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Abstract

:

Simple Summary


Free-ranging dogs are of major conservation concern worldwide as they negatively affect wildlife. This is particularly true for the Global South, where dogs even roam free in and around protected areas. Whether tourists who visit those biodiversity-rich areas play a role in facilitating the access of dogs to nature is largely unknown. Using a combined approach of questionnaires with tourists and camera-traps along trekking trails in the Chilean Cape Horn Biosphere Reserve, this study demonstrates that free-ranging dogs indeed followed tourists—even on several day trips—into protected areas. Although scientists and governmental agencies are aware of the problem and responsible pet ownership strategies are beginning to be implemented, the tourism sector must be explicitly integrated into wildlife conservation management strategies. Awareness campaigns promoting the confinement of dogs should be urgently implemented among tourism operators, hostel owners, and the tourists themselves—not only on behalf of wildlife but also to guarantee the attractiveness of green tourism destinations.




Abstract


Dogs are the most abundant carnivores on earth and, as such, negatively impact wildlife. Free-ranging dogs roam in many protected areas, which in turn are often tourist destinations. Whether tourists influence their roaming is largely unexplored but highly relevant to wildlife conservation. To address this question, we obtained (i) 81 completed questionnaires from tourists on their experience with free-ranging dogs in the remote Cape Horn Biosphere Reserve, Chile, and (ii) photographs of three camera-traps placed next to trekking trails (n = 87 trap days). A third of the participants were followed by dogs for up to four days, and 39% saw free-ranging dogs on their hikes, but neither feeding dogs nor fear of them had any influence on whether tourists were followed by dogs. Camera-traps yielded 53 independent dog sequences, recorded 32 individuals plus 14 unidentified dogs, of which only one was leashed, with a frequency of one dog every 28th person. In 17% of 53 sequences, dogs were photographed together with hikers carrying large backpacks for several-day trips. We conclude that tourists are facilitators for the movement of dogs and highlight the importance of the engagement of the tourism sector in wildlife conservation in and close to protected areas.
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1. Introduction


Free-ranging dogs (Canis lupus familiaris) are an underestimated driver of biodiversity loss [1]. Among threatened and extinct vertebrates, dogs most commonly affect mammals, followed by birds, reptiles, and amphibians; they typically prey upon wildlife (79%) but also disturb wildlife, transmit diseases, compete, or hybridize with wildlife (review in [2]). Conservation strategies are challenging as dogs roam free in most societies [3]. Unconfined dogs occur under varying interchangeable conditions [4]. They live in urban, village, or rural environments, may be owned or unowned, and depend to different degrees on human resources or are even independent of them (i.e., feral dogs) [5]. However, not all free-ranging dogs have equal access to wildlife. Rural dogs usually have a wider ranging behavior, and their diet is less human-dependent compared to urban dogs (review in [5]).



Of particular concern are free-ranging dogs in close proximity to natural or protected areas. Studies have found interference competition between free-ranging dogs and Indian foxes (Vulpes bengalensis) in a grassland sanctuary in India [6], an intense activity of unconfined owned, unowned, and feral dogs in an Atlantic Forest reserve in Brazil [7], and a reduced occupancy of wild animals under the presence of free-ranging dogs in a network of giant panda (Ailuropoda melanoleuca) reserves in China [8]. This is also the case for Chile, where the dog population in relation to the human population is relatively high compared to the world estimate (human-to-dog ratio in Chile 4:1 versus global 7:1 in 2011, [4]) and where the majority of rural dogs are allowed to roam free (88% in [9]; 92% in [10]). Particularly in southern Chile, where more studies are available, free-ranging dogs are reported in and close to protected areas. Here, unconfined dogs negatively affect a variety of vulnerable, endemic mammalian species: Darwin’s foxes (Pseudalopex fulvipes) changed their diurnal activity patterns in the presence of dogs [11], southern pudu deer (Pudu puda) avoided spatial co-occurrence with dogs [12], and huemul deer (Hippocamelus bisulcus) were commonly depredated by dogs [13]. Apparently, dogs enter protected areas in Chile, although their access is prohibited by the administration of the National Forest Corporation (CONAF). On a global scale, dogs are often either excluded from strictly protected areas such as national parks (e.g., in Brazil [14]) or only allowed on a leash (e.g., in Australia [15] and the United States [16]). However, compliance with dog restrictions seems to be rather low in general (reviewed by [17]). While there is an ongoing debate on how regulations might be effectively enforced [18], there are often free-ranging dogs living near and accessing protected areas [19,20]. Dogs whose owners let them out without supervision can move large distances from their homes (e.g., up to 4.5 km in Tanzania [21]; 17 km in Australia [22]; 28.4 km in our study area [23]), and they visit a variety of habitats (e.g., forest in Brazil [24]; pastures in Chile [25], beaches in Mexico [26]). However, what drives them to visit the wilderness is still less clear.



We already have a general understanding of which biological or husbandry-related characteristics influence the roaming behavior of dogs, such as sex [22], age [27], sterilization [28], or the quality of food [26]. But surprisingly, how human interaction with free-ranging dogs, which are domesticated and highly social animals, shapes their movement has been investigated less frequently. Recently, Saavedra-Aracena et al. demonstrated that the dog–owner bond, particularly the exploration behavior in the absence of the owner, explained further roaming [23]. Research on the human–dog link determined that free-ranging dogs tend to follow persons other than their owners [29,30]. Therefore, might tourists, who target green destinations, specifically attract dogs to nature? To our knowledge, this question has not been quantitatively addressed, but there is anecdotal evidence. In southern Chile, Silva-Rodríguez & Sieving [12] mentioned tourists who brought dogs to protected areas harboring endangered pudus, and Navedo et al. [31] observed a tourist with dogs next to migratory shorebirds on Chiloé Island. Furthermore, in some protected areas in Brazil, visitors appear to appreciate stray dogs as guides and for companionship [19].



