and abundance of predators, Big Five, regionally and locally rare ungulates and threatened species.

Statistical analysis

All statistical analyses were done with R 3.1.1 software (R Core Team 2014) and dedicated packages. We used Generalized Linear Mixed Models to model the influence of biodiversity measures on vehicle numbers along each transect across the four PAs, accounting for the other factors that might determine visitor distributions within PAs. We are aware that vehicle numbers could also affect wildlife distribution, but assume that tourist vehicles would only influence wildlife behaviour and do not lead to numerical responses of wildlife along the studied road transects [START_REF] Mulero-Pázmány | Ungulate behavioral responses to the heterogeneous road-network of a touristic protected area in Africa[END_REF]. Moreover, we expect a positive relationship between biodiversity and vehicle numbers, whereas an effect of vehicle numbers on biodiversity variables should rather lead to a negative relationship between the two variables. We used Poisson regressions to model the count data of vehicle numbers in response to biodiversity measures [START_REF] Zuur | Mixed effects models and extensions in ecology with R[END_REF]). We log-transformed all biodiversity measures, scaled and centred them to zero mean and unit variance to obtain model estimates that are comparable in their effect sizes. Because biodiversity measures were correlated (Table S3 in Supporting Information), we fitted separate models for each biodiversity measure. We adopted a model averaging procedure to test the effect of biodiversity on vehicle numbers [START_REF] Bolker | Generalized linear mixed models: a practical guide for ecology and evolution[END_REF]). Thus, each full model contained as fixed effect one of the 13 biodiversity measures, and further included as fixed effects distances to closest park entry gate, camp or lodge and stretch-point, visibility and time spent driving along each transect. The full models contained as random effects the road categories (i.e. main tar road -main secondary road -sandy tracks or small loops), the date of sampling, and the transects nested within PA. By including PA also as a random factor, we correct for the variation of absolute visitor numbers observed in the road transects across PAs. In total, we fitted three models for richness, phylogenetic diversity and abundance of all large mammal species, and five richness-based and five abundance-based models for charisma, rarity and threat, resulting in 13 full models in total.

For each full model, we identified the best subset of models based on the Akaike Information Criterion (AIC) by testing all possible combinations of fixed effects specified in the full model (MuMIn package). We kept the respective biodiversity measure in all subset models. We obtained model estimates for each fixed effect by averaging model estimates across all subset models with ΔAIC < 2. We additionally quantified the amount of variation in vehicle numbers that was explained by the fixed and random effects in each of the 13 models which yields an estimate of model performance (rsquare.glmm function, MuMIn package, [START_REF] Nakagawa | A general and simple method for obtaining R 2 from generalized linear mixed-effects models[END_REF]. For this calculation, we included all fixed effects that were present at least once in the respective subset of best models. Finally, we visually checked for signals of spatial autocorrelation in the residuals of these 13 models, using spatial correlograms (correlog function, ncf package).

In a second analysis, we tested whether biodiversity effects on vehicle numbers were consistent across PAs. To this end, we built additional models with PA identity as fixed effect, in addition to the fixed effects that were present at least once in the subset of best models. We compared models including an interaction term between the respective biodiversity measure and PA identity to models without this interaction term using analyses of deviance. A significant interaction term identifies PA-specific effects of the respective biodiversity measure on vehicle numbers.

Results

Visitors vehicle numbers along 588 transect counts in Etosha, Chobe, Kruger and Hluhluwe PAs ranged from 0 to 67 vehicles per replicate (mean = 4.67, standard deviation = 7.72, n = 588). Vehicle numbers were highest in Kruger (mean = 9.29, sd = 10.30, n = 234), followed by Etosha (mean = 1.90, sd = 2.36, n = 150), Hluhluwe (mean = 1.80, sd = 1.92, n = 84) and Chobe (mean = 1.11, sd = 2.59, n = 120). Species richness of large mammals ranged from 0 to 7.04 species (mean = 2.68, sd = 1.42) per transect, and abundance varied between 0 and 730 animals per transect (mean = 65, sd = 104.95).

