
 

 
 

Article 

Mesocarnivore Distribution along Gradients of Anthropogenic 

Disturbance in Mediterranean Landscapes 

Ignasi Torre1*, Tomàs Pulido2, Marc Vilella2, and Mario Díaz3 

1 BiBio Research Group, Natural Sciences Museum of Granollers, c/ Francesc Macià 51, E-08402 Granollers 

(Barcelona), Spain. 
2   Natural Sciences Museum of Granollers, c/ Francesc Macià 51, E-08402 Granollers (Barcelona), Spain. 
3 Department of Biogeography and Global Change, National Museum of Natural Sciences, CSIC, C/Serrano 

115 bis, E-28006 Madrid (Spain); orcid: 0000-0002-6384-6674 

* Corresponding author: itorre@mcng.cat; orcid: 0000-0002-4803-9524 

 

Abstract: Wildfires are important sources of landscape change in Mediterranean environments, creating large 

patches of natural habitats (i.e., scrublands) inside protected areas, whereas woodland patches remained at 

the border in the vicinity of human settlements. Landscape patterns resulting from these gradients influence 

habitat suitability for mesocarnivores regarding food and shelter. In winter and summer 2019, we sampled 

16 independent line-transects of four camera traps each (for a total of 64 cameras), covering the main habitats 

of the study area (woodlands, scrublands, and crops). Cameras were baited to compensate for low detectabil-

ity of target species, and mesocarnivore contacts were analyzed by means of GLMMs and occupancy models. 

We hypothesized that Mediterranean mesocarnivores were constrained by two opposing forces, pushing 

them living in semi-natural but highly fragmented and heterogeneous landscapes created by humans, or liv-

ing in natural but less suitable and continuous habitats created by fire regimes. In the former case, mesocarni-

vores will find protection against predators and resting sites in forests, as well as improved food opportunities 

in crops and urban areas, despite the possible interference with humans and their pets. Potential cascading 

effects linked to ecological roles of Mediterranean mesocarnivores on the succession of Mediterranean land-

scapes would imply longer-term effects of human disturbance on landscape trends. 
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1. Introduction 

Responses of predators to global change may have cascading effects on prey communities 

well beyond direct effects of global change drivers on prey [1]. For instance, direct inter-

actions between humans and large carnivores, in the form of persecution and extermina-

tion of the top predators competing with human interests, tend to favour the expansion 

of mesocarnivores (mesopredator release hypothesis) [2]. Direct numeric effects on prey 

are usually stronger for mesocarnivores than for top predators, due to more generalist 

diets and habitat requirements of the former [3]. Indirect effects mediated by fear may be 

stronger than numeric effects [4][5], sometimes even cascading down to plant populations 

by decreasing herbivory or increasing mutualistic interactions such as seed dispersal [6]. 

Despite their key influence on communities, fewer work has been done on mesocarnivore 

response to global change as compared to more charismatic top predators [7][8].  

Despite mesocarnivores were persecuted and sometimes harvested as fur-bearers [9], 

most species are protected today, at least in Europe, as top predators are. Generalist pat-

terns of habitat use and slower recovery of top predators have usually led to a rapid re-

covery of mesocarnivores, being considered as good models to analyze the effects of land 

use changes in anthropic environments [10]. However, owing to their relatively large ter-

ritory size, they rely more on landscape-scale patterns to define their distribution range 

rather than on local habitat features, more influent in smaller animals. In the Iberian Pen-

insula, mesocarnivores generally benefit from heterogeneous mosaics of arable fields and 

semi-natural habitats such as forests and scrublands [11]. These landscapes are usually 

found surrounding protected areas, where fire suppression strategies and limits to human 

intervention provide the large patches of semi-natural habitat needed by most mesocarni-

vores [12].  
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The importance of protected areas is expected to decrease in the Mediterranean basin due 

to land abandonment by the cessation of agriculture and traditional land-uses [13]. Such 

abandonment promotes the natural regeneration and re-establishment of native habitats 

(i.e., expansion and connectivity of woodlands) [14], but also an increase of fire recurrence 

and surface burned [15], which affects landscape composition and structure giving rise to 

large patches of scrub [16]. Mediterranean mesocarnivore recovery, and its cascading ef-

fects, are thus constrained by two opposing forces, human land uses (pushing carnivores 

to live in semi-natural but highly fragmented and heterogeneous landscapes) and aban-

donment and increased fire effects (pushing them to live in more continuous seminatural 

habitat of lower quality created by fire regimes).  

