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We analyze supply of and demand wildlife tourism in African protected areas Expectation and hope to see large mammal species were two different types of demands Supply positively related to expectations to see specific species but did not affect the hope to see the species Trophic level was the most important factor shaping supply-demand mismatches Supply-demand approaches have great potential for providing management guidance

ABSTRACT

Assessing cultural ecosystem services provided by biodiversity requires a combination of ecological and social approaches. In this study, we investigated the capacity of large African mammal species to provide the cultural ecosystem service of wildlife tourism by using a supply and demand framework. First, we tested the relationship between supply and demand for large mammal species in wildlife tourism. Second, we tested whether the trophic level and body size of mammals influenced the mismatch between supply and demand, and whether the patterns of mismatches were consistent among four protected areas (PAs) in three Southern African countries. To quantify supply of species, we counted large mammals along 196 five km road transects within the four PAs; to estimate demand, we gathered 651 face-to-face questionnaires of wildlife tourists and distinguished between their expectation and hope to see specific species. Results show that a higher supply of large mammal species increased the expectation to see a species (linear regression slope β = 0.28, p < 0.01), whereas supply did not affect the hopes to see a specific species (β = -0.04, p = 0.63). Analyses of mismatches revealed that predator species were more demanded in relation to their supply than ungulates. Finally, we found that the demands of wildlife tourists for mammal species in relation to their supply were consistent across the four PAs.

Supply-demand analyses reveal that species' traits, in particular trophic level, shape the hopes of wildlife tourists to see specific mammal species. We propose that the quantification of supply-demand mismatches can be used to identify charismatic species and relevant species' traits, and can be applied for wildlife tourism assessments within as well as across regions. Supply-demand analyses provide a useful framework and deliver indicators for better assessing cultural ecosystem services involving wildlife and naturebased tourism, and can be used for conservation management.

Introduction

The concept of ecosystem services has emerged in science and policy to evaluate the benefits that humans derive from nature (MEA 2005). This concept links ecological and social systems and thus involves interactions between ecological and social factors that jointly determine the status of ecosystem services [START_REF] Bennett | Linking biodiversity, ecosystem services, and human well-being: three challenges for designing research for sustainability[END_REF][START_REF] Reyers | Getting the measure of ecosystem services: a social-ecological approach[END_REF].

Therefore, assessments of ecosystem services should quantify the capacity of ecosystems to supply ecosystem services and simultaneously consider the human demand for these services [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] Martín-López | Trade-offs across value-domains in ecosystem services assessment[END_REF].

Similarly, the concept of supply and demand has been utilized in a biodiversity context to provide information on how people perceive and value biodiversity [START_REF] Christie | Valuing the diversity of biodiversity[END_REF][START_REF] Martín-López | The non-economic motives behind the willingness to pay for biodiversity conservation[END_REF]. For instance, rare species can receive a disproportionate interest from people [START_REF] Courchamp | Rarity value and species extinction: the anthropogenic Allee effect[END_REF][START_REF] Hall | Endangering the endangered: the effects of perceived rarity on species exploitation[END_REF], whereby low supply (i.e. rarity) induces a high demand. Therefore, a good understanding of the relationship between supply and demand for biodiversity is fundamental to assess biodiversity-based ecosystem services.

Assessments of the ecosystem services provided by biodiversity [START_REF] Cardinale | Biodiversity loss and its impact on humanity[END_REF][START_REF] Mace | Whose conservation?[END_REF] benefit from analyses of the mismatch between supply and demand for a particular ecosystem service [START_REF] Geijzendorffer | Improving the identification of mismatches in ecosystem services assessments[END_REF]. The purpose for understanding this mismatch is twofold. First, mismatches between supply and demand can reveal spatial or temporal patterns in ecosystem service delivery [START_REF] Geijzendorffer | Improving the identification of mismatches in ecosystem services assessments[END_REF]. Second, supply-demand mismatches can identify the importance of specific components of biodiversity and consequently might serve as a basis for biodiversity conservation [START_REF] Palomo | Incorporating the social-ecological approach in protected areas in the Anthropocene[END_REF]. For instance, wildlife tourism is a cultural ecosystem service that directly depends on different components of biodiversity specifically demanded by tourists, such as threatened species [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]. To our knowledge, previous studies on wildlife tourism have not attempted to quantify the supply-demand mismatch of particular wildlife species that provide this cultural ecosystem service.