The model-averaging procedure resulted in almost identical statistical models of the effects of large mammal diversity on vehicle numbers along transects in the four PAs (Table 1). All models retained by the model selection included as fixed effects the respective biodiversity measure, the distance to the closest camp or lodge, the distance to the nearest stretch-point, visibility, and the time spent driving the transect. The distance to the closest PA gate was excluded in 5 of the 13 models by the model selection procedure. Each of the 13 models explained more than 70% of the variation of vehicle numbers along the road transects, demonstrating good model specifications. Random effects' standard deviations were quite high (Table 1), and the random model component related to variation among road transects, categories and counting days generally explained more variation than the fixed effects. We did not detect signals of spatial autocorrelation in model residuals.

Biodiversity and infrastructure effects on vehicle numbers in Protected Areas

The three biodiversity metrics involving all species (i.e. species richness, phylogenetic diversity, abundance) had a positive influence on visitor vehicle numbers across the four PAs (Fig. 3A, Table 1). In the richness-based analysis of diversity subsets (circle symbols in Fig. 3B), we found significant effects of predator species richness and of locally rare ungulate species richness on vehicle numbers (Table 1). The richness of the Big Five, regionally rare ungulates and threatened species were not significantly related to vehicle numbers. For the abundance-based models of diversity subsets (square symbols in Fig. 3B), we found that all metrics had a significant positive influence on the number of vehicles except the abundance of the Big Five species. The abundance of regionally rare species of ungulates had the largest effect on vehicle numbers among all subset metrics (Fig. 3B; Table 1).

Distance to closest gate, camps or stretch points, visibility and time spent sampling were differently affecting vehicle numbers along the transects (Table 1). Distance to closest camp was significantly negatively related to vehicle numbers in all 13 models. Visibility had a significant negative effect in only three models (abundance and richness of all species, and abundance of regionally rare species of ungulates). Finally, distance to nearest PA gates and stretch-points never had significant effects on vehicle numbers.

Park-specific assessment of biodiversity effects on vehicle numbers

Only the richness and abundance of predators, and the abundance of threatened species had a consistent effect on vehicle numbers across the four PAs. The interaction terms between PA and predator richness, predator abundance and abundance of threatened species were not significant (Table S4 in Supporting Information). All other models contained a significant interaction term between the respective biodiversity measure and PA identity, demonstrating context-specific effects of biodiversity measures on vehicle numbers. In Etosha, species richness and abundance of all species as well as the richness of predators and locally rare ungulates had significant positive effects on vehicle numbers along transects (Fig. 4). Abundance-based models of diversity subsets revealed a positive relationship between visitor numbers in Etosha and the two rarity metrics (Fig. S3 in Supporting Information). In Chobe, we found a strong positive relationship between all biodiversity measures and vehicle numbers, both for richness-and abundance-based models (Fig. 4, Fig. S3 in Supporting Information). In Kruger and Hluhluwe, only one biodiversity measure was significant (total abundance of mammals in Kruger, Fig. 4A; abundance of predators in Hluhluwe, Fig. S3 in Supporting Information).

Discussion

Our study showed that the supply of recreational opportunities to observe large mammals had a direct influence on the demand of wildlife tourists within PAs in Southern Africa. All diversity measures reflecting all large mammals and subsets of large mammal diversity, such as richness of predators and rare ungulates (Fig. 3), positively related to vehicle numbers along road transects. Interestingly, all biodiversity measures, except richness and abundance of predators and abundance of threatened species, had PA-specific effects, confirming that the realization of the recreational service of wildlife tourism is contingent on the local context shaped by ecosystem capacity, tourism infrastructure and societal demands [START_REF] Cong | Analysis of wildlife tourism experiences with endangered species: An exploratory study of encounters with giant pandas in Chengdu, China[END_REF], Torres-Sovero et al. 2014). The diversity of large mammals has been a central (although not exclusive) element of recreational activities in Southern African PAs [START_REF] Winterbach | Wildlife abundance and diversity as indicators of tourism potential in Northern Botswana[END_REF], but this study is the first one testing the role of different metrics and components of biodiversity on the visitors' demand of the recreational service of wildlife tourism.