Thus, a better understanding of the role of tourists as voluntary or involuntary drivers of dog movement is crucial for the design of management strategies, particularly near wilderness areas that lack regulations—or their enforcement—on dog restrictions. In this study, we asked whether tourists can facilitate the entrance of dogs into natural areas. Our study was motivated by recent data on GPS-collared dogs accompanying tourists on several-day trekking trips in our study area [32]. We (i) assessed the experience (i.e., sightings, perceptions) of tourists with free-ranging dogs, (ii) evaluated which factors (i.e., feeding, tourists’ fear of dogs) had an effect on whether dogs followed tourists, and (iii) collected photographic evidence on dogs (i.e., numbers per person, per trip length) accompanying tourists on their hikes into remote sub-Antarctic ecosystems in the southernmost biosphere reserve of the world. We close our study with management implications for enhancing biodiversity conservation in Chile´s protected areas and beyond.




2. Materials and Methods


2.1. Ethics Statement


Each questionnaire started with an informed consent page explaining the affiliation and aims of the study, funding information, anonymous data storage, and information on the dissemination of the results. This page was signed by the participants.




2.2. Study Area


Our study took place on Navarino Island, southernmost Chile (55° S, 67° W, Figure 1). The island (2528 km2) is part of the Cape Horn Biosphere Reserve (19,172 km2 terrestrial surface) within the Magellanic sub-Antarctic ecoregion [33], still characterized by a low human impact with respect to human population and livestock densities, forest change, land cover, and nighttime lights [34]. The biosphere reserve has a density of only 0.1 persons per km2 (2063 inhabitants, national census in 2017), and common landscapes are southern beech forests (Nothofagus spp.), peatbogs, Andean habitats, fjords, and lakes (photographs in Figure S1). The native vertebrate fauna is rich in birds (>150 spp. [35]) but scarce in mammals and fish (≤10 species [36]); amphibians and reptiles are completely lacking. A major conservation challenge in the region is invasive species, particularly mammalian predators such as American mink (Neovison vison), as well as free-ranging cats (Felis catus) and dogs, as they occupy a new niche of terrestrial predators on some islands [36,37,38]. Chile lacks a framework for UNESCO biosphere reserves as a legal figure in the national protected area system except for core zones, which are often national parks; therefore, on Navarino Island, dogs are not prohibited (but must be confined on leashes or within fenced yards).



Puerto Williams, located on Navarino Island, is the only major town in the biosphere reserve, where the majority of the inhabitants of the reserve live. Additionally, Puerto Toro, a small fishing town harboring a couple of families, exists on the eastern coast of the island. The terrestrial infrastructure is limited to a dirt road along the northern coast of the island, which gives access to eight permanent farms. Economic activities are focused on defense and public services, construction, commerce, small-scale livestock, artisanal fisheries, and tourism. The archipelago is an attractive national and international tourist destination. Yearly, between 2010 and 2020, a mean of 7100 ± 2840 tourists visited the Cape Horn National Park, which is the core zone of the Cape Horn Biosphere Reserve [39]. Moreover, 840 ± 490 tourists visited the natural attractions of Navarino Island, which include trekking trails famous among alpinists (register of the local police station). Furthermore, the area recently has been declared 1 of 35 national zones of tourist interest [40], aiming at fostering tourism. With the construction of new maritime infrastructure and roads, together with land subdivisions and settling of formerly uninhabited rural areas of Navarino Island, the number of tourists and residents will substantially raise in the near future. Likely, this has consequences for the movement of free-ranging dogs into wilderness areas.




2.3. Questionnaire Survey


Between December 2015 and April 2016, 490 questionnaires were administered in three languages (Spanish, English, German). We distributed the questionnaires among the active hostels (13/13) and tourism operators (2/4) in Puerto Williams. Approximately every two weeks, we visited the tourism establishments to collect completed questionnaires and restock them. The questionnaire was composed of 14 questions (Figure S2). Seven questions regarded the tourist´s experience with dogs (i.e., town dogs following them when hiking, observations of dog interactions with other animals, feeding of dogs, sightings of dogs outside the village, level of fear when encountering free-ranging dogs, problems experienced with dogs, other comments), and seven questions about the personal background of the tourist (i.e., gender, age, nationality, highest completed education level, occupation, time spent in Puerto Williams up to date, and reason for visit). The questionnaire also contained two maps of Navarino Island showing the trekking trails at different scales, where locations of dog sightings were drawn.




2.4. Camera-Traps


During an operating period of one month (25 January 2019–22 February 2019), three camera-traps (model Bushnell Trophy Cam) in total were placed at a distance of 110–140 m from the starting point of three trekking trails each (see also [41]), yielding 87 camera trap-days. We attached each camera to a tree (height ~0.5 m) at ~10 m perpendicular to the trail and ensured the movement sensor was activated by dogs or persons walking on the trail. Each camera was programmed to take three photographs per trigger every second, with a resolution of 8 MP. We acquired permits for the installation of camera-traps from the regional public property authority.




2.5. Data Analysis


We describe the questionnaire data using descriptive statistics, mainly percentages, with differing sample sizes due to missing data in the questionnaires. We compared independent samples of questionnaires using Fisher´s exact, Mann-Whitney, and Wilcoxon rank sum tests with continuity correction with a p-level of 0.05. We categorized camera-trap data into (i) dogs accompanying people, (ii) people alone, and (iii) dogs alone. When dogs accompanied people, we distinguished between people with small (for a day-trip) and large (trekking for several days) backpacks. From the photographs of the camera-traps, we extracted information on dogs on the trails (i.e., individual identification, when alone in the photograph, minimum time to person behind or ahead, daytime, number of dogs in groups, wearing of dog collar, leashed/unleashed, direction of movement), as well as the number of hikers. To respect their privacy, we committed to not sharing photographs with any third party nor extracting data other than the abovementioned information in the context of this study. We pixeled the faces of the persons appearing in Figure 4 to guarantee their anonymity. All analyses were performed using program R [42].





