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“Can bear corridors support mammalian biodiversity? A 2 

case study on Central Italian Apennines” 3 
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Appendix SI- Estimation of REM intermediate parameters 6 

Random Encounter Model (REM) uses the formula:  7 

 8 

𝐷 =
𝑦

𝑡

𝜋

𝑣𝑟(2+𝑎)
  [1] 9 

 10 

where y is the number of independent encounters, t is total camera survey effort (in days), v is 11 

the average distance travelled by an individual during a day (i.e., day range, expressed in 12 

km/day), and r and α are the radius (metres) and angle (degrees) of the camera traps detection 13 

zone, respectively.  14 

Day range is estimated as the product of speed (average travel speed while active) and activity 15 

rate (proportion of day that the population spent active). 16 

For the speed estimate, we removed observations showing “Curiosity” behaviour (animals 17 

reacting to the camera trap, either scared or attracted by it), because they are not independent 18 

from the position of the camera traps, thus violating one of the assumptions of REM (Rowcliffe 19 

et al. 2016). We decided to also remove observations showing “Resting” behaviour (animal 20 

resting in front of the camera trap for a relatively long time), as these time intervals are not part 21 

of the activity time, over which speed was measured. We used the following formula to 22 

estimate the speed of each observation:  23 

 24 

𝑆 =
𝑑

(𝑡1−𝑡0)
  [2] 25 

 26 

where S is the speed of the animals in front of the camera, d is the distance covered, t0 is the 27 

observation starting time and t1 is the observation end time. 28 

https://www.zotero.org/google-docs/?afkMgY
https://www.zotero.org/google-docs/?afkMgY
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To extract the distances, we positioned different poles at 1 m from each other, from the closest 29 

visible point of the camera to the farthest one, in all the FOV. In this way, we obtained an image 30 

of a grid for each camera trap (Fig. S1), from which we estimated all distances required to 31 

parameterize the REM.  32 

When more than one individual was observed in the same frame, we considered the first one 33 

that entered the FOV for the distance travelled (Rowcliffe et al. 2016), while we considered the 34 

closer one to the centre of the FOV for the distance from the camera. Finally, speed was 35 

obtained by identifying different movement behaviours and then by estimating the average 36 

speed for each behaviour (Palencia et al. 2021). 37 

Activity was given by the frequency of observations during the day (Rowcliffe et al. 2014). 38 

Thus, to consider the frequency, we replicated the observations based on the group size (e.g., 39 

four times for an observation with four individuals).  40 

The camera traps’ effective detection zone (EDZ; i.e., the area effectively monitored by 41 

cameras) is defined by the effective detection radius (EDR) and the effective detection angle 42 

(EDA). 43 

EDR was estimated by using the distance from the camera trap of each encounter, extracted in 44 

the same way described above for the speed (Fig. S1). Then, in a point-transect distance 45 

sampling (Marques et al. 2001), we explored the suitability of two possible models to describe 46 

the detection probability as a function of distance, namely half normal and hazard rate, 47 

respectively: 48 

 49 

𝑎(𝑦) = 𝑒𝑥𝑝(
−𝑦2 

2𝛼2
)  (Half normal) [3] 50 

𝑎(𝑦) = 1− 𝑒𝑥𝑝(−(
𝛼

𝑦
)𝛾)  (Hazard rate) [4] 51 

 52 

https://www.zotero.org/google-docs/?J4LWgR
https://www.zotero.org/google-docs/?4rJWGq
https://www.zotero.org/google-docs/?K78HOu
https://www.zotero.org/google-docs/?nPlzY0
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where a(y) is the detection probability at distance y, α defines the width of the function, and 𝛾 53 

in the hazard model defines its shape (Rowcliffe et al. 2011). We tested models for all the 54 

combinations between “half-normal” and “hazard-rate” detection functions, cosine, Hermite 55 

polynomial and polynomial adjustments, and orders 0 and 2 (Palencia 2022). We chose to use 56 

different truncations for the species based on body mass and camera height (Rowcliffe et al. 57 

2011). In particular, we decided to use a left truncation of 1 metre and a right truncation of 7 58 

metre for smaller size species (European badger, hare, porcupine, red fox and wildcat) and 59 

none for the bigger size species (red deer, roe deer and wild boar). Then, we selected the best 60 

model based on the Akaike information criterion (AIC). 61 

EDA was estimated by using the angle from the camera trap for each encounter. To extract the 62 

angles, we created grids of 50 columns, which represent the 50° of the FOV of the camera traps 63 

(25 per side starting from 0 in the middle) (Rowcliffe et al. 2011) (Fig.S1). We created two 64 

different angle grids for each camera trap, one for day mode and one for night mode, as the 65 

camera's zoom changes by a few degrees when switching from day to night mode. Then, we 66 

applied a line-transect distance sampling (Rowcliffe et al. 2011), and proceeded in a similar 67 

way than when estimating EDR. In this case the truncation used was the FOV of the camera 68 

traps (50°) in radians (Palencia 2022).  69 

 70 

Trapping rate was obtained by the number of independent encounters over the survey effort 71 

(i.e., the collective time in which the camera traps were operative). The number of independent 72 

encounters was estimated with a threshold of 30 minutes. Thus, if two individuals appeared 73 

more than 30 minutes apart from each other, we considered them as two independent 74 

encounters (O’Brien et al. 2003, Miura et al. 2022). This approach was not applicable to wild 75 

boars, due to their highly gregarious nature. Thus, we first estimated group density by 76 

averaging the number of adults counted for each group, and then we multiplied our estimate by 77 

https://www.zotero.org/google-docs/?oAExpU
https://www.zotero.org/google-docs/?L4EuM5
https://www.zotero.org/google-docs/?qGY02v
https://www.zotero.org/google-docs/?qGY02v
https://www.zotero.org/google-docs/?v4HOR1
https://www.zotero.org/google-docs/?JZBO3b
https://www.zotero.org/google-docs/?MDtuRR
https://www.zotero.org/google-docs/?8cZwSk
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the average group size, to obtain the individual density. The survey effort was calculated 78 

separately for each camera trap, as they were deployed and removed on different days, there 79 

were malfunctions (broken SDs, low batteries, cameras not shooting), and two cameras were 80 

stolen and had to be replaced.   81 
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 82 