Here we analyze patterns of distribution of mesocarnivores along the gradients of anthro-

pogenic disturbance found in Mediterranean landscapes and discuss the potential cascad-

ing effects of these patterns on the long-term trajectories of these landscapes [16]. Our aim 

is predicting responses of Mediterranean systems to global change beyond current sim-

plistic niche modelling approaches [1]. We predicted that responses of mesocarnivores 

along these anthropogenic gradients will depend on the perceived suitability of such gra-

dients by the target species. Mesocarnivore abundance will increase along landscape gra-

dients offering higher availability of refuges (against predators and climate) and food op-

portunities, such as woodland patches within mostly deforested anthropogenic land-

scapes [17], rather than along more natural and homogeneous landscapes within pro-

tected areas, dominated by fire-prone scrub. If this was true, key ecological functions of 

Mediterranean carnivores would be more associated to human influence than to natural 

succession. 

2. Materials and Methods 

2.1. Study area and sampling design 

The study area includes two protected areas (Garraf and Foix Natural parks) covering 

15,000 ha in the Litoral Range of Barcelona province, NE Spain (Figure 1). The landscape 

was modelled by human activities (forest management, cattle grazing, crops) for centu-

ries, but those activities were abandoned during the last decades. Natural shrub encroach-

ment and afforestation is linked to increased fire recurrence, with two large recent wild-

fires burning 10,000 ha (1982) and 4,300 ha (1994) [18]. The natural vegetation consists of 

coastal maquis of Quercus coccifera and Chamaerops humilis and coastal holm oak Q. ilex 

forests, which are dominated by fire-adapted plant species (Q. coccifera, Q. ilex, Arbutus 

unedo, Pistacia lentiscus) and species with enhanced post-fire germination after fire (Pinus 

halepensis and Cistus spp.). Garraf’s land uses are dominated by shrublands and grasslands 

(80%), followed by woodlands (15%), and small patches of crops (2%) and urban areas 

(3%). Shrublands and grasslands are also dominant in Foix (65%), but crops are the second 

land-use (20%), followed by woodland (11%) and urban areas (4%)[19]. 

We set 16 line transects 750 m long, placing in each transect four cameras separated 250 m 

and two cameras situated at both extremes of the lines (0 and 750 m). Line transects were 

separated at least 1 km among them and were established with the aim of covering the 

variety of habitats present (pinewoods, scrublands, and crops), in order to analyse meso-

carnivore responses to habitat structure and landscape composition [12]. We selected six 

woodlands (mature and young pinewoods and holm oak woodlands), six scrublands at 

different stages of secondary succession (burned in 1994 or before), and four crops (cereal 

crops and vineyards). Transects were sampled in winter (4th February to 8th March 2019) 

and summer (23rd July to 16th August 2019). Two camera models were used: 12 Browning 

cameras (Strike Force HD Pro) and 4 Bushnell cameras (Trophy Cam E3 HD), which were 

randomly placed in the four transects that were sampled simultaneously. Since camera 

brand/model may affect detection probabilities [20], we made sure camera settings were 
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similar for the two models. Within every location selected, cameras were placed in areas 

devoid of thick vegetation to facilitate animal detection. All cameras were placed at least 

three hours before sunset and worked during four consecutive nights then removed 

[21,22]. Sampling was performed in working days to avoid the effect of visitors (and their 

pets) during weekends. Within every transect, we baited two cameras with sardines in 

olive oil [23,24], alternating position with the other two cameras, which were not baited 

(controls). We alternated baiting positions between the two seasonal sampling sessions. 

The design was set to reduce the sampling effort necessary to detect mesocarnivore spe-

cies when present, as well as to analyse and control for bias associated to baiting [20,25]. 

 
Figure 1. Situation of the 16 line-transects (four cameras each, black dots) in the Natural parks of 

Garraf and Foix, Catalonia (NE Spain). Green dark isoclines indicate forest cover, and light grey 

urban areas. 