3. Results


3.1. Questionnaire Survey


We obtained 81 questionnaires from eight hostels and two tourism operators (16.5% return rate) completed by non-residents between December 2015 and April 2016. To understand how representative our sample size is, we used the number of tourists registered at the local police station on the three trekking trails during summer 2014–2015 (n = 306 tourists). Following Cochran´s formula applying the finite population correction factor for small populations [43], 81 returned questionnaires correspond to a precision level of 9% at a 95% confidence level. The participants were nearly even in gender (51.9% males, 48.1% females), their age was 37.2 ± 13.2 years (mean ± SD; range 18–68), the majority had or were currently acquiring a university education level (85.2%), 9.9 % were technically educated or in technical training, and 4.9% had finished high school. Most participants were either South Americans (45.8%, 42% Chileans) or Europeans (44.4%), but tourists were also from North America (4.9%), the Middle East (3.7%), and Oceania (1.2%). The great majority (86.4%) came for tourism, and 13.6% visited the island for work. Among those who came for tourism, over half (55.7%) explicitly mentioned trekking as their reason for travel. Finally, the mean duration of their stay was 7.1 ± 5.8 days (range 1–30 days, n = 80).



A third of the participants (32.9%, 26/79) reported that during their hikes or trekking tours, dogs followed them. In most cases (71.4%, 15/21), it was only one dog, but there was a range of up to three dogs (1.4 ± 0.7 dogs). Dogs followed the tourists between three minutes and up to four days (13.2 ± 28.6 h, median = 1 h, n = 20). Most participants thought dogs followed them for company or affection (33.3% of statements, 7/21), followed by curiosity (28.6%, 6/21), and interest in food (23.8%, 5/21); three participants provided hunting, taking care of their territory, and physical exercise as reasons. A considerable number of participants (39%, 30/77) also saw free-ranging dogs outside town. Dogs were seen alone (10 participants) and in groups of up to 10 individuals (2.6 ± 2.2, median 2 dogs, n = 27). Dogs were seen on the official trekking trails but also in other areas of the island up to 35.2 km away from Puerto Williams (Figure 1).



Sixteen participants (20.3%, 16/79) saw dogs chasing other animals, among them mainly other dogs (53.3% of statements, 8/15) and birds (20%, 3/15) but also beavers (Castor canadensis), American mink, and horses (Equus caballus, 4 statements). Most participants reported they did not feed dogs during their stay on the island (84%, 68/81), 10 participants fed dogs sometimes (12.3%, 10/81), and only three on a daily basis (3.7%, 3/81). There was no significant relationship between participants having fed dogs always/sometimes and having been followed by dogs (1.6%, versus 31.7% having been followed without feeding, Fisher´s exact test, n = 63, p = 0.25).



On a scale from 0 to 10, with 0 meaning no fear and 10 meaning a high level of fear, participants were only moderately afraid of encountering free-ranging dogs outside town (2.7 ± 3.1, median 2, n = 78), and 30 participants had no fear at all (38.5%, 30/78). Participants from Europe had a significantly lower level of fear (1.5 ± 2.3, median = 0, n = 35) in comparison to participants from South America (4.3 ± 3.3, median = 4, n = 35) (Mann–Whitney test, U = 924.5, n1 = n2 = 35, p = 0.0002), but the level of fear had no significant influence on whether tourists were followed or not by dogs (Wilcoxon rank sum test, Z = 390, n1 = 21, n2 = 42, p = 0.45). Overall, participants had no problems with free-ranging dogs during their stay on the island (90.4%, 66/73). Those participants who experienced a problem reported dogs either ran after them, barked, or demonstrated aggressive behavior. Figure 2 illustrates the principal findings of the questionnaires.



Finally, the participants had a chance to leave a general comment, which allowed us to better understand how they perceived free-ranging dogs. In total, 40 participants commented on 49 aspects. Almost half of these (42.8%, 21/49) expressed concern regarding free-ranging dogs: eight participants mentioned the need to control the situation or the abandonment of dogs: “It is very important that no animal introduced by humans contaminates the reserve.” (Participant [P] 29), or “…hopefully something can be done with the dogs, stimulate their adoption.” (P51). Five participants stated dogs either interacted with other animals (other dogs or horses) or may have prevented them from observing wild species (birds and beavers): “We would have loved to see beavers during our trekking, but probably due to the dog this was impossible.” (P74). Aggressive dogs were also an aspect of which some participants were concerned: “I tend to be scared of stray dogs.” (P15). Four participants referred to the poor health status of some dogs: “I saw a dog with three legs in the village.” (P49) or “For me it was quite difficult to not feed the dogs. Some of them weren’t in good condition, some had some signs of illness…” (P18). Another frequent series of comments (28.6% of all aspects, 14/49) was that although dogs had not followed them personally, they witnessed dogs following other tourists on trails or reported to have seen dog tracks on the trails. Notably, the rest of the comments (28.6%, 14/49) dealt with the opinion that free-ranging dogs were not a major problem. Five participants even indicated that dogs were friendly and “…seem very happy and healthy.” (P57).