Biodiversity measures' effects on vehicle numbers within PAs

The majority of biodiversity measures used in this study (9 out of 13) were positively associated with visitor vehicle numbers along the road transects accounting for a multitude of other factors. This suggests that the demand for wildlife tourism in a PA is positively related to high mammal diversity. Nevertheless, tourists may not only be interested in large mammals, but could also be interested in the diversity of other taxonomic groups (e.g. birds, reptiles), primarily enjoy the scenery (e.g. the salt pan in Etosha or the riverfront in Chobe) or may simply transit through the PA. Although other species than large mammals can affect the decision of visitors to choose specific routes in these PAs [START_REF] Buckley | To use tourism as a conservation tool, first study tourists[END_REF]Hausmann et al. 2017c), observing large mammals was the priority of wildlife tourists surveyed in each of the PAs of this study (see answers in Section II-II of the questionnaire, see Methods S2 in Supporting Information; see also [START_REF] Grünewald | Biodiversity, scenery and infrastructure: factors driving wildlife tourism in an African savannah national park[END_REF]). Furthermore, it is possible that scenery plays a role in attracting visitors to specific areas (or could have an indirect role via mammal distributions, see [START_REF] Grünewald | Biodiversity, scenery and infrastructure: factors driving wildlife tourism in an African savannah national park[END_REF]). Here we only tested for visibility (a habitat attribute) and therefore cannot quantify potential other scenery effects.

Nevertheless, we expect that also scenery influenced visitor distributions [START_REF] Grünewald | Biodiversity, scenery and infrastructure: factors driving wildlife tourism in an African savannah national park[END_REF]). In addition, visitors transiting through PAs might have weakened the relationship between biodiversity measures and wildlife tourists. We indeed found significant effects of distance to camps and stretch-points in the models. However, in spite of accounting for these effects, we detected significant relationships between different diversity measures of large mammals and visitor vehicle numbers (Fig. 3A). Thus, the distribution of wildlife tourists within PAs was not random and was partly explained by the diversity of large mammals.

Because the three biodiversity metrics were positively correlated across all mammal species (Table S3 in Supporting Information), their respective effects on wildlife tourists are difficult to disentangle. It is possible that wildlife tourists actively search for sites with a high number of species (i.e. species richness; see [START_REF] Siikamäki | Biodiversity attracts visitors to national parks[END_REF] and a high number of dissimilar species (i.e. phylogenetic diversity). However, these relationships between visitor numbers and species richness and phylogenetic diversity may also be related to the effect of large mammal abundance, since visitors tracking locations with high animal abundance are likely to see many species (species richness) and dissimilar species (phylogenetic diversity). Indeed, mammal abundance had consistently the strongest effect among all tested biodiversity measures and all abundance-based metrics of diversity subsets (except abundance of Big Five species) were significant. These findings suggest that mammal abundance is a particularly important component influencing the distribution of tourists within PAs.

Our results also highlight that subsets of mammal diversity and in particular the charisma and rarity of species showed a positive relationship with visitor distributions in PAs. Our results on the importance of richness and abundance of predator species are in accordance with an earlier study on tourists' behaviour in Amboseli National Park in Kenya [START_REF] Okello | The relative importance of large mammal species for tourism in Amboseli National Park, Kenya[END_REF], where tourists always stopped their drive when they encountered a lion or a cheetah. However, the charisma measures based on the Big Five species did not have any influence on number of visitors as neither richness nor abundance of Big Five species had a significant effect on vehicle numbers along transects. This result contradicts the traditional assumption that Big Five species are the main attraction for wildlife tourists [START_REF] Lindsey | Wildlife viewing preferences of visitors to protected areas in South Africa: implications for the role of ecotourism in conservation[END_REF][START_REF] Maciejewski | Understanding tourists' preference for mammal species in private protected areas: is there a case for extralimital species for ecotourism?[END_REF] and is rather in line with recent publications arguing that other species than the renown Big Five are crucial for providing the recreational service of wildlife tourism [START_REF] Buckley | To use tourism as a conservation tool, first study tourists[END_REF][START_REF] Di Minin | Understanding heterogeneous preference of tourists for big game species: implications for conservation and management[END_REF]Hausmann et al. 2017a,c).