Wildlife tourism is a key component for developing countries' economies [START_REF] Balmford | Walk on the wild side: estimating the global magnitude of visits to protected areas[END_REF][START_REF] Naidoo | Effect of diversity of large wildlife species on financial benefits to local communities in Northwest Namibia[END_REF] and is especially important for the economic growth of many Southern African countries. African protected areas (PAs) harbour a unique diversity of large mammal species and this diversity attracts millions of local as well as international tourists each year [START_REF] Balmford | Walk on the wild side: estimating the global magnitude of visits to protected areas[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]. Observations of wildlife in Southern African PAs involve interactions between visitors and biodiversity. When visiting PAs, tourists are primarily interested in wildlife sightings, in particular in observing specific animal species. In fact, predators like lion (Panthera leo) and leopard (Panthera pardus) and large ungulates like elephant (Loxodonta africana) and rhinoceros (Diceros bicornis and Ceratotherium simum) have been recognized as playing important roles in providing cultural ecosystem service [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][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]. Hence, inherent characteristics of animals such as their trophic level (predator vs ungulate) or their body size can mediate the relationship between the supply of wildlife tourism by large mammals and the associated demand from wildlife tourists. We suggest that analyses of supply-demand mismatches should allow simultaneously testing for the effects of trophic level and body size effects simultaneously, which could provide new indicators and important insights for the management of wildlife tourism and PAs.

In the present study, we aim to assess the cultural ecosystem service of wildlife tourism provided by biodiversity through investigating the supply of large mammal species and its demand by wildlife tourists in four PAs in three countries of Southern Africa (Namibia, Botswana, South Africa). This study is unique as it simultaneously identifies supply and demand for wildlife tourism, combining ecological and social assessments in order to develop new indicators applied to the cultural ecosystem services framework. We adopt a visitor's perspective in which the supply of large mammal species corresponds to the perceived probability of seeing a specific large mammal species by wildlife tourists. We relate this supply to species-specific demands expressed by wildlife tourists during their visits to PAs to simultaneously analyze, for the first time, the relationship between supply and demand in wildlife tourism. The specific objectives are: (1) to investigate the relationship between supply and demand for specific large mammal species in wildlife tourism, (2) to quantify the mismatch between supply and demand, and (3) to assess whether the mismatch is related to the trophic level and body size of the species and whether these relationships are consistent across the four PAs.

Methods

Study area

We collected data regarding the supply and demand in wildlife tourism in four PAs, namely Etosha National Park (Namibia; hereafter Etosha), Chobe National Park (Botswana; hereafter Chobe), Kruger National Park (South Africa, hereafter Kruger) and Hluhluwe-Imfolozi Game Reserve (South Africa, hereafter Hluhluwe-Imfolozi) (Fig. 1). These four PAs were selected because they contain predator populations and offer the possibility for visitors to use their own vehicles or tour-operators (i.e. guided drives) to see wildlife.

Additionally, visitors experience similar tourism infrastructure, with the ability to spend one or more nights in private lodges or campsites inside the PAs.

Study areas were restricted to the eastern half of the PA in Etosha, to the riverfront and the Savuti area in Chobe, and to the southern half of the PA in Kruger. The entire road network of Hluhluwe-Imfolozi could be covered due to its small size (see Table 1). For more details regarding the four study areas, see the material provided in Supplementary Methods A1 (Appendix A).

Data were collected in Etosha in October 2014, in Chobe from June to July 2014, in Kruger from June to August 2012, and in Hluhluwe-Imfolozi in May 2014. We collected all data during the dry season, which is the recommended period for visiting these PAs.

Supply of wildlife tourism by large mammals

To quantify the supply of wildlife tourism by large mammals, we estimated the sighting probability of each species in the four PAs. To this end, we distributed 50, 40, 78 and 28 road transects along the public road network of Etosha, Chobe, Kruger and Hluhluwe-Imfolozi, respectively. More transects were distributed in larger PAs, because the sighting probabilities of large mammals were expected to be more spatially heterogeneous in larger PAs. Transects were 5 km long, were spaced by at least 1 km, and were at least 1 km distant from the next main camp or gate of the PA. Transects were distributed in a stratified random design so that they covered the rainfall gradient, and thus vegetation gradient, within each PA. Along each road transect, we counted all large mammals (see Table A1 in Appendix A for a full species list with Latin names of species mentioned throughout the text) and replicated transect counts three times (at different hours of day) to capture the potential variation in occurrence of different species in a single transect.

Transects were replicated with at least three full days between temporal replicates. We drove at a constant slow speed (ca. 15 km/h) in a four-wheel drive vehicle and two observers scanned one side of the road, respectively. We stopped when one or more animals were spotted, identified them and counted them.