 83 

 84 

Figure S1. Example of grid used to estimate the distance travelled by the animal, the distance from the 85 

camera and the angle from the camera of each encounter. The grid was obtained using pictures of poles 86 

placed at 1 meter of distance. 87 

88 
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Table S1. Number of encounters for each mammal species detected by camera traps during the study. Species 89 

order is ranked by the number of encounters, from most to least frequent.  90 

 91 

Species Number of encounters 

Roe deer (Capreolus capreolus) 920 

Red deer (Cervus elaphus) 908 

Red fox (Vulpes vulpes) 489 

Wild boar (Sus scrofa) 419 

Squirrel (Sciurus vulgaris) 260 

European badger (Meles meles) 256 

Hare (Lepus europaeus or Lepus corsicanus) 232 

Martes spp. (Martes martes or Martes foina) 208 

Apennine wolf (Canis lupus italicus) 119 

Porcupine (Hystrix cristata) 114 

Wildcat (Felis silvestris silvestris) 42 

Hedgehog (Erinaceus europaeus) 16 

Bear (Ursus arctos marsicanus) 14 

Apodemus spp. 4 

Dormouse (Glis glis) 2 

92 

93 
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Table S2. Intermediate parameters (day range, effective detection radius (EDR), effective detection angle (EDA)) with relatives standard errors, estimated for the 94 

application of Random Encounter Model (REM), for each of the eight species of meso- and macro-mammals analysed in the study. All the parameters were measured 95 

by using data from both Corridor 1 and Corridor 2. 96 

 97 

Species 

Day range 

(Km/day) 

Corr1 

Day range 

(Km/day) 

Corr2 

Day range 

(Km/day) 

Corr1+2 

EDR (m) 

Corr1 

EDR (m) 

Corr2 

EDR (m) 

Corr1+2 

EDA (rad) 

Corr1 

EDA (rad) 

Corr2 

EDA (rad) 

Corr1+2 

European badger 

(Meles meles) 
8.61 ± 0.82 9.93 ± 1.34 9.64 ± 0.56 4.84 ± 0.16 4.85 ± 0.47 5.09 ± 0.14 0.17 ± 0.02 0.38 ± 0.02 0.44 ± 0 

Hare 

(Lepus spp.) 
6.46 ± 1.64 4.31 ± 0.74 5.91 ± 0.89 5.66 ± 0.65 4.96 ± 0.22 5.24 ± 0.26  0.20 ± 0.03 0.44 ± 0 0.30 ± 0.04 

Porcupine 

(Hystix cristata) 
7.87 ± 1.88 15.61 ± 2.51 10.82 ± 0.93 4.78 ± 0.25 6.93 ± 0 5.81 ± 0.21 0.23 ± 0.02 0.44 ± 0 0.28 ± 0.02 

Red deer 

(Cervus elaphus) 
11.15 ± 1.36 17.59 ± 1.36 14.38 ± 1.06 4.84 ± 0.42 4.85 ± 0.29 4.77 ± 0.22 0.44 ± 0 0.44 ± 0 0.44 ± 0 

Red fox 

(Vulpes vulpes) 
12.36 ± 1.35 22.70 ± 2.29 16.21 ± 1.49 5.94 ± 0.30 6.13 ± 0.18 6.03 ± 0.21 0.25 ± 0.02 0.39 ± 0.02 0.32 ± 0.14 

Roe deer 

(Capreolus capreolus) 
10.41 ± 1.03 10.35 ± 1.17 11.09 ± 0.68 5.62 ± 0.17 6.67 ± 0.18 6.12 ± 0.12 0.44 ± 0 0.35 ± 0.03 0.44 ± 0 
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Wild boar 

(Sus scrofa) 
9.65 ± 0.55 11.14 ± 1.37 10.16 ± 0.61 4.85 ± 0.21 6.20 ± 0.33 5.33 ± 0.17 0.28 ± 0.04 0.44 ± 0 0.33 ± 0.03 

Wildcat 

(Felis silvestris 

silvestris) 

NA NA 14.71 ± 2.27 NA NA 4.46 ± 0.55 NA NA 0.29 ± 0.03 

98 
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Table S3. Trapping rates used for the application of the Random Encounter Model (REM) for each species 99 

and for each location of Corridor 1 and Corridor 2. Trapping rates were obtained by the number of 100 

independent encounters divided by survey effort (i.e., the time in which the camera traps were 101 

operative). The last row refers to the standard deviation (SD) of the trapping rates calculated for each 102 

species across all locations.  103 

 104 

Location E. badger E. Hare Porcupine Red deer Red fox Roe deer Wild boar Wildcat 

Corridor 1  

Pescina 0.01 0.10 0 0.04 0.02 0.39 0.04 0 

Cocullo 0 0.09 0 0.16 0.45 0.16 0.04 0 

Carrito 0 0.02 0.02 0.05 0.03 0.40 0.07 0 

Gabbietta 0.04 0.26 0 0.12 0.29 0.12 0.01 0 

FS Giorgio 0 0.12 0 0.05 0.13 0.05 0.08 0 

Secinaro 0.23 0 0.1 0.22 0.15 0.51 0.3 0.06 

Ventrino 0.05 0.26 0.07 0.46 0.05 0.44 0.09 0.02 

C. Subequo 0.03 0.02 0.09 0.15 0.15 0.24 0.09 0.01 

La Curva 0.03 0 0 0.08 0.01 0.44 0.02 0 

C. di Ieri 0.07 0 0.04 0.18 0.23 0.09 0.12 0.01 

Cesoli 0.10 0 0.02 0.71 0.13 0.12 0.11 0.01 

Marsicana 0.54 0 0.12 0.09 0.14 0.18 0.50 0.07 

Madonna 

Pietrabona 
0.02 0.05 0.02 0.03 0.03 0.19 0.16 0 

Goriano 0.04 0.03 0.04 0.26 0.14 0.28 0.17 0 

Corridor 2 

Monte Plaja 0.01 0 0 0.17 0.02 0.20 0.21 0 

San Antonio 0.02 0 0 0.10 0.07 0.12 0.01 0.02 
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Introdacqua 0.03 0 0 0.03 0.04 0.09 0.02 0.01 