Another measure of large mammal diversity, namely the abundance of regionally rare species of ungulates, was also closely associated with visitor numbers along transects (Fig. 3B). Regionally rare species of ungulates include the blue wildebeest, the hippopotamus, or the plains zebra that usually occur in large herds. This suggests that visitors might particularly appreciate and look for these large herds of regionally rare ungulates [START_REF] Di Minin | Understanding heterogeneous preference of tourists for big game species: implications for conservation and management[END_REF]. Furthermore, according to our findings, visitors preferentially drove along roads with high probabilities of encounters with locally rare ungulates, such as those occurring only in a specific PA (e.g. the red lechwe in Chobe) or rarely seen in others (e.g. rhinoceros in Etosha). Finally, although previous studies detected significant relationships between threatened species (based on the IUCN Red List) and number of visitors in PAs (see [START_REF] Siikamäki | Biodiversity attracts visitors to national parks[END_REF], we found that only the abundance of threatened species (and not richness) affected visitor distributions in Southern African PAs. This result suggests that metrics based on the IUCN Red List might have inconsistent effects on wildlife tourists depending on the study design and context.

Context-dependency of biodiversity metrics

Species richness, phylogenetic diversity, and overall abundance of large mammals had PAspecific effects on the spatial distribution of visitors in the PA. Furthermore, the majority of the effects of biodiversity subsets on visitors were context-dependent. This high level of context-dependency (10 out of 13 biodiversity measures showed PA-specific effects) illustrates the spatial heterogeneity of the relationship between the supply-and demandsides of the recreational service of wildlife tourism within specific PAs. The contextdependency of these relationships can be explained by ecological or social factors or both, as detailed below. Understanding the interplay between these different factors is of prime importance for biodiversity conservation and PA management [START_REF] Laurila-Pant | How to value biodiversity in environmental management?[END_REF].

The PAs used for our assessment are located across an ecological gradient comprising a wide range of habitat types and different mammal communities (Methods S2 in Supporting Information). Consequently, the different PAs of our study provide different aesthetic backgrounds (partly accounted for by visibility and road condition in our analysis) that can influence the demand for recreation potential. Thus, differences in ecological factors among the four PAs might explain why biodiversity metrics did not have the same effects across PAs. In Etosha, for instance, the overall abundance of ungulates and predators was the measure with the greatest effect on visitor vehicle numbers. Etosha is the driest PA with comparatively open vegetation and harbours large animal herds that tend to concentrate in specific areas of the PA. Consequently, areas with better opportunities to observe such large herds are potentially most attractive to visitors. In Chobe, most of the biodiversity measures had large effects on visitor numbers per transect. This result could be related to the absence of artificial waterholes in Chobe, which creates steep gradients in biodiversity and visitor numbers between transects located close to permanent water bodies (riverfront and Savuti marsh) and those located further away from water. Because the distance to water was not available for all PAs, we could not formally test for its effect on visitor distributions and cannot rule out its importance in affecting visitors' distributions.

A previous study in Kruger showed that artificial waterholes did not have any effect on vehicle numbers, whereas natural riverbeds did [START_REF] Grünewald | Biodiversity, scenery and infrastructure: factors driving wildlife tourism in an African savannah national park[END_REF], which calls for more research on this topic.

In addition to ecological factors, social factors may also explain the differences in mammal diversity-wildlife tourism relationships observed among the PAs. For instance, origin and experience of wildlife tourists have been shown to influence visitors' expectations and behaviour [START_REF] Di Minin | Understanding heterogeneous preference of tourists for big game species: implications for conservation and management[END_REF][START_REF] Lindsey | Wildlife viewing preferences of visitors to protected areas in South Africa: implications for the role of ecotourism in conservation[END_REF]. Moreover, PA characteristics, such as their size and infrastructure [START_REF] Neuvonen | Visits to national parks: effects of park characteristics and spatial demand[END_REF], are expected to influence the demand for the recreational ecosystem service of wildlife tourism. Our analysis demonstrates that distances to the closest campsites or lodges was an important factor predicting spatial distributions of vehicles in the different PAs. Thus, the tourism infrastructure and its distribution within the PAs are also important factors explaining the relationship between the supply and demand of the service of wildlife tourism. The small number of significant relationships in Hluhluwe might be due to its small size in comparison to the other PAs. Consequently, visitors might drive along all available roads in Hluhluwe, regardless of the diversity and number of animals they may encounter. The recreational service based on wildlife-watching is consequently more easily exploited by tourists in this PA.