Because predators are more difficult to observe in the wild, we estimated predator sighting probabilities by complementing the transect counts by additional own sightings and visitors' sightings from questionnaires (see below). The data collected with these three methods were merged and together provide a more precise estimate of predator sighting probabilities by visitors. We only considered lion, leopard, spotted hyena, cheetah and wild dog as predators, because they are the largest and most regularly observed predators in the region. For the additional own predator sightings, we identified the species, counted the number of individuals, and recorded the exact location with a GPS-device, whenever we saw one of the five predator species when driving in the PA. For predator sightings from the visitor questionnaires, visitors were asked about the species identity, number of individuals and the sighting location (using the PA map to identify the location). If respondents were unsure about the sighting location, these observations were not retained for analysis. We digitized all predator sighting locations in a geographic information system (ARCGIS v. 10.1).

We only retained for analyses those predator sightings (own and respondents' sightings) that were located within one of the transects distributed in the PA, and excluded those that fell outside transect limits. Hence, all sightings are based only on data from the same transect locations and consequently, transect length has not been changed. To correct for differences in sampling effort, we recorded the total number of times each transect had been passed either by us or by the visitors we questioned. We therefore asked the visitors to draw on a map the route they had been taking on that day.

The supply of wildlife tourism by large mammal species in each of the four PAs was estimated as the perceived (not the true) occurrences of the species in the four PAs. This approach allows us to take a wildlife tourist's viewpoint, by comparing the probability of seeing a species during a drive to the demand for seeing that species. Animal behaviour might influence the ability of wildlife tourists to spot certain species (solitary vs. social, diurnal vs. nocturnal or bold vs. shy species). Our approach using perceived occurrences takes these behavioural factors into account as gregarious, diurnal or bold species have a higher perceived likelihood of occurrence than solitary, nocturnal or shy species.

To account for the different number of times a transect had been passed by us and the visitors, we used a probabilistic approach to calculate the likelihood of encounters with ungulate and predator species along each transect. In a given transect, the sighting probability (Psight) of a single species s is equal to: Psight, 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; D ranges from 3 to 132 for predators). Thus, the sighting probability of a given species in a transect reflects the number of successful observations of the species during a given number of drives (3 drives for ungulate counts, up to 132 for predators depending on our driving record and the visitors' routes). To obtain a single value of supply for each species observed in each PA, we calculated the average of its sighting probability across all transects in a particular PA. When calculating this average, the sighting probabilities of a species along a transect were weighted by the number of times the respective transect had been driven by us and the visitors. Hence, the supply of wildlife tourism provided by a mammal species in a particular PA accounts for the spatial driving pattern of wildlife tourists in the respective PA.

Demand of wildlife tourists for large mammals

To quantify the demand of wildlife tourists for seeing specific mammal species, we conducted a social survey using face-to-face questionnaires with visitors. The sampling population was restricted to visitors older than 18 years. People were randomly selected in public areas (picnic sites and camping grounds) at lunch time and in the evenings when they came back from their safari drives. Visitor characteristics such as country of residence (international vs. local), group size, duration of stay, number of previous visits to the PA and the type of visit (private vs. guided tour) are provided in the electronic supplementary material (Table A2). We could not collect further social characteristics (such as income, education level, gender or previous experience in visiting PAs) because questionnaires were answered by groups of people, and not individuals in most cases. The duration of each questionnaire was on average 10 to 15 min. We collected in total 153, 158, 204, and 136 questionnaires in Etosha, Chobe, Kruger and Hluhluwe-Imfolozi, respectively.

The questionnaire was organized into four topics: (1) details of the visit, (2) driving route details and preferences towards animals, particularly large mammals, and other features of PAs (e.g. comfort, landscape, quietness or botany), (3) predator sightings and (4) attitudes towards vegetation structure and landscape. As this paper does not present results from section 4, only the questionnaire content of sections 1-3 is presented in Supplementary methods A2. The questionnaire was pre-tested on a small sample of visitors in the Kruger National Park in 2012 to improve its clarity and its final version was then presented to visitors in the four PAs.

In section 2 of the questionnaire, we quantified demands for seeing specific animal species and made the distinction between two types of demands: the expectation and the hope to see particular species. While expectation reflects to which degree a visitor thinks he or she will see a specific animal species during his/her safari drive, hope reflects to which degree the visitor wants to see a specific animal species. This distinction is important because seeing an 'expected species' might be a crucial component of visitors' satisfaction or disappointment whereas observing a 'hoped-for species' fulfils an unexpected wish and might make the visit a unique and special experience. Each respondent was allowed to list as many species as he/she wanted. When respondents used broad categories and common terms such as 'ungulates', 'herbivores', 'antelopes', 'bucks', 'big five', 'cats' and 'predators', we repeated the analysis with two approaches: 1) we excluded these terms from the dataset (conservative approach); 2) we treated species belonging to each group as if they were named individually (extrapolated approach) (See Appendix A, Table A3). For instance, if a respondent used the term "cats", we listed lion, leopard and cheetah. As the results from both approaches (i.e. conservative and extrapolated) were similar (see Appendix A, Table A4 and Table A5 for expectation and hope, respectively), we present here only results from the extrapolated approach. The overall expectation or hope to see a specific mammal species was expressed as the proportion of respondents who named a species as "expected" or "hoped for" during their safari drives. We excluded four data points from the analysis (warthog in Chobe, impala, waterbuck and kudu in Kruger) because these species were never listed as hoped to be seen by the visitors despite their presence in the PA.