2.2. Statistical analyses 

Habitats around line transects were described using a land-use database with environ-

mental information available for 1 km x 1 km UTM squares. Each transect was character-

ized with data from the central UTM square where it was located and the eight squares 

surrounding it, thus considering an area of 9 km2 [26–28]. A Principal Component Analy-

sis (PCA) was performed on four main land-use categories (forests, scrublands, crops, and 

urban) to convert a set of correlated variables into a set of values of linearly uncorrelated 

variables called principal components [29]. Principal components with eigenvalues > 1 

(Kaiser criterion) were retained to interpret habitat gradients with ecological meaning and 

were then used as predictors in further analyses. Habitat heterogeneity was calculated as 

the Shannon Diversity Index of the four main land-use categories. 

Captures were considered as independent events (i.e. contacts) when pictures of the same 

species were taken more than 30 minutes apart [20]. The targeted mesocarnivore species 

were red foxes Vulpes vulpes (Linnaeus, 1758), domestic dogs Canis lupus familiaris (Lin-

naeus, 1758), stone martens Martes foina (Erxleben, 1777), European badgers Meles meles 

(Linnaeus, 1758), weasels Mustela nivalis (Linnaeus, 1758), genets Genetta genetta (Lin-

naeus, 1758), and feral cats Felis silvestris catus (Schreber, 1777). 

Generalized linear mixed models (GLMMs) were fitted to two types of response variables: 

number of contacts, and species richness/density. The former was calculated for seven 

different groups or species: red fox, stone marten, badger, genet, the total of these four 

wild mesocarnivore species, domestic dog and feral cat; the second was calculated for 

wild species. Both number of contacts and species richness were assumed to follow a Pois-

son error distribution [30]. On the other hand, the six species were also modelled with 
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binomial error distribution (presence-absence), thus assessing the potential effect of 

counting the same individual more than once (pseudo-replication), as individuals were 

not identified due to the absence of distinctive fur marks in most of the species. We con-

sidered the same four explanatory variables for all modelling processes: season and bait 

as fixed factors with two levels each (winter or summer, and with or without) and the two 

first principal components that summarized land cover data. Two-level interactions 

among these four variables were also included, resulting in six different combinations. 

Camera position nested in line transect was included as a random factor to account for 

un-controlled variables associated to camera locations. For each response variable, the R 

functions dredge and glmer were used to build models with all possible combinations of 

explanatory variables. According to the principle of parsimony and our sample size (n = 

127 observations), we selected models with ∆AICc < 2 as meaningful. For the selected 

models, we calculated pseudo-R2 values [31] by means of the R function r.squaredGLMM 

and the delta method for variance estimation and we eventually showed the one with the 

highest conditional pseudo-R2. Overdispersion issues of the response variables were as-

sessed by calculating the scaled deviance of their most parameterized model and checking 

whether it followed a Chi2 distribution with the residual degrees of freedom (114). Species 

models showing dispersion irregularities (scaled deviance <0.5 or > 1.5) were eventually 

built with negative binomial as link function (R function glmer.nb), but results were rather 

similar (not shown). R-functions used were available in the packages MuMIn [32] and lme4 

[33]. 

Common and widely distributed Mediterranean mesocarnivores -such as genets and 

badgers- might show very low detectabilities in camera trapping studies [24]. Probability 

of detection (or detectability, p) can be defined as the probability of detecting a species 

when actually present and can be considered as a nuisance parameter derived from sam-

pling issues [34]. Since low detection probabilities (p <0.3) [35] can be responsible of un-

derestimates of occupancy due to false negatives (non-detection of the species when pre-

sent), we used Multiple-season Occupancy models to ascertain actual occupancy under 

an imperfect detectability framework [34]. Detection histories were built for every sea-

sonal survey and transect, considering each night as a sampling occasion -to account for 

temporal variation- and whether cameras were baited or not. Histories consisted in a se-

ries of detection (1) and non-detection (0) data, owing that the species was always detected 

when present. We fitted competing occupancy models (software PRESENCE)[36] to de-

termine the parameters mostly affecting occupancy (ψ) and detectability (p), once control-

ling for imperfect detection. We started with a null model, considering that probability of 

occupancy did not change between consecutive sampling occasions and between tran-

sects, and setting detection probabilities also constant ψ(·)p(·). In a second step, detection 

probabilities were modelled while setting occupancy constant [37], exploring the two 

main sources of variability: bait(b) and time(t), but without interactions [20]. The best 

model selected (according to AIC) was retained and further analyzed by including sources 

of variability for the probability of occupancy: landscape composition summarized by two 