3.2. Camera-Traps


During 87 camera-trap days, we recorded 53 independent dog sequences on the three trekking trails; a sequence meaning consecutive photographs of the same individuals at the same site. This totaled 68 dog records (some individuals were photographed repeatedly), from which we identified 32 different dogs. Another 14 dogs remained unidentified individuals, as photographs only showed parts of the animal; hence, we cannot be sure they were new individuals. The flux of dogs per person on all trails considering both directions of the trail was one dog for every 28th person. Dogs were photographed more than every second day during the trapping period (19/28 days). In 20.8% of the sequences (11/53), dogs were recorded in groups of 2–4 individuals (mean 1.3 ± 0.6, median = 1). Forty percent of dogs from which the neck was visible were collared (12/30). In the majority of the sequences (69.8%, 37/53), dogs appeared together with hikers in the photographs or within three minutes of the time lapse (20.8%, 11/53); thus, they were classified as dogs accompanying people (time series in Figure 3). We speculate most hikers were tourists, not owners, particularly those with large backpacks, as we placed camera-traps during the high season of tourism and trekking is the major tourist attraction of the island. Two dogs were separated by 10 and 17 min from photographed hikers, and seven dogs (two groups of three dogs each, one dog alone) were considered free-roaming on their own as time separation between them and hikers was between 2 and 6 h. All dogs were recorded in daylight, but during two sequences, dogs were photographed at night (one dog accompanying hikers at 22:24 h, and a group of three free-roaming dogs at 2:19 h). Only one of all dogs was on a leash.



Dogs accompanied hikers with large backpacks in 9 of 53 sequences (17%). In these cases, only one dog came back later that day together with other hikers and one dog was photographed five days later ascending the trail again with another group of hikers. The other dogs were not recorded coming back on their own during the next days; we suspect they accompanied the hikers during their several-day trips (or went back off-trail). Of the 23 identified dogs accompanying people, only eight dogs were photographed bidirectionally on the same day and none on later days. Finally, five dogs were repeatedly photographed within 2–5 different days, two dogs on two different trails and one dog on all three trails. This latter dog was owned by a local resident family, which we were able to identify. Figure 4 shows photographs of free-ranging dogs together with hikers with small and large backpacks and roaming on their own.





4. Discussion


Increasing scientific evidence of the impacts of dogs on wildlife [2,44,45] urgently requires us to better understand the drivers of roaming dogs. In this study, we addressed the role of tourists as facilitators of the access of free-ranging dogs into wilderness areas. Indeed, dogs followed tourists on their hikes, as stated by one-third of respondents (26/79). Further, tourists observed dogs following other tourists (14/81), and camera-traps revealed photographs of dogs together with hikers (1 dog per 28 persons, n = 87 camera-trap days). The number of identified dogs from camera-traps (n = 32) corresponded to approximately one-quarter (22.7–25.4%) of the total population of free-ranging dogs in Puerto Williams following a photographic capture-recapture survey (126-141 individuals [32]). Dogs even accompanied hikers for several days (15% of respondents, 3/20) and were photographed together with hikers carrying large backpacks (17% of sequences, 9/53). Assuming tourists did not plan to hike with free-ranging dogs, they likely did not carry extra food for dogs, nor were dogs under voice and sight control. Of course, this might be different if hikers were residents taking their own dogs with them. Although we cannot completely discard this possibility, we did not recognize residents carrying large backpacks. However, even leashed dogs walked by their owners have been shown to displace birds in Australia [46], but refer to [16]. Importantly, 65.2% (15/23) of the identified dogs accompanying people were not detected on the same or later days on any of the three trails, indicating the camera-traps did not detect them or dogs came back off-trail.



Why would dogs follow unfamiliar persons? In our study, participants primarily thought company or affection motivated dogs to follow tourists, more so than providing food (33% versus 24%, n = 21 statements). This might be a plausible explanation; most tourists reported not having fed dogs (84%, n = 81), and we could not detect a significant relationship between tourists feeding dogs and tourists being followed by dogs. Further, the local dog population had relatively high husbandry standards, with 78% of 215 households feeding quality food (i.e., commercial dog food and/or meat [37]). Furthermore, experiments with street dogs in India indicated social rewards, such as petting from unfamiliar humans, can be more important than food if occurring repeatedly [47]. Therefore, we propose that free-ranging dogs may have a deficiency in positive social interactions with their owners that determine aspects of their movement behavior. Alie et al. [48] suggest keepers of free-ranging dogs in Dominica were passive caregivers who did not play, train, or discipline their pets frequently. Similarly, during experiments on the dog–owner bond in our study area (Strange Situation Procedure, [49]), only 5/39 dogs played upon invitation [23]. Future studies are needed that experimentally address what factors influence dogs to follow unfamiliar persons, e.g., type and duration of dog–owner interactions, immediate cues such as food or petting by strangers (e.g., [47]), and inherent factors such as sociability [50]. A better understanding of those effects is not only relevant for wildlife conservation but also for the well-being of dogs.



Furthermore, the influence of group formation in free-ranging dogs warrants attention, as group formation might determine their movements. In our study, tourists were followed on average by 1.4 dogs, observed dogs in groups of 2.6 animals, and were photographed on trails together with 1.3 dogs. Free-ranging dogs often occur in groups of up to four individuals (in Chile [51], China [52], North America [53], Zimbabwe [54]), which allows them to perform pack hunting, targeting even large mammals (e.g., [55]). Among the factors determining the propensity of group formation in free-ranging dogs is the presence of garbage sites [56], but more studies are needed, e.g., examining whether dogs of the same household or more social dogs roam in groups. The number of dogs per household indeed influences their confinement, i.e., multiple dogs in the household tend towards less probable confinement [57].