Mismatches between supply and demand of wildlife tourism

To assess the supply-demand mismatch, the difference between the supply of wildlife tourism by large mammals and its demand by wildlife tourists was calculated for each mammal species and PA. Both the supply and demand of seeing specific species ranged between 0 and 1 as supply reflects the sighting probability of a species in a PA and demand corresponds to the proportion of respondents listing this species as expected or hoped for.

We defined the mismatch between supply and demand (expectation or hope) as the Euclidean distance between the supply and demand values of a species. A positive mismatch thus reflects higher supply than demand for a species, a negative mismatch represents higher demand than supply. We used matrices to visualize these supply and demands in wildlife tourism, as well as the mismatches between the two for each mammal species. The supply matrix contained the supply values for each species in each PA and the demand matrix contained the corresponding two demand values (expectation and hope). Mismatch matrices were calculated separately for expectation and hope.

Statistical analysis

To test the relationship between demand and supply in wildlife tourism, we applied two linear mixed models (Zuur et al., 2009), where the demand (i.e. expectation or hope to see a species) was the response variable and the supply was considered a single fixed effect.

We log-transformed the predictor and the response variables to improve the assumption of a linear relationship between the two variables in the model. We controlled for PA and species identity by including these two variables as crossed random effects.

To assess patterns in supply-demand mismatches among species, we applied two linear mixed models where the type of mismatch (expectation or hope to see a species versus supply) was the response variable. We simultaneously tested two factors that could explain the variation in mismatches. First, we included the species' trophic level (predator vs ungulate) as a fixed effect, with the assumption that visitors would differently value ungulates and predators. Second, we included species' body mass as an additional fixed effect, thereby postulating that larger species would have a larger effect on visitors' expectations and hopes than smaller species. To test whether mismatches between demand and supply were consistent across the four PAs, we included PA as another fixed effect including its two-way interaction terms with trophic level and body size. We used ANOVA with type III sums of squares for testing these effects. We additionally included species identity as a random effect in the models. Statistical analyses were done with R 3.1.1 software (R Core Team 2014), using the lme4 package (lmer function for mixed models).

Results

Supply of and demand for wildlife tourism

The supply of wildlife tourism by large mammals in the four PAs reflected the sighting probabilities of 28 species of ungulates and 5 species of predators in Etosha, Chobe, Kruger and Hluhluwe-Imfolozi (see Appendix A, Table A6). Supply estimates varied among species and the four PAs. Sighting probabilities ranged from an average of 8.62 x 10 -4 per 5 km-transect (cheetah in Chobe) to 0.76 (impala in Kruger) (Fig. 2a). Respondents differed in the number and range of species they expected and hoped to see. On average, 71% of respondents gave a list of species that they expected to see (63%, 77%, 69%, 73% in Etosha, Chobe, Kruger, Hluhluwe-Imfolozi, respectively), while 93% of respondents listed species that they hoped to see (91%, 93%, 93%, 93% in Etosha, Chobe, Kruger, Hluhluwe-Imfolozi, respectively). Respondents listed more species they expected to see (average of 3.38 species per questionnaire over all 651 questionnaires) than species they hoped to see (2.64 species per questionnaire). The associated standard deviation was also higher for species they expected (2.84) than they hoped to see (1.55).

The expectation to see a species ranged from 4.90 x 10 -3 (hyena in Kruger) to 0.48 (elephant in Chobe,Fig 2b). The five most expected animals to be seen were elephant, lion, giraffe, rhinoceros and impala (see Appendix A, Table A4).The hope to see a species ranged from 4.90 x 10 -3 (steenbok and other ungulates in Kruger) to 0.70 (lion in Chobe, Fig. 2c).

The five most hoped-for species were lion, leopard, cheetah, elephant and rhinoceros in that order (see Appendix A, Table A5). Supply and the expectation to see a mammal species were significantly positively related (model estimate β = 0.28, t = 6.13, p < 0.01, Fig. 3a), whereas supply and the hope to see a species were unrelated (β = -0.034, t = -0.48, p = 0.63, Fig. 3b).

Mismatches between supply and demand

Mismatches between supply and demand depended on the type of demand (i.e. expectation versus hope to see a species) and on the mammal species (Fig. 4). The most negative value for mismatches between supply and expectation to see a species (higher demand than supply) was -0.28 for elephant in Etosha (Fig. 4a). The highest value for a positive mismatch between supply and expectation to see a species (higher supply than demand) was for the impala in Chobe (+0.54, Fig. 4a). Mismatches between supply and hope ranged from -0.68 (lion in Hluhluwe) to +0.76 (impala in Kruger, Fig. 4b).