PCs ψ(pc1) and ψ(pc2) as site-dependent covariates. We also built cumulative detectabil-

ity curves to compare the sampling effort necessary to detect the four wild species and 

calculated the number of sampling occasions with sequential non-detections necessary to 

ascertain a species was absent with 95% of certainty in baited/non-baited stations [20]. 
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3. Results 

PCA yielded two significant factors, explaining altogether the 98% of total variance of 

land-use categories. The first (PC1) explained most of the variance (79%) and was inter-

preted as a gradient from crops to scrublands. The second (PC2) explained the 19% of 

variance and was interpreted as a gradient from crops to woodlands. Dominant scrub-

lands were negatively correlated with the other land-uses, especially with crops (r = -0.79, 

p < 0.001), but also with forests (r = -0.50, p < 0.05), and urban areas (r = -0.47, p < 0.07). 

Scrublands (and PC1) showed a strong negative correlation with heterogeneity (H’: r = -

0.93, p < 0.0001), suggesting that these areas -mostly situated in the center of the study 

area- were very homogeneous. Landscape heterogeneity increased towards the borders 

of the parks (Figure 1), where a mosaic formed by natural habitats (forests patches and 

scrublands) were combined with villages and crops.  

We obtained 177 independent contacts of wild and 88 of domestic mesocarnivores in 512 

camera-nights (27.6% of total mammal contacts). Red foxes were the most frequent species 

(18.4 contacts per 100 camera-nights), followed by stone martens (8.8), badgers (4.9), gen-

ets (2.1), and weasels (0.4). Baited stations increased the number of total contacts (75 con-

tacts x 100 camera-nights) when compared with non-baited stations (28.5 contacts x 100 

camera-nights).  

Most detections of wild carnivores occurred during the second night of camera exposure 

and dropped during the fourth night (Figure 2). Naïve occupancy was affected by using 

baits, increasing in all the species with reference to non-baited cameras. A Log-Linear 

model showed that mesocarnivore detections were distributed similarly among species 

along the four days of camera exposure in baited/non-baited cameras (Species x Bait x 

Day: ML-Chi2 = 3.0, df = 9, p = 0.96). Nonetheless, total contacts changed along the four 

days of camera exposure, the second day showing the highest number of detections (Chi2 

= 86.6, df = 28, p < 0.0001, Figure 2).  

 

Figure 2. Frequency of occurrence (independent contacts) of wild mesocarnivores along the four 

nights of camera exposure in baited and non-baited stations. 

Regarding the number of contacts and richness, GLMMs with Poisson error fitted well the 

data in the case of the red fox and total wild contacts, as well as species richness. A nega-

tive binomial distribution fitted better in the case of the cat and the stone marten, but 

genets, badgers, and dogs, did not fit optimally with either Poisson or negative binomial 

distributions. Furthermore, the use of negative binomial did not reduce dispersion issues 
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in any case, maybe because data was mostly under-dispersed (variance < mean). There-

fore, the models - only Poisson models shown- should be interpreted with caution in the 

case of severe under-dispersion. Binomial models (presence/absence) yielded almost the 

same results (not shown). Results highlighted the positive influence of bait in six out of 

eight response variables, displaying higher efficiency during summer (Table 1). Baited 

stations showed more contacts for all species but badger and cat. They also reported a 

larger number of total wild contacts and a higher species richness than un-baited stations. 

PC1 and PC2 positively influenced the total number of contacts and richness of wild spe-

cies, being the latter especially determinant in stone marten, dog and cat. Both PCs repre-

sented landscapes gradients from crops to scrublands (PC1) and from crops to forests 

(PC2), suggesting that natural habitats favoured mesocarnivore communities. In general, 

contacts increased in winter, while the use of bait seemed to be less determinant in that 

season.  