Finally, most tourists in our study perceived dogs negatively in some aspects. Only one-third (29.6%, 42/81) of the participants did not experience any fear (fear level = 0), did not report any problems, or did not leave a negative comment. In contrast, the negative aspects mentioned by tourists (21 of 49 comments) referred to a wide array of recognized problems of free-ranging dogs, i.e., overpopulation, abandonment, health status, interactions with other animals, lost experience of wildlife observation, and fear. Indeed, due to their different cultural backgrounds, residents and visitors can be at odds over what exactly dog ownership and care mean. In Samoa, for example, free-ranging dogs worsened the holiday experience of tourists coming from Australia and New Zealand [58]. In the Bahamas, North American tourists pitied dogs rather than feeling threatened, but overall perceived roaming dogs as a problem [59]. This finding is similar to what tourists in our study area felt; moderate fear felt by European tourists (1.5 ± 2.3, scale 1–10) versus higher levels of fear by South American tourists (4.3 ± 3.3). Ruiz-Izaguirre et al. [60] also highlighted the different perceptions between Mexican and North American/European tourists towards the welfare of roaming dogs in Mexico. Those culturally related differences in perceptions can influence the overall holiday experience with possible negative consequences for the future development of the tourism sector [59]. Following Bessa et al. [61], fully recognizing the costs of pet impacts on ecotourism in the scientific literature is a pending task.




5. Conclusions


To improve policy on responsible dog ownership, it must be acknowledged that tourists can facilitate the access of dogs to nature. Hence, to reduce pet-induced impacts on green tourism destinations, a cross-sectional approach is needed (see also [61]). Several entities should work together to strengthen dog confinement, including the protected area administration, municipalities, veterinarians, and importantly, also the tourism sector. In particular, we recommend (i) improving compliance with the law with regard to dog restriction (culturally sensitive [48,57]), (ii) encouraging an active dog–owner relationship, including common outdoor activities (see also [23,62]), (iii) taking into consideration the overall negative perception of tourists of free-ranging dogs (see also [59]), and (iv) enhancing the education of tourists with regard to their behavior towards free-ranging dogs (a priori, not using them as guides, not feeding them, not petting them). These recommendations should be an integrated component of the sustainable tourism strategy in Chile and beyond, wherever dogs, tourists, and nature meet.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ani12243564/s1, Figure S1: Photographs of the Cape Horn Biosphere Reserve, Figure S2: Original questionnaire.





Author Contributions


Conceptualization, E.S. and J.E.J.; methodology, E.S. and J.E.J., software, E.S.; validation, E.S. and J.E.J.; formal analysis, E.S.; investigation, E.S.; resources, E.S. and J.E.J.; data curation, E.S.; writing—original draft preparation, E.S.; writing—review and editing, E.S. and J.E.J.; visualization, E.S.; supervision, J.E.J.; project administration, E.S.; funding acquisition, E.S. and J.E.J. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Chilean National Commission for Scientific and Technological Research under Grant PAI-CONICYT, Call 2014, Number 79140024, and ANID/BASAL FB210018.




Institutional Review Board Statement


The study was approved by the Ethics Committee of the Universidad de Magallanes (Certificate 05/27/2015).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


For reasons of anonymity, the photographs taken by the camera-traps on trekking trails cannot be made publicly available.




Acknowledgments


We are most grateful to local hostel owners and tour operators for their cooperation, providing our questionnaires to their guests. We thank all the tourists who completed the questionnaires. Two anonymous reviewers made valuable suggestions that considerably improved our manuscript. Amy Wynia performed a thorough language check. We would also like to acknowledge the great outdoors that inspires and enables our scientific work.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Doherty, T.S.; Glen, A.S.; Nimmo, D.G.; Ritchie, E.G.; Dickman, C.R. Invasive predators and global biodiversity loss. Proc. Natl. Acad. Sci. USA 2016, 113, 11261–11265. [Google Scholar] [CrossRef] [PubMed]

	



Doherty, T.S.; Dickman, C.R.; Glen, A.S.; Newsome, T.M.; Nimmo, D.G.; Ritchie, E.G.; Vanak, A.T.; Wirsing, A.J. The global impacts of domestic dogs on threatened vertebrates. Biol. Conserv. 2017, 210, 56–59. [Google Scholar] [CrossRef]

	



Gray, P.B.; Young, S.M. Human–Pet Dynamics in Cross-Cultural Perspective. Anthrozoös. 2011, 24, 17–30. [Google Scholar] [CrossRef]

	



Gompper, M.E. The dog-human-wildlife interface: Assessing the scope of the problem. In Free-Ranging Dogs and Wildlife Conservation, 1st ed.; Gompper, M.E., Ed.; Oxford University Press: Oxford, UK, 2014; pp. 9–54. [Google Scholar]

	



Vanak, A.T.; Gompper, M.E. Dogs Canis familiaris as carnivores: Their role and function in intraguild competition. Mammal Rev. 2009, 39, 265–283. [Google Scholar] [CrossRef]

	



Vanak, A.T.; Gompper, M.E. Interference competition at the landscape level: The effect of free-ranging dogs on a native mesocarnivore. J. Appl. Ecol. 2010, 47, 1225–1232. [Google Scholar] [CrossRef]

	



Zanin, M.; Bergamaschi, C.L.; Ferreira, J.R.; Mendes, S.L.; Moreira, D.O. Dog days are just starting: The ecology invasion of free-ranging dogs (Canis familiaris) in a protected area of the Atlantic Forest. Eur. J. Wildlife Res. 2019, 65, 1–10. [Google Scholar] [CrossRef]

	



Weng, Y.; McShea, W.; Diao, Y.; Yang, H.; Zhang, X.; Gu, B.; Bu, H.; Wang, F. The incursion of free-ranging dogs into protected areas: A spatio-temporal analysis in a network of giant panda reserves. Biol. Conserv. 2021, 265, 109423. [Google Scholar] [CrossRef]

	



Villatoro, F.J.; Naughton-Treves, L.; Sepúlveda, M.A.; Stowhas, P.; Mardones, F.O.; Silva-Rodríguez, E.A. When free-ranging dogs threaten wildlife: Public attitudes toward management strategies in southern Chile. J. Environ. Manag. 2019, 229, 67–75. [Google Scholar] [CrossRef]

	