Finally, despite the context-dependency of most other relationships between biodiversity and wildlife tourists, predator richness and abundance had consistent effects on vehicle numbers per transect across the four PAs (Table 1). This is consistent with the notion that carnivores are key species in African PAs [START_REF] Arbieu | Mismatches between supply and demand in wildlife tourism: Insights for assessing cultural ecosystem services[END_REF][START_REF] Ferreira | Managing charismatic carnivores in small areas: large felids in South Africa[END_REF], are generally the most attractive species group for wildlife tourists and satisfy a specific demand for observing these species [START_REF] Maciejewski | Understanding tourists' preference for mammal species in private protected areas: is there a case for extralimital species for ecotourism?[END_REF][START_REF] Willemen | Using social media to measure the contribution of Red List species to the nature-based tourism potential of African protected areas[END_REF].

Management implications

The relationships between the supply and demand of the recreational service of wildlife tourism revealed by large mammal diversity and tourists' distributions in Southern African PAs can contribute to PA management. Through increased tourist satisfaction, the actual use of the recreational service of wildlife tourism can enhance the popularity of a PA among visitors, with consequences for the PA management. This cascade would lead, in the long run, to generate sustainable PA revenues which ideally transfer into benefits for tourism development and biodiversity conservation. The use of road networks in PAs revealed by relationships between supply and demand for wildlife tourism reflects the knowledge built up by tourists about the areas with high mammal diversity in each PA. Although we did not investigate how tourists obtained the knowledge on large mammal occurrence in PAs, the direct exchange of information between tourists and the existence of information boards at PA gates and camps constitute important sources of information. In addition, the increasing use of social media within PAs (see Hausmann et al. 2017a,b;[START_REF] Wood | Using social media to quantify nature-based tourism and recreation[END_REF]) can increase real time information on hotspots of wildlife viewing within PAs. This development should be considered by managers in the different PAs, as this phenomenon could have direct consequences for wildlife. The real-time information provided through means of radio or mobile applications can cause fast driving and overcrowding, potentially causing disturbance to wildlife behaviour (Hausmann et al. 2017b;[START_REF] Lunde | Assessing the effect of roads on impala (Aepyceros melampus) stress levels using faecal glucocorticoid metabolites[END_REF][START_REF] Mulero-Pázmány | Ungulate behavioral responses to the heterogeneous road-network of a touristic protected area in Africa[END_REF]) and jeopardize responsible tourism practices. Therefore, enforcement of PA regulations (e.g. driving speed limitations, getting off vehicles at stretch-points only, etc.), monitoring of social media use and a better control of information flow within PAs would help controlling traffic and related negative impacts on wildlife along the road network.

Our study could incite PA managers to play an active role in this information flow at the local scale. The context-dependency of our results suggests that information exchange about areas with good supply of opportunities to observe locally and regionally rare species of ungulates is important for wildlife tourists. An increased attention of managers on locally and regionally rare ungulates would diversify the supply-side of the relationship by not only focussing on the charismatic predator species. This is especially helpful for managing the spatial distribution of tourists in the PA because the spatial distributions of abundance of predators and rare ungulates were not correlated (Table S3). Such communication efforts from PA managers are expected to reduce speeding and overcrowding, thereby alleviating tourism pressure on wildlife populations. Hence, by maintaining the provision of appropriate tourism infrastructure, by quantifying visitor distributions over the road networks within PAs and by monitoring changes in habitat attributes and animal distributions, PA managers can obtain fundamental information about the recreational service of wildlife tourism in the specific context of each PA.

We only addressed wildlife tourism in the form of large mammal viewing within PAs in this study, while the long-term sustainability of PA management is contingent on complementary evaluations of other potential CES (Ament et al. 2016). Nevertheless, our paper highlights the importance of several measures of large mammal diversity in the CES framework, by attracting visitors, in concert with other factors, to specific areas in the PA.

Hence, the supply-demand approach in the context of recreational services can contribute to the development of tailor-made management programs for PAs benefitting biodiversity conservation and the satisfaction of PA visitors.