Mismatches between supply and demand were significantly lower for predators than for ungulates (Fig. 4, Table 2), i.e. visitors had a higher expectation and hope to see The body mass of a mammal species had a significant negative effect on the mismatch between supply and expectation (model estimate = -0.03, SE = 0.02, p = 0.04), indicating that large animals were more expected in relation to their supply than small species (Table 2). In contrast, the body mass of a mammal species did not influence mismatches between supply and hope to see the species (model estimate = 3.68 x 10 -3 , SE = 0.03, p = 0.13). Main and interaction effects of PA on expectation and hope to see a specific species were never significant (Table 2). Thus, the effects of trophic level and body mass on supply-demand mismatches were consistent across the four PAs.

Discussion

Our results confirmed our expectations that specific types of demand (expectation or hope to see a specific species) from wildlife tourists relate differently to the supply (sighting probabilities) of large mammals within PAs. The analysis of mismatches between supply and demand of wildlife tourism revealed that species traits such as body mass and trophic level have different effects on the demand for wildlife tourism provided by specific mammal species in regard to the perceived supply within PAs. The mismatches between supply of wildlife tourism by large mammals and visitors' demands were consistent across the four Southern African PAs.

Relationships between supply and demand of wildlife tourism

We found a significant positive effect of supply of wildlife tourism by large mammals on the expectation to see the species (Fig. 3a). Hence, higher probabilities to see particular species along the road transects increased the expectation to see these species. The positive relationship between supply and demand for wildlife is generally referred to as a 'bandwagon' effect [START_REF] Chen | Poachers and snobs: demand for rarity and the effects of antipoaching policies[END_REF]). Although such bandwagon effects are rarely addressed in the biodiversity literature, we provide here evidence that this phenomenon can occur and affects the demand of wildlife tourists for biodiversity. Furthermore, the significant and positive effect of supply on expectation to see a species followed a logarithmic relationship, suggesting that expectation increases disproportionally with an increasing supply of large mammal species. The bandwagon effect suggests a good visitor knowledge and accurate estimation of animal species' abundances and sighting probabilities in the different PAs. In contrast, we did not detect an effect of supply on the hope to see a species (Fig. 3b). We might have expected a negative effect of supply on demand, referred to as a 'snob' effect [START_REF] Chen | Poachers and snobs: demand for rarity and the effects of antipoaching policies[END_REF]. This phenomenon occurs when species become so rare that rarity itself generates a demand for these species [START_REF] Angulo | Rare species are valued big time[END_REF][START_REF] Hall | Endangering the endangered: the effects of perceived rarity on species exploitation[END_REF]. A previous study on birdwatching using a continuous measure of bird rarity reported a snob effect, implying that bird rarity triggered higher interest from birdwatchers (Booth et al. Veríssimo et al. (2014a,b) reported that species with scarce populations are more likely to become flagship species because of the higher support from people for their conservation. The absence of a snob effect in African wildlife tourism demonstrates that the preference of visitors for specific mammal species seems not to be motivated by their supply and probably owes to other factors.

2011). Similarly,

We suggest that the relationship between supply and demand reveals important information on how visitors perceive biodiversity. Our approach using perceived sighting probabilities of large mammals is particularly adequate to understand how wildlife tourists' demand for large mammal species is shaped in relation to the supply of the species [START_REF] Grünewald | Biodiversity, scenery and infrastructure: factors driving wildlife tourism in an African savannah national park[END_REF]. Wildlife tourists gave a smaller number and narrower range of species that they hoped to see compared to the ones they expected to see in the response to our questionnaires. This suggests that wildlife tourists made a clear distinction between what species can reasonably be observed during their drives, and what would be a desired although difficult sighting. This distinction between two types of demand has important implications for PA management. On the one hand, because visitors' satisfaction may rely on fulfilment of their expectations, we encourage communication efforts related to the occurrence of those species that can easily be observed during a visitors' stay. On the other hand, some specific species (namely the big cats, rhinoceros and elephant) were highly valued regardless of their supply in the PAs. This absence of correlation between the supply and the hope to see these species hints that ecological attributes like the rarity of mammal species may be less important than the charisma of species and individual preferences of wildlife tourists [START_REF] Martín-López | Economic valuation of biodiversity conservation: the meaning of numbers[END_REF]. Identifying which species receive particular attention from wildlife tourists is crucial because these charismatic species have a high marketing value and can be used as flagship species for conservation [START_REF] Di Minin | Improving the surrogacy effectiveness of charismatic megafauna with well-surveyed taxonomic groups and habitat types[END_REF][START_REF] Walpole | Tourism and flagship species in conservation[END_REF]Veríssimo et al., 2014a,b).

Our results also demonstrate that making the distinction between expectation and hope is fundamental because those species appearing in the hoped-to-be-seen list can be chosen as flagship species by PA managers. Identifying these species is of high relevance for PA management and depends on the ecology of species and their diversity [START_REF] Williams | Flagship species, ecological complementarity and conserving the diversity of mammals and birds in sub-Saharan Africa[END_REF] as well as cultural and local contexts (Bowen-Jones and Entwistle 2002). Thus, managers could consider our approach and results to improve the campaigns for biodiversity conservation by using the flagship species identified in the hoped-to-be-seen list. Furthermore, taking into account the species appearing in the expected-to-be-seen list can support the marketing strategies of tourism by advertising those species that wildlife tourists may expect to see in specific PAs. Thus, beyond large carnivores, PA managers can also rely on a variety of ungulates that wildlife tourists expect to see. A recent study investigated the relationship between wildlife diversity and tourism potential in Botswana and called for complementary management strategies for wildlife tourism development (Winterbach et al. 2014). Our results show that management actions in PAs seeking to enhance the cultural ecosystem service of wildlife tourism are more likely to achieve their goals if they consider the tourists' expectations and hopes to see particular species.

Factors affecting supply-demand mismatches in wildlife tourism

The analysis of supply-demand mismatches highlighted the respective importance of trophic level and body size of large mammals in shaping visitors' expectation and hopes to see the species. First, mismatches between supply and expectation to see specific species were relatively low (Fig. 4A) and influenced by both trophic level and body size of mammal species. Body size of mammal species negatively affected supply-demand mismatches, suggesting that visitors overestimated sighting probabilities of larger species. Second, only trophic level had a strong influence on mismatches between supply and hope to see mammal species. In particular, the hopes to see a predator species was higher (negative mismatch) than for seeing an ungulate species in relation to its respective supply (positive mismatch). By analysing supply-demand relationships, we identified a few species that could be considered as flagship species such as lion, leopard and cheetah. The analysis of supplydemand mismatches gives further insight on these relationships, by showing that trophic level was the most important species' trait in determining visitors' hopes. Hence, the difference observed between the hopes to see predator or ungulate species is mainly explained by the charisma of predator species, rather than their body mass or rarity.

Consequently, predator species are expected to be a driving force of wildlife tourism in African PAs [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][START_REF] Okello | The relative importance of large mammal species for tourism in Amboseli National Park, Kenya[END_REF]).

The analyses of mismatches between supply and demand further revealed a consistent pattern across the four PAs. Potential spatial patterns in mismatches between supply and demand could have been caused by spatial variability in the supply of and demand for wildlife tourism. However, the species turnover among PAs did apparently not affect visitors' perception of mammal biodiversity. While large predator communities were similar across the four PAs, the composition of ungulate communities differed quite substantially among the four PAs (see Fig. 2a). Despite this profound turnover in mammal communities, the distribution of mismatches was consistent across all four PAs. In addition to variability in mammal supply, spatial patterns in mismatches between supply and demand could have been caused by spatial patterns in demand. For instance, demand for large mammal sightings could be influenced by wildlife tourists' origin (international vs. regional) and experience (first visitor vs. experienced visitor) [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] Di Minin | Understanding heterogeneous preference of tourists for big game species: implications for conservation and management[END_REF]. In fact, tourists' characteristics differed across the four PAs. For instance, most respondents were international tourists in Etosha whereas they were mainly local tourists in Kruger (see Appendix A, Table A2). Yet, this substantial variation in the socio-economic backgrounds of respondents among the PAs seemed not to affect their preferences of wildlife tourism. Wildlife tourists tended to appreciate mammal species in a consistent way, regardless of the ecological characteristics of the PAs and their socio-economic background.

This suggests that mismatches between supply and demand can be used a robust indicator system in wildlife tourism. Nevertheless, further studies at the individual level could investigate how socio-economic background may affect wildlife tourists' preferences towards species and species traits.

Analyses of mismatches between supply and demand of wildlife tourism provided by large mammal species offer promising avenues for assessing this cultural ecosystem service.

First, our results show that the type of demand chosen in such assessments (expectation or hope to see mammal species in this study) had an important influence on the patterns of supply-demand mismatches. In this study, we only considered the demand from wildlife tourists, but in further analyses other stakeholders could also be integrated in supplydemand assessments [START_REF] Geijzendorffer | Improving the identification of mismatches in ecosystem services assessments[END_REF]. The demand for a single species would likely be different between wildlife tourists, authorities in charge of biodiversity conservation, or local communities adjacent to PAs (see e.g. [START_REF] Kansky | Meta-analysis of attitudes toward damage-causing mammalian wildlife[END_REF]. Second, mismatches between supply and demand indicate which species could be considered as charismatic in visitors' eyes, i.e. when demand is higher than the supply. This information is increasingly required for the design of wildlife management plans [START_REF] Caro | The Big 5 and conservation[END_REF], or for the design of nature-based programs in PAs. This study showed that visitors hoped to see predators more often than ungulates. Further research is required to investigate whether predators in general trigger visitors' emotional responses. Such responses could provide insight for the definition of flagship species, which remain crucial for biodiversity conservation in Africa [START_REF] Caro | The Big 5 and conservation[END_REF]. Third, supply-demand frameworks can be implemented at different scales. Our results were focussed on spatial variations of supplydemand mismatches in four PAs, because this scale of analysis provides relevant information for the management of PAs and their biodiversity [START_REF] Palomo | Incorporating the social-ecological approach in protected areas in the Anthropocene[END_REF].

Nowadays, most Southern African PAs use the big five species (lion, leopard, elephant, rhinoceros and buffalo) for their marketing campaigns. This could reflect an innate interest of visitors in those species or, alternatively, marketing of these species might shape visitors' expectations and hopes in this region. Understanding the relationship between tourists' behaviour and tourism advertisement would provide support for efficient marketing strategies and management plans. Consequently, a thorough assessment of marketing strategies implemented in different PAs could reveal the importance of these strategies in shaping tourists' demands, or vice versa, at the PA scale.

Conclusions

Our results demonstrate that the expectations of wildlife tourists to see large mammal species positively relates to their supply in Southern African PAs. In contrast, the hope to see particular mammal species was not related to their supply. The analysis of supply-demand mismatches highlights the crucial role of predator species for wildlife tourism across Southern African PAs. We propose that supply-demand mismatches can be used as indicators for conservation and management guidance in PAs because they directly relate the supply of wildlife tourism by biodiversity to the demand of wildlife tourists. These indicators derived from a supply-demand framework can easily be extended to other countries of Africa where large mammals are focus species for wildlife tourism development.

Furthermore, the supply-demand approach can be applied to other regions in the world and to other realms (freshwater or marine), in order to understand how demand from tourists relates to the supply of wildlife tourism in different parts of the world. In addition, different types of cultural ecosystem services entailing nature-based activities, such as fishing, hunting, scuba-diving and wildlife-watching would benefit from supply-demand approaches. When managing PAs by using only an ecological approach, managers might unintendedly make choices that lead to counter-productive effects on wildlife tourism and the long-term sustainability of the PA (Ament et al., 2016). The supply-demand approach presented in this study has the potential to efficiently orientate PA management actions, by incorporating both ecological and social considerations and by comprehensively including cultural ecosystem services in PAs management. H=Hluhluwe-Imfolozi). Supply is expressed in sighting probabilities and ranges from 0 to 1 (maximum 0.76); Expectation or hope to see a species is expressed as the percentage of respondents that named a species as 'expected' or 'hoped for' and also ranges from 0 to 1 (maximum 0.48 for expectation, 0.70 for hope to see a species). Mammal species are split into ungulates (above) and predators (below) and listed from smallest (top) to largest (bottom) body mass, respectively. Blank cells represent species that were either absent from the protected areas, or not recorded during our road counts (see Methods). and hope to see specific large mammal species in four protected areas in Southern Africa (E=Etosha, C=Chobe, K=Kruger, H=Hluhluwe-Imfolozi). The mismatch is calculated as the difference between supply and demand, and ranges from -1 (high demand, low supply) to 1 (low demand, high supply). Predator and ungulate species are listed from smallest (top) to largest (bottom) body mass, respectively. Blank cells represent species that were either absent from the protected areas, or not recorded during our road counts (see Methods).

Distributions of mismatches are represented beneath each matrix and for each protected area for predator and ungulate species. To reduce overlap between points, we added a slight jitter to each point on the x-axis. [START_REF] Mayaux | A new land-cover map of Africa for the year 2000[END_REF]) (Habitat description), the number of transects distributed in each protected area (N transects), the number of large mammal species observed (N sp.), the total number of visitors (N vis.) and the number of respondents to our questionnaire (N resp.) are presented. 

  predators than ungulates in relation to the supply of the respective species (expectation model estimate = 0.19, SE = 0.08, p = 0.04; hope model estimate = 0.48, SE = 0.11, p < 0.01).

Figure 1

 1 Figure 1 Map of the Southern African region and details of the four protected areas constituting the study areas.

Figure 2

 2 Figure 2 Matrices representing A) supply, B) expectation and C) hope to see specific mammal species in four protected areas in Southern Africa (E=Etosha, C=Chobe, K=Kruger,

Figure 3

 3 Figure 3 Scatter plots displaying log-log relationships between (A) supply and expectation, and (B) between supply and hope to see specific large mammal species in four protected areas in Southern Africa. The lines show the predicted fit of a linear mixed model following the formula: log(demand) ~ log(supply) + (1 | species identity) + (1 | protected area), where species identity and protected area are random effects on the intercept (straight line with significant relationship, dotted line without). At the top of each graph is displayed the value and significance of the slope estimate, β.

Figure 4

 4 Figure 4 Matrices of mismatch between A) supply and expectation, and B) between supply

Table 1 .

 1 Characteristics of each protected area where data were collected, for comparison. Area size, mean annual temperature (Mean temp.), mean annual rainfall (Mean rain), a short description of dominant vegetation types based on the Land Cover Map of Africa (Global Land Cover 2000 database;

Table 2 .

 2 Results of two linear mixed models testing the effects of trophic level, body mass and protected area (PA) on mismatches between supply and expectation or hope to see a specific mammal species. Models contained main effects of trophic level (ungulates versus Did you do a (game) drive today in the park? a. If no: What else did you do? Was there any reason for doing so? ________________________________________________________ b. If yes: Did you go by yourself or did you join a guided tour? (maybe time/ start of tour/name of guide) _________________________________________________________ c. For how long have you been on the (game) drive? _________________ II. Where in the park did you go to? a. Can you please show on this map (provided by interviewer) where you went? Please mark/indicate approximately the route (if possible). b. Was there any particular reason for going to this area in the park or for booking this game drive? Are there any park features missing that you think are of high interest? . Are there any animal groups missing that you think are of high interest? Did you see one of the following predators (give number, and locate on the map)?Numbers displayed are averages, with standard deviations in brackets. Percentages that do 847 not sum up to 100 are the result of missing data from visitors who did not give an answer to 848

	Protected	Area	Mean	Mean	Habitat description	N	N sp.	N vis.	N
	area	size	temp.	rain		transects		(year)	resp.
		(km 2 )	(°C)	(mm)					
	Etosha	22.270	22	320-450	Open grassland, open grassland with sparse shrubs	50	16	200.000 (2014)	153
					Deciduous				
	Chobe	10.700	22	550-700	woodland, open deciduous shrubland, closed	40	21	240.000 (2013)	158
					grassland				
					Closed deciduous				
					forest, deciduous				
	Kruger (South)	18.992	22	500-700	woodland, deciduous	78	22	1.400.000 (2010)	204
					shrubland with				
					sparse trees				
					Closed evergreen				
	Hluhluwe-Imfolozi	900	18.5	635-990	lowland forest, closed deciduous forest, deciduous				
					woodland				

h

 140.000 (2014) 

vs. local, i.e. residents of Southern African countries), group size, length of stay, first timer

(i.e. percentage of people who visit a park for the first time), number of previous visits to the

PA and the type of the visit (private tour vs. guided tour in the protected area) are presented.
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Appendix A: supplementary material

Supplementary methods A1. Description of the four study areas. Supplementary methods A2. Questionnaires used for the social survey, sections 1-3. Table A1. List of large mammal species recorded during transect counts.

Table A2. Characteristics of visitors in the four protected areas.

Table A3. Categories of animals used in the extrapolated approach.

Table A4. Comparison between conservative and extrapolated approaches for expectation estimates.

Table A5. Comparison between conservative and extrapolated approaches for hope estimates. Table A6. Perceived sighting probabilities of large mammal species in the four protected areas.

Supplementary Methods A1

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 Figure 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 second largest protected area in Botswana after the Kgalagadi Transfrontier Park 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-Imfolozi 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 

Red lechwe

Kobus leche -X -- Table A3. List of all larger mammal species of predators and ungulates recorded in the four parks, with grouping of species used for the 'extrapolated' approach (see Methods). When an interviewee used a generic term for describing a group of species ('ungulates', 'herbivores', 'antelopes', 'bucks', 'big five', 'cats', 'predators'), we treated species belonging to each group as though they were named individually. A cross represents the presence of the respective species in the group.

Roan antelope

English name

'Ungulates' or

Table A4. Comparison between conservative and extrapolated approaches to estimate visitors' expectation to see large mammal species in the four protected areas. The expectation to see a specific species in a protected area was quantified as the proportion of interviewees that named the species as "expected". The conservative approach only includes species that were individually named by interviewees. The extrapolated approach included also species that belonged to larger groups mentioned by the interviewees (see Table A3). specific species in a protected area was quantified as the proportion of interviewees that named the species as "hoped-for". The conservative approach only includes species that were individually named by interviewees. The extrapolated approach included also species that belonged to larger groups mentioned by the interviewees (see Table A3). 
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