Sepúlveda, M.A.; Singer, R.S.; Silva-Rodríguez, E.; Stowhas, P.; Pelican, K. Domestic dogs in rural communities around protected areas: Conservation problem or conflict solution? PLoS ONE. 2014, 9, e86152. [Google Scholar] [CrossRef]

	



Moreira-Arce, D.; Vergara, P.M.; Boutin, S. Diurnal human activity and introduced species affect occurrence of carnivores in a human-dominated landscape. PLoS ONE. 2015, 10, e0137854. [Google Scholar] [CrossRef]

	



Silva-Rodríguez, E.A.; Sieving, K. Domestic dogs shape the landscape-scale distribution of a threatened forest ungulate. Biol. Conserv. 2012, 150, 103–110. [Google Scholar] [CrossRef]

	



Corti, P.; Wittmer, H.U.; Festa-Bianchet, M. Dynamics of a small population of endangered huemul deer (Hippocamelus bisulcus) in Chilean Patagonia. J. Mammal. 2010, 91, 690–697. [Google Scholar] [CrossRef]

	



Lacerda, A.C.R.; Tomas, W.M.; Marinho-Filho, J. Domestic dogs as an edge effect in the Brasília National Park, Brazil: Interactions with native mammals. Anim. Conserv. 2009, 12, 477–487. [Google Scholar] [CrossRef]

	



Stigner, M.G.; Beyer, H.L.; Klein, C.J.; Fuller, R.A. Reconciling recreational use and conservation values in a coastal protected area. J. Appl. Ecol. 2016, 53, 1206–1214. [Google Scholar] [CrossRef]

	



Reed, S.E.; Merenlender, A.M. Effects of management of domestic dogs and recreation on carnivores in protected areas in Northern California. Conserv. Biol. 2011, 25, 504–513. [Google Scholar] [CrossRef] [PubMed]

	



Weston, M.A.; Fitzsimons, J.A.; Wescott, G.; Miller, K.K.; Ekanayake, K.B.; Schneider, T. Bark in the park: A review of domestic dogs in parks. Environ. Manag. 2014, 54, 373–382. [Google Scholar] [CrossRef] [PubMed]

	



Miller, K.K.; Ritchie, E.G.; Weston, M.A. The human dimensions of dog–wildlife interactions. In Free-Ranging Dogs and Wildlife Conservation, 1st ed.; Gompper, M.E., Ed.; Oxford University Press: Oxford, UK, 2014; pp. 286–304. [Google Scholar]

	



Lessa, I.; Guimarães, T.C.S.; Bergallo, H.G.; Cunha, A.; Vieira, E.M. Domestic dogs in protected areas: A threat to Brazilian mammals? Nat. Conserv. 2016, 14, 46–56. [Google Scholar] [CrossRef]

	



Soto, C.A.; Palomares, F. Human-related factors regulate the presence of domestic dogs in protected areas. Oryx 2015, 49, 254–260. [Google Scholar] [CrossRef]

	



Parsons, M.B.; Gillespie, T.R.; Lonsdorf, E.V.; Travis, D.; Lipende, I.; Gilagiza, B.; Kamenya, S.; Pintea, L.; Vazquez-Prokopec, G.M. Global Positioning System data-loggers: A tool to quantify fine-scale movement of domestic animals to evaluate potential for zoonotic transmission to an endangered wildlife population. PLoS ONE 2014, 9, e110984. [Google Scholar] [CrossRef]

	



Sparkes, J.; Körtner, G.; Ballard, G.; Fleming, P.J.S.; Brown, W.Y. Effects of sex and reproductive state on interactions between free-roaming domestic dogs. PLoS ONE 2014, 9, e116053. [Google Scholar] [CrossRef]

	



Saavedra-Aracena, L.; Grimm-Seyfarth, A.; Schüttler, E. Do dog-human bonds influence movements of free-ranging dogs in wilderness? J. Appl. Anim. Behav. Sci. 2021, 241, 105358. [Google Scholar] [CrossRef]

	



Ribeiro, F.S.; Nichols, E.; Morato, R.G.; Metzger, J.P.; Pardini, R. Disturbance or propagule pressure? Unravelling the drivers and mapping the intensity of invasion of free-ranging dogs across the Atlantic forest hotspot. Divers. Distrib. 2018, 25, 191–204. [Google Scholar] [CrossRef]

	



Sepúlveda, M.; Pelican, K.; Cross, P.; Eguren, A.; Singer, R. Fine-scale movements of rural free-ranging dogs in conservation areas in the temperate rainforest of the coastal range of southern Chile. Mamm. Biol. 2015, 80, 290–297. [Google Scholar] [CrossRef]

	



Ruiz-Izaguirre, E.; Van Woersem, A.; Eilers, K.C.H.; Van Wieren, S.E.; Bosch, G.; Van Der Zijpp, A.J.; De Boer, I.J.M. Roaming characteristics and feeding practices of village dogs scavenging sea-turtle nests. Anim. Conserv. 2015, 18, 146–156. [Google Scholar] [CrossRef]

	



Muinde, P.; Bettridge, J.M.; Sousa, F.M.; Dürr, S.; Dohoo, I.R.; Berezowski, J.; Mutwiri, T.; Odinga, C.O.; Fèvre, E.M.; Falzon, L.C. Who let the dogs out? Exploring the spatial ecology of free-roaming domestic dogs in western Kenya. Ecol. Evol. 2021, 11, 4218–4231. [Google Scholar] [CrossRef]

	



Molloy, S.; Burleigh, A.; Dürr, S.; Ward, M.P. Roaming behaviour of dogs in four remote Aboriginal communities in the Northern Territory, Australia: Preliminary investigations. Aust. Vet. J. 2017, 95, 55–63. [Google Scholar] [CrossRef]

	



Cortés, E.I.; Navedo, J.G.; Silva-Rodríguez, E.A. Widespread presence of somestic sogs on aandy beaches of southern Chile. Animals 2021, 11, 161. [Google Scholar] [CrossRef]