Table 1. Relationships between vehicle numbers and biodiversity measures, infrastructure (Dist_gate, Dist_camp, Dist_stretch), habitat attribute (Visibility) and sampling-related factors (see Methods). Fixed effects' estimates on the log-scale are averaged across all models which ΔAIC < 2 with standard errors in brackets. Significant effects are marked with a (*). Random effects' standard deviations are also shown. 
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 2 Figure 2. Location of the four Protected Areas studied in Southern Africa; A, Etosha National Park; B, Chobe National Park; C, Kruger National Park; D, Hluhluwe-Imfolozi Park.
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-based models for large mammal diversity subsets

  

				Fixed effects				Random effects
		Biodiversity	Dist_gate	Dist_camp	Dist_stretch	Visibility	Time	Park Park/Transects Road Date
		measure							
	Models including all large mammals							
	Abundance	0.46 (0.07)*	0.01 (0.04) -0.24 (0.07)* -0.03 (0.07) -0.25 (0.09)* 0.17 (0.04)*	0.76	0.59	0.89	0.45
	Phylogenetic diversity	0.23 (0.08)*	0.01 (0.04) -0.25 (0.07)* -0.07 (0.09) -0.09 (0.10) 0.22 (0.04)*	0.80	0.64	0.87	0.45
	Richness	0.34 (0.07)*	0.01 (0.04) -0.24 (0.07)* -0.09 (0.10) -0.20 (0.09)* 0.19 (0.04)*	0.81	0.62	0.86	0.45
	Richness-based models for large mammal diversity subsets					
	Predator	0.20 (0.06)*	X	-0.22 (0.07)* -0.02 (0.05) -0.03 (0.07) 0.22 (0.04)*	0.74	0.64	0.85	0.45
	Big five	0.12 (0.07)	0.00 (0.03) -0.22 (0.07)* -0.05 (0.08) -0.02 (0.06) 0.23 (0.04)*	0.76	0.64	0.83	0.46
	Regional rarity	0.11 (0.07)	0.00 (0.03) -0.26 (0.07)* -0.06 (0.09) -0.08 (0.10) 0.23 (0.04)*	0.80	0.65	0.87	0.45
	Local rarity	0.21 (0.06)*	X	-0.19 (0.07)* -0.03 (0.07) -0.01 (0.04) 0.22 (0.04)*	0.76	0.63	0.84	0.46
	IUCN threat	0.11 (0.06)	0.00 (0.03) -0.23 (0.07)* -0.05 (0.08) -0.02 (0.06) 0.23 (0.04)*	0.76	0.63	0.84	0.46
	AbundancePredator	0.20 (0.06)*	X	-0.23 (0.07)* -0.03 (0.07) -0.04 (0.08) 0.22 (0.04)*	0.78	0.64	0.86	0.45
	Big five	0.12 (0.07)	X	-0.22 (0.07)* -0.05 (0.08) -0.02 (0.06) 0.23 (0.04)*	0.79	0.64	0.85	0.45
	Regional rarity	0.34 (0.08)*	0.01 (0.05) -0.25 (0.07)* -0.06 (0.08) -0.27 (0.10)* 0.21 (0.04)*	0.83	0.63	0.89	0.46
	Local rarity	0.18 (0.06)*	X	-0.22 (0.07)* -0.02 (0.06) -0.01 (0.04) 0.22 (0.04)*	0.75	0.64	0.86	0.46
	IUCN threat	0.15 (0.06)*	-0.04 (0.07)	X	-0.22 (0.07)* -0.06 (0.08) 0.23 (0.04)*	0.81	0.63	0.85	0.46
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Methods S1. Study areas description

Etosha National Park: Etosha is located in northern Namibia (18°30' to 19°30' S and 14°15' to 17°10' E, elevation 1100-1200 m) and occupies an area of 22,270 km 2 . We conducted fieldwork east of the Ozonjuitji m'Bari artificial waterhole (see Fig. S1 for study area maps).

In the study area, mean annual rainfall ranges from 320 to 450 mm and mean annual temperature is 22°C. Etosha vegetation is a typical arid savannah, with grassy plains around the Etosha pan, and Mopane savannah woodland. Etosha is the main tourism venue in Namibia and 100,000 visitors entered through the main gate (Anderson gate) in 2014, with probably about 200,000 visitors in total per year (Etosha Ecological Institute staff, unpublished statistics).