 

Figure 3. Seasonal modelled probability of detection (detectability, p ± SE) of the four wild meso-

carnivore species according to the use of bait in alternated position in camera stations within the 16 

line-transects of four cameras each. 

Multi-season occupancy models fitted to detection histories revealed that all mesocarni-

vores increased observed values of occupancy once imperfect species probability of de-

tection was considered. In fact, genets increased almost four times actual occupancy, it 

was doubled in the case of badgers, and showed lower increases both in martens and 

foxes. In un-baited cameras, the four wild mesocarnivores had low detectabilities (p < 0.3), 

especially the genet (p < 0.02, Figure 3). The use of baits increased the probability of detec-

tion, and the occupancy models highlighted its influence on species detectability since bait 

was present in the most parsimonious models for the four species considered (Table S1). 

This was especially true in the case of genets, as baited cameras improved 9 to 10 times 

detectability compared to non-baited cameras (Figure 3). Martens (~ 4 times more), foxes 

(~2) and badgers (~1.6) also showed an increase in baited sites. Interestingly, only three 

consecutive surveys or occasions -on average- would be necessary to be confident of non-

detection of any wild species in a baited station, but 21 consecutive surveys would be 

necessary to be confident of non-detection in non-baited stations (Figure S1). Thus, the 

use of bait controlled efficiently for the non-occurrence of false negatives during short 

surveys. Particularly, in the case of genets and stone martens (to a lesser extent) in non-

baited stations, the number of consecutive surveys necessary to control for false absences 

outnumbered by far the sampling effort performed in this study (63 and 11 consecutive 

surveys, for genets and martens, respectively). The probability of occupancy of wild 
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species was affected by landscape composition gradients (represented by PCs, Table S1, 

Figure 4). Almost all species increased occupancy towards natural habitats (forests and 

scrublands), this increase was especially relevant for genets and stone martens along the 

forest gradient. Both PCs were selected in six out of eight significant models. All models 

considered valid included bait as a factor affecting detectability. 

 

Figure 4. Modelled probability of occupancy of the four wild mesocarnivore species along gradients 

of landscape composition; PC1: gradient from crops to scrublands (79% of variance explained); PC2: 

gradient from crops to forests (19% of variance explained). 

4. Discussion 

Mediterranean mesocarnivores showed clear-cut responses to landscape change along an-

thropogenic land-use gradients. The number of species and contacts increased along a 

gradient from anthropogenic (crops) to natural forested areas [27] and, to a lesser extent, 

along a gradient from crops to scrublands. Occupancy models yielded similar results, 

with genets and stone martens showing higher occupancies along the forest than along 

the scrubland gradient, and red foxes and badgers showing moderate responses to both. 

Our results generally agreed with predicted and observed broad patterns of habitat use 

by mesocarnivores in disturbed and fragmented Mediterranean landscapes [11,12,38]. 

Low detectabilities of all mesocarnivore species [24] in short surveys -such this one- usu-

ally precluded interpretations of spatial patterns: here we used an attractant to improve 

results [22]. We showed that the use of a conventional edible bait (canned sardines)[39] 
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was the most relevant factor affecting the probability of detection of all wild mesocarni-

vores. Un-baited cameras leaded to low detectabilities for the four wild mesocarnivores 

(especially for the genet p < 0.02), but the use of bait controlled efficiently for the non-

occurrence of false negatives during the survey [20], despite its efficiency decreased dur-

ing winter [40]. Our procedure allowed obtaining enough data to derive solid interpreta-

tions of patterns and minimizing the bias produced by sampling procedures. 

Gradients of land use in our study are associated to changes in habitat suitability for mes-

ocarnivores, regarding food and shelter, and provoked significant distributional re-

sponses in almost all species. Habitat heterogeneity, created by anthropogenic disturb-

ance within a scrubland landscape structure currently modelled by wildfires, is linked to 

the positive association of mesocarnivores to a certain degree of afforestation. The land-

scape studied represented a mosaic of small forest patches surrounded by extensive nat-

ural (scrublands) and artificial man-made habitats (crops and urban areas). Forest patches 

are fragments of natural woodland that remained in the surroundings of the natural parks 

after the important wildfires occurred during the end of the last century [13]. Fight against 

fires produced the protection of forests close to urban areas, allowing the persistence of 

forest patches associated to human settlements. Fire dynamics contributed to create large 

-but unsuitable- patches of natural habitats (i.e., scrublands) for the generalist mesocarni-

vores, with woodland habitats remaining at the border of the natural reserves in the vi-

cinity of urban areas. Indeed, in highly deforested landscapes, carnivore activity could be 

concentrated in the remaining forest fragments (i.e., riverbeds)[17]. 