	



Garde, E.; Pérez, G.E.; Vanderstichel, R.; Dalla Villa, P.F.; Serpell, J.A. Effects of surgical and chemical sterilization on the behavior of free-roaming male dogs in Puerto Natales, Chile. Prev. Vet. Med. 2016, 123, 106–120. [Google Scholar] [CrossRef]

	



Navedo, J.G.; Verdugo, C.; Rodríguez-Jorquera, I.A.; Abad-Gómez, J.M.; Suazo, C.G.; Castañeda, L.E.; Araya, V.; Ruiz, J.; Gutiérrez, J.S. Assessing the effects of human activities on the foraging opportunities of migratory shorebirds in Austral high-latitude bays. PLoS ONE 2019, 14, e0212441. [Google Scholar] [CrossRef]

	



Schüttler, E.; Saavedra-Aracena, L.; Jiménez, J.E. Spatial and temporal plasticity in free-ranging dogs in sub-Antarctic Chile. Appl. Anim. Behav. Sci. 2022, 250, 105610. [Google Scholar] [CrossRef]

	



Rozzi, R.; Armesto, J.J.; Gutiérrez, J.R.; Massardo, F.; Likens, G.E.; Anderson, C.B.; Poole, A.; Moses, K.P.; Hargrove, E.; Mansilla, A.O.; et al. Integrating ecology and environmental ethics: Earth stewardship in the southern end of the Americas. BioScience 2012, 62, 226–236. [Google Scholar] [CrossRef]

	



Jacobson, A.P.; Riggio, J.; Tait, A.M.; Baillie, J.E.M. Global areas of low human impact (‘Low Impact Areas’) and fragmentation of the natural world. Sci. Rep. 2019, 9, 14179. [Google Scholar] [CrossRef] [PubMed]

	



Couve, E.; Vidal, C.; Ruiz, J. Aves de Chile, sus Islas Oceánicas y Península Antártica; Editorial Fantástico Sur: Puerto Natales, Chile, 2016. [Google Scholar]

	



Anderson, C.B.; Rozzi, R.; Torres-Mura, J.C.; McGehee, S.M.; Sherriffs, M.F.; Schüttler, E.; Rosemond, A.D. Exotic vertebrate fauna in the remote and pristine sub-Antarctic Cape Horn Archipelago, Chile. Biodivers. Conserv. 2006, 15, 3295–3313. [Google Scholar] [CrossRef]

	



Schüttler, E.; Saavedra-Aracena, L.; Jiménez, J.E. Domestic carnivore interactions with wildlife in the Cape Horn Biosphere Reserve, Chile: Husbandry and perceptions of impact from a community perspective. PeerJ 2018, 6, e4124. [Google Scholar] [CrossRef]

	



Schüttler, E.; Crego, R.D.; Saavedra-Aracena, L.; Silva-Rodríguez, E.A.; Rozzi, R.; Soto, N.; Jiménez, J.E. New records of invasive mammals from the sub-Antarctic Cape Horn Archipelago. Polar Biol. 2019, 42, 1093–1105. [Google Scholar] [CrossRef]

	



Parques Nacionales: Estadísticas de Visitación. CONAF. Available online: https://www.conaf.cl/parques-nacionales/visitanos/estadisticas-de-visitacion/ (accessed on 21 September 2022).

	



Decreto 148: Declara Zona de Interés Turístico Cabo de Hornos. Ministry of Economy. Available online: https://www.bcn.cl/leychile/navegar?idNorma=1135125 (accessed on 20 April 2022).

	



Fairfax, R.J.; Dowling, R.M.; Neldner, V.J. The use of infrared sensors and digital cameras for documenting visitor use patterns: A case study from D’Aguilar National Park, south-east Queensland, Australia. Curr. Issues Tour. 2012, 17, 72–83. [Google Scholar] [CrossRef]

	



R Core Team. R: A language and environment for statistical computing; R Foundation for Statistical Computing: Vienna, Austria; Available online: https://www.R-project.org/ (accessed on 19 July 2022).

	



Cochran, W.G. Sampling Techniques, 3rd ed.; John Wiley and Sons Inc.: New York, NY, USA, 1977; pp. 24–25. [Google Scholar]

	



Hughes, J.; Macdonald, D.W. A review of the interactions between free-roaming domestic dogs and wildlife. Biol. Conserv. 2013, 157, 341–351. [Google Scholar] [CrossRef]

	



Twardek, W.M.; Peiman, K.S.; Gallagher, A.J.; Cooke, S.J. Fido, Fluffy, and wildlife conservation: The environmental consequences of domesticated animals. Environ. Rev. 2017, 25, 381–395. [Google Scholar] [CrossRef]

	



Banks, P.B.; Bryant, J.V. Four-legged friend or foe? Dog walking displaces native birds from natural areas. Biol. Lett. 2007, 3, 611–613. [Google Scholar] [CrossRef]

	



Bhattacharjee, D.; Sau, S.; Das, J.; Bhadra, A. Free-ranging dogs prefer petting over food in repeated interactions with unfamiliar humans. J. Exp. Biol. 2017, 220, 4654–4660. [Google Scholar] [CrossRef]

	



Alie, K.; Davis, B.W.; Fielding, W.J.; Maldonado, F.G. Attitudes towards dogs and other “pets” in Roseau, Dominica. Anthrozoös 2007, 20, 143–154. [Google Scholar] [CrossRef]

	



Topál, J.; Miklósi, Á.; Csányi, V.; Dóka, A. Attachment behavior in dogs (Canis familiaris): A new application of Ainsworth’s (1969) Strange Situation Test. J. Comp. Psychol. 1998, 112, 219–229. [Google Scholar] [CrossRef] [PubMed]

	