Chobe National Park: Chobe is located in northern Botswana (17°49' S to 19°11' and 23°53' to 25°22' E, elevation 950-1000 m), and covers an area of 10,700 km 2 . We conducted fieldwork in two distinct areas, the Chobe riverfront in the north and the Savuti marsh in the south. Climate in Chobe is semi-arid to sub-humid, with average rainfall of 550 mm in the south and almost 700 mm in the north. Mean annual temperature is about 22°C. Vegetation consists mainly of dry woodland and scattered grasslands. The riverfront is characterized by riparian woodland, shrubland and alluvial terraces, and the Savuti marsh is sandveld savannah, dominated by mopane trees. Chobe is the largest park in Botswana and ca. 240,000 people visited the park in 2013 (Ministry of environment, wildlife and tourism, unpublished statistics).

Kruger National Park: Kruger is located in the north-eastern South Africa (22°25' to 25°32' S and 30°50' to 32°2' E, elevation 100-850 m) and covers an area of 18,992 km 2 . Mean annual temperature in Kruger is 22°C. We conducted fieldwork in the southern part of the park, which is more humid than the northern part (500-700 mm per year). Vegetation in southern Kruger is mainly characterized as lowveld bushveld zone, i.e. plain grasslands interspersed with woody vegetation. Kruger is the largest wildlife park in South Africa, visited by ca. 1,400,000 visitors in 2010.

Hluhluwe-Imfolozi Game Reserve: Hluhluwe is located in south-eastern South Africa (28°00' to 28°26' S and 31°43' to 32°09' E, elevation 60-450 m) and covers an area of a 900 km 2 .

Hluhluwe presents contrasting characteristics between north and south: mean annual rainfall is higher in Hluhluwe in the north (990 mm) than in Imfolozi in the south (635mm 

Methods S3. Biodiversity measures definition and calculations

To test the influence of biodiversity on vehicle numbers, we used three diversity metrics (species richness, phylogenetic diversity, abundance) applied to four components of large mammal diversity subcomponents of biodiversity (all species, charismatic, rare, threatened species, Fig. 1We calculated richness and abundance for all biodiversity components (i.e. all species, charismatic, rare and threatened species). We calculated the phylogenetic diversity only for the biodiversity component including all species because the metric is not meaningful for the subset components.

To calculate species richness, we used a probabilistic approach, reflecting ungulate and predator sighting probabilities along each transect. In a given transect, the probability of occurrence (Pocc) of a single species s is equal to:

Pocc, s = ∑ ri / D ; where i enumerates each drive along a given transect, ri = 1 if the species is seen during the i th drive through the transect (0 if not), and D is the number of times the transect was driven (D=3 for ungulate species). Following Calabrese et al. (2014), the species richness along a transect is the sum of Pocc over the total number of species occurring along this transect (ungulates and predators). This calculation is referred to as 'richness-based' calculation in the main text.

Phylogenetic diversity along each transect was calculated using an abundanceweighted phylogenetic diversity index as suggested by Vellend et al. (2011). We used the species-level phylogeny of mammals from Fritz et al. (2009), pruned it to the 33 species recorded during fieldwork (Fig. S2 in Supporting Information) and calculated the phylogenetic diversity along each transect using the same phylogenetic tree. Simplifying from Vellend et al. (2011), we defined the phylogenetic diversity value of a given transect (PD) as: PD = ∑ Lj . Av(Pocc)j ; where the full phylogeny of all 33 species has j branches, Lj is the length of the j th branch in the tree and Av(Pocc)j is the average occurrence probability of species sharing the j th branch in the tree. The reason for simplifying the equation is that our weighting parameter, Av(Pocc)j, is already a relative measure of abundance and does not need to be weighted further (see Vellend et al. 2011 for the full equation).

We calculated abundance as the average total number of animals recorded in the three S1). Species were categorized as regionally rare if they belonged to the 50% of the species with the smallest range sizes in Africa (based on IUCN database; http://www.iucnredlist.org/technical-documents/spatial-data). Species were categorized as locally rare if they belonged to the 50% of the species with the lowest probabilities of occurrence within the respective park (based on our own animal counts)
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African elephant