Lago di Scanno 0.02 0 0 0.73 0.03 0.14 0.03 0.01 

Prato Cupo 0 0.33 0 0.09 0.07 0.24 0.02 0 

Frattura Nord 0.19 0.06 0 0.25 0 0.06 0.19 0 

Valle Gentile 0 0 0 0.31 0.08 0.16 0.11 0.01 

Il Lago 0 0.02 0 0.13 0.04 0.10 0.03 0 

La Fascia 0 0.04 0 0.11 0.04 0.39 0.04 0 

Valle Fredda 0 0.05 0 0.03 0 0.30 0.02 0.01 

Valle S.ta 

Margherita 
0.15 0.03 0.04 0.04 0.44 0.10 0.04 0.02 

Valle Marsolina 0.01 0 0 0.09 0.04 0.09 0.09 0 

Pinciara 0.12 0.10 0 1.03 0.08 0.36 0 0 

Valle di Cutri 0.03 0.01 0 0.06 0 0.11 0.02 0 

Colle delle 

Piche 
0.03 0 0 0.26 0.04 0.71 0.03 0.07 

Frattura Sud 0.01 0 0 0.27 0.09 0.11 0.01 0 

Colle Nevara 0 0.26 0 0.20 0.04 0.16 0.06 0 

Castrovalva 0.03 0.11 0 0.09 0.09 0.03 0.01 0 

Anversa 0.08 0.11 0.27 0.26 0.25 0.04 0.47 0.01 

Lago di San 

Domenico 
0.04 0.01 0.05 0.41 0.03 0.03 0 0 

SD 0.10 0.09 0.05 0.22 0.11 0.16 0.12 0.02 

105 
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106 
 107 

Figure S2. Comparison between the environmental and anthropogenic variables considered for the spatial 108 

analysis of Corridor 1 and Corridor 2. The land cover (i.e. tree cover, shrubland, grassland, cropland and 109 

built up) histograms were created using the percentage values calculated within the corridor, the elevation 110 

violin plots were created taking into consideration all the pixels in the study area, while boxplots of the other 111 

variables were created extracting the values  for each location considered. Livestock was calculated as the 112 

density of Livestock units (LSU)/hectares.113 
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 114 
 115 

Figure S3. Comparison between the densities of all the species estimated with the Random Encounter Model (REM) in Corridor 1 (orange) and in Corridor 2 (blue), 116 

with the whiskers representing the Confidence Intervals (CI).  117 
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Table S4: Density values found in literature for each species. The relative uncertainty (CI= confidence 118 
interval, SE=standard error), the area of the study, the year of data collection and the reference are 119 
reported. 120 

 121 

Species Method Area Density estimate Year Reference 

E. Badger 

Setts observation- 

survey by farmers 
Luxemburg 

0.78 ind/km2 (95% 

CI 0.65–0.91) 
1997 

Schley et al. 

2004 

Setts observation 

with camera traps 
River Po plain 

(Italy) 
0.93–1.4 ind/km2 

2013-

2014 
Balestrieri et al. 

2016 

Radio tracking Virolahti (Finland) 0.26 ind/km2 2003 
Kauhala et al. 

2006 

Radio-tracking 
Jura Mountains 
(Switzerland) 

0.4-1.5 ind/km2 
1993-

1996 
Do Linh San et 

al. 2007 

Radio-tracking 
Serra de Grândola 

(Portugal) 
0.36–0.48 ind/km2 2001 

Rosalino et al. 

2004 

Literature review Europe 0.16-11.90 ind/km2 2011 
Lara-Romero et 

al. 2011 

Spatial predictive 

model 
Asturias province 

(Spain) 
3.81± SE 1.6 

ind/km2 
2013 

Acevedo et al. 

2013 

Hare 

Spotlights count 
Northern 

Apennines- 
(Italy) 

0.0025 ± SE 0.0005 

ind/km2 
1996-

1997 

Genghini, M. & 

Capizzi, D. 

2005 

Literature review Europe 1.4-116 ind/km2 
1952-

2003 
Smith et al. 

2005 

Porcupine 

Camera trap 

distance sampling 

(CTDS) 

Lombardy 
(Italy) 

0.49 ± SE 0.33 

ind/km2 
2023 

Palencia et al. 

2024 

Camera traps-

presence only data 
Tuscany 
(Italy) 

0.44 ind/km2 

SD=0.001 (CI 

0.102-0.108) 
2013 

Franchini et al. 

2022 



15 

Red deer 

Literature review Central Italy 1.72 ind/km2 1998 
Mattioli et al. 

2001 

Pellet count 

Abruzzo, Lazio, 

Molise National 

Park 
(Italy) 

2.4 ind/km² (CI 

95% = 2.2-2.5) 
2015 Latini, not 

published data 

Individual 

recognition through 

camera-trapping 

Monte Genzana 

Alto Gizio (Italy) 
1.3–2.5 ind./km² 2011 (Fabrizio et al. 

2012) 

Explicit capture-

recapture modelling 

SECR+ CAPWIRE 

from faeces 

collection 

South-west 

Germany 

3.3 (2.5–4.4 CI) 

and 8.5 (6.4–11.3 

CI) ind/km2 
2015 

Ebert et al. 