Bhattacharjee, D.; Sarkar, R.; Sau, S.; Bhadra, A. Sociability of Indian free-ranging dogs (Canis lupus familiaris) varies with human movement in urban areas. J. Comp. Psychol. 2021, 135, 89–97. [Google Scholar] [CrossRef] [PubMed]

	



Contardo, J.; Grimm-Seyfarth, A.; Cattan, P.E.; Schüttler, E. Environmental factors regulate occupancy of free-ranging dogs on a sub-Antarctic island, Chile. Biol. Invasions 2021, 23, 677–691. [Google Scholar] [CrossRef]

	



Yan, X.; Owens, J.R.; Wen, Y.; Su, X.; Wang, Z.; Liu, S.; Zhang, D.; Callan, R.; Wenlei, B.; Qi, D.; et al. Dogs and disease threats to giant pandas in China. J. Wildlife Manag. 2020, 84, 268–276. [Google Scholar] [CrossRef]

	



Parsons, A.W.; Bland, C.; Forrester, T.; Baker-Whatton, M.C.; Schuttler, S.G.; McShea, W.J.; Costello, R.; Kays, R. The ecological impact of humans and dogs on wildlife in protected areas in eastern North America. Biol. Conserv. 2016, 203, 75–88. [Google Scholar] [CrossRef]

	



Butler, J.R.A.; du Toit, J.T.; Bingham, J. Free-ranging domestic dogs (Canis familiaris) as predators and prey in rural Zimbabwe: Threats of competition and disease to large wild carnivores. Biol. Conserv. 2004, 115, 369–378. [Google Scholar] [CrossRef]

	



Home, C.; Bhatnagar, Y.V.; Vanak, A.T. Canine Conundrum: Domestic dogs as an invasive species and their impacts on wildlife in India. Anim. Conserv. 2018, 21, 275–282. [Google Scholar] [CrossRef]

	



Tiwari, H.K.; Vanak, A.T.; O’Dea, M.; Gogoi-Tiwari, J.; Robertson, I.D. A comparative study of enumeration techniques for free-roaming dogs in rural Baramati, district Pune, India. Front. Vet. Sci. 2018, 5, 104. [Google Scholar] [CrossRef]

	



Astorga, F.; Poo-Muñoz, D.A.; Organ, J.; Medina-Vogel, G. Why let the dogs out? Exploring variables associated with dog confinement and general characteristics of the free-ranging owned-dog population in a peri-urban area. J. Appl. Anim. Welf. Sci. 2022, 25, 311–325. [Google Scholar] [CrossRef]

	



Beckman, M.; Hill, K.E.; Farnworth, M.J.; Bolwell, C.F.; Bridges, J.; Acke, E. Tourists’ perceptions of the free-roaming dog population in Samoa. Animals 2014, 4, 599–611. [Google Scholar] [CrossRef] [PubMed]

	



Plumridge, S.; Fielding, W.J. Reactions of American tourists to roaming dogs in New Providence, The Bahamas. Anthrozoös 2003, 16, 360–366. [Google Scholar] [CrossRef]

	



Ruiz-Izaguirre, E.; Eilers, C.H.A.M. Perceptions of village dogs by villagers and tourists in the coastal region of rural Oaxaca, Mexico. Anthrozoös 2012, 25, 75–91. [Google Scholar] [CrossRef]

	



Bessa, E.; Blumstein, D.T.; Samia, D.S.M.; Geffroy, B. Pets at ecotourism destinations: Cute mascot or trojan horse? Curr. Issues Tour. 2019, 22, 1523–1525. [Google Scholar] [CrossRef]

	



Rohlf, V.I.; Bennett, P.C.; Toukhsati, S.; Coleman, G. Why do even committed dog owners fail to comply with some responsible ownership practices? Anthrozoös 2010, 23, 143–155. [Google Scholar] [CrossRef]








[image: Animals 12 03564 g001 550] 





Figure 1. Study area of Navarino Island, Cape Horn Biosphere Reserve, southern Chile. The map highlights the near-pristine character of the island (the only settlements are Puerto Williams and a small fishing town, Puerto Toro) and includes sightings of 58 dogs by 31 tourists (tourist season 2015–2016). 






Figure 1. Study area of Navarino Island, Cape Horn Biosphere Reserve, southern Chile. The map highlights the near-pristine character of the island (the only settlements are Puerto Williams and a small fishing town, Puerto Toro) and includes sightings of 58 dogs by 31 tourists (tourist season 2015–2016).



[image: Animals 12 03564 g001]







[image: Animals 12 03564 g002 550] 





Figure 2. Principal questionnaire results of 81 tourists on free-ranging dogs in southern Chile during summer 2015/2016: (a) Participants being followed by dogs (n = 79) and having seen free-ranging dogs outside town (n = 77); (b) group size of dogs having followed participants (n = 21) and group size of sighted free-ranging dogs (n = 27); (c) participants (n = 63) being followed by dogs with respect to having them fed or not, and (d) participants (n = 76) being followed by dogs with respect to their level of fear of free-ranging dogs (0 = no fear, 10 = high level of fear). Illustrations downloaded from Pixabay.com. 
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Figure 3. Number of dog records of dogs accompanying hikers with small (blue line) and large (red line) backpacks along three trekking trails in southern Chile (n = 56). Data from three camera-traps during an exposure period of four weeks (01/25/2019–02/22/2019). Illustrations downloaded from Pixabay.com. 
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Figure 4. Photographs (cutout of relevant section) of camera-trap in Trail No. 1 in southern Chile during summer 2019. (a) Free-ranging dog and tourist using large backpack; (b) free-ranging dog photographed 8 s before a group of four tourists using large backpacks (inset); (c) four free-ranging dogs with tourist on daily excursion, and (d) three free-ranging unaccompanied dogs photographed 1:56 h after last person and 11:51 h before next person. 
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