Despite other authors suggested the prominent role of scrublands for mesocarnivore con-

servation [41], our results highlighted that most species showed more preference for for-

ests, which represented a small fraction of the total area available with respect to scrub-

lands (13% vs. 72%). The more intense response to forest than to scrubland gradients prob-

ably results from the dependence of mesocarnivores on hollows in old trees for resting, 

which decreases predation risks or thermoregulatory costs [42]. 

Mediterranean mesocarnivores are thus constrained by two opposing forces, pushing 

them living in semi-natural but highly fragmented and heterogeneous landscapes created 

by humans, or living in natural but less suitable and continuous habitats created by fire 

regimes. In the former case, wild mesocarnivores will find protection against predators 

and resting sites in forests, as well as improved food opportunities in crops and urban 

areas. Lack of natural top predators (i.e., wolves Canis lupus) in most of the western Med-

iterranean communities [43] relaxed the predation pressure on mesocarnivores, and the 

role of super-predator could be now played by humans [44] and their dogs [45]. Since 

forest patches near urban areas are widely used for recreation, the presence of human pets 

(dogs and cats) could produce negative effects to wild mesocarnivores [44,46]. Neverthe-

less, contacts of red foxes (the most common wild species) were positively associated to 

dog contacts, and both wild and domestic mesocarnivores responded in a similar way to 

landscape gradients (r = 0.25, n = 128, p < 0.05). Wild mesocarnivores living in woody areas 

can benefit from urbanization [24], for instance, by a reduced amount of hunting pressure 

near villages, thus enabling proper diurnal rests for mainly nocturnal target species [47]. 

In fact, the confluence of forests with urban areas could also increase carrying capacities 

due to food subsidization [48], especially in the case of opportunistic species, such as the 

red fox (use of rubbish dumps, garbage containers, etc.). Scrublands, on the other hand, 

offer a higher availability of small mammal prey than woodlands in spring and autumn 

[49–51], which would benefit species with diets based on small mammals, such as the 

genet [52]. Less frequency of genets in scrubland patches [4], despite holding higher prey 

biomass, reinforces the potential role of refuge availability hypothesized above.  

Mediterranean mesocarnivores seemed to find better opportunities to thrive in landscape 

mosaics constituted by woodland patches (providing refuges against climate and 
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predators) within a matrix of crops, scrublands and urban areas [53], despite the possible 

interference with humans and their pets. This scenario implies that the ecological roles of 

mesocarnivores as predators of small- and medium-sized mammals [49,54,55], and as di-

rect and indirect dispersal agents of keystone Mediterranean plants [56,57], will be con-

centrated in fragmented forest-urban areas rather than in the more homogeneous and nat-

ural landscapes created by wildfires. Consequences of these indirect and interactive re-

sponses to global change drivers will be key to understand the long-term effects of global 

change in Mediterranean ecosystems [16,58].   
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Table 1. Generalized Linear Mixed Models (GLMM) with Poisson error distribution selected for each response variable (they are simple counts, contacts, except for the first 1 
one, richness). Transect and camera position are applied as nested random factors in all the models. The selected model corresponds to the one with the highest conditional 2 
pseudo-R² (Pseudo- R² c.) among the models with ∆AICc < 2. Four explanatory variables: Attractant (factor with two levels: presence, absence – taken as reference), Season 3 
(factor with two levels: winter, summer – taken as reference) and the two principal components PC1 and PC2 (continuous covariates) summarising vegetation structure. 4 
Model β coefficients and, in brackets, their standard error. In all cases, n = 127. The same models with binomial and negative binomial error distribution showed similar 5 
results (not shown). 6 

 Wild carnivores 

(richness) 

Wild carnivores Vulpes  

vulpes 

Martes 

foina 

Meles  

meles 

Genetta genetta Canis familiaris 

 