2021 

Red Fox 
 

Faecal density count Great Britain 
0.21 ind/km2 (0.05-

0.37 CI) to 2.23 

ind/km2 (1.03-3.43 

CI) 

1999-

2000 
Webbon et al. 

2004 

Camera traps-SCR 

and Live traps 
Ciudad Real 

(Spain) 

1.60  ind/km2 (SD 

0.32) and 

0.28  ind/km2 (SD 

0.06) 

2016 
Jimenez et al. 

2019 

Nonspatial capture–

recapture 
Serra de malcata 

(Portugal) 

0.40 ± SE 0.02 

ind/km2 to 0.91 ± 

SE 0.12 ind/km2 

2005-

2007 
Sarmento et al. 

2009 

Spatially explicit 

capture-recapture 

(SCR), mark-resight 

(SMR) and spatial 

count (SC) models 

Valdecigüeñas, 

Badajoz (Spain) 

0.41 ind/km2 (95% 

BCI = 0.208–0.724; 

CV = 0.32) 
2013 

Jiménez, 

Nuñez-Arjona 

et al. (2017) 

Capture-ricapture-

camera traps 
Czempiñ (Poland) 

1.02 ind/km2 

SD=0.09 

1997-

2000 

Marek Panek & 
Wojciech 

Bresiński 
2002 

Based on home 

range/ 
Snow tracks counts 

(Virolahti) Finland 
0.35 ind/km2- 
4.4 ind/km2 

2003 
Kauhala et al. 

2006 

Roe deer 

Drive counts 
Ticino national park 

(Italy) 
30.7 ± 4.1 (CI) 

ind/km2 
2014-

2016 
De pasquale et 

al. 2019 

Pellet count 

Abruzzo, Lazio, 

Molise National 

Park 
(Italy) 

0,21ind/km2 (CI 

95% = 0,19-0,24) 
2015 

Latini, not 

published data 

https://link.springer.com/article/10.1007/BF03192468#auth-Marek-Panek-Aff1
https://link.springer.com/article/10.1007/BF03192468#auth-Wojciech-Bresi_ski-Aff1
https://link.springer.com/article/10.1007/BF03192468#auth-Wojciech-Bresi_ski-Aff1
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Literature review Europe 0.11 ind/km2 to 

53.80 ind/km2 
2009 Melis et al.2009 

Wild boar 

Camera traps 
(REM) 

Europe 
0.35 ± SE 0.24 - 

15.25 ± SE 2.41 

ind/km2 

2019-

2021 

ENETWILD- 
consortium 

2022 

Pellet Count 

Groups. - Fecal 

Standing Crop 

(PCG-FSC) 

Regional Natural 

Park Taburno-

Camposauro 
(Italy) 

47 ind/km2 2017 
Di Brita et al. 

2018 

Wildcat 

SECR camera-

trapping-SECR scat-

collection-REM 
Etna, Sicily 

0.32 ± SE 0.1 

ind/km2 1.36 ± SE 

0.73 ind/km2 

0.39 ± SE 0.03 

ind/km2 

2010 
Anile et al. 

2014 

spatially explicit 

capture-recapture 

(SCR) models 
Andalusia (Spain) 

0.069 ± SE 0.0019 

ind/km2 
2011-

2015 
Gil-Sánchez et 

al. 2020 

Camera traps- 

spatial capture–

recapture model 

Jura Mountains 
(Switzerland) 

0.26 (95%CI 0.17–

0.36) ind/km2 
2016 

Maronde et al. 

2020 

camera trapping and 

spatially explicit 

capture-recapture 

models 

Carnic Prealps 
(Italy) 

0.35 ± SE 0.12 

ind/km2 
2015 

Fonda et al. 

2021 

  122 
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Appendix SII -Density comparison for individual species 123 

European badger 124 

The badger density (1.83 ± 0.82 ind/km2) in our study area was comparable with the literature, 125 

with values higher on average than other estimates (Table S4). In particular, our density falls 126 

within the range of those estimated from another European study that used camera trap data 127 

(Lara-Romero et al. 2012). Other studies have estimated group size rather than individual 128 

density (e.g., Goszczynski and Skoczynska 1996, Rosalino et al. 2004, Acevedo et al. 2014), 129 

but for social species like European badgers, accurate density estimates require combining 130 

territory size assessments with social group size measurements (Tuyttens et al. 2001, Scheppers 131 

et al. 2007, Balestrieri et al. 2016). 132 

Italy particularly lacks sufficient data on badger numbers and population trends. We found only 133 

one study that calculated badger density with camera traps in Italy, with values of 0.93–1.4 134 

ind/km2 in a hilly area of the River Po plain (Balestrieri et al. 2016). Other available information 135 

on sett density varies by region, with approximately 0.2 setts/km² in the plains of northern Italy, 136 

and higher densities in hilly areas (1.32 setts/km²; Remonti et al. 2006) and Alpine regions (7.1 137 

setts/km²; Prigioni and Deflorian 2005).  138 

Hare 139 

Regarding the hare, a review of European hare densities reported values ranging from 5.6 140 

ind/km2 to 82 ind/km2 (Smith et al. 2005) from studies published after 2000. Our result (3.39 ± 141 

0.86 ind/km²) is lower, but most of these studies are old and published as local reports. 142 

Furthermore, we did not find other studies that assess the density with camera traps. Densities 143 

of hares have been assessed by clearance netting of hares driven out of known areas (e.g., 144 

Albirgard et al. 1972), transect counts (e.g., Lewandowski and Nowakowski 1993), dawn or 145 

dusk counts (e.g., Frylestam 1976), and nocturnal spotlight counts (e.g., Frylestam 1979).  146 

https://www.zotero.org/google-docs/?tyGNdp
https://www.zotero.org/google-docs/?Uu8Qur
https://www.zotero.org/google-docs/?k7HWLa
https://www.zotero.org/google-docs/?k7HWLa
https://www.zotero.org/google-docs/?JgZ3bX
https://www.zotero.org/google-docs/?p0AK8M
https://www.zotero.org/google-docs/?mTieVM
https://www.zotero.org/google-docs/?ZMySW0
https://www.zotero.org/google-docs/?egH0Re
https://www.zotero.org/google-docs/?Lsw5RE
https://www.zotero.org/google-docs/?ewcGns
https://www.zotero.org/google-docs/?FLyvmz
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The only study we found that estimated hare density in Italy (Genghini and Capizzi 2005) 147 

reported values lower than ours (0.0027 ± 0.0007 ind/km2) but used a different sampling 148 

method.  149 

Porcupine 150 

Porcupine density value estimated in this study (1.40 ± 0.47 ind/km²), was higher on average 151 

than other estimates (Table S4). This is the only species for which we found a recent 152 

comparative study conducted in Italy using camera traps. Palencia et al. (2024) estimated the 153 

density in a Lombardy area through distance sampling, finding 0.49 ind/km² (SE ± 0.33). This 154 

estimate is lower than ours but was calculated outside the porcupine's distribution area, where 155 

our study is located. Another study by Franchini et al. (2022) estimated porcupine density in 156 

the centre of their distribution area using presence-only data, reporting 0.44 ind/km² at a 157 

regional scale (17,111 km²). However, due to the different scales of this study and the different 158 

methodologies applied, our results are not directly comparable. Our estimate is also higher than 159 

those found in the rest of the literature, for several reasons. The crested porcupine (Hystrix 160 

cristata) is an emblematic example of a species expanding its range in Europe (Mori et al. 2017, 161 

2021). The crested porcupine is predicted to colonize mountainous regions in the south of Italy 162 

in the future. Here, global warming and the abandonment of traditional agriculture are altering 163 

mountain habitats, facilitating the reforestation of many areas (Stanisci et al. 2005, Rogora et 164 

al. 2018), thus providing essential shelter for porcupines (Monetti et al. 2005, Lovari et al. 165 

2016, Mori and Assandri 2019). Furthermore, decreased snow cover contributes to facilitate 166 

the porcupine's range expansion (Mori et al. 2017, 2018). Given that porcupines are considered 167 

potentially problematic due to crop damage (Laurenzi et al. 2016), this expansion is 168 

noteworthy.  169 

Interestingly, the porcupine showed null trapping rates in corridor 2, except for three locations. 170 

Specifically in one of these locations, the trapping rate was quite high (0.27 total 171 

https://www.zotero.org/google-docs/?ZaIQex
https://www.zotero.org/google-docs/?4xnEKM
https://www.zotero.org/google-docs/?pWM27V
https://www.zotero.org/google-docs/?doKVSl
https://www.zotero.org/google-docs/?doKVSl
https://www.zotero.org/google-docs/?uIzJND
https://www.zotero.org/google-docs/?uIzJND
https://www.zotero.org/google-docs/?nro8rR
https://www.zotero.org/google-docs/?nro8rR
https://www.zotero.org/google-docs/?USunO2
https://www.zotero.org/google-docs/?52Cw2A
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encounters/time). This result suggests a potential bias due to the positioning of this camera trap 172 

in probable proximity to a den. 173 

Red deer 174 

Red deer estimated density (3.16 ± 0.92 ind/km²) showed similar values to other estimates 175 

founded in the literature (Table S4). Mattioli et al. 2001 reports a density of 1.72 ind/km2 in 176 

central Italy in 1990, with an increasing trend. The density we estimated is also comparable 177 

with the one calculated within the PNALM with the pellet count method (3,8 ind/km² (IF 95% 178 

= 3,6-4,2) (Latini 2019).  179 

Roe deer 180 

Roe deer density we estimated (3.41 ± 0.70 ind/km2) falls within the medium-low range of 181 

European densities (0.11-53.80 ind/km2 according to Melis et al. 2009). We did not find other 182 

estimates in the literature that used camera traps data. The lower density in our area can be 183 

attributed to the presence of predators such as wolves and bears, which are absent in many 184 

other European regions (Melis et al. 2009). For instance, Ticino National Park's favorable 185 

conditions and lack of large predators, such as red deer, result in a high roe deer density of 30.7 186 

ind/km2 (De Pasquale et al. 2019). We compared our estimate with a regional estimate, 187 

calculated with the pellet count method within the PNALM (Latini 2019). Here, the average 188 

density of roe deer is quite low (0.5 ind/km2 (95% CI = 0.4-0.6)), with higher densities recorded 189 

in the peripheral layers, close to our study area. Our estimate would therefore appear to be 190 

much higher than that of the nearest protected area. However, we must consider this 191 

comparison carefully, as the estimate in the PNALM is an unpublished report and pellet-count 192 

has generally low accuracy, especially if compared to any camera trap methodology (Plhal et 193 

al. 2014).  194 
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Red fox 195 

Our density (1.27 ± 0.27 ind/km2), appears to be higher on average than other estimates (Table 196 

S4). In Great Britain, in the years 1999-2000, with the faecal counts method, Webbon et al. 197 

(2004) estimated a density ranging from 0.21 ind/km2 (0.05-0.37 CI) to 2.23 ind/km2 (1.03-198 

3.43 CI) depending on the different landscape strata. Comparing our results with other studies 199 

in the Mediterranean area, Jimenez et al. (2019)  found similar values in two areas of Central 200 

Spain (1.62 (1.03–2.37) ind/km2 and 0.23 (0.18–0.33) ind/km2), using camera traps with the 201 

capture–recapture (SCR) models and telemetry data. Sarmento et al. (2009) estimated densities 202 

of 0.61 (0.54–0.69) ind/km2 in Portugal using non spatial capture–recapture methods and 203 

identifying all individuals by natural marks, while Jimenez et al. (2019) estimated 0.41 (0.21–204 

0.72) ind/km2 using spatial mark–resight (SMR) in southern Spain.  205 

Red fox’s density is more than double in corridor 1 compared to corridor 2. Corridor 1 shows 206 

a greater degree of anthropization than corridor 2 (albeit minimal), with less proximity to roads 207 

and a lower elevation. Red fox, being a generalist species well adapted even to high levels of 208 

anthropization, could therefore be favoured by these conditions (Alexandre et al. 2020). In this 209 

sense, it is hard to use this density estimate to prove the effectiveness of the corridor area for 210 

the red fox. However, our result can still be useful for future studies, especially considering the 211 

scarce information present in the area. 212 

Wild boar 213 

Wild boar density (7.34 ± 1.78 ind/km2) is similar compared to the other estimates we found 214 

in the literature (Table S4). Wild boar is the only species for which we found 19 estimates 215 

calculated with the same method (i.e., REM using camera traps) (ENETWILD-consortium et 216 

al. 2022). Densities of these 19 European sites ranged from 0.35 ind/km2 in Biokovo (Croatia) 217 

to 15.25 ± 2.41 (SE) ind/km2 in La Mandria (Italy), while the other Italian site (Valli Maira and 218 

Grana alpine district) showed densities of 5.84 ± 2.12 ind/km2 . Due to their high rate of 219 
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reproduction, their gregarious nature, their nocturnal activity (Lemel et al. 2003), migration 220 

over long distances, and feeding behaviour, the wild boar is a problematic species to develop 221 

accurate population estimates compared to other wild-living ungulates (ENETWILD 222 

consortium et al. 2018). Regarding the REM application, the main problem is the estimate of 223 

the effective detection zone, which could have been biased by considering every time just the 224 

closer individual of the group (Guerrasio et al. 2022). However, our estimate may reflect a truly 225 

high density of wild boar in the area, considering also the high trapping rate of the species. 226 

Wild boar is a species that in recent decades has colonised urban and peri-urban environments, 227 

establishing a permanent presence in many European cities, mostly because of an easy access 228 

to food sources, a low hunting pressure and an expanding urbanisation into the countryside 229 

(Amendolia et al. 2019). 230 

Wildcat 231 

For the wildcat we could only estimate the density in the entire study area and not for individual 232 

corridors, since we had too few observations (only 21 for Corridor 1 and 21 for Corridor 2). 233 

Our result (0.43 ± 0.17 ind/km2) is in line with previous estimates in Europe, showing similar 234 

values (Table S4). This is one of the few species for which we found many studies in the 235 

literature that estimated densities using camera traps. Anile et al. (2014) assessed wildcat 236 

density on Etna (Sicily, Italy) using Spatially Explicit Capture-Recapture (SECR) method by 237 

camera-trapping (0.32 ±  0.1 ind/km2), SECR scat-collection (1.36 ±  0.73 ind/km2) and REM 238 

(0.39 ±  0.03 ind/km2). In particular, the one estimated via REM is close to ours. Two other 239 

estimates from the literature can be compared with ours, as both were calculated through the 240 

use of camera traps (spatial capture–recapture model) and both in a mountain study area  (i.e., 241 

Maronde et al. 2020, Fonda et al. 2022). Those studies estimated 0.26 (95%CI 0.17–0.36) 242 

ind/km2 and 0.35 ± SE 0.12 ind/km2, respectively.  243 

Looking at our estimate and comparing it with the literature, we believe that the use of camera 244 
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traps, and in particular the application of REM, is a particularly suitable method for estimating 245 

the density of elusive and rare species, such as the wildcat (Rowcliffe et al. 2008, Rovero et al. 246 

2013).247 

https://www.zotero.org/google-docs/?Nt9SwO
https://www.zotero.org/google-docs/?Nt9SwO


23 

References 248 

 249 

Acevedo, P., P. González-Quirós, J. M. Prieto, T. R. Etherington, C. Gortázar, and A. 250 

Balseiro. 2014. Generalizing and transferring spatial models: A case study to predict 251 

Eurasian badger abundance in Atlantic Spain. Ecological Modelling 275:1–8. 252 

Albirgard, F., J. Andersen, and O. Barndorf-Nielsen. 1972. The Hare Population (Lepus 253 

europaeus Pallas) of Illumø Island, Denmark. A report on the analysis of the data 254 

from 1957 - 1970. Danish  review of game biology. 255 

Alexandre, M., D. Hipólito, E. Ferreira, C. Fonseca, and L. M. Rosalino. 2020. Humans do 256 

matter: determinants of red fox (Vulpes vulpes) presence in a western Mediterranean 257 

landscape. Mammal Research 65:203–214. 258 

Amendolia, S., M. Lombardini, P. Pierucci, and A. Meriggi. 2019. Seasonal spatial ecology 259 

of the wild boar in a peri-urban area. Mammal Research 64:387–396. 260 

Anile, S., B. Ragni, E. Randi, F. Mattucci, and F. Rovero. 2014. Wildcat population density 261 

on the Etna volcano, Italy: a comparison of density estimation methods. Journal of 262 

Zoology 293:252–261. 263 

Balestrieri, A., E. Cardarelli, M. Pandini, L. Remonti, N. Saino, and C. Prigioni. 2016. Spatial 264 

organisation of european badger (Meles meles) in Northern Italy as assessed by 265 

camera-trapping. European Journal of Wildlife Research 62:219–226. 266 

Borkowski, J., R. Banul, J. Jurkiewicz-Azab, C. Hołdyński, J. Święczkowska, M. Nasiadko, 267 

and D. Załuski. 2021. There is only one winner: The negative impact of red deer 268 

density on roe deer numbers and distribution in the Słowiński National Park and its 269 

vicinity. Ecology and Evolution 11:6889–6899. 270 

De Pasquale, D. D., O. Dondina, E. Scancarello, and A. Meriggi. 2019. Long-term viability 271 

of a reintroduced population of roe deer Capreolus capreolus, in a lowland area of 272 

northern Italy. Folia Zoologica 68:9–20. 273 

ENETWILD consortium, O. Keuling, M. Sange, P. Acevedo, T. Podgorski, G. Smith, M. 274 

Scandura, M. Apollonio, E. Ferroglio, and J. Vicente. 2018. Guidance on estimation 275 

of wild boar population abundance and density: methods, challenges, possibilities. 276 

EFSA Supporting Publications 15:1449E. 277 

ENETWILD-consortium, P. Acevedo, V. Aleksovski, M. Apollonio, O. Berdión, J. Blanco-278 

Aguiar, L. del Rio, A. Ertürk, L. Fajdiga, F. Escribano, E. Ferroglio, G. Gruychev, I. 279 

Gutiérrez, V. Häberlein, B. Hoxha, K. Kavčić, O. Keuling, C. Martínez-Carrasco, P. 280 

Palencia, P. Pereira, R. Plhal, K. Plis, T. Podgórski, C. Ruiz, M. Scandura, J. Santos, 281 

J. Sereno, A. Sergeyev, V. Shakun, R. Soriguer, A. Soyumert, N. Sprem, S. Stoyanov, 282 

G. Smith, A. Trajçe, N. Urbani, S. Zanet, and J. Vicente. 2022. Wild boar density data 283 

generated by camera trapping in nineteen European areas. EFSA Supporting 284 

https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7


24 

Publications 19:7214E. 285 

Fonda, F., G. Bacaro, S. Battistella, G. Chiatante, S. Pecorella, and M. Pavanello. 2022. 286 

Population density of European wildcats in a pre-alpine area (northeast Italy) and an 287 

assessment of estimate robustness. Mammal Research 67:9–20. 288 

Franchini, M., A. Viviano, L. Frangini, S. Filacorda, and E. Mori. 2022. Crested porcupine 289 

(Hystrix cristata) abundance estimation using Bayesian methods: first data from a 290 

highly agricultural environment in central Italy. Mammal Research 67:187–197. 291 

Frylestam, B. 1976. Effect of cattle-grazing and harvesting of hay on density and distribution 292 

of a Eurppean hare population. Ecology and management of European hare 293 

populations. Polish Hunting Association, Warsaw, pp. 199-203. 294 

Frylestam, B. 1979. Structure, Size, and Dynamics of Three European Hare Populations in 295 

Southern Sweden. ACTA THERIOLOGICA Vol. 24,33: 449—464,. 296 

Genghini, M., and D. Capizzi. 2005. Habitat improvement and effects on brown hare Lepus 297 

europaeus and roe deer Capreolus capreolus: a case study in northern Italy. Wildlife 298 

Biology 11:319–329. 299 

Goszczynski, J., and J. Skoczynska. 1996. Density estimation, farnily group size and 300 

recruitment in a badger population near Rogów (Central Poland). Miscel.lania 301 

Zooloaica. 302 

Guerrasio, T., R. Brogi, A. Marcon, and M. Apollonio. 2022. Assessing the precision of wild 303 

boar density estimations. Wildlife Society Bulletin 46. 304 

Jimenez, J., R. Chandler, J. Tobajas, E. Descalzo, R. Mateo, and P. Ferreras. 2019. 305 

Generalized spatial mark–resight models with incomplete identification: An 306 

application to red fox density estimates. Ecology and Evolution 9:4739–4748. 307 

Lara-Romero, C., E. Virgós, and E. Revilla. 2012. Sett density as an estimator of population 308 

density in the European badger Meles meles. Mammal Review 42:78–84. 309 

Latini, R. 2019. STIMA DELLA DENSITÀ DELLA POPOLAZIONE DI CERVO E DI 310 

CAPRIOLO NEL PARCO NAZIONALE D’ABRUZZO, LAZIO E MOLISE. 311 

Laurenzi, A., N. Bodino, and E. Mori. 2016. Much ado about nothing: assessing the impact of 312 

a problematic rodent on agriculture and native trees. Mammal Research 61:65–72. 313 

Lemel, J., J. Truvé, and B. Söderberg. 2003. Variation in ranging and activity behaviour of 314 

European wild boar Sus scrofa in Sweden. Wildlife Biology 9:29–36. 315 

Lewandowski, K., and J. Nowakowski. 1993. Spatial distribution of Brown hare Lepus 316 

europaeus populations in habitats of various types of agriculture. Acta theriologica 317 

38:435–442. 318 

Lovari, S., M. Corsini, B. Guazzini, G. Romeo, and E. Mori. 2016. Suburban ecology of the 319 

https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7


25 

crested porcupine in a heavily poached area: a global approach. European Journal of 320 

Wildlife Research 63. 321 

Maronde, L., B. T. McClintock, U. Breitenmoser, and F. Zimmermann. 2020. Spatial 322 

capture–recapture with multiple noninvasive marks: An application to camera-323 

trapping data of the European wildcat (Felis silvestris) using R package multimark. 324 

Ecology and Evolution 10:13968–13979. 325 

Marques, F. F. C., S. T. Buckland, D. Goffin, C. E. Dixon, D. L. Borchers, B. A. Mayle, A. J. 326 

Peace, D. Goffint, and B. A. Maylej. 2001. Estimating Deer Abundance from Line 327 

Transect Surveys of Dung: Sika Deer in Southern Estimating deer abundance from 328 

line transect surveys of dung: sika deer in southern Scotland. Source: Journal of 329 

Applied Ecology. Volume 38. 330 

Melis, C., B. Jędrzejewska, M. Apollonio, K. A. Bartoń, W. Jędrzejewski, J. D. C. Linnell, I. 331 

Kojola, J. Kusak, M. Adamic, S. Ciuti, I. Delehan, I. Dykyy, K. Krapinec, L. Mattioli, 332 

A. Sagaydak, N. Samchuk, K. Schmidt, M. Shkvyrya, V. E. Sidorovich, B. Zawadzka, 333 

and S. Zhyla. 2009. Predation has a greater impact in less productive environments: 334 

variation in roe deer, Capreolus capreolus, population density across Europe. Global 335 

Ecology and Biogeography 18:724–734. 336 

Miura, K., T. Mori, H. Ogawa, S. Umano, H. Kato, S. Izumiyama, and Y. Niizuma. 2022. 337 

Density estimations of the Asiatic black bear: application of the random encounter 338 

model. Journal of Natural History 56:1123–1138. 339 

Monetti, L., A. Massolo, A. Sforzi, and S. Lovari. 2005. Site selection and fidelity by crested 340 

porcupines for denning. Ethology Ecology & Evolution 17:149–159. 341 

Mori, E., and G. Assandri. 2019. Coming back home: recolonisation of abandoned dens by 342 

crested porcupines Hystrix cristata and European badgers Meles meles after wood-343 

cutting and riparian vegetation mowing events. Hystrix. 344 

Mori, E., R. Bozzi, and A. Laurenzi. 2017. Feeding habits of the crested porcupine Hystrix 345 

cristata L. 1758 (Mammalia, Rodentia) in a Mediterranean area of Central Italy. 346 

European Zoological Journal 84:261–265. 347 

Mori, E., G. F. Ficetola, R. Bartolomei, G. Capobianco, P. Varuzza, and M. Falaschi. 2021. 348 

How the South was won: current and potential range expansion of the crested 349 

porcupine in Southern Italy. Mammalian Biology 101:11–19. 350 

Mori, E., A. Sforzi, G. Bogliani, and P. Milanesi. 2018. Range expansion and redefinition of 351 

a crop-raiding rodent associated with global warming and temperature increase. 352 

Climatic Change 150:319–331. 353 

O’Brien, T. G., M. F. Kinnaird, and H. T. Wibisono. 2003. Crouching tigers, hidden prey: 354 

Sumatran tiger and prey populations in a tropical forest landscape. Animal 355 

Conservation 6:131–139. 356 

https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7


26 

Palencia, P. 2022. REM analysis vignette. 357 

Palencia, P., J. Fernández-López, J. Vicente, and P. Acevedo. 2021. Innovations in movement 358 

and behavioural ecology from camera traps: Day range as model parameter. Methods 359 

in Ecology and Evolution 12:1201–1212. 360 

Palencia, P., S. Zanet, P. Barroso, R. Vada, F. Benatti, F. Occhibove, F. Meriggi, and E. 361 

Ferroglio. 2024. How abundant is a species at the limit of its distribution range? 362 

Crested porcupine Hystrix cristata and its northern population. Ecology and Evolution 363 

14:e10793. 364 

Pepin, D. 1985. Spring density and daytime distribution of the European hare in relation to 365 

habitat in an open field agrosystem. 366 

Plhal, R., J. Kamler, and M. Homolka. 2014. Faecal pellet group counting as a promising 367 

method of wild boar population density estimation. Acta Theriologica 59:561–569. 368 

Prigioni, C., and M. C. Deflorian. 2005. Sett site selection by the Eurasian badger (Meles 369 

meles) in an Italian Alpine area. Italian Journal of Zoology 72:43–48. 370 

Remonti, L., A. Balestrieri, and C. Prigioni. 2006. Factors determining badger Meles meles 371 

sett location in agricultural ecosystems of NW Italy. Folia Zoologica 55:19–27. 372 

Rogora, M., L. Frate, M. Carranza, M. Freppaz, A. Stanisci, I. Bertani, R. Bottarin, A. 373 

Brambilla, R. Canullo, M. Carbognani, and others. 2018. Assessment of climate 374 

change effects on mountain ecosystems through a cross-site analysis in the Alps and 375 

Apennines. Science of the total environment 624:1429–1442. 376 

Rosalino, L. M., D. W. Macdonald, and M. Santos-Reis. 2004. Spatial structure and land-377 

cover use in a low-density Mediterranean population of Eurasian badgers. Canadian 378 

Journal of Zoology 82:1493–1502. 379 

Rovero, F., F. Zimmermann, D. Berzi, and P. Meek. 2013. “Which camera trap type and how 380 

many do I need?” A review of camera features and study designs for a range of 381 

wildlife research applications. Hystrix 24. 382 

Rowcliffe, J. M., C. Carbone, P. A. Jansen, R. Kays, and B. Kranstauber. 2011. Quantifying 383 

the sensitivity of camera traps: An adapted distance sampling approach. Methods in 384 

Ecology and Evolution 2:464–476. 385 

Rowcliffe, J. M., J. Field, S. T. Turvey, and C. Carbone. 2008. Estimating animal density 386 

using camera traps without the need for individual recognition. Journal of Applied 387 

Ecology 45:1228–1236. 388 

Rowcliffe, J. M., P. A. Jansen, R. Kays, B. Kranstauber, and C. Carbone. 2016. Wildlife 389 

speed cameras: measuring animal travel speed and day range using camera traps. 390 

Remote Sensing in Ecology and Conservation 2:84–94. 391 

https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7


27 

Rowcliffe, J. M., R. Kays, B. Kranstauber, C. Carbone, and P. A. Jansen. 2014. Quantifying 392 

levels of animal activity using camera trap data. Methods in Ecology and Evolution 393 

5:1170–1179. 394 

Sarmento, P., J. Cruz, C. Eira, and C. Fonseca. 2009. Evaluation of Camera Trapping for 395 

Estimating Red Fox Abundance. The Journal of Wildlife Management 73:1207–1212. 396 

Scheppers, T. L. J., A. C. Frantz, M. Schaul, E. Engel, P. Breyne, L. Schley, and T. J. Roper. 397 

2007. Estimating social group size of Eurasian badgers Meles meles by genotyping 398 

remotely plucked single hairs. WILDLIFE BIOLOGY 13:195–207. 399 

Smith, R. K., N. V. Jennings, and S. Harris. 2005. A quantitative analysis of the abundance 400 

and demography of European hares Lepus europaeus in relation to habitat type, 401 

intensity of agriculture and climate. Mammal Review. Volume 35. Blackwell 402 

Publishing Ltd. 403 

Stanisci, A., G. Pelino, and C. Blasi. 2005. Vascular plant diversity and climate change in the 404 

alpine belt of the central Apennines (Italy). Biodiversity & Conservation 14:1301–405 

1318. 406 

Tuyttens, F. a. m., B. Long, T. Fawcett, A. Skinner, J. a. Brown, C. l. Cheeseman, A. w. 407 

Roddam, and D. w. Macdonald. 2001. Estimating group size and population density 408 

of Eurasian badgers Meles meles by quantifying latrine use. Journal of Applied 409 

Ecology 38:1114–1121. 410 

Webbon, C. C., P. J. Baker, and S. Harris. 2004. Faecal density counts for monitoring 411 

changes in red fox numbers in rural Britain. Journal of Applied Ecology 41:768–779. 412 

Wu, W., Y. Li, and Y. Hu. 2016. Simulation of potential habitat overlap between red deer 413 

(Cervus elaphus) and roe deer (Capreolus capreolus) in northeastern China. PeerJ 414 

4:e1756. 415 

https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7
https://www.zotero.org/google-docs/?AAgNN7