Felis  

catus 

 

(Intercept) -2.04*** -1.74*** -2.61*** -4.51*** -2.52*** -6.76** -2.70*** -4.63** 

 (0.46) (0.39) (0.54) (1.10) (0.53) (2.13) (0.52) (1.56) 

Attractant 1.91*** 2.29*** 2.35*** 3.16** _ 2.42* 0.88** _ 

 (0.49) (0.41) (0.54) (1.12)  (1.13) (0.31)  

Season 1.48** 1.28** 1.34* 1.90 _ 1.16 0.13 0.99* 

 (0.49) (0.42) (0.56) (1.17)  (0.91) (0.33) (0.46) 

PC1 0.29* 0.30* -0.02 _ _ _ -0.30 _ 

 (0.14) (0.13) (0.19)    (0.19)  

PC2 0.29* 0.37* 0.09 0.62* _ _ 0.92* 1.49* 

 (0.14) (0.16) (0.25) (0.28)   (0.42) (0.65) 

Attractant :Season -1.47** -1.50** -1.89** -2.11 _ _ _ _ 

 (0.56) (0.56) (0.72) (1.43)     

Attractant :PC1 -0.22 -0.32** -0.27 _ _ _ _ _ 

 (0.16) (0.12) (0.13)      

Attractant :PC2 _ _ _ _ _ _ _ _ 

         

Season:PC1 _ _ _ _ _ _ _ _ 

         

Season:PC2 _ _ _ _ _ _ -0.75* -0.86 

       (0.34) (0.44) 

PC1:PC2 _ _ -0.49** _ _ _ _ _ 

   (0.17)      

AICc 262.40 392.18 284.40 185.16 135.82 71.87 194.54 145.04 

∆AICc 0.18 1.36 1.10 0.90 0.00 0.27 1.94 0.00 

AICc Weight 0.17 0.24 0.10 0.21 0.18 0.24 0.05 0.73 

Pseudo-R² m. 0.36 0.46 0.40 0.30 0.00 0.15 0.17 0.17 
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 7 

 8 
 9 
 10 

Pseudo-R² c. 0.39 0.70 0.63 0.60 0.28 0.56 0.53 0.99 

***p < 0.001, **p < 0.01, *p < 0.05 
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 11 
 12 
 13 

Table S1. Multi-season occupancy models for the wild mesocarnivore species. Only significant models (DeltaAIC <2) are shown, and 14 

null models (ψ(·), γ(·), p(·)) shown for comparison. 15 

 16 

  17 

SPECIES MODEL AIC DELTAAIC AICC 

WEIGHT  

MODEL 

LIKELIHOOD 

NO.PAR. 

GENET ψ(·), γ(·), p(bait) 96.05 0 0.38 1.00 4 

ψ(PC2), γ(·), p(bait) 97.09 1.04 0.23 0.59 5 

ψ(PC1), γ(·), p(bait) 97.49 1.44 0.18 0.49 5 

ψ(·), γ(·), p(·) 101.98 5.93 0.02 0.05 3 

STONE 

MARTEN 

ψ (PC2), γ(·), ε(·), p(bait) 220.44 0 0.83 1.00 6 

ψ(·), γ(·), p(·) 235.53 15.09 0.00 0.00 3 

RED FOX ψ(PC1), γ(·), p(bait) 356.07 0 0.29 1.00 5 

ψ(·), γ(·), p(bait) 356.09 0.02 0.29 0.99 4 

ψ(PC2), γ(·), p(bait) 356.66 0.59 0.22 0.74 5 

ψ(·), γ(·), p(·) 359.71 3.64 0.05 0.16 3 

BADGER ψ(·), γ(·), p(·) 183.70 0.00 0.38 1.00 3 

ψ(·), γ(·), p(bait) 184.71 1.01 0.23 0.60 4 

ψ(PC1), γ(·), p(bait) 185.61 1.91 0.15 0.38 5 
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 19 

Figure S1. Cumulative detection probabilities of the four wild mesocarnivores along field surveys (secondary sampling occa- 20 
sions) in baited (dark symbols) and non-baited (open symbols) camera stations. Red fox (circle), stone marten (triangle), genet 21 
(square), and badger (diamond). 22 
 23